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INTRODUCTION

Abstract:

Congenital heart disease (CHD) is a primary cause of mortality among
children with Down syndrome (DS). CHD prevalence and types in DS
vary worldwide, likely influenced by socio-demographics, genetics, and
geography. This study evaluates CHD occurrence and types among
children with DS in eastern Libya from 2010 to 2017. Of 181 children
with DS examined via echocardiogram, 67 (37%) had normal cardiac
anatomy, while 114 (63%) had CHD. Among the CHD cases, 88 (77%)
had single cardiac anomalies, and 26 (22.8%) had multiple defects. The
most common single defect was atrial septal defect (ASD), present in
39/114 (34%), followed by an atrioventricular septal defect (AVSD) in
23/114 (20%) and ventricular septal defect (VSD) in 11/114 (6.9%).
Patent ductus arteriosus (PDA) was identified in 5 cases (4%), tetralogy
of Fallot (TOF) in 4 cases (3.5%), mitral regurgitation (MR) in 1.7%,
aortic regurgitation (AR) in 0.9%, Ebstein's anomaly in 0.9%, and dou-
ble outlet right ventricle (DORV) in one case (0.9%). This study sup-
ports that CHD distribution in DS varies by ethnicity and region, with
ASD being the most common. No association with maternal age was
found. Paternal consanguinity in tribal societies may contribute to
chromosomal abnormalities and CHD.

Keywords: Down Syndrome, Congenital Heart Disease, Ventricular
Septal Defect, Patent Ductus Arterioles, Atrial Septum Defect.

Down syndrome, or trisomy 21, is the foremost prevalent chromosomal anomaly, occurring at
an evaluated rate of 16 per 10,000 live births (Weijerman et al., 2010). There is a well-
established association between Down syndrome and congenital cardiac defects; nearly 50% of
children with Down syndrome have congenital heart disease, which increases the risk of mortal-
ity and morbidity, particularly within their first year (Dimopoulos et al., 2023; Weijerman et al.,
2010). The estimated number of children in Libya with moderate to severe congenital heart dis-
ease (CHD) who require surgical or medical intervention within their first year of life is around
500 (Aburawi, 2006). A study on CHD frequency in children with Down syndrome in western
Libya indicated that atrial septal defect (ASD) is the foremost common CHD in DS (Elmagrpy

etal., 2011).
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Reports suggest that the frequency of congenital heart disease (CHD) in children with Down
syndrome may vary geographically. In Western literature, as well as in Turkey and Morocco,
atrioventricular septal defect (AVSD) is the most common CHD (Benhaourech et al., 2016;
Dimopoulos et al., 2023; Nisli et al., 2008; Tandon & Edwards, 1973). Conversely, studies from
other Arab countries show different prevalence patterns. For instance, in Egypt, ventricular sep-
tal defect (VSD) is the most common CHD in patients with trisomy 21. In studies from western
Saudi Arabia and Ethiopia, unique patterns emerge, such as patent ductus arteriosus (PDA) be-
ing the most frequent single defect. Research from Sudan and Nigeria reveals CHD patterns
similar to those in developed nations, with AVSD being the most common CHD among chil-
dren with Down syndrome (Ali, 2009; Wahab et al., 2006) In developing countries, the diagno-
sis of Down syndrome typically relies on phenotypic features. Recently, maternal age has not
been considered a primary risk factor for Down syndrome; other factors, such as maternal
smoking and obesity, are now implicated (Animasahun et al., 2016; Ferguson - Smith & Yates,
1984).

MATERIALS AND METHODS

Settings:

The study was retrospective and descriptive. We reviewed patient medical files from June 2010 to
July 2017. The genetic clinic registry documented 222 cases of Down syndrome within seven years.
All these patients' charts included physical examinations, echocardiography, abdominal and brain
ultrasound, blood tests for thyroid function, and celiac screening. During the echocardiography
screening, we utilized the VIVID 5 echocardiographic assessment.

Data Collection:

The study was performed at the Genetic Clinic of Hawari General Hospital in Benghazi, a tertiary
and university hospital. We reviewed seven-year patient records from June 2010 to June 2017, in-
cluding all Down syndrome (DS) cases. Data Collection Procedure: data were manually extracted
from the clinic logbooks and patient records and transferred to a structured questionnaire. Collected
data included the patient's current age, sex, parental contact information, age at initial diagnosis,
history of consanguinity, maternal age at conception, and echo report details. The diagnosis was
established based on phenotypic clinical features, which include characteristics such as mongoloid
faces, single palmar crease, protruding tongue, a depressed nasal bridge, flat occiput, small and
low-set ears, upward-slanted palpable fissure in eyes, epicanthic fold, hypotonia. Short neck and
Chromosomal studies were also considered in some cases to confirm the diagnosis.

Statistical Analysis:
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) ver-
sion 23

RESULTS

Within the seven-year study period, the genetic clinic saw 312 patients. Of those, 222 had Down
syndrome (71.2%), and of those, only (181/222) had an echocardiography examination. The pa-
tients' geographical distribution was as follows: 73% from Benghazi, 14% from other cities in the
eastern part of Libya, 8% from the south of Libya, and 4% from the west of Libya, illustrated in
Figure 1.
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Figure (1). The geographical distribution of the patient

The presenting age at the clinic was 57% neonates, 22% less than one year, and 10% between one

and five years. Seven % were between 5 and 10 years old. Lastly, 3% were over 10 years old, as
shown in Figure (2).

There were 118 males and 104 females; the male-to-female ratio was 1.1:1.
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Figure (2). The age of diagnosis of congenital heart disease.
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The chromosomal study was done in 42/222 36 patients (86%) were Trisomy 21: (47XX or 47XY),
four patients were translocation (two have 14, 21 translocations, one has 13, 21 translocations, and
one has translocation of 18, 21), and two patients were mosaic type.

The mothers' ages were recorded in 195 patient files. 50/195 (25.5%) of mothers were more than
35, and 145/195 (74%) were less than 35 when they had their baby with Down syndrome. A family
history of consanguinity was positive in 83% of patients with DS, and 16% had no history of con-
sanguinity.

Echocardiography examination results, illustrated in Figure (3), were conducted on 181 out of 222
patients, revealing that 114 out of these 181 patients (63%) had congenital heart disease (CHD), and
67 out of 181 (37%) exhibited normal cardiac anatomy. Of those diagnosed with CHD, 88 individ-
uals (77%) had a single cardiac defect, while the remaining 26 cases (23%) had multiple lesions.
The most frequently occurring single lesion was atrial septal defect (ASD), which was observed in
39 patients (34%), followed by atrioventricular septal defects (AVSD) in 23 patients (20%) and
ventricular septal defect (VSD) in 11 patients (9.6%).

Less commonly, patent ductus arteriosus (PDA) was identified in six cases (5%), while tetralogy of
Fallot (TOF) was present in four cases (3.5%). Mitral regurgitation (MR) was found in two cases
(1.8%), aortic regurgitation (AR) in one patient (0.9%), and Ebstein's anomaly in 0.9% of cases. In
addition, DORV TGA one patient with 0.9% ASD was frequently found in association firstly with
PDA in 13 cases (11%), followed by association with VSD in 7 cases (6%). One patient presented
with both ASD and pulmonary stenosis (0.9%). VSD was found in 11/114 patients (9.6%) as single
lesion VSD was found to be coexistent with ASD in 7 cases (6%) and with PDA in 5 cases (4.4%).
Upon reviewing the medical files, we found that only 9 patients had surgical intervention 4%, 3 pa-
tients had transcatheter intervention 1.4%, and one patient died.
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Figure (3). The frequency distribution of the various types of congenital heart disease.
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DISCUSSION

The predominance of congenital heart disease (CHD) in children with trisomy 21 at our genetic
clinic is remarkably high, at 62%. This figure is considerably higher than the 45% reported in Trip-
oli, in the western part of Libya (Elmagrpy et al., 2011). Furthermore, the prevalence observed in
our study exceeds the 36.9%, 50%, and 51.7% reported in Egypt, Brazil, and Qatar, respectively
(Bermudez et al., 2015; El-Gilany et al., 2017; Wahab et al., 2006). However, it is lower than the
prevalence rates reported in western Saudi Arabia (86.6%) and Nigeria (95.8%) (Al-Aama et al.,
2012; Susan & Chiemerie, 2022).

The high prevalence of congenital heart disease (CHD) in our study can be attributed to several fac-
tors. The most significant is early diagnosis, with over 57% of our sample diagnosed during the ne-
onatal period, which included cases of small atrial septal defect (ASD) and patent ductus arteriosus
(PDA). Additionally, 83% of DS patients in our study had a history of consanguinity, while 16%
had no consanguinity (EI-Gilany et al., 2017; Elmagrpy et al., 2011; Sharifi et al., 2018). Another
factor is that the paperwork of our genetic clinic was mandated by the government to obtain finan-
cial aid for these populations. This resulted in a high early referral rate and early cardiac screening.

Early diagnosis in our study relied on the characteristic physical features of children with trisomy
21, which presents a study limitation. Although genetic testing was unavailable in our hospital, 42
out of 222 patients (19%) obtained chromosomal studies through private facilities. Of these, 36 pa-
tients (86%) had trisomy 47XX or 47XY, 4 had a translocation, and 2 exhibited a mosaic pattern,
consistent with a study in Qatar showing 98% of participants have regular trisomy (Wahab et al.,
2006).

Among the cardiac anomalies observed in children with trisomy 21 in our study, isolated cardiac
defects were found in 76.8% of cases, compared with 65%, 70.4%, 29%, 23%, and 80.4% reported
in Tripoli, Morocco, Egypt, Saudi Arabia, and Guatemala, respectively (Al-Aama et al., 2012;
Benhaourech et al., 2016; EI-Gilany et al., 2017; Elmagrpy et al., 2011; Vida et al., 2005). Atrial
septal defect (ASD) is the most common congenital heart disease (CHD) in our study, similar to
findings in western Libya, Korea, and Brazil (Bermudez et al., 2015; EImagrpy et al., 2011; Kim et
al., 2014). ASD, whether isolated or combined with other defects, accounted for 51.8% of cases.
Atrioventricular septal defect (AVSD) was the second most common CHD in our study at 20%,
while in European countries, the USA, Turkey, Morocco, and Sudan, AVSD is the most prevalent
CHD (Ali, 2009; Benhaourech et al., 2016; Dimopoulos et al., 2023; Nisli et al., 2008; Weijerman
et al., 2010). In contrast, other countries, such as Egypt and Afghanistan, report ventricular septal
defect (VSD) as the most common CHD (EI-Gilany et al., 2017; Sharifi et al., 2018). The isolated
VSD rate in our study, however, was only 9.6%.

In other regions, such as western Saudi Arabia, Ethiopia, and Guatemala, patent ductus arteriosus
(PDA) is the most common congenital heart disease (CHD) (Al-Aama et al., 2012; Muntha &
Moges, 2019; Vida et al., 2005). In our study, isolated PDA accounted for only 5% of cases, while a
combination of ventricular septal defect (VSD) and PDA occurred in 4.1% of cases. The most
common isolated cyanotic CHD was Tetralogy of Fallot (TOF), representing 3.5% of cases, which
is comparable to rates reported in Sudan (5%), Nigeria (8.3%), and Ethiopia (2.6%) (Ali, 2009;
Muntha & Moges, 2019; Susan & Chiemerie, 2022).

Our study reveals a higher prevalence of trisomy 21 among children born to younger mothers. Ma-
ternal age was documented in 195 patient files, with 145 mothers (74%) under 35 years old at the
time of their child’s birth with Down syndrome, while 50 mothers (25.5%) were over 35. This con-
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trasts with European studies suggesting that advanced maternal age increases the risk of chromo-
somal aberrations, especially autosomal trisomies (Ferguson - Smith & Yates, 1984). However, re-
ports from Egypt (El-Gilany et al., 2017), Nigeria (Animasahun et al., 2016), and a recent systemat-
ic review and meta-analysis have identified a significant correlation between CHD and other risk
factors, such as maternal obesity, active and passive smoking, diabetes, and exposure to organic
solvents during pregnancy (Wu et al., 2023).

CONCLUSION

Our study confirms that the distribution of CHDs in children with trisomy 21 may vary based on
ethnicity and geographical regions. We found a significantly elevated occurrence of CHDs in chil-
dren with trisomy 21 in comparison to national and international levels; ASD was the most com-
mon lesion. There was no clear association between maternal age and DS; another factor that may
be contributing is that paternal consanguinity may play a significant role in the development of
chromosomal aberration and CHD in tribal societies. We need further research to explore other ma-
ternal factors that may influence the incidence of DS and CHD in young mothers.

ETHICS
This study is non-interventional and poses no risk to patients and families.

Duality of interest: The authors declare that they have no duality of interest associated with this
manuscript.

Author contributions: All named authors contributed to data collection and analysis, drafting, and
revising the manuscript, which they approved as the final version.

Funding: The study received no specific funding

REFERENCES

Aburawi, E. H. (2006). The burden of congenital heart disease in Libya. Libyan Journal of
Medicine, 1(2), 120-122.

Al-Aama, J. Y., Bondagji, N. S., & El-Harouni, A. A. (2012). Congenital heart defects in Down
syndrome patients from western Saudi Arabia. Saudi Med J, 33(11), 1211-1215.

Ali, S. K. (2009). Cardiac abnormalities of Sudanese patients with Down’s syndrome and their
short-term outcome. Cardiovascular journal of Africa, 20(2), 112.

Animasahun, B., Oladimeji, O., Gbelee, H., & Njokanma, O. (2016). Occurrence of congenital
heart disease among children with Down syndrome: what is the influence of Maternal Age.
Prensa Med Argent, 102, 6.

Benhaourech, S., Drighil, A., & Hammiri, A. E. (2016). Congenital heart disease and Down
syndrome: various aspects of a confirmed association. Cardiovascular journal of Africa,
27(5), 287-290.



Al-Mukhtar Journal of Sciences 39 (3): 142-149, 2024 pagel48 2 of 8

Bermudez, B. E. B. V., Medeiros, S. L., Bermudez, M. B., Novadzki, I. M., & Magdalena, N. I. R.
(2015). Sindrome de Down: prevaléncia e distribuicdo de cardiopatia congénita no Brasil.
Sao Paulo Medical Journal, 133, 521-524.

Dimopoulos, K., Constantine, A., Clift, P., Condliffe, R., Moledina, S., Jansen, K., Inuzuka, R.,
Veldtman, G. R., Cua, C. L., & Tay, E. L. W. (2023). Cardiovascular complications of down
syndrome: scoping review and expert consensus. Circulation, 147(5), 425-441.

El-Gilany, A.-H., Yahia, S., & Wahba, Y. (2017). Prevalence of congenital heart diseases in
children with Down syndrome in Mansoura, Egypt: a retrospective descriptive study. Annals
of Saudi medicine, 37(5), 386-392.

Elmagrpy, Z., Rayani, A., Shah, A., Habas, E., & Aburawi, E. (2011). Down syndrome and
congenital heart disease: why the regional difference as observed in the Libyan experience?:
cardiovascular topics. Cardiovascular journal of Africa, 22(6), 306-309.

Ferguson - Smith, M., & Yates, J. (1984). Maternal age specific rates for chromosome aberrations
and factors influencing them: report of a collaborative european study on 52 965
amniocenteses. Prenatal diagnosis, 4(7), 5-44.

Kim, M.-A., Lee, Y. S., Yee, N. H., Choi, J. S., Choi, J. Y., & Seo, K. (2014). Prevalence of
congenital heart defects associated with Down syndrome in Korea. Journal of Korean
medical science, 29(11), 1544-1549.

Muntha, A., & Moges, T. (2019). Congenital cardiovascular anomalies among cases of Down
syndrome: A hospital based review of cases in TikurAnbessa specialized hospital, Ethiopia.
Ethiopian journal of health sciences, 29(2).

Nisli, K., Oner, N., Candan, S., Kayserili, H., Tansel, T., Tireli, E., Karaman, B., Omeroglu, R. E.,
Dindar, A., & Aydogan, U. (2008). Congenital heart disease in children with Down’s
syndrome: Turkish experience of 13 years. Acta cardiologica, 63(5), 585-589.

Sharifi, A. M., Mansoor, A. R., lbrahimi, M. A., Wali, A., Wali, W., & Ekram, K. (2018).
Congenital heart disease in children with Down syndrome in Afghanistan. Paediatrica
Indonesiana, 58(6), 312-316.

Susan, U. A., & Chiemerie, O. A. (2022). Prevalence and pattern of congenital heart disease among
children with Down syndrome seen in a Federal Medical Centre in the Niger Delta Region,
Nigeria. Journal of Cardiology and Cardiovascular Medicine, 7(1), 030-035.

Tandon, R., & Edwards, J. E. (1973). Cardiac malformations associated with Down's syndrome.
Circulation, 47(6), 1349-1355.

Vida, V. L., Barnoya, J., Larrazabal, L. A., Gaitan, G., de Maria Garcia, F., & Castarieda, A. R.
(2005). Congenital cardiac disease in children with Down's syndrome in Guatemala.
Cardiology in the Young, 15(3), 286-290.



Al-Mukhtar Journal of Sciences 39 (3): 142-149, 2024 pagel49 2 of 8

Wahab, A. A., Bener, A., Sandridge, A. L., & Hoffmann, G. F. (2006). The pattern of down
syndrome among children in Qatar: A population - based study. Birth Defects Research
Part A: Clinical and Molecular Teratology, 76(8), 609-612.

Weijerman, M. E., van Furth, A. M., van der Mooren, M. D., Van Weissenbruch, M. M.,
Rammeloo, L., Broers, C. J., & Gemke, R. J. (2010). Prevalence of congenital heart defects
and persistent pulmonary hypertension of the neonate with Down syndrome. European
journal of pediatrics, 169, 1195-1199.

Wu, L., Li, N., & Liu, Y. (2023). Association between maternal factors and risk of congenital heart
disease in offspring: a systematic review and meta-analysis. Maternal and Child Health
Journal, 27(1), 29-48.



