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The trends and patterns of congenital heart diseases at
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Objectives: To characterize the pattern of congenital

heart diseases (CHDs) in Madinah, Saudi Arabia.

Methods: We retrospectively collected and analyzed
the demographic and diagnostic details of all patients
with CHDs referred at Madinah Cardiac Center
(MCCQ) over a period of 3 years from January 2017
to December 2019.

Results: During the study period, 1,127 patients with
CHDs were identified. The male to female ratio was
1.1:1, with a mean age of 8.4+2.4 years. The acyanotic
CHDs were the predominant lesions, accounting for
84.8% of all cases, while the cyanotic types accounted
for 13%. Patent ductus arteriosus (PDA), ventricular
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septal defects (VSD), atrial septal defects (ASD),
coarctation of the aorta (CoA), and atrioventricular
septal defect (AVSD) were the most common acyanotic
CHD:s and represented 27.9%, 24.8%, 18.9%, 6.4%,
and 4.4% of the total cases, respectively. Tetralogy of
Fallot (ToF) (8.7%), followed by transposition of the
great arteries (TGA) (1.7%) and truncus arteriosus
(1.1%), were the most common cyanotic CHD:s.
There was a male predominance of VSD, ToE, CoA,
TGA, and truncus arteriosus. In contrast, PDA, ASD,
and AVSD were more common in females.

Conclusion: The pattern of CHDs observed in our
study and age at which the diagnosis of CHDs was
made were different from the other national and
international studies, which points to a diagnostic
issue along with problems of awareness on the part of
the general population.

Keywords: congenital heart diseases, Madinah, Saudi
Arabia

Saudi Med ] 2020; Vol. 41 (9): 977-983
doi: 10.15537/smj.2020.9.25275

From the Department of Pediatrics (Khoshhal), College of Medicine;
from the Department of Pathology (Albasri), Taibah University; from
the Department of Pediatric Cardiology (Morsy, Alnajjar), Madinah
Cardiac Centre, Al-Madinah Al-Munawwarah, Kingdom of Saudi
Arabia; and from the Department of Pediatric Cardiology (Morsy),
Sohag University, Sohag, Egypt.

Received 8th June 2020. Accepted 23rd July 2020.

Address correspondence and reprint request to: Dr. Abdulkader
M. Albasri, Associate Professor, Department of Pathology, Faculty
of Medicine, Taibah University, Al-Madinah Al-Munawwarah,
Kingdom of Saudi Arabia. E-mail: abdbasri@hotmail.com

ORCID ID: https:/lorcid.org/0000-0002-1824-4025

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

www.smj.org.sa  Saudi Med J 2020; Vol. 41 (9) 977



http://www.smj.org.sa/index.php/smj/index

Congenital heart diseases in Madinah ... Khoshhal et al

Congenital heart diseases (CHDs) are common
conditions accounting for 28% of all congenital
birth defects.! Congenital heart diseases may be
designated as an anatomic malformation of the
heart or great vessels that occurs during intrauterine
development irrespective of the age at presentation;
however, it has been more precisely defined as a “gross
structural abnormality of the heart or intrathoracic
great vessels that is actually or potentially of functional
significance”.?? The birth prevalence of CHD has been
reported to be in the range of 8-12/1,000 live births;
with a median rate of 9/1,000 live births, approximately
1.35 million babies are born with CHD annually
throughout the world.>* The prevalence of CHD
increases from 6/1,000 live births for moderate and
severe forms of CHD to 75/1,000 live births if trivial
lesions are included.’

Congenital heart diseases are the leading cause of
mortality and morbidity, especially during the first year
oflife. The majority of these defects present as an isolated
anomaly of the heart, but approximately 30% may have
associated anomalies of other body organs or systems.®
However, an exact calculation of the incidence and
prevalence rates of CHD is difficult, and this is attributed
to the variation across the different populations and
disease registries, where some mild and asymptomatic
cases may not be diagnosed. On the other hand, CHD
may be underreported, whereas, severe cases may lead to
death in the neonatal period before a proper diagnosis
can be obtained. Nevertheless, due to improved prenatal
screening methodologies along with the emergence of
echocardiography as a crucial and precise diagnostic
tool, there have been higher estimates for the incidence
and prevalence rates of CHD.” Moreover, the increased
diagnostic rate of small and trivial lesions that tend to
resolve spontaneously, such as small atrial septal defects
(ASD) and isolated small ventricular septal defects
(VSD), has also contributed to higher estimates of the
overall prevalence of CHD.® With emerging advances
in evidence-based medicine with respect to the early
diagnosis and effective treatment of CHD, the majority
of babies born with CHD in high-income groups reach
adulthood. However, this is not the case for children
born in low- and middle-income families due to a lack
of access to advanced care and management in such
groups.*

According to a recent report from the Al-Qassim
region of Saudi Arabia on severe CHD, the incidence
rate has been reported as 5.4/1,000 live births per
year.” However, there is generally a lack of studies
on CHD from Saudi Arabia, and very few reports
have been published specifically from the Madinah
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region. For years, in Saudi Arabia, research articles and
disease registries have significantly contributed to the
continuous development of medical knowledge and
patient care by strengthening the information base
on various diseases, including CHD. This has helped
remarkably in tracking the patterns and trends of various
diseases. Easy accessibility to the regional, national, and
international research and disease registries also serves
as a vital tool for regional and global comparison and
provides crucial information for the planning and
development of evidence-based medical services.>’

Thus, the main aim of the present study was to
provide comprehensive data on the trends and patterns
of CHD from the pediatric cardiac unit’s registry of
the Madinah Cardiac Center (MCC), Madinah, Saudi
Arabia.

Methods. The protocol of this cohort retrospective
study was approved by the Institutional Review Board,
King Fahad Hospital (KFH), Madinah, Saudi Arabia
and there was no need for patient consent.

Patient demographic information and diagnostic
details were retrieved from the hospital’s information
system database. This database contained the patients’
demographic data, dates of admission, procedures,
discharge information, diagnosis according to the
International Classification of Diseases, Tenth Revision
(ICD 10), imaging studies, and laboratory data. Patient
data queried included the following: date of birth,
gender, and date of admission. Individual patients’
records were then reviewed with further details including
history, physical examination, cardiac diagnosis, other
diagnoses, and other anomalies. Follow-up data were
also revised in the outpatient clinic section of the patient
records.

The inclusion criteria were having received a
diagnosis of CHD from one day to less than 18 years of
age and being referred to our center during the period of
January 2017 to December 2019. An exclusion criteria
was >18 years at the time of diagnosis.

Statistical analysis. All data were analyzed using
GraphPad Prism version 5.00 for Windows (GraphPad
Software, San Diego, California, USA). Descriptive
statistics were expressed as means and standard
deviations for continuous variables and percentages and
frequencies for categorical variables.

Results. During the study period, 1,127 patients
with CHDs were identified. Approximately 51.8% of
patients were males, and 48.2% were females, with a
male to female ratio of 1.1:1. The age ranged was from
3 days to 18 years old, with a mean age of 8.4+2.4 years.
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A total of 62.6% of the children were in the age group
of 6-10 years. The younger age group was <5 years and
the older age group was 16-18 years (Table 1).

The acyanotic CHDs were the predominant lesions,
accounting for 84.8% of all cases, while the cyanotic

Table 1 - The age and gender distribution of 1127 patients with CHDs
referred at Madinah Cardiac Center, Madinah, Saudi Arabia,
during the period from January 2017 to December of 2019.

Age (years) Male Female Total (%)
<5 89 74 163 (14.6)
6-10 351 354 705 (62.6)
11-15 98 80 178 (15.9)
16-18 46 35 81 (7.2)
Total 584 543 1127 (100)

types accounted for 13%. Complex CHDs accounted
for 2.2%. Patent ductus arteriosus (PDA), VSD, ASD,
coarctation of the aorta (CoA), and atrioventricular
septal defect (AVSD) were the most common acyanotic
CHDs. The mean ages at diagnosis were summarized
in Table 2. Tetralogy of Fallot (ToF) (8.7%), followed
by transposition of the great arteries (TGA) (1.7%)
and truncus arteriosus (1.1%), were the most common
cyanotic CHDs. The mean ages of the cases were
summarized in Table 2. There was a male predominance
of VSD, ToF, CoA, TGA, and truncus arteriosus. In
contrast, PDA, ASD, and AVSD were more common

in females.

Discussion. Studies determining the prevalence
and incidence rates of CHDs have been conducted for
decades throughout the world. To calculate the true

Table 2 - The number, percentages, mean ages and sex distribution of 1127 patients with CHDs referred at
Madinah Cardiac Center, Madinah, Saudi Arabia, during the period from January 2017 to December

of 2019.
Type of cardiac lesion n (%) Mean age Male Female M: F
(years) ratio
PDA 313 (27.9) 8.4 134 179 0.7:1
VSD 286  (24.8) 8.9 165 121 1.4:1
ASD 213 (18.9) 9.9 92 121 0.8:1
ToF 97 (8.7) 7.5 63 34 1.8:1
COA 71 (6.4) 7.2 40 31 1.3:1
AVSD 49 (4.4) 5.9 19 30 0.6:1
TGA 18 (1.7) 5.1 14 4 3.5:1
Truncus arteriosus 11 (1.1) 7.8 6 5 1.2:1
Pulmonary stenosis 10 (1.0) 9.4 4 6 0.7:1
TAPVC 10 (1.0) 6.0 9 1 9:1
Aortic stenosis 6 (0.6) 9.3 4 2 2:1
Cor triatriatum 5 (0.5) 7.0 4 1 4:1
ACAPA 4 0.3) 3.5 2 2 1:1
Taussig-Bing syndrome 4 0.1) 6.4 4 0 1:0
Pulmonary atresia 3 0.2) 6.1 3 0 1:0
Tricuspid atresia 2 (0.1) 5.8 2 0 1:0
Complex 25 (2.2) 8.4 19 6 3.2:1
Total 1127 (100) 584 543

PDA: patent ductus arteriosus, VSD: ventricular septal defect, ASD: atrial septal defect, ToF: tetralogy
of Fallot, COA: coarctation of the aorta, AVSD: atrioventricular septal defect, TGA: transposition of the
great arteries, TAPVC: total anomalous pulmonary venous connection, ACAPA: anomalous origin of
coronary artery from pulmonary artery
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incidence or prevalence rate of a disease requires an
accurate diagnosis in all affected individuals in the area
where the study was conducted. However, as mentioned
earlier, it is not possible to determine the correct rate
as many cases of children with CHDs are either under
reported due to premature death without a diagnosis,
or overestimated due to the inclusion of trivial lesions
which heal spontaneously or do not cause significant
morbidity or mortality in the affected children. The
present work was a retrospective study conducted at
a tertiary referral hospital for cardiac diseases in the
Madinah region of Saudi Arabia. Thus, it cannot reflect
the true incidence rate of CHDs in the entire region.
Nevertheless, our data reflect the general pattern rather
than the true prevalence or incidence rates of CHDs in
the Madinah region.

Congenital heart diseases are one of the major
contributors to mortality and morbidity in the pediatric
age group, and the determination of their rate of
occurrence and corresponding burden in a society is
vital for the appropriate health policy recommendations
and implementations. Research conducted and
reported in various surgical series has documented
improved survival rates for many CHDs.? The burden
of CHDs is widespread, and each year, at least 1.5
million children are born with CHDs, approximately
90% of these children do not have adequate access
to an essential diagnosis or appropriate management,
both of which could be life-saving measures for these
children.'®" Ongoing research on CHD has played a
vital role in the diagnosis, management, and prevention
of the condition. Such studies have also provided
insight into gene-specific diagnosis, prognosis, and
risks of recurrence. Thus, research in the field of CHD,
which emphasizes the trends, epidemiology, and genetic
background of the condition, is of great benefit to both
patients and society at large. However, research in the
field of pediatric cardiology in the Arab world has been
relatively limited, and scientific production, activity,
and quality are still not at levels comparable with other
developed countries.'?

Madinah Cardiac Center (MCC) is a tertiary referral
center for all cardiac diseases in the Madinah region
of Saudi Arabia, catering to an estimated population
of 1.5 million people. In our series, a total of 1,127
patients were referred to MCC. Of this, 584 were
male with an male to female ratio of 1.1:1, indicating
a slight male preponderance. A recent study conducted
in 2018 in Nigeria also reported an male to female ratio
of 1.1:1." However, Asani et al'* from Kano, Nigeria
reported an even higher male preponderance of 3:2.
Similarly, Meshram and Gajimwar” from India also
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found a higher male to female ratio, and they attributed
the higher incidence rate of CHD in male children to
the cultural norms and male preference in their country.
Although most of the studies have reported a male
preponderance of CHD, a study from China by Zhao
et al'® noted a higher incidence rate in female children
with a ratio of 1:1.3, they also emphasized that in their
study, the females had milder cases of CHD like PDA,
ASD, and VSD, while the males had more severe CHDs
like ToF and TGA. In our study, there was a slight male
preponderance of overall CHDs, but we also observed
the more frequent occurrence of critical CHDs in the
male children.

In the present study, children with CHDs presented
at an older age with a mean age of 8.4+2.4 years (within
a wide range from 3 days to 18 years). A total of 705
children (62.6%) were in the age group of 6-10 years.
This observation is different from the data of previous
regional, national, and international studies. According
to a global study conducted at China,® 50% of CHDs
are detected by the age of one month, 75% by 3 months,
and almost 100% will be diagnosed by the time that
the child is 3-4 years of age. In another study from the
United States, the diagnosis of CHD was confirmed by
the age of one week in 40-50% of newborns and by
one month of age in 50-60% of neonates born with
CHDs.” A similar pattern was observed in a large
population-based study from Europe."” However,
a later age of diagnosis has been reported primarily
in developing countries where there may be a lack
of diagnostic facilities available along with a poor
socioeconomic status of the patients.>'®"” We observed
that the mean age of diagnosis in developing countries
was much higher, and a proper screening program and
early diagnostic facilities must be provided to reduce the
mortalities arising from CHDs.

In this study, acyanotic CHDs were found to have
a significantly later presentation than cyanotic heart
diseases. A similar observation was made by researchers
from Nigeria, Yemen, and Pakistan.’*'®" Contrary to
our observation of a later age at diagnosis, the age at
which CHD was diagnosed in Saudi Arabia was found
to be similar to that of developed nations; previous
studies from Saudi Arabia have reported an earlier
age of diagnosis, with the majority of patients being
diagnosed during the neonatal period of their life.”?**!
In a recent study from Riyadh conducted by Majeed-
Saidan et al,* a very early age of diagnosis was reported
in their investigation of neonates who were diagnosed
prenatally during routine antenatal visits, with 62%
of the babies being diagnosed during their first week,
and only 2.8% being diagnosed between the ages of 1-4
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weeks. However, in our study, the later age of diagnosis
was not related to those causes mentioned by authors
from developing countries; in our case, the later age
points to a lack of awareness about the prevalence of
CHDs in the general population. Nevertheless, the
major reason for the advanced age of presentation
in the present study can be mainly attributed to the
availability of a full-time, well-functioning pediatric
cardiology unit at the maternity and children’s hospital
in Madinah, where a majority of births and referrals take
place. Hence, many of our patients were either referred
from the surrounding localities or did not wish to
continue their follow-ups with their previous hospitals.
Moreover, the MCC is a tertiary referral hospital with a
dedicated pediatric cardiology unit and state-of-the-art
diagnostic and therapeutic facilities.

In the present study, 84.8% of cases were acyanotic
heart diseases; this observation is well correlated with
the previous regional, national, and international
findings. Similar observations were noted in a recent
article published in 2019 by Kafian et al® from Iran,
who observed that 87% of their cases were acyanotic
heart diseases. From the Qassim region of Saudi Arabia,
Al-Mesned et al’ observed that many lesions in their
study were acyanotic. Saxena et al** from New Delhi,
India also noted that 79.9% of their patients with
CHDs had acyanotic heart diseases. While VSD was the
most commonly encountered CHD in many previous
national and international studies, we reported PDA
as the most commonly occurring CHD in our study,
which accounted for 27.9% of the total cases. Patent
ductus arteriosus usually closes spontaneously within
48 hours of birth, but it still accounts for 5-10% of all
CHDs, and is seen most frequently in females; however,
in our study, its incidence rate was higher than the rates
in previously reported data.*?** The reason for the
higher rate of PDA in this case can be mainly attributed
to the referrals to our hospital for surgical correction
of significantly large PDAs which were left untreated;
another reason could be due to the clinical presentation
of PDA, as a majority of cases close spontaneously, and
small PDAs usually do not cause any significant signs
and symptoms. As mentioned earlier, VSD is the most
frequently encountered CHD, and after extensively
reviewing the available literature on CHD, we could
find only one article on this issue from Iran published in
2008 by Rahim et al,”® who reported that PDA was the
most common CHD, accounting for 17.97% of total
cases. However, our PDA numbers were significantly
higher, which warrants further studies with an emphasis

on molecular and genetic research. Although Kafian
et al® from Iran have reported VSD to be the most
common lesion, the incidence rate of PDA was next
closest to VSD in their cohort and accounted for 18.2%
of total cases, which is close to our observation.

The next most common acyanotic CHDs in our
study were VSD observed in 24.8% and ASD in 18.9%
of total cases. Mohammad et al* from Pakistan reported
29.9% of their cases were VSD, and 25.4% were with
ASD; their observed rates were higher than those of our
findings. From the Qassim region, Al-Mesned et al’
reported a similar incidence rate of VSD (22.5%). Zhao
et al'® from China also reported that VSD is the most
common lesion, followed by ASD and PDA. Another
significant acyanotic CHD in our cohort was the CoA,
which was seen in 6.4% (71/1,127) of cases. Rahim et
al® reported a lower incidence rate (1.7%) of CoA in
their study; similarly, Ekure et al’ from Nigeria and Iyad
et al”” from Jordan also reported lower rates of CoA at
4.3% and 2.6%, respectively.

Among the cyanotic CHDs, ToF was the most
common lesion in our cohort, which was seen in 97
patients and accounted for 8.7% of all cases. Our result
correlated well with the previously reported data of
4.6-18.3%.> However, Chatterjee et al® from India
reported a higher rate of ToF in their study (21%). The
second most common cyanotic CHD in our study was
TGA, which was seen in 1.7% of cases, Mohammad
et al* from Pakistan also observed TGA as the second
most common cyanotic lesion. A detailed comparison
of our findings with previous national and international
studies is depicted in Table 3.

This study incorporates most of the available previous
publications, thus, making it one of the comprehensive
studies on congenital heart disease in our region and
shows a substantial burden of the disease. Our data will
provide a better information and priorities to the stake
holders in the field of health care at national and global
level. We believe our data will help in better planning
and survival improvement and set a benchmark for the
policy making in our country and other neighboring
countries.

Study limitations. First, as the present work is a
hospital-based retrospective study, the data presented
in this report can serve as an estimate of the trends
and patterns of CHD and limit the extension of our
findings to the general population of the region; hence,
no decisive conclusion can be drawn on the incidence
and prevalence rates of CHD from our study. Second,
being a tertiary care center among other centers dealing
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Table 3 - Comparison of our findings with the previous national and international published literature on congenital heart diseases.

Study Year Place Typeof =~ Number Male Female Mean age Commonly encountered lesions (%)
study of cases (%) (%)
Reller et al® 2008 Atlanta, Population 3240 50.9 49.1 - Acyanotic: VSD (41.8), ASD (13.1), PS (5.5)
USA based Cyanotic: ToF (4.7), TGA (2.3)
Alnajjar et al®* 2009 Madinah, Hospital 705 - - - Acyanotic: VSD (34.5), ASD (8.9), PDA (6.0)
Saudi Arabia based Cyanotic: TGA (3.5), ToF (3.0)
Al-Mesned et al® 2012 Qassim, Hospital 316 50.6 49.4 45 days Acyanotic: VSD (22.5), AVSD (8.5), PS (7.6)
Saudi Arabia based Cyanotic: ToF (5.7), TGA (5.7)
Mohammad et al®* 2014 Jamshoro, Hospital 150 55.3 44.7 15 months  Acyanotic: VSD (29.9), ASD (25.4), PS (6.7)
Pakistan based Cyanotic: ToF (11.2), TGA (5.2)
Ismail et al® 2015 Indonesia Hospital 650 40.0 60.0 2.7+4.4  Acyanotic: VSD (30.2), ASD (17.1), PDA (16.1)
based years Cyanotic: ToF (6.6)
Rashid et al"® 2016 Lahore, Hospital 354 63.3 36.7 24 months Acyanotic: VSD (40.3), PDA (11.5), ASD (5.0)
Pakistan based Cyanotic : ToF (17.2), TGA (7.3)
Ekure et al® 2017 Nigeria Hospital 1296 52.9 47.1 2.5¢3.5  Acyanotic: VSD (25.1), ASD (11.8), PDA (11.6)
based years Cyanotic: ToF (12.0)
Iyad et al”’ 2017 Jordan Hospital 383 52.0 48.0 7+11 Acyanotic: VSD (43.0), ASD (20.0), PDA (9.0)
based months Cyanotic: ToF (2.1), TGA (1.8)
Zhao et al'® 2019 China Hospital 1103 43.5 56.5 - Acyanotic: VSD (36.4), ASD (18.7), PDA (8.7)
based Cyanotic: ToF (5.2), TGA (4.8)
Chatterjee etal® 2020 Kolkara, Hospital 593 51.9 48.1 4£3.2  Acyanotic: VSD (40.7), ASD (31.7), PDA (7.5)
India based years Cyanotic: ToF (21.1)
Present study 2020 Madinah, Hospital 1127 51.8 48.2 8.412.4  Acyanotic: PDA (27.9), VSD (24.8), ASD (18.9)
Saudi Arabia based years Cyanotic: ToF (8.7), TGA (1.7)

VSD: ventricular septal defect, PDA: patent ductus arteriosus, ASD: atrial septal defect, ToF: tetralogy of Fallot,
TGA: transposition of the great arteries

with cardiac cases may have contributed to discrepancies
to previous studies noted in this study.

In conclusion, the trends of CHD observed in
our study were different from the other national and
international studies insofar as the most common type
observed in this study was PDA followed by VSD,
ASD, and ToFE The age at which the diagnosis of CHD
was made in this study was much higher than those of
other reports, which points to a diagnostic issue along
with problems of awareness on the part of the general
population. The gender distribution and predominance
of less severe types of CHDs among female patients
points a possible change in the genetic substrate in our
population. We strongly recommend further genetic
studies be conducted that are based on large population-
based epidemiological studies.
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