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Abstract
The influx of Syrian refugees to Lebanon that began in 2012 created new health-care and financial stressors on the country 
with an increase in communicable and non-communicable diseases. This study aims to describe the presentations, diagno-
ses, management, financial burden, and outcomes among Syrian refugees with congenital heart disease (CHD) in Lebanon. 
This is a retrospective study that was conducted through reviewing the charts of all Syrian pediatric patients referred to 
the Children’s Heart Center at the American University of Beirut Medical Center for evaluation between the years 2012 
and 2017. We reviewed the charts of 439 patients. The mean age at presentation was 3.97 years, and 205 patients (46.7%) 
were females. 99 Patients (22.6%) were found to have no heart disease, 69 (15.7%) had simple, 146 (33.3%) had moderate, 
and 125 (28.5%) had complex heart diseases. 176 (40.1%) Patients underwent interventional procedures, with a surgical 
mortality rate of 10.1%, compared to a rate of 2.9% among non-Syrian children. The average cost per surgical procedure 
was $15,160. CHD poses a significant health and financial burden on the Syrian refugee population in Lebanon, a small 
country with very limited resources. The Syrian cohort had a higher frequency of complex cardiac lesions, presented late 
with additional comorbidities, and had a strikingly elevated surgical mortality rate. Securing appropriate funds can improve 
the lives of this population, ease the financial burden on the hosting country, provide adequate health-care services, and 
improve morbidity and mortality.
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Abbreviations
CHD	� Congenital heart disease
VSD	� Ventricular septal defects
CHC	� Children’s Heart Center
AUBMC	� American University of Beirut Medical Center
ASD	� Atrial septal defects
ToF	� Tetralogy of Fallot

PDA	� Patent ductus arteriosus
TGA​	� Transposition of the great vessels
DORV	� Double-outlet right ventricle
UNHCR	� United Nations High Commissioner for 

Refugees
BHF	� Brave Heart Fund
GOLI	� Gift of Life
NGO	� Non-governmental organization

Background

The conflict in Syria began in March 2011 and led to the 
largest wave of refugees since the Cold War [1], displac-
ing at least 12 million people inside and outside of Syria 
[2]. By that, Syria went from being the third-largest coun-
try that hosts refugees, to be the number one source of 
refugees in the world [3]. Currently, 5,664,202 registered 
refugees reside in Egypt, Iraq, Jordan, Lebanon, Turkey, 
and North Africa [4]. Of these, over 1 million live in Leb-
anon alone, which makes 1 in every 5 people living in 
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Lebanon, a Syrian refugee [5]. Around 55% of the Syrian 
refugees in Lebanon are below the age of 18 [4], and about 
125,000 new Syrian refugee babies were born in Lebanon 
from the beginning of the crisis until 2017 [6]. The reac-
tions towards this complicated situation varied among the 
host countries where some places, like Jordan and Turkey, 
developed special refugee camps, while others, like Leba-
non, did not. Thus, the Syrian refugees in Lebanon live 
either in host communities or in informal tents that lack 
the minimum life needs such as warm shelter, food, sani-
tation, and health-care services [7]. Due to pre-existing 
chronic health conditions and injuries that were acquired 
during the war in Syria, many Syrian refugees in Lebanon 
required health-care services [5, 6, 8]. It was reported that 
around 83% of the Syrian refugee households in Lebanon 
have at least one member with a chronic condition [9]. 
This increased the burden on the health sector in Leba-
non, as it had to deal with the influx of both transmittable 
and non-transmittable diseases without proper financial 
support.

Some of the major concerns in health care are congeni-
tal heart diseases affecting the newborns. The estimated 
incidence of CHD worldwide is around 9 in every 1000 
live births, and it accounts for about one third of major 
congenital anomalies [10]. CHD engulfs a broad spectrum 
of different defects that range in severity from mild to 
severe, having different presentations, prognoses, manage-
ment, and impacts. For example, according to the Inter-
national Classification of Disease, severe CHDs include 
transposition complexes, univentricular heart defect, and 
truncus arteriosus [11]. Milder forms of disease include 
minor atrial septal defects and ventricular septal defects 
(VSD), which are more easily managed and have better 
prognoses.

Untreated CHD could be fatal, as is the case with severe 
defects, or can cause high morbidities in the less severe 
forms. Children with CHD commonly present with failure 
to thrive and are at an increased risk of having develop-
mental delays and disabilities. As such, these patients need 
constant developmental surveillance and evaluation [11]. A 
study done by Al-Ammouri et al. assessed the CHD burden 
in Syrian refugees in Jordan and concluded that the big-
gest challenges that are currently facing these patients are 
delayed presentations and diagnoses, elevated rates of com-
plications, lack of funding for required procedures, subop-
timal living conditions, and lack of specialized personnel 
and centers [12].

There is a lack of data about the burden and outcomes of 
CHD among the Syrian refugee population in Lebanon. This 
matter creates a drawback in the efforts to help in treating 
these patients. This study aims to describe the presentations, 
diagnoses, management, financial burden, and outcome 
among the Syrian refugees with CHD in Lebanon.

Methods

Patient Data

This study included Syrian refugee patients less than 
18 years of age, who presented for cardiac evaluation at 
the Children’s Heart Center (CHC) at the American Uni-
versity of Beirut Medical Center (AUBMC), over 6 years, 
between January 2012 and December 2017. The medical 
records of these patients were retrospectively reviewed to 
collect data about the demographics, presentations, diag-
nostic procedures, interventions performed, and outcomes. 
This included health-care professionals’ notes (physicians 
and nurses), echocardiography images and reports, and 
operative reports. AUBMC is the largest tertiary care 
center in Lebanon, and the outcomes of the CHC have 
consistently shown results that are comparable to those in 
developed countries [13, 14]. At the center, CHD is diag-
nosed through a combination of history taking, physical 
examination, and diagnostic tests performed by pediat-
ric cardiologists including transthoracic echocardiogra-
phy, transesophageal echocardiography, and diagnostic 
catheterization.

The institutional review board approved the study for 
meeting ethical standards (AUB IRB Protocol number 
BIO-2017-0530).

Categorization of Heart Disease

Congenital heart disease is defined as a functional or struc-
tural defect in the heart that is present at birth, and its 
effects on the patient can be various based on the type and 
extent of the disease. In our data, CHDs have been classi-
fied into three categories, simple, moderate, and complex 
based on their effect on survival, quality of life, and need 
for follow-up. We based our classification on a modified 
form of the classification present in a paper by Warnes 
et al. [15].

CHDs that generally have minor effects on the lives of 
patients, require no follow-up, or can be followed up as 
needed, were classified as simple. These include patients 
with isolated restrictive ventricular septal defects (VSDs), 
atrial septal defects (ASDs), or isolated mild valvular 
defects. CHDs that generally require periodic specialist 
follow-up or single or straightforward procedures were 
classified as moderate. These include patients with Tetral-
ogy of Fallot (ToF), moderate or severe valvular defects, 
un-ligated patent ductus arteriosus (PDA), and coarcta-
tions of the aorta. CHDs that generally require regular, 
close follow-up with a specialist, and require complex or 
multiple surgical procedures were classified as complex. 
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These include patients with tricuspid atresia, transposi-
tion of the great vessels (TGA), and double-outlet right 
ventricle (DORV). Table 1 summarizes this classification 
system.

Results

Demographics

Between January 2012 and December 2017, a total of 
439 Syrian refugee children presented for cardiac evalu-
ation at the Children’s Heart Center at AUBMC, of 
which 205 (46.7%) were females. The age at presentation 
ranged between 1 day and 17 years, with a mean of 3.97 
(± 4.17 years) and a median of 2 years. Table 2 summarizes 
these findings.

Patient Presentation

Our patients were either referred to us from outside hos-
pitals, from AUBMC’s pediatric clinics or outpatient 
department or were introduced to us through consults on 

in-hospital patients. 53 (12.07%) patients had already been 
diagnosed in Syria, and 18 (4.10%) were diagnosed by other 
physicians in Lebanon, but presented to our facility for a 
second opinion, continuity of care, or to undergo interven-
tions. In 45 (10.25%) of the cases, it was unclear whether 
the patients had been previously diagnosed with CHD or 
not. The remaining 323 (73.58%) patients had initial workup 
done at AUBMC and were either diagnosed with CHD or 
found to have no cardiac disease.

Diagnosis, Management, and Outcome

All 439 (100%) patients had echocardiograms and elec-
trocardiograms done, and 24 (5.47%) of them additionally 
underwent diagnostic cardiac catheterization. Our patients 
were found to have a wide variety of CHDs, with a tremen-
dous number having multiple concurrent defects. Table 2 
shows the distribution of patients by the severity of heart 
disease. 99 (22.6%) patients were found to have no CHD, 
69 (15.7%) had simple, 146 (33.33%) had moderate, and 
125 (28.5%) had complex CHD. Table 3 presents the preva-
lence of the cardiac defects that were present in our patients. 
The total number of defects shown is higher than the total 

Table 1   Classification of 
congenital heart disease. 
Modified from Warnes et al. 
[15]

PFO patent foramen ovale, VSD ventricular septal defect, APVR anomalous pulmonary venous return, 
PVOD pulmonary vascular obstructive diseases, TGA​ transposition of the great arteries

Simple congenital heart disease Moderate congenital heart disease Complex congenital heart disease

Isolated aortic valve disease Tetralogy of Fallot Double-outlet ventricle
Isolated mitral valve disease APVR Eisenmenger syndrome
Isolated PFO Atrioventricular canal defects Mitral atresia
Mild tricuspid valve disease Coarctation of the aorta Single ventricle
Mild pulmonary valve disease Epstein’s anomaly Pulmonary atresia
Isolated atrial septal defect Patent ductus arteriosus PVOD
Isolated VSD Severe aortic valve disease TGA​

Severe mitral valve disease Tricuspid atresia
Moderate pulmonary valve disease Truncus arteriosus
Severe pulmonary valve disease Crisscross heart
Moderate tricuspid valve disease Ventricular inversion
Severe tricuspid valve disease Dilated cardiomyopathy
Sinus venosus atrial septal defect Hypertrophic cardiomyopathy
Sub-or-supravalvular aortic stenosis

Table 2   The demographics of 
Syrian refugee children at the 
American University of Beirut 
Medical Center

Normal Simple Moderate Complex Total

Number of patients (%) 99 (22.6) 69 (15.7) 146 (33.3) 125 (28.5) 439
Mean age at presentation 

(median) in years
5.2 (5.0) 3.7 (1.8) 4.1 (2.0) 2.9 (1.0) 3.97 (2.0)

Sex
 Female (%) 42 (42.4) 25 (36.2) 75 (51.4) 63 (50.4) 205 (46.7)
 Male (%) 57 (57.6) 44 (63.8) 71 (48.6) 62 (49.6) 234 (53.3)
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number of patients because many patients had more than 
one heart defect. The most common acyanotic defects were 
VSD (113 patients), ASD (44 patients), pulmonary stenosis 
(39 patients), and PDA (32 patients). The most common 
cyanotic lesions were ToF (37 patients), TGA (30 patients), 
and pulmonary atresia (29 patients).

172 (39.2%) patients required either catheter or surgi-
cal interventions which were performed at AUBMC and at 
another AUBMC-affiliated hospital (Hammoud Hospital 
located in the South of Lebanon). Surgery was performed 
on 110 (25% of the total sample) patients, out of which 8 
also underwent a cardiac catheterization procedure. Twelve 
of them underwent more than one surgery. 88 (80%) out of 
the 110 patients underwent definitive surgeries, 10 (9.1%) 
underwent palliative surgeries, and the remaining 12 (10.9%) 
underwent both palliative and definitive surgeries. Therapeu-
tic cardiac catheterization was performed on 46 (10.5% of 
the total sample) patients, and diagnostic catheterization was 
performed on 24 patients (5.5%). Figure 1 summarizes these 
findings. The surgical mortality rate was found to be 10.1%.

Costs and Funding

The cost per case was calculated by adding the costs of clinic 
visits, echocardiograms, electrocardiograms, cardiac cath-
eterization procedures, and surgical procedures. The cost of 
diagnostic cardiac catheterization at AUBMC was between 
$2500 and $3000, averaging $2750 per case. Interventional 
cardiac catheterization cost between $5000 and $8000, aver-
aging $6000 per case. Half of the surgical procedures were 
performed at AUBMC, and the other half were performed 
at Hammoud Hospital. The average cost per surgical patient 
was $15,160, with the cost being higher at AUBMC com-
pared to Hammoud Hospital. Table 4 summarizes these find-
ings, showing that the total estimated cost, excluding the 
price of follow-up visits, was around $2,128,040. These costs 
were covered by the United Nations High Commissioner for 
Refugees (UNHCR), the Brave Heart Fund (BHF), Gift of 
Life (GOLI), and some minor funding by other non-govern-
mental organizations (NGOs). UNHCR has a contract for 
financial coverage of refugee health care with AUBMC and 
Hammoud Hospital. Half of the surgeries were performed at 
Hammoud Hospital, by the same AUBMC pediatric cardiac 
surgeon. These patients would then return to AUBMC for 
continuity of care. This measure allowed for a decrease in 
the financial burden of these surgeries. In addition to that, 
medical teams often waved or significantly reduced their 
professional fees of office visits, echocardiogram and elec-
trocardiogram performance, and surgical or interventional 
procedures. The humanitarian NGOs covered part of the cost 
of the outpatient’s services and the entire cost of the cardiac 
catheterization procedures and outpatient imaging which 
were all performed at AUBMC. The BHF was established 
in 2003, at the Children’s Heart Center at the AUBMC, as 
a charitable fundraising initiative that helps in covering the 
medical and surgical expenses of underprivileged children 
with CHD. BHF covers these expenses regardless of the 
child’s nationality and, thus, has been able to cover the costs 
of the Syrian refugee children presenting to our institution. 
The interplay between UNHCR, BHF, GOLI, and medical 
professionals waiving their fees, was able to cover all the 
necessary medical expenses.

Discussion

Congenital heart diseases constitute nearly one third of all 
congenital abnormalities [8]. With the influx of more than 
one million registered Syrian refugees to Lebanon, and with 
the high birthrate of 24 newborns per 1000 among this popu-
lation [16], an estimated 125,000 Syrian refugee babies were 
born in Lebanon between 2012 and 2017. Given that the 
Lebanese government stopped registration of new refugees 
in 2015, the actual number is expected to be much higher 

Table 3   The prevalence of various congenital heart defects in Syrian 
refugee children at the American University of Beirut Medical Center 
in increasing order

Other defects (frequency): major aortopulmonary collateral arteries 
(8), bicuspid aortic valve (7), pulmonary regurgitation (6), Epstein 
anomaly (6), patent foramen ovale (5), coronary artery malformation 
(5), mitral valve prolapse (MVP) (5), dextrocardia (5), truncus arte-
riosus (5), congenital atrioventricular node block (3), mitral atresia 
(3), interrupted aortic arch (3), dilated cardiomyopathy (3), pulmo-
nary artery stenosis (2), mitral stenosis (2), ventricular inversion (1)

Defect Number Percent

Ventricular septal defect 113 25.7
Atrial septal defect 44 10
Pulmonary stenosis 39 8.9
Tetralogy of Fallot 37 8.4
Patent ductus arteriosus 32 7.3
Transposition of the great vessels 30 6.8
Pulmonary atresia 29 6.6
Atrioventricular canal defect (AVCD) 24 5.5
Double-outlet right ventricle 22 5
Mitral regurgitation 19 4.3
Pulmonary hypertension 17 3.9
Aortic stenosis 15 3.4
Tricuspid atresia 14 3.2
Single ventricle 14 3.2
Tricuspid regurgitation 13 3
Coarctation of the aorta 12 2.7
Aortic regurgitation 12 2.7
Hypoplastic pulmonary artery 9 2.1
Anomalous venous return 9 2.1
Hypertrophic cardiomyopathy 9 2.1
Others 69 15.7
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than that, with a tremendous number of unregistered refu-
gees residing and giving birth in Lebanon. With these num-
bers, Lebanon witnessed an influx of a new population with 
CHDs that required diagnosis and care.

Healthcare Burden on Patients

In developed countries, around 95% of patients with non-
critical CHD survive into adulthood [17]. In developing 
countries, fewer patients make it into adulthood due to inap-
propriate screening, delayed diagnosis, inability to begin or 
complete treatment, and insufficient follow-up. During times 
of war and displacement, the situation becomes more trou-
blesome as fewer people will have access to care, and the 
financial and health-care burdens become more substantial. 
Moreover, around 20 to 30% of children with CHD suffer 
from cognitive or developmental disorders [17–20]. Com-
pared to children without birth defects, children with CHD 

are 50% more likely to require special education services 
[21]. This emphasizes the need for both proper management 
and follow-up in this population. With more than 60% of 
our sample being diagnosed with moderate and complex 
CHD, a greater need for specialized services is expected. 
Severe CHDs may require multiple surgeries in addition to 
adherence to follow-up, which might not be feasible for a 
displaced population.

Underdiagnoses and Increased Disease Severity

Our results are comparable with the reported literature 
in that ventricular septal defects are the most commonly 
encountered CHDs [22]. However, we noticed an increased 
percentage of severe CHD in the refugee population. In 
fact, in published literature, the percentage of children with 
severe CHD among those with heart defects is around 12% 
[9], whereas, in our data, it amounted to 28.5%. This is likely 

Fig. 1   Interventions done at the 
American University of Beirut 
to Syrian refugee children with 
congenital heart disease

Table 4   The cost of care 
for Syrian refugee children 
at a tertiary care center in a 
developing country excluding 
the price of follow-up visits

Patient category Number of 
patients

Estimated cost per 
patient ($)

Estimated 
total cost ($)

Did not undergo procedures 267 360 96,120
Underwent diagnostic cardiac catheterization 24 3110 74,640
Underwent therapeutic cardiac catheterization 38 6360 241,680
Underwent surgery 102 15,160 1,546,320
Underwent cardiac catheterization and surgery 8 21,160 169,280
Total 439 2,128,040
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due to the lack of access to health care, where only children 
with moderate and severe symptoms are being brought to 
medical attention.

In contrast, a relatively high percentage of those with 
mild symptoms do not seek medical care. Therefore, CHD 
is likely to be underdiagnosed in this patient population. 
Delayed diagnosis of CHD worsens the prognosis by 
increasing morbidity and mortality. Diseases that could have 
been managed early on with good prognosis, such as VSDs, 
could progress to conditions with worse prognosis, such as 
Eisenmenger syndrome, if undiagnosed, improperly man-
aged, or poorly followed up. In our sample, two patients with 
undiagnosed Tetralogy of Fallot presented at 14 and 15 years 
of age, with oxygen saturations below 80%. Prolonged 
hypoxemia can have detrimental effects on multiple organ 
systems. Besides, late presentation worsens the prognosis of 
these patients, whereby even if they were adequately oper-
ated on, they would have increased post-op complications 
in comparison to patients diagnosed and operated on earlier. 
This finding emphasizes the problem of late presentation 
in this population and the need for better access to primary 
health care. In our cohort, the surgical mortality rate among 
Syrian refugee children was 10.1%, whereas across the same 
time period, the surgical mortality rate among non-Syrian 
children was 2.9% at our CHC at AUBMC. This observa-
tion again sheds light on the increased disease severity in 
this population.

Inability to Reach Health Care

Most of the Syrian refugees that took shelter in Lebanon 
were, unfortunately, living in informal settlements in rural 
areas that barely offered the minimum necessities for life, 
such as food and clean drinking water. Figure 2 shows the 

major regions in Lebanon where Syrian refugee camps are 
located, with the percentages based on numbers published 
by the United Nations High Commissioner for Refugees 
[23]. The American University of Beirut Medical Center, 
which is considered the primary referral center for pedi-
atric cardiology cases in Lebanon, is located in Beirut. As 
depicted in the figure, more than 75% of the Syrian refugee 
population is situated in camps that are distant from Beirut, 
which makes access to health care to the only center that 
offers almost full financial coverage for children with CHD, 
challenging.

Financial Burden in Times of Crisis

Lebanon is a developing country, with a population of 5 
million people and around 80,000,000,000 $ in external 
debts as per the World Bank [24]. This number has been 
increasing steadily since the mid-1990s and is expected to 
continue rising. The Lebanese economy is in crisis, and 
this has reflected poorly on the health-care sector [25]. The 
government is no longer able to pay its dues to hospitals, 
leaving many hospitals in a crippled state, not being able to 
afford the minimum required material and medication. These 
financial pressures, accompanied by the inability of Syr-
ian refugees to afford medical bills, exponentially increased 
the burden on the health-care sector in Lebanon. Most pri-
mary care facilities are barely able to provide health care to 
Lebanese citizens, and that made them inarguably helpless 
in delivering health care to the refugees. This placed the 
already vulnerable refugee population under a new, more 
significant stressor, whereby they witnessed an increase in 
preventable morbidity and mortality.

Due to the financial situation of Syrian refugees, the 
lack of coverage by insurance companies, and the lack of 

Fig. 2   Percent distribution of 
Syrian refugees in Lebanon as 
per United Nations High Com-
missioner for Refugees [23]

Commissioner for Refugees23

North Lebanon

South Lebanon

BekaaBeirut

Bekaa: 37.6 %
North Lebanon: 26.5 %
Beirut: 24.5 %
South Lebanon: 11.4 %
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governmental coverage, UNHCR, charitable funds, and 
NGOs have played the most significant role in securing 
funding sources to cover the medical expenses of Syrian 
refugee children with CHD. In published literature in the 
neighboring country of Jordan, it was reported that a tremen-
dous number of refugees were not able to afford the price of 
surgeries, had a delay in the performance of their surgeries, 
thereby increasing morbidity and mortality, or died before 
being able to secure such funds [12]. In contrast, in Leba-
non, even with the crippled state of the economy, volunteer-
ing medical personnel, charitable funds, and NGOs that are 
mainly concerned with the health of children with CHDs 
were able to cover these prices. They helped in perform-
ing almost all necessary procedures. The medical sector in 
Lebanon is considered one of the most advanced sectors in 
the region, and this might be one of the reasons why such 
funds exist in this developing country.

Conclusion

This study sheds light on the medical and financial burden 
of heart disease in Syrian refugee children, who are prone 
to presenting late and are not able to afford adequate health 
care. Being displaced into a financially insecure country 
exponentially increases the difficulties facing these patients. 
Although our findings highlighted the burden of CHD alone, 
we can extrapolate to estimate the tremendous amount of 
money and facilities required to adequately deal with other 
transmittable and non-transmittable diseases in the Syrian 
refugee population. Securing proper funds can help Syrian 
refugee children and save them from suffering of preventable 
morbidity and mortality, which makes it a priority to be dealt 
with in times of crisis.
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