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Abstract

Background Congenital heart diseases (CHD) are the commonest congenital anomalies with increased risk in
children born from families with affected members. However, various recurrence patterns of CHDs have been
reported in different populations. Therefore, this work aimed to assess the recurrence patterns of CHDs in a large
sample of Egyptian families.

Methods From January 2020 to October 2021, non-syndromic children with confirmed CHDs were recruited.
Data were collected from guardians of the recruited children and hospital records, including the index case’s
cardiac diagnosis and CHD diagnosis of other affected family members with to determine their recurrence pattern,
consanguinity, and multi-gestation status.

Results A total of 130 recurrent cases with CHD were documented in 1960 families of children with CHD, including
66,989 members. Most recurrences were detected among first-degree relatives 50/130 (38.46%), especially siblings.
Discordant recurrence was the most detected pattern (45.38%), followed by concordant recurrence (42.31%), and the
least was group concordance. Recurrence rate was the highest for septal defects with left ventricular outflow tract
obstruction (LVOTO) (11.8%) and anomalous venous drainage (11.1%), followed by septal defect with right ventricular
outflow tract obstruction (RVOTO) (9.4%), isolated ventricular septal defect (VSD) category (8.2%) and LVOTO (8%).
Familial recurrence was significant in consanguineous marriages [p=0.0001; OR (95%Cl)=4.5 (2.25-9.01)] and in
multi-gestations siblings: [p=0.036; OR (95%Cl)=12.5(1.03-6.04)].

Conclusion The recurrence of non-syndromic CHD is evident among first-degree relatives in Egyptian families, with
mostly a discordant recurrence pattern. Recurrence was more notable in septal defects with LVOTO, anomalous
venous drainage, septal defect with RVOTO, isolated VSD, and isolated LVOTO diagnostic categories. This finding will
significantly impact family counseling, emphasizing higher recurrence in consanguineous parents.
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Introduction

Congenital heart diseases (CHD) are the most common
human congenital anomalies. The prevalence of CHD
has increased substantially over time, from 0.6 to 1000
live births in 1930-1934 to progressively increasing in
2010-2017 to reach 9.410 in 1000 live births [1], which
may be a result of improved diagnostic and screening
modalities, including prenatal diagnosis [2]. Approxi-
mately one-third of patients with CHD are categorized as
severe, requiring intervention in the first year of life [3].
Moreover, CHD is the most common cause of mortality
associated with congenital defects in newborns [4]. It is
often associated with fetal loss and contributes signifi-
cantly to cardiovascular disease-associated disability [5,
6]. Recently in the US, 1 in 814 deaths was attributed to
CHD in 1999-2017 [7].

The underlying etiology of CHD is complex and still
not entirely understood [8]. Nora was the first to intro-
duce the hypothesis of a multifactorial model in the six-
ties of the previous century, suggesting that several loci
could interact together in association with environmen-
tal factors [9]. Since then, many environmental risk fac-
tors have been implicated in CHD development, such as
maternal diabetes and teratogenic maternal medication
[10]. Nevertheless, some families may exhibit a mono-
genic Mendelian pattern of CHD inheritance, while other
cases of CHD are sporadic or exhibit non-Mendelian pat-
terns without known environmental or genetic factors
[11-15].

The risk of CHD is increased for children born into
families affected by CHD, but variable rates have been
reported among different populations and for various
cardiac lesions [16—20]. Furthermore, patterns of famil-
ial recurrence of CHDs vary significantly among studies
from different countries [21-23]. No previous research
on a large group of families has assessed the recurrence
pattern of CHDs in a Middle Eastern country like Egypt.
Thus, research evaluating recurrence pattern among
Egyptian families is warranted.

Methods

This cross-sectional analysis included children affected
with CHDs and their families recruited either from the
cardiology outpatient clinics or admitted to the inpa-
tient wards of a tertiary pediatric center from January
2020 to October 2021. Moreover, medical data regarding
the details of cardiac diagnosis were retrieved from the
patient records on the hospital information system. The
institutional research board (IRB), Faculty of Medicine,
Mansoura University, Egypt, approved this study. Addi-
tionally, the recruited participants provided consent to
use their anonymous data.
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Inclusion criteria

Pediatric patients with confirmed CHDs diagnosed by
at least an echocardiography at any time following birth
were included and their families.

Exclusion criteria

Patients with clinically suspected CHD, which is not fully
verified using echocardiography, were excluded from
the study. Additionally, patients with nationalities other
than the Egyptians were omitted. Moreover, cases with
incomplete information on the diagnosed lesion of other
affected family members were excluded, and cases with
a known other risk factor directly correlated with CHDs,
such as maternal diabetes, drug intake. Other patients
were excluded based on a confirmed diagnosis of chro-
mosomal or genetic syndrome documented in hospi-
tal records or if suspected based on syndromic features
especially in the presence of extracardiac anomalies. Sus-
pected cases were reexamined by a geneticist in the work
team. Finally, cases with incomplete or unconfirmed
familial data about the recurrent diagnosis were excluded
from further statistical analysis.

Data collection

The primary recruited patient was described as ‘the
index case’ Data about the index patients and their fami-
lies were collected by detailed history taken from the
patients’ parents, including the index case’s history of
consanguinity between parents of the index case. The
first cousins’ marriage was described as a third degree
consanguineous marriage. In contrast, the first cousin
once removed or double second cousin marriage was
referred to as the fourth degree.

Moreover, whether the index patient resulted from sin-
gleton or multi-gestation pregnancies as twins, triplets,
or more were assessed. The hospital information system
was used to confirm age and retrieve the cardiac disease
diagnosis for index patients and recurrent cases if avail-
able in the hospital system.

The primary cardiac lesion for the index patient was
determined and classified into one of the main CHD
phenotypic categories described by Botto et al. and fur-
ther modified by Oyen et al. and Leirgul et al. [3, 18, 24].
The phenotypic groups were classified into: (1) isolated
atrial septal defect (ASD), (2) isolated ventricular sep-
tal defect (VSD), (3) ASD and VSD, (4) atrioventricular
septal defect (AVSD), (5) left ventricular outflow tract
obstruction (LVOTO), (6) right ventricular outflow tract
obstruction (RVOTO), (7) septal defect plus LVOTO,
(8) septal defect plus RVOTO, (9) isolated patent ductus
arteriosus (PDA) in infants born at term, (10) isolated
PDA in preterm infants, (11) conotruncal heart defect,
(12) conotruncal heart defect plus AVSD, (13) complex
defects, (14) heterotaxia, (15) anomalous pulmonary
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venous return (APVR), and (16) other specified heart
defects that do not fit into other groups, e.g. congenital
mitral regurgitation. The category of unspecified CHD
was excluded to increase the results accuracy through
inclusion of confirmed cases only.

The confirmed diagnosis of CHDs in other affected
family members was ascertained, and the family pedi-
gree was studied to show the relationships between fam-
ily members and patterns of inheritance. The relationship
of that member to the index patient was categorized as
follows; first-degree (parents and other siblings), sec-
ond-degree (grandparents, grandchildren, uncles, aunts,
nephews, nieces, and half-siblings), and third-degree
(first cousins).

The concordance between the index case diagnosis and
the recurrent family member with CHD was determined
as suggested by Gill et al. [21]. Exact concordance was
identified when the diagnosis in the other familial CHD
case was identical to that seen in the index case, and
group concordance if the defect belonged to the same
phenotypic category of CHD. Otherwise, the recurrence
was defined as discordant.

Sample calculation

The sample size was calculated using Epi Info™ Statcalc
(version 7.2.5.1., Centre for Disease Control and Preven-
tion (CDC), Atlanta, Georgia, USA). ). We used a recur-
rence rate estimate of 5.33% based on a pilot study, with
a confidence level of 95%, an error margin of 0.01%,,
deriving a calculated sample size of at least 1935 to reach
significance. A miniature study was performed as a pilot
sample before carrying out the main research on 150
cases and their families through collecting data about
presence or absence of CHD recurrence to calculate a
preliminary the recurrence rate. These patients were not
included in further analysis.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS), version 25 (SPSS,
Inc., an IBM Company, and Chicago, IL, USA). Descrip-
tive statistics were used to describe the characteristics of
the patients. Data were described using frequency and
percentage. The association between variables was ana-
lyzed using the chi-square test. The result was considered
significant when the probability value was less than 5%
(p<0.05). The recurrence rate of CHD was calculated as a
percentage of recurrent cases for the category of familial
risk or CHD type in the index case [25].

Results

The index cases that fulfilled the inclusion criteria were
1960, with available data to assess the familial pedi-
grees of CHD, which comprised 66,989 family members.
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Table 1 Familial Recurrence in the Study Families
Families N (%)

Variables

Frequency of recurrent cases per family :

123/126 (97.62%)
2/126 (1.59%)
1/126 (0.79%)
Number of recurrent cases in the study : 130

Familial relation between recurrent cases and index case:

50/130 (38.46%)

+ One recurrence
« Two recurrences
- Three recurrences

First-degree relatives

+ Maternal 9/130 (6.92%)
- Paternal 5/130 (3.85%)
- Siblings 36 /130(27.69%)

32/130 (24.62%)
48/130 (36.92%)

Second-degree relatives
Third-degree relatives (Cousins)
Concordance of familial recurrence
55/130 (42.31%)
16/130(12.31%)
59/130 (45.38%)

- Exact concordant recurrence
- Group concordant recurrence
- Discordant recurrence

Regarding index cases, the median age (interquartile
range) was 48 (12-114) months, and 42 (2.14%) of index
cases were of twins or triplets. A total of 207 cases were
excluded from the study. Among them, 147 were sub-
sequently diagnosed with syndrome, or association
including: Down syndrome, Edward syndrome, Turner
syndrome, Alagille syndrome, Williams’s syndrome,
CHARGE syndrome, VACTREL, Ellisvan Creveled. Cutis
Laxa, Marfan, Prune belly syndrome, DiGeorge Syn-
drome, and Crigler-Najjar syndrome. Furthermore, 21
patients were excluded due to having associated extracar-
diac birth defect (cleft lip/palate, hydronephrosis, poly-
cystic kidney, hydrocephalus, dysmorphism, epilepsy,
cerebral palsy, mental retardation). The other excluded
cases were due to maternal comorbidities linked to CHD
such as pregestational diabetes mellitus, rubella, and ter-
atogenic drug intake during pregnancy.

Table 1 demonstrates the basic characteristics of famil-
ial recurrence in the families participated in the study. In
the families under study, single recurrence was observed
in 123 (97.6%), while two recurrences per family were in
two families, and three recurrences per family were in
only one family. Thus, the recurrent cases in the study
were 130 cases in 126 families resulting in total recur-
rence rate of 6.43%(126/1960) in the studied families. The
highest recurrence rate was 50/130(38.5%) among first-
degree relatives, especially siblings 36/130 (27.69%) fol-
lowed by maternal CHD 9/130 (6.92%). Among 1780
families with at least a sibling in addition to the index
case, sibling recurrence was detected in 1.9% of families.

In Table 2, the recurrence rate of each diagnostic cat-
egory of CHD and its concordance are presented. The
most frequent diagnostic category of index cases was
isolated VSD 490/1960 (25%) of patients, followed by
isolated ASD 337 (17.2%) then RVOTO (13.8%). Notably,
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Table 2 Recurrence rate and concordance for each diagnostic classification of CHDs of the index case

Phenotypic category of Index case CHD Total Study Families without Families Concordance of Recurrence

Families recurrence with N=130 cases

N=1960 N=1834 recurrence Exact Group Discor-

N=126 concordant  concordant  dant

Isolated VSD 490 (25.0%) 450 (91.8%) 40 (8.2%) 23 (57.5%) 2 (5.0%) 15 (37.5%)
Isolated ASD 337 (17.2%) 313 (92.9%) 24 (7.1%) 12 (50.0%) 4 (16.7%) 8(33.3%)
ASD&VSD 44 (2.2%) 42 (95.5%) 2 (4.5%) 0 (0%) 1(50.0%) 1(50.0%)
AVSD 43 (2.2%) 41 (95.3%) 2 (4.7%) 0 (0%) 1 (50%) 1 (50%)
LVOTO 138 (7.0%) 127 (92.0%) 11 (8.0%) 7 (63.6%) 1(9.1%) 3(27.3%)
RVOTO 271 (13.8%) 256 (94.5%) 15 (5.5%) 6 (37.5%) 0 (0%) 10 (62.5%)
Septal defect plus LVOTO 17 (0.9%) 15 (88.2%) 2(11.8%) 0 (0%) 2 (100%) 0 (0%)
Septal defect plus RVOTO 32 (1.6%) 29 (90.6%) 3(94%) 0 (0%) 1(33.3%) 2 (66.7%)
Isolated PDA in infants born at term 235 (12.0%) 226 (96.2%) 9 (3.8%) 1(11.1%) 0 (0%) 8 (88.9%)
Isolated PDA in preterm infants 2 (0.1%) 2 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Conotruncal 215 (11%) 204 (94.9%) 11(5.1%) 5(35.7%) 2(14.3%) 7(50%)
Conotruncal plus AVSD 2 (0.1%) 2 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Complex defects 90 (4.6%) 86 (95.6%) 4 (4.4%) 0 (0%) 2 (50.0%) 2 (50.0%)
Heterotaxia 13(0.7%) 12 (92.3%) 1(7.7%) 0 (0%) 0 (0%) 1(100%)
APVR 9 (0.5%) 8 (88.9%) 1(11.1%) 0 (0%) 0 (0%) 1 (100%)
Other specified heart defect 22 (1.1%) 21 (95.5%) 1 (4.5%) 1 (100%) 0 (0%) 0 (0%)

APVR: anomalous pulmonary venous return, ASD: atrial septal defect, AVSD: atrioventricular septal defect, LVOTO: left ventricular out flow tract obstruction, PDA
:patent ductus arteriosus, RVOTO: right ventricular out flow tract obstruction, VSD: ventricular septal defect

the highest recurrence rate was in the category of septal
defect plus LVOTO (11.8%), followed by anomalous pul-
monary veins (11.1%), then septal defect plus RVOTO
(9.4%), isolated VSD (8.2%), and isolated LVOTO (8%),
as indicated in Fig. 1. However, no recurrence was docu-
mented in the conotruncal plus AVSD or PDA in the pre-
term group.

The rate of each concordance pattern of familial recur-
rence for each diagnostic category of CHDs is illustrated
in Fig. 2. The exact concordance of recurrence varied
from 0 to 100% with 100% recurrence in the category
of other specified CHD, which was only one case, then
LVOTO category (63.6%), followed by isolated VSD
(57.5%) and isolated ASD (50%). For group concordance,
the highest rate was 100% in the category of septal defect
plus LVOTO, followed by ASD&VSD in 50% of recurrent
cases. Discordant recurrence was evident in heterotaxy
and anomalous pulmonary veins (100%), followed by iso-
lated PDA in the term-born infant’s category in 88.9%.
The supplementary material demonstrates examples of
pedigrees for some families with confirmed recurrent
CHD.

In Table 3, the prevalence of CHD for each degree of
family members in the study is demonstrated. The high-
est prevalence was observed in first-degree relatives,
reaching (20.87%) followed by second-degree (8.52%).

The prevalence of consanguinity among parents of
the index patients with CHD in our study was 343/1960
(17.5%) with 261/343 (76.1%) third-degree related par-
ents and 18/343 (5.2%) fourth-degree related parents.
The recurrence rate in siblings of consanguineous

parents was 16/318(5.03%). The multi-gestation sibling
for index cases were documented in 42/1960 (2.1%) of
index patients, 12 (28.6%) monozygotic twins, 28 (66.7%)
dizygotic twins, and 2 (4.7%) triplet. The recurrence rate
of CHD in a multi-gestation sibling was detected in 6/42
(14.3%) of families with 4/6(66.6%) in monozygotic twins,
1/6(16.7%) Dizygotic twins, 1/6 (16.7%) Triplet.

Table 4 demonstrates the relationship between multi-
gestation and consanguinity with the recurrence rate
of CHDs. A significant recurrence rate was detected in
siblings of consanguineous marriages in relation to non-
consanguineous (16/302, 5% vs. 17/1445, 1.2% respec-
tively) with P=0.0001; OR (95%CI): 4.5 (2.25-9.01).
Similarly, statistically significant familial recurrence
was detected in multi-gestational siblings P=0.036; OR
(95%CI):12.5 (1.03—6.04).

Gender and parental consanguinity of index patients
is for each category of CHD with sibling recurrence pat-
terns are presented in Table 5. The highest percentage of
consanguinity was detected in index patients with anom-
alous pulmonary veins (33.3%) and heterotaxia (30.8%).
At the same time, three categories did not include index
patients with parental consanguinity, which were PDA in
preterm, conotruncal plus VSD and other specified heart
defect. Exact concordance was the most frequent recur-
rence pattern in sibling recurrence whatever the consan-
guinity status; however, ASD&VSD, concotruncal and
complex lesions have 100% group concordance pattern in
recurrent siblings of consanguineous parents.
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Fig. 1 Familial recurrence vs. non-recurrence percentage of families in each diagnostic category of CHDs. APVR: anomalous pulmonary venous return,
ASD: atrial septal defect, AVSD: atrioventricular septal defect, LVOTO: left ventricular outflow tract obstruction, PDA: patent ductus arteriosus, RVOTO:

right ventricular outflow tract obstruction, VSD: ventricular septal defect

Discussion

This cross-sectional study included 1960 children with
CHD and data about 66,980 family members compris-
ing 130 recurrent cases. Most recurrences were detected
among first-degree relatives 50/130 (38.46%), especially
siblings. Discordant recurrence was the most detected
pattern (45.38%), followed by concordant recurrence
(42.31%), and the least was group concordance. The
recurrence rate was the highest for septal defects with
LVOTO category (11.8%) and anomalous venous drain-
age (11.1%), followed by septal defect plus RVOTO
(9.4%), isolated VSD category (8.2%) and LVOTO
(8%). Familial recurrence was significant in consan-
guineous marriages p=0.002; OR (95%CI)=1.91(1.27-
2.87) and in multi-gestational siblings: p=0.036; OR
(95%CI)=12.5(1.03-6.04).

Information about the probability of familial CHD
recurrence is essential for the family counselling process.
However, the lack of a large-scale study in any Middle
Eastern country about the CHD recurrence pattern man-
dates the current work. Thus, the familial recurrence of

CHDs was studied, emphasizing the significant impact of
consanguinity and multi-gestation.

The highest recurrence rate in our study is in septal
defects with LVOTO category (11.8%) and anomalous
venous drainage (11.1%), followed by septal defect with
RVOTO . In a UK hospital-based study on 727 adults
with CHDs, the highest recurrence was in AVSD (10%),
followed by (Tetralogy of Fallot) TOF (3%) [26]. A reg-
istry-based study on the Danish population showed the
highest recurrence risk for heterotaxia and AVSD after
the exclusion of chromosomal aberrations [18]. Using
fetal echocardiography in a study from Norway, Gill
et al. found a recurrence rate of 80% for isolated AVSD
and 64% for laterality defects [21]. While in Indonesian
families, PDA was the most recurring lesion with no con-
sanguinity history in any of their included families with
confirmed recurrence [27].

Regarding the recurrence pattern, discordant recur-
rence (45.38%) was the most detected in the current
work, with slightly lower exact recurrence (42.31%),
while Ellesge et al. documented a higher degree of dis-
cordance, reaching twice the possibility of concordance.
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Fig. 2 Concordance of familial Recurrence for diagnostic categories of CHDs. APVR: anomalous pulmonary venous return, ASD: atrial septal defect,
AVSD: atrioventricular septal defect, LVOTO: left ventricular outflow tract obstruction, PDA: patent ductus arteriosus, RVOTO: right ventricular outflow

tract obstruction, VSD: ventricular septal defect

Table 3 CHD prevalence in each studied degree of family

Table 4 Relation between consanguinity, multi-gestational
siblings and recurrence risk

members
At risk At risk CHD cases CHD
members members (families Preva-
(families (families with R) lence
without R) with R) (Index+R)
First degree 7127 493 (1960 + 50) 20.87%
Second degree 19,975 1422 (1960+32) 8.52%
Third degree 33,527 2355 (1960 +48) 5.30%
total 60,629 4270 (1960 + 130) 3.12%

CHD: congenital heart diseases, R:recurrence.

Moreover, they suggested that co-occurrence of discor-
dant heart defects follows distinct pattern, which sug-
gests an underlying developmental mechanism, such
as sharing susceptibility genes. Nevertheless, a higher
degree of exact concordance was observed in specific cat-
egories such as isolated VSD, isolated ASD, coarctation
of the aorta, PDA, and TOF [23]. These results are con-
sistent with our findings as exact concordance was pre-
dominantly detected in 63.6% of the LVOTO category as

Familial recurrence p-value OR
Recurrence No (95%
recurrence @)
Consanguinity**
- Consanguineous 16 (5%) 302 (95%) 0.0001* 45
parents (2.25-
9.01)
+ Non-consanguineous 17 (1.2%) 1445
parents (98.8%)
Multi-gestational pregnancy
- Multi-gestational 6 (14.3%) 36 (85.7%)  0.036* 25
siblings (1.03-
6.04)
- Singletons 120 (6.3%) 1798
(93.7%)

OR: odds ratio, Cl: confidence interval
*Significant p-value less than 0.05
**|n parents with other offspring than the index case (1780 family)

in COA and aortic stenosis cases, followed by 57% exact
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Table 5 Gender ratio and parental consanguinity for index patients in each CHD category and sibling pattern of recurrence for status
of parents consanguinity

Category of CHD Gender Consanguinity* Concordance of sibling N(%)**
M: F Ratio recurrence
Isolated VSD 1.19 Non-consanguineous Exact concordant 2
397(81) (66.67)
Discordant 1(33.33)
Consanguineous Exact concordant 4 (66.7)
93(19) Group concordant 1(16.7)
Discordant 1(16.7)
Isolated ASD 1.14 Non-consanguineous Exact concordant 1 (50)
276(81.9) Discordant 1 (50)
Consanguineous Exact concordant 1(100)
61(18.1)
ASD&VSD 0.63 Non-consanguineous - -
36(81.8)
Consanguineous Group concordant 1(100)
8(18.2)
AVSD 0.65 Non-consanguineous - -
40(93)
Consanguineous - -
3(7)
LVOTO 2.29 Non-consanguineous Exact concordant 3(100)
115(83.3)
Consanguineous Exact concordant 1 (50)
23(16.7) Discordant 1 (50)
RVOTO 1.08 Non-consanguineous Exact concordant 1(33.33)
228(84.1) Discordant 2
(66.67)
Consanguineous Exact concordant 2 (100)
43(15.9)
Septal defect plus LVOTO 1.13 Non-consanguineous - -
13(76.5)
Consanguineous - -
4(23.5)
Septal defect plus RVOTO 167 Non-consanguineous Group concordant 1(100)
27(84.4)
Consanguineous - -
5(15.6)
Isolated PDA among infants born  0.73 Non-consanguineous Exact concordant 1(33.33)
atterm 195(83) Discordant p)
(66.67)
Consanguineous Discordant 2(100)
40(17) B ,
Isolated PDA in preterm infants ~ -allmales Non-consanguineous - -
2(100)
Conotruncal heart defect 1.17 Non-consanguineous Exact concordant 2(100)
176(81.9)
Consanguineous Group concordant 1(100)
39(18.1)
Conotruncal heart defect plus 1.00 Non-consanguineous - -
AVSD 2(100)
Complex defects 0.70 Non-consanguineous - -
73(81.1)
Consanguineous Group concordant 1(100)

17(18.9)
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Table 5 (continued)
Category of CHD Gender Consanguinity* Concordance of sibling N(%)**
M: F Ratio recurrence
Heterotaxia 1.60 Non-consanguineous -
9(69.2)
Consanguineous -
4(30.8)
APVR 0.80 Non-consanguineous - -

6(66.7)

Consanguineous - -

3(33.3)

All other specified heart defect 0.69
22(100)

Non-consanguineous -

APVR: anomalous pulmonary venous return, ASD: atrial septal defect, AVSD: atrioventricular septal defect, LVOTO: left ventricular out flow tract obstruction, M: F
Ratio: male: female ratio, PDA: patent ductus arteriosus, RVOTO: right ventricular out flow tract obstruction, VSD: ventricular septal defect. - : empty cell means no

recurrence

*Data are presented as number (percentage)

** Total Families with sibling recurrences (33 family); One family has 2 sib recurrence, One family has 3 sib recurrence (Total of 36 siblings recurrences)

recurrence in isolated VSD. Similarly, discordant recur-
rence was the most detected pattern in 51.5% of recur-
rences detected by fetal echocardiography [25].While Gill
et al. found that group concordance was more frequent
in 44% of their included families, exact concordance was
in 55% of families with two or more recurrences, and
the exact concordance was higher in AVSD and lateral-
ity defects [21]. On the contrary, in Denmark, Oyen et al.
found that similar recurrence in first-degree relatives was
the most predominant; nevertheless, dissimilar recur-
rences were weak [18].

It was suggested that a single-gene disorder could be
the etiologic factor in the recurrence of some non-syn-
dromic heart defects especially isolated ASD, isolated
AVSD, LVOTO, and anomalous pulmonary venous
drainage [28-32]. These isolated heart defects are pro-
posed to be inherited in some families with reduced pen-
etrance. Shared undetermined environmental factors in
successive pregnancies could also underlie the increased
relative risk.

Recurrence was mainly detected among first-degree
relatives in this study. Similarly, Oyen et al. found that the
recurrence risk for similar lesions was the highest among
first-degree relatives [18]. In the current study, we have
a higher recurrence rate in children of affected moth-
ers with CHD more than affected fathers. Whittemore
et al. reported a higher recurrence rate in the offspring
of mothers with CHD (16.1%) [33]. Also, Burn et al.
reported a higher recurrence rate for children of affected
mothers compared to the cases with an affected father
(4.1% and 2.2%, resp.) [26]. They suggested an imprint-
ing pattern could theoretically explain the excess of car-
diac defects where the phenotypic effect depends on
the expression of the maternally inherited allele as del-
eterious maternal alleles would have more harmful effect
than paternally originated allele. The preponderance of

affected offspring of mothers with CHD may be partly
explained by cytoplasmatic inheritance, which is a trans-
mission of maternal cytopathy [25]. Recently, @yen et al.
found a significant maternal-to-paternal recurrence ratio
of 1.82 (P<0.0001), and the maternal excess was more
pronounced for same-phenotype recurrence particularly
conotruncal and LVOTO defects. They explained the
maternal effect on recurrence through the threshold lia-
bility hypothesis that was initially proposed as an expla-
nation for the familial recurrence of pyloric stenosis, in
which the less affected sex is presumed to have a higher
genetic burden; therefore, leading to a more substantial
risk of parent-offspring recurrence for parents of that sex
[34].

Our study found a recurrence risk of 1.9% in families
with siblings, but 52% were exact recurrences. A registry-
based study from Sweden; recurrence risk in siblings was
1.26% (12/1114) [35]. However, Brodwall et al. found a
higher CHD recurrence rate among full siblings (4.1%),
with more discordant recurrence in 54% [36]. Increased
risk in siblings of children with CHD could be explained
by the shared genetic factors, shared environment, or a
combination of both as one single strong risk factor could
be the cause in some families or aggregation of mul-
tiple low-risk factors of CHD for other families [36, 37].
This could be further proved by a statistically significant
increased recurrence risk in multi-gestational siblings as
in our study, which is consistent to findings from previ-
ous studies [36—39].

Consanguinity has an established relationship with
increased risk of CHD in population-based and case-con-
trol studies [41-42]. Consanguineous mating, is a widely
accepted in Arab countries. Consequently, a significant
genetic implication on the offspring of consanguineous
parents as it renders the genomes of the offspring auto-
zygous due to the identically inherited chromosomal
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segments from both parents resulting in frequent auto-
somal recessive diseases in the offspring [43]. Moreover,
consanguinity rates vary between different types of CHD
with the highest incidences in ASD, TOE, and valvular
aortic stenosis (AS) in a series, supporting the theory
that these defects may be caused by recessive genes [44].
In contrast, the highest consanguinity rates among our
index cases were detected in anomalous venous return
and heterotaxia. The highest consanguinity rates espe-
cially in these diagnostic groups could be due to the
population differences which requires further confirma-
tion investigating the genetic etiologies or may be partly
due to the insufficient cases included within these groups
in the current work. This work detected a significantly
higher recurrence rate of CHD among the offspring of
consanguineous marriage than that in non-consanguine-
ous parents with a previous child with CHD. ASD&VSD,
concotruncal and complex lesions have 100% group
concordance in recurrent offspring of consanguineous
parents.

One of the strengths of the current study is the signifi-
cant sample size calculated with the exclusion of fami-
lies with incomplete or unsure information. Moreover,
the limited pregnancy terminations among the Egyptian
population due to cultural and religious backgrounds
result in more reliable recurrence figures for CHD.

The drawback of our study is that most retrieved infor-
mation depended on the guardians of the index patient
regarding their knowledge and communication with
other family members. It was not possible to access med-
ical records of older family members who were not in our
hospital system. Still, at least detailed echocardiography
confirming diagnosis was required to include these cases.
The challenges we have encountered in the current work
elucidate the need and value of a nationwide registry for
CHD:s to tackle the effect of different familial and envi-
ronmental factors on the pattern of CHD recurrence.
Furthermore, future studies will be required to address
the genetic background of Egyptian families with a recur-
rence of CHD.

Conclusion

The recurrence rate of non-syndromic CHD among
Egyptian families is evident among first-degree relatives.
Discordant recurrence was the most detected pattern of
recurrence. The highest recurrence percentage was found
in septal defects with LVOTO and anomalous pulmonary
venous drainage, followed by septal defect with RVOTO,
isolated VSD and isolated LVOTO categories. This find-
ing will significantly impact family counseling process,
especially the significant high recurrence in relation to
consanguinity.

Page 9 of 10

Supplementary information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512887-022-03640-4.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Authors’ contributions

SR conceptualized the study design and data collection tools and formulated
the manuscript, RM collected and analyzed the data, M A performed the
pedigrees and MAE critically reviewed and edited the manuscript. Al authors
approved the version of the manuscript to be published.

Funding

This work was not supported by specific grant.

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability

The data are not publicly available because they are containing information
that could compromise the privacy of research participants in this study. Data
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All methods were conducted according to the relevant guidelines and
regulations. This study was approved by the institutional review Board
(IRB) of Mansoura University, Faculty of medicine which is conformed to
the Declaration of Helsinki principles. Furthermore, informed consent was
obtained from a parent or guardian for participants under 16 years old. All
methods were performed in accordance with the relevant guidelines and
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 April 2022 / Accepted: 26 September 2022
Published online: 19 October 2022

References

1. LiuY,ChenS, Zuhlke L, Black GC, Choy MK; Li N, et al. Global birth prevalence
of congenital heart defects 1970-2017: updated systematic review and
meta-analysis of 260 studies. Int J Epidemiol. 2019;48(2):455-63.

2. vander Linde D, Konings EE, Slager MA, Witsenburg M, Helbing WA, Tak-
kenberg JJ, et al. Birth prevalence of congenital heart disease worldwide: a
systematic review and meta-analysis. J Am Coll Cardiol. 2011;58(21):2241-7.

3. Leirgul E, FominaT, Brodwall K, Greve G, Holmstrem H, Vollset SE, et al. Birth
prevalence of congenital heart defects in Norway 1994-2009-a nationwide
study 2014; 168(6):956-64.

4. Soares AM. Mortality for Critical Congenital Heart Diseases and Asso-
ciated Risk Factors in Newborns. A Cohort Study. Arq Bras Cardiol.
2018;111(5):674-75.

5. MacColl CE, Manlhiot C, Page C, McCrindle BW, Miner SE, Jaeggi ET, Nield
LE. Factors associated with in utero demise of fetuses that have underlying
cardiac pathologies. Pediatr Cardiol. 2014;35(8):1403-14.

6. Kwan GF, Mayosi BM, Mocumbi AO, Miranda JJ, Ezzati M, Jain Y, et al. Endemic
Cardiovasc Dis Poorest Billion Circulation. 2016;133(24):2561-75.

7. Lopez KN, Morris SA, Sexson Tejtel SK, Espaillat A, Salemi JL. US Mortality
Attributable to Congenital Heart Disease Across the Lifespan From 1999


http://dx.doi.org/10.1186/s12887-022-03640-4
http://dx.doi.org/10.1186/s12887-022-03640-4

Rakha et al. BMC Pediatrics

20.

22.

23.

24.

25.

(2022) 22:607

Through 2017 Exposes Persistent Racial/Ethnic Disparities. Circulation.
2020;142(12):1132-47.

Zaidi S, Brueckner M. Genetics and Genomics of Congenital Heart Disease.
Circ Res. 2017;120(6):923-40.

Nora JJ. Multifactorial inheritance hypothesis for the etiology of con-

genital heart diseases. The genetic-environmental interaction. Circulation.
1968;38(3):604-17.

Jenkins KJ, Correa A, Feinstein JA, Botto L, Britt AE, Daniels SR, et al. Noninher-
ited risk factors and congenital cardiovascular defects: current knowledge:

a scientific statement from the American Heart Association Council on
Cardiovascular Disease in the Young: endorsed by the American Academy of
Pediatrics. Circulation. 2007;115(23):2995-3014.

Liu XY, Wang J, Yang YQ, Zhang YY, Chen XZ, Zhang W, et al. Novel NKX2-5
mutations in patients with familial atrial septal defects. Pediatr Cardiol.
2011;32(2):193-201.

Zhang Y, Ai F, Zheng J, Peng B. Associations of GATA4 genetic mutations
with the risk of congenital heart disease: A meta-analysis. Med (Baltim).
2017,96(18):e6857.

Xu A, Wang W, Jiang X. The roles of MTRR and MTHFR gene poly-
morphisms in congenital heart diseases: a meta-analysis. Biosci Rep.
2018;38(6):B5SR20181160.

Liu X, Yagi H, Saeed S, Bais AS, Gabriel GC, Chen Z, et al. The complex genetics
of hypoplastic left heart syndrome. Nat Genet. 2017;49(7):1152-9.

Pierpont ME, Brueckner M, Chung WK, Garg V, Lacro RV, McGuire AL, et al.
Genetic Basis for Congenital Heart Disease: Revisited: A Scientific Statement
From the American Heart Association. Circulation. 2018:;138(21):e653-711.
Loffredo CA, Chokkalingam A, Sill AM, Boughman JA, Clark EB, Scheel J, et al.
Prevalence of congenital cardiovascular malformations among relatives of
infants with hypoplastic left heart, coarctation of the aorta, and d-transposi-
tion of the great arteries. Am J Med Genet A. 2004;124A(3):225-30.

Calcagni G, Digilio MC, Sarkozy A, Dallapiccola B, Marino B. Familial recur-
rence of congenital heart disease: an overview and review of the literature.
Eur J Pediatr. 2007;166(2):111-6.

@yen N, Poulsen G, Boyd HA, Wohlfahrt J, Jensen PK, Melbye M. Recurrence
of congenital heart defects in families. Circulation. 2009;120(4):295-301.
Oyen N, Poulsen G, Wohlfahrt J, Boyd HA, Jensen PK, Melbye M. Recurrence
of discordant congenital heart defects in families. Circ Cardiovasc Genet.
2010;3(2):122-8.

Peyvandi S, Ingall E, Woyciechowski S, Garbarini J, Mitchell LE, Goldmuntz

E. Risk of congenital heart disease in relatives of probands with conotrun-
cal cardiac defects: an evaluation of 1,620 families. Am J Med Genet A.
2014;164A(6):1490-5.

Gill HK, Splitt M, Sharland GK, Simpson JM. Patterns of recurrence of congeni-
tal heart disease: an analysis of 6,640 consecutive pregnancies evaluated by
detailed fetal echocardiography. J Am Coll Cardiol. 2003;42(5):923-9.

Wang X, Li P, Chen S, Xi L, Guo Y, Guo A, et al. Influence of genes and

the environment in familial congenital heart defects. Mol Med Rep.
2014,9(2):695-700.

Ellesge SG, Workman CT, Bouvagnet P, Loffredo CA, McBride KL, Hinton RB,
et al. Familial co-occurrence of congenital heart defects follows distinct pat-
terns. Eur Heart J. 2018;39(12):1015-22.

Botto LD, Lin AE, Riehle-Colarusso T, Malik S, Correa A, National Birth Defects
Prevention Study. Seeking causes: Classifying and evaluating congenital
heart defects in etiologic studies. Birth Defects Res A Clin Mol Teratol.
2007,79(10):714-27.

Fesslova V, Brankovic J, Lalatta F, Villa L, Meli V, Piazza L, et al. Recurrence of
congenital heart disease in cases with familial risk screened prenatally by
echocardiography. J Pregnancy 2011:368067.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 10 of 10

Burn J, Brennan P, Little J, Holloway S, Coffey R, Somerville J, et al. Recurrence
risks in offspring of adults with major heart defects: results from first cohort
of British collaborative study. Lancet. 1998;351(9099):311-6.

Rahayuningsih S. Familial congenital heart disease in Bandung, Indonesia. P!
[Internet]. 2013; 53(3):173-. Doi: https://doi.org/10.14238/pi53.3.2013.173-6.
Zatyka M, Priestly M, Ladusans EJ, Fryer AE, Mason J, Latif F, et al. Analysis of
CRELD1 as a candidate 3p25 atrioventricular septal defect locus (AVSD2). Clin
Genet. 2005;67:526-8.

Wessels MW, Berger RM, Frohn-Mulder IM, Roos-Hesselink JW, Hoogeboom
JJ, Mancini GS, et al. Autosomal dominant inheritance of left ventricular
outflow tract obstruction. Am J Med Genet. 2005;134A:171-9.

Caputo S, Capozzi G, Russo MG, Esposito T, Martina L, Cardaropoli D, et al.
Familial recurrence of congenital heart disease in patients with ostium secun-
dum atrial septal defect. Eur Heart J. 2005;26(20):2179-84.

Chen J, Qi B, Zhao J, Liu W, Duan R, Zhang M. A novel mutation of GATA4
(K300T) associated with familial atrial septal defect. Gene. 2016;575(2 Pt
2)473-7.

Kuroda Y, Ohashi |, Naruto T, Ida K, Enomoto Y, Saito T, et al. Familial total
anomalous pulmonary venous return with 15q11.2 (BP1-BP2) microdeletion.
JHum Genet. 2018:63(11):1185-8.

Whittemore R, Hobbins JC, Engle MA. Pregnancy and its outcome in women
with and without surgical treatment of congenital heart disease. Am J Car-
diol. 1982;50(3):641-51.

@yen N, Boyd HA, Carstensen L, Sendergaard L, Wohlfahrt J, Melbye M. Risk of
Congenital Heart Defects in Offspring of Affected Mothers and Fathers. Circ
Genom Precis Med. 2022 May;24:101161CIRCGEN121003533. doi:https://doi.
org/10.1161/CIRCGEN.121.003533.

Pradat P. Recurrence risk for major congenital heart defects in Sweden: a
registry study. Genet Epidemiol. 1994;11(2):131-40.

Brodwall K, Greve G, Leirgul E, Tell GS, Vollset SE, @yen N. Recurrence of con-
genital heart defects among siblings-a nationwide study. Am J Med Genet A.
2017;173(6):1575-85.

Guo SW. Familial aggregation of environmental risk factors and familial
aggregation of disease. Am J Epidemiol. 2000;51(11):1121-31.
Panagiotopoulou O, Fouzas S, Sinopidis X, Mantagos SP, Dimitriou G, Karatza
AA. Congenital heart disease in twins: The contribution of type of conception
and chorionicity. Int J Cardiol. 2016;218:144-9.

Best KE, Rankin J. Increased risk of congenital heart disease in twins in the
North of England between 1998 and 2010. Heart. 2015;101(22):1807-12.
Shieh JT, Bittles AH, Hudgins L. Consanguinity and the risk of congenital heart
disease. Am J Med Genet A. 2012;158A(5):1236-41.

Yunis K, Mumtaz G, Bitar F, Chamseddine F, Kassar M, Rashkidi J, et al. Consan-
guineous marriage and congenital heart defects: a case-control study in the
neonatal period. Am J Med Genet 2006. A 140(14):1524-30.

Ramegowda S, Ramachandra NB. Parental consanguinity increases congeni-
tal heart diseases in South India. Ann Hum Biol. 2006;33(5-6):519-28.
Albesher N, Massadeh S, Hassan SM, Alaamery M. Consanguinity and Con-
genital Heart Disease Susceptibility: Insights into Rare Genetic Variations in
Saudi Arabia. Genes (Basel). 2022;13(2):354.

Chehab G, Chedid P, Saliba Z, Bouvagnet P. Congenital Cardiac Disease and
Inbreeding: Specific Defects Escape Higher Risk Due to Parental Consanguin-
ity. Cardiol Young. 2007;17:414-22.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://dx.doi.org/10.14238/pi53.3.2013.173-6
http://dx.doi.org/10.1161/CIRCGEN.121.003533
http://dx.doi.org/10.1161/CIRCGEN.121.003533

	﻿Recurrence pattern of non-syndromic familial congenital heart diseases among a large cohort of families from Egypt
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Data collection
	﻿Sample calculation
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


