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Objectives: To to define the frequency and patterns of

congenital heart disease (CHD) among children with
Down syndrome (DS) in Northwest Saudi Arabia.

Methods: We included children with confirmed
DS referred to the regional pediatric cardiology

OPEN ACCESS

unit in Madinah Maternity and Children Hospital
between January 2008 and December 2013.
Children were identified from the unit’s data-base
and the charts were reviewed retrospectively. We
excluded term and preterm children with patent
ducts arteriosus (PDA) and persistent foramen oval
spontaneously resolved during the first 4 weeks of life.

Results: A total of 302 children with DS were identified
(50.3% male). Of these, 177 (58.6%) had CHD.
Atrioventricular septal defect (AVSD) was the most
frequent lesion identified in 72/177 (40.7%) followed by
mixed left to right shunt defects (14.7%) and secundum
atrial septal defect (ASD) (11.8%). Ventricular septal
defect was detected in 10.7% and 8.5% had PDA beyond
the neonatal period. There was no gender difference
in the frequency of CHD (p=0.9) and the presence of
CHD was not related to the genetic cause of DS (p=0.9).

Conclusion: The frequency of CHD in our DS cohort is
comparable with Europe, Asia ,and other KSA regions.
However its pattern appears to be different from some
areas in KSA.
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Down syndrome (DS) is the most common
chromosomal  abnormality — associated ~ with
learning difficulties with reported incidence between
1/600 -1/1000 live births.! The condition results from
the presence of an extra chromosome 21, either as
trisomy or as part of Robertsonian translocation. The
diagnosis of DS is based on the presence of characteristic
dysmorphic features and confirmed by chromosomal
karyotyping. Most children with DS have trisomy 21,
due to chromosomal non-disjunction during meiosis;
however, other abnormalities, such as Robertsonian
translocation, mosaic, double or triple aneuploidies
have been reported.” The association between DS and
congenital heart disease (CHD) is well established.
Congenital heart disease is the most common cause of
death among patients with DS and affected children have
an increased risk of mortality.>® Therefore, it is essential
that every patient with confirmed DS to undergo cardiac
evaluation in early life. The frequency and pattern of
CHD in DS varies between different populations. Data
from kingdom of Saudi Arabia (KSA) are limited to 4
studies. These studies were conducted in different KSA
regions and showed frequencies form 35-86% with
different pattern of CHD.”"® However, no data are
available from the Northwest KSA region. The aim of
this study was to define the frequency and pattern of
CHD among children with DS in Northwest KSA and

compare it with other national and international data.

Methods. This retrospective study was conducted
in the Maternity and Children Hospital (MCH),
Al-Madinah, Northwest KSA, between January 2008
and December 2013. The MCH is the main referral
hospital for Al-Madinah region, and hosts the only
pediatric cardiology unit (PCU) in northwest KSA. The
region has 7 cities and more than 300 small villages. The
population is mostly Arab and 70% of them are living
in Al-Madinah city. The diagnosis of DS was made by
the local clinicians. Children diagnosed with DS in the
region are routinely referred to the PCU at the MCH
for cardiac assessment. The inclusion criteria comprised:
all children with DS diagnosis based on typical clinical
features and confirmed by cytogenetic studies. The
exclusion criteria comprised: children with dysmorphic
features and not confirmed to be DS by cytogenetic
studies. All included children had electrocardiography
and underwent 2-dimensional echocardiographic
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examination and Doppler studies. The diagnosis,
severity and classification of cardiac malformation were
determined according to the recommendations of the
American Society of Echocardiography. Eleven Patients
with CHD were referred for surgical intervention based
on their hemodynamic status and the severity of the
anatomical defect. Children with only one anatomical
heart defect, such as ventricular septal defect (VSD),
atrial septal defect (ASD), patent ductus arteriosus
(PDA), or with a well-known combination, such as
tetralogy of Fallot (TOF) were classified to have isolated
CHD. The combination of VSD, ASD, and PDA was
categorized as mixed left to right shunt. We considered
the presence of PDA and persistent foramen oval, in
preterm or term babies at birth, as normal unless these
lesions persisted beyond 4 week of age. Clinical and
demographic data of the referred children and the
results of their cardiac evaluation were collected from
the PCU data-base, which was established in 2008,
and confirmed by chart review. The frequency of CHD
was calculated from the total number of DS children
refereed during the 6 years period. The pattern of CHD
in our DS cohort was compared with other data from
KSA and other populations. To define the frequency
and pattern of CHD in DS in KSA we combined our
DS cohort with other published Saudi DS cohorts
who were screened for CHD. The study followed the
Helsinki declaration and was approved by the ethics
and research committee at the MCH.

Statistical analysis. Data were analyzed using the
Statistical Package for the Social Sciences, version 16
(SPSS Inc., Chicago, ILL, USA). Categorical variables
were presented as the number and percentage, and chi
square or Fisher’s exact test was used. The associations
with p-values <0.05 were considered statistically
significant.

Results. A total of 302 children with DS were
referred to PCU between January 2008 and December
2013 from different hospitals in the region. Their
mean age at referral was 4.3 + 1.5 months and 85%
of them were born in MCH. Of the 302 patients, 152
(50.3%) were males. Non-disjunction trisomy-21 was
the most common genetic cause of DS identified in
283/302 (93.7%), followed by translocation (15/302,
4.9%), and the remaining 4/302 cases were mosaic type
(1.3%). At least one form of CHD was identified in
177 of the 302 DS children, giving a frequency rate
of 58.6%. There was no significant difference in the
frequency of CHD between boys and girls in our cohort
(p=0.9), neither the 3 genetic causes of DS (p=0.9).
The frequency and patterns of CHD in our cohort are
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shown in Tables 1 & 2. The most frequent isolated
congenital heart defect in our study was atrioventricular
septal defect (AVSD, complete type) identified in
72/177 (40.7%), followed by mixed left to right
shunt (26/177, 14.7%), Secundum ASDs (Sec. ASD)
(21/177, 11.8%), VSD (19/177, 10.7%), Primum
ASDs (Prim. ASD) (17/177, 9.6%), PDA (15/177,
8.5%), AVSD + TOFs (4/177, 2.3%), one case
(0.6%) each of coarctation of the aorta (CoA), double
outlet right ventricle, and dilated cardiomyopathy. All
patients with AVSD underwent successfully surgical
correction except one case who developed Eisenmenger
syndrome due to late presentation. A comparison of the
frequency and patterns of CHD between our cohort
and other studies from different KSA areas is shown
in Tables 1 & 2, and with other international studies
is shown in Table 3. When we combined the rate of

CHD in our DS cohort with patients studied in other
KSA region, the cumulative frequency of CHD in DS
in KSA was 65.1% and AVSD was the most common
form of CHD (Table 1 & 2). Complete AVSD was
the most common CHD pattern in our study and in
Alhassa study; however, VSD was the most common
in Riyadh and Aseer studies, and PDA was the most
common pattern in Jeddah, KSA.

Discussion. This is the largest study addressing
the spectrum of cardiac defects in DS in KSA and
the first in northwest KSA. The study was conducted
in the only pediatric cardiac unit in northwest KSA
and studied patients referred from different hospitals
in the region thus providing data on the frequency
and pattern of CHD in DS in the whole region. The
frequency of CHD in our DS cohort study was 58.6%.

Table 1 - The frequency of CHD among children with DS in Northwest KSA compared with other

KSA regions.
Study (year) Total number of DS with CHD ~ Most common CHD
DS patients n (%) n (%)

Present study (December 2013) 302 177 (58.6) AVSD, complete type

721177 (40.7)
Riyadh'® (2009) 110 54 (49.0) VSD

23/54 (43.0)
Jeddah (2012) 106 124 (86.8) PDA

44/124 (35.5)
Aseer’ (2006) 98 57 (61.3) VSD

19/57 (33.3)
Alhassa® (1999) 37 13 (35.2) AVSD, complete type

5/13 (38.4)

Total 653 425 (65.1)

CHD - congenital heart disease, DS - Down syndrome, KSA - Kingdom of Saudi Arabia,
AVSD - atrioventricular septal defect, VSD - ventricular septal defect, PDA - patent ductus arteriosus

Table 2 - The patterns of CHD among children with DS in Northwest KSA compared with other KSA regions.

Prim. Complete Mixed AVSD
VSD  Sec. ASD ASD PDA AVSD LwR CoA +TOF DORV DCM MVP
Study n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n(%) n(%) n(%)
Present study 19 21 17 15 72* 26 1 4 1 1 0
(10.7) (11.8) 9.6) (8.47) (40.6) (14.6) (0.56) (2.26) (0.56)  (0.56)
Riyadh!' 23* 14 0 4 8 2 0 2 1 0 0
(43.0) (26.0) (7.0) (15.0) (4.0) (4.0) (2.0)
Jeddah’ 27 38 0 44* 11 0 0 2 1 1 0
(21.7) (30.6) (35.4) (8.87) (1.6) (0.8) 0.8)
Aseer’ 19* 12 0 8 13 1 1 3 0 0 0
(35.3) (21.1) (14.0) (22.8) (1.75) (1.75) (5.3)
Alhassa® 1 4 0 0 5% 0 0 2 0 0 1
(7.6) (30.7) (38.4) (15.4) (7.6)
Total (n=425) 89 89 17 71 109* 29 2 13 3 2 1
(20.9) (20.9) (4.0) (16.7) (25.6) (6.82) (0.47) (3.1) 0.71)  (0.47) (0.24)

CHD - congenital heart disease, DS - Down syndrome, KSA - Kingdom of Saudi Arabia, ASD - atrial septal defect, PDA - patent ductus
arteriosus, AVSD - atrioventricular septal defect, CoA - coarctation of the aorta, TOF - tetralogy of Fallot, DORV - double outlet right
ventricle.* Most common pattern of CHD in DS cases ventricle
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This rate is comparable with other national published
studies (Alhassa® 35.2%, Asser’ 61.3% and Riyadh'
49% regions), and some large population-based studies,
such as the California Birth Defects Monitoring Program
registry® (43.9%), Muscat'® (60%), Kurdistan* (53%),

Guatemala® (54%), Kashmir® (50%), Malaysia®
(49.3%), Japan” (50.5%), Goteborg” (52.5%), and
Philadelphia'” (65.7%). However our rate is lower than
a recent frequency of 86.8% reported from Jeddah.”
The most likely explanation for the difference between

Table 3 - Comparison of the frequency and patterns of CHD among DS patients between the present study and other international studies.

Total DS with Secondum Complete  Mixed  CoA.of  AVSD
no. CHD VSD ASD PDA AVSD LtoR aorta +TOF TOF PS

Country DS % % % % % shunt% % % % %

Present Study 302 177/302 19 21 15 72* 26 1 4 0 0
(58.6) (10.7) (11.86) (8.47) (40.7) (14.69) (0.56) (2.26)

Muscat, Oman'® 90 54/90 14 18* 5 15 - - 0 0 1
(60.0) (25.9) (33.3) 9.3) (27.7) (1.9)

Tripoli, Libya" 1193 537/1193 76 125* - 103 0 0 0 5 0
(45.0) (14.0) (23.0) (19.0) (6.0)

Khartoum, Sudan'? 80 80/80 19 - - 38* 0 0 0 5 0
(100) (23.0) (48.0) 0.7)

Mansoura, Egypt® 712 135/712 56* 40 20 19(2.7) - - - 6 3
(19.0) (7.9) (5.0) (2.8) (1.5) (0.4)

Alexandria, Egypt”! 514 198/514 56 - 13 91* 0 0 0 6 0
(38.5) (11.0) (3.0) (18.0) (3.0)

Kurdistan, Iraq® 445 236/445 68* 14 32 48 - - - 0 0
(53.0) (29.0) (5.0) (14.0) (20.0)

Guatemala® 349 189/349 52 23 55% 18 0 0 0 0 0
(54.0) (27.5) (12.5) (28.5) 9.5)

Istanbul, Turkey" 1042 421/1042 68 69 0 141* 0 0 0 8 0
(40.0) (16.5) (16.7) (34.2) (8.57)

Kerala, India** 404  256/404 72* 32 43 70 25 0 1 10 1
(63.4) (28.1) (12.5) (16.8) (27.3) 9.76) (0.4) (3.9) 0.4)

Kashmir, India® 50 25/50 12* 4 2 7 0 0 0 3 0
(50.0) (24.0) (8.0) (4.0) (14.0) (8.5)

Malaysia® 71 35/71 7* 6 4 7* 0 0 0 5 0
(49.3) (20.0) (17.1) (11.4) (20.0) (5.0)

Japan27 196 99/196 33* 9 12 7 8 0 0 0 0
(50.5) (33.3) 9.0 (12.0) (7.0) (8)

Amsterdam, Netherlands® 482 207/482 69 36 12 112* 29 1 0 16 13
(43.0) (33.3) (17.3) (5.8) (54.0) (14.0) 0.5) (5.0 6.2)

Newcastle, UK" 821  342/821 106 52 14 125* 0 7 22 0 7
(41.6) (31.0) (15.0) (4.0) (36.5) (2.0 (6.0 (2.0

Géteborg, Sweden" 219 115/219 12 17 43 69* 0 0 0 6 0
(52.5) (9.0 (12.5) (32.0) (51.0) (8.0)

Copenhagen, Denmark® 278  80/278 15 3 5 39* 0 1 0 13 3
(28.7) (19.0) (4.0) (6.0 (49.0) (1.0) (11.0) (4.0

Philadelphia, USA" 114 75/114 17 0 7 33* 0 0 2 38 0
(65.7) (14.0) (6.0) (30.0) (2.0) (6.0)

Atlanta, USA' 1469  647/1469 278* 272 0 252 0 0 0 1 0
(44.0) (43.0) (42.0) (39.0) (1.9)

* Most common pattern of CHD in DS cases, ASD- atrial septal defect. DS - Down syndrome, CHD - congenital heart discase,
PDA - patent ductus arteriosus, CoA - coarctation of the aorta, AVSD - Atrio ventricular septal defect, TOF - tetralogy of Fallot
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our frequency and that reported from Jeddah is the
study methodology. In our study, we have only included
patients with persistent PDA and PFO beyond 4 weeks
of age, whereas such age limit was not considered in
the Jeddah study, which led to a higher rate of CHD
in their cohort. In the present study, AVSD pattern
was the most common isolated CHD defect (72/177,
40.7%), the same ratio and common pattern of CHD
in children with DS was reported nationally in Alhassa
region (38.4%). Most international studies confirmed
that AVSD is the most common CHD in DS patients
(ranging from 18-63%),'*'51721-262 which is similar to
our study figure of 40.6%. The results of the present
study showed that mixed left to right shunt (26/177,
14.7%), Sec. ASD (21/177, 11.8%), and VSD (19/177,
10.7%) represent the second most common patterns
of CHD in children with DS followed by Prim. Atrial
septal defect (17/177, 9.6%) and PDA (15/177, 8.5%)
comes as the third common pattern of CHD in children
with DS. This observation is contrary to other studies in
KSA in which VSD represent the most common pattern
of CHD in children with DS (Asser [35.3%] and
Riyadh [43%] studies).”'® VSD pattern is also the most
common CHD pattern in some international studies
like Kurdistan?> (29%), Kerala®* (28.1), Kashmir®
(24%), Japan? (33.3%), Atlanta'® (43%), Malaysia®
(20%), and Mansoura® (7.9%). Also, our study results
disagrees with studies carried out in Muscat'® (33.3%)
and Tripoli'? (23%), which showed that Sec. ASD is the
the most common pattern of CHD in children with
DS. The lack of a national study on the association
between CHD and DS prompted us to combine our
results with previously reported data from 4 KSA
studies.”* We found that 65% of 653 children with DS
in KSA have CHD with AVSD being most common
cardiac defect. Although this figure is comparable with
rates in neighboring countries and could arguably
represent KSA we have to take into account that these
studies were conducted in different periods of time and
used different inclusion and exclusion criteria. Clearly
a national study using same method will provide more
insight into the spectrum of CHD in children with DS
in KSA.

Our study has 2 limitations: first, due to the
retrospective nature of the study, it is possible that
some patients with DS were missed either because
they were not referred to our centre or died before
cardiac assessment. Clearly establishing a regional
register for DS will allow for better ascertainment and
provide more accurate results. Second, the DS cohort
is relatively small; however, this is the largest cohort of

DS reported from KSA and all our patients had detailed
cardiac assessment.

In conclusion, the frequency CHD in DS in the
Northwest Region of KSA is high and comparable
with the rates reported from other parts of the KSA
and most international studies. With the exception of
Al-Hassa region, the pattern of CHD in our cohort is
different from other KSA regions. Further studies on
larger population are needed to confirm these findings
and explore the underlying cause of possible variation
between different KSA regions. A national registry for
DS and CHD would provide more accurate data to
study contributing factors for CHD in DS.
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