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Abstract
Managing pediatric and congenital heart disease (CHD) in low- and middle-income countries like Pakistan requires a nuanced 
approach that extends beyond simply adopting management styles and guidelines developed for high-income countries. This 
review aims to examine the challenges associated with the surgical management of CHD in Pakistan, addressing the evolving 
and persistent disease burden while also offering context-specific solutions.
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Introduction and background

Congenital heart disease (CHD) stands as the most com-
mon major congenital anomaly, impacting around 1 in 100 
live births globally [1]. As per the Global Burden of Dis-
ease (GBD) projections in 2017, close to 300,000 individu-
als succumb to CHD annually, with roughly two-thirds of 
these fatalities involving infants under the age of 1 year. The 
highest mortality rates are documented in low- and middle-
income countries (LMICs) [2]. According to the GBD pro-
jections in 2019, Nigeria, China, Pakistan, and India collec-
tively contributed to 39.7% of worldwide deaths attributed 
to CHD. In Pakistan specifically, an estimated 11,000 deaths 
(with a range of 7000 to 19,000) were recorded in 2019 [3]. 
However, the actual burden of CHD in Pakistan is likely to 
be higher than these estimates, as many cases of CHD go 
undiagnosed and untreated, particularly in rural and under-
served areas.

Addressing the challenges associated with surgical inter-
ventions for CHD in Pakistan, a country characterized by 

its unique geographical, demographic, and socio-economic 
landscape, is imperative. The history of congenital cardiac 
surgery in Pakistan provides context for these challenges and 
underscores the progress made, and the gaps that still exist. 
In the late 1950s and 1960s, a few sporadic closed heart 
surgeries, including closed mitral valvotomy, patent ductus 
arteriosus closure, and pericardial effusion drainage, were 
performed in Karachi, Lahore, Rawalpindi, and Dhaka [4]. 
Open-heart adult cardiac surgery was initiated in Pakistan 
by Dr. Donald E. Bowes, a Canadian missionary surgeon, 
in 1967 at the United Christian Hospital in Lahore. The first 
congenital open-heart surgery performed by a local team, 
an atrial septal defect repair led by Dr. Lieutenant Colonel 
Ali Masood Akram, took place at the Rawalpindi Military 
Hospital in March 1970, marking the beginning of a steady 
growth in CHD-related surgical capacities in Pakistan ever 
since [4].

Despite these early efforts, Pakistan, as an LMIC, grap-
ples with a diverse set of healthcare challenges shaped by 
factors such as population dynamics, economic constraints, 
and infrastructural limitations. A recent nationwide status 
report demonstrated a significant deficit in the availability 
and provision of healthcare services to patients with CHD in 
Pakistan, including the lack of skilled manpower, operative 
volumes, and intensive care availability [5].

Given these complex and interrelated problems, the man-
agement of CHD in LMICs requires a nuanced approach. 
With this review, we seek to contribute valuable knowledge 
to the global discourse on CHD surgery and provide an 
accurate depiction of CHD care in Pakistan. Our aim is to 
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identify obstacles and present viable solutions, offering a 
perspective that can inform stakeholders and policymakers. 
Ultimately, this can lead to increased accessibility and qual-
ity of surgical interventions for CHD in Pakistan.

Review—Main text

Country‑specific sociodemographic and geographic 
factors

As a South Asian LMIC with a population exceeding 240 
million, Pakistan faces considerable health challenges due to 
its large population size. The high under-five mortality rate 
of 63.3 deaths per 1000 live births underscores the urgency 
of addressing healthcare needs, including CHD, among vul-
nerable pediatric populations [6].

Similar to many LMICs, Pakistan experiences stark dis-
parities within its population. Over 37% of the population 
lives below the poverty line (1.90 United States Dollars 
[USD] purchasing power parity per person per day). A pau-
city of financial resources results in patients, especially from 
lower socioeconomic strata, being frequently severely mal-
nourished, having received little to no prior care, and pre-
senting with serious and late disease-related complications, 
all of which adversely affect outcomes [5, 7, 8]. In fact, 
quantified by the Community Health Index (CHI), Pakistan 
exhibits a striking inequality ratio of 16.59, indicating that 
districts with better resources are nearly 17 times healthier 
than those with fewer resources [9].

Geographic constraints and population density further 
exacerbate these challenges. With greater than 60% of the 
Pakistani population residing in rural areas, patients and 
families have to travel long distances to access surgical care 
in urban centers, even for emergencies such as acute abdo-
men. This is due to a lack of adequate surgical care closer 
to home, understaffing of surgeons at public hospitals, and 
the high out-of-pocket expenses incurred at private hospitals 
[10, 11]. Similarly, a 1999 study from rural Northern Paki-
stan revealed a large unmet surgical need, with only about 
13% of patients being able to access the surgical care they 
required [12]. A lack of access to timely surgical care results 
in patients with CHD in rural areas suffering from substan-
tially poorer health outcomes compared to their urban coun-
terparts. Additionally, Punjab, the most populous province, 
hosts more than 50% of the country’s specialized CHD cent-
ers, while Balochistan, the largest province by area, lacks a 
single center [5].

Infrastructure and workforce

Comprehensive care for CHD necessitates robust infra-
structures that support early diagnosis, timely referral, 

effective surgical intervention, and ongoing follow-up 
care. A multidisciplinary workforce is crucial for this, 
including community healthcare workers, specialized 
nurses, pediatric intensivists, cardiac surgeons, pediat-
ric cardiologists, and other specialists. Furthermore, the 
integration of infrastructure with the existing workforce is 
essential for effective CHD management.

However, a nationwide study assessing hospital 
resources and surgical practices for CHD surgery across 
Pakistan found significant gaps [5]. The country has fewer 
than 20 congenital cardiac programs for a population of 
over 240 million people, with almost a complete absence 
in rural areas and less population-dense areas like Balo-
chistan (Fig. 1).

Most pediatric cardiac surgeons operate in centers per-
forming fewer than 350 cases annually, with only seven of 
the seventeen surgeons surveyed by Malik et al. working in 
higher-volume centers [5]. Surgeons in public hospitals han-
dle a greater volume of cases and a higher proportion of neo-
natal surgeries. However, fewer than one-third of these hos-
pitals have Neonatal Intensive Care Unit (NICU)/Paediatric 
Intensive Care Unit (PICU) services available. Additionally, 
CHD programs at standalone children’s hospitals, though 
fewer in number (4 out of 17), have higher overall volumes, 
better intensive care unit (ICU) support, and perform more 
neonatal surgeries. Given the annual new-case burden of 
approximately 2200, the disparity between the need for and 
availability of infrastructure is glaringly apparent.

These figures mirror those in other LMICs such as sub-
Saharan Africa, India, and Nigeria, where the cardiac sur-
geon-to-population ratios are 1:35 million in Africa and 
1:25 million in Asia. This starkly contrasts with a ratio of 
1:3.5 million in the USA and Europe [1]. With one of the 
fastest-growing populations in the world, Pakistan’s gap 
between resource availability and demand for CHD care is 
only expected to widen.

Tackling the provision of services for CHD surgery in Paki-
stan demands a comprehensive approach to overcome existing 
challenges and to implement effective solutions. Developing 
services along the patient care continuum is key to improv-
ing access to CHD care while maintaining a focus on quality. 
As proposed by Mohsin et al., a comprehensive framework 
should be developed with measures that are easy to implement 
and can build on existing health systems (Fig. 2) [13].

Patient care should be viewed as a continuum, starting 
from birth and early diagnosis to long-term care, rather than 
as a single surgical event, all centered on providing high-
quality care.

This begins with training healthcare workers in rural set-
tings to suspect CHD using simple measures such as pulse 
oximetry, followed by the development of seamless referral 
systems where babies with suspected CHD are referred to 
specialized centers [14]. Hasan et al. have proposed a tiered 
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approach to care levels, ranging from primary healthcare 
centers to advanced surgical centers (Fig. 3) [15].

Each level of the framework has specific benchmarks 
that centers must achieve before progressing to the next 
level, with each benchmark representing measurable quality 
audit variables. Integrating these levels with existing public 
healthcare systems is crucial for developing a sustainable 
system capable of delivering comprehensive care along the 
CHD care continuum.

Additionally, collaboration between government authori-
ties and privately operated Nongovernmental Organizations 
(NGOs) is crucial. A notable example of such a partnership 
is the public health initiative launched by the government 
of Kerala, India, in collaboration with Children’s Heartlink, 
a US-based NGO, to start the “Hyridiam” Program [16]. 
To replicate this success, a thorough assessment of existing 
capacities is necessary to identify and address barriers to 
care.

Funding of congenital heart disease care

Understanding the financial aspect of funding CHD care 
in Pakistan is essential for addressing the challenges and 
opportunities in providing adequate healthcare services. 
Pakistan faces significant economic constraints with a gross 
domestic product (GDP) of 338.24 billion USD and a GDP 
per capita of 1460 USD as per the International Monetary 
Fund (IMF) in 2023 [17]. Allocations to the health sector in 
Pakistan have historically been low, representing less than 
5% of overall government spending in 2019 and remaining 

at around or less than 1% of GDP [18]. According to the 
most recently available data from the World Health Organi-
zation’s (WHO) Global Health Expenditure Database, Paki-
stan’s health expenditure was a meagre 2.91% of the GDP 
and 43.09 USD per capita in 2021 [19]. This is just below 
the WHO’s recommended minimum of 44 USD per capita 
needed for essential healthcare services.

This insufficient investment in the public health system 
has led to a shortage of health infrastructure, medications, 
medical tools, and well-trained healthcare professionals. 
Although there has been some increase in human resources 
from 2014 to 2021, this growth has not matched the annual 
population growth rate of 2% [20]. Additionally, with lim-
ited resources to address the healthcare needs of one of the 
world’s largest populations, Pakistan prioritizes funding for 
combating infectious diseases, which constitute the greatest 
disease burden. These diseases include tuberculosis (TB), 
human immunodeficiency virus (HIV), malaria, and hepa-
titis B and C [21].

It is clear then that specialized care, such as the surgi-
cal treatment of CHD, faces significant funding short-
ages in Pakistan. While philanthropic efforts by charitable 
organizations, Islamic groups, and individuals help a small 
number of patients receive CHD care, the lack of govern-
ment funding, combined with previously discussed factors, 
makes affordable and accessible healthcare unattainable for 
the majority of CHD patients. This situation forces many 
patients and families to incur substantial out-of-pocket pay-
ments (OOPP). In 2018, an estimated 5.4% of the popula-
tion faced catastrophic health expenditures exceeding 10% 

Fig. 1   Geographic distribution of various congenital heart surgery centers in Pakistan (used with permission [5])
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of their household budget, reflecting a steady increase since 
2007 [18].

Addressing the financial aspect of CHD care in Paki-
stan requires a multi-pronged approach. The first step is to 
convince stakeholders that pediatric cardiac care programs 
can be both cost-effective and economically beneficial. For 
example, a modeling study indicated that investing in sec-
ondary and tertiary care for rheumatic heart disease (RHD) 
in the African Union would produce significant health and 
economic benefits that far exceed the healthcare costs and 
offer greater returns on investment compared to investments 
in primary prophylaxis of acute rheumatic fever alone [22]. 
Improving the quality of care can enhance outcomes and 
avoid unnecessary spending.

To achieve this, innovative and cost-effective solutions 
need to be sought and implemented. This includes increas-
ing government investment in healthcare and fostering part-
nerships between the public and private sectors to leverage 
resources more effectively. Additionally, innovative financ-
ing mechanisms, such as health insurance schemes and pub-
lic–private partnerships, can help mobilize additional funds 
for CHD care and improve access to essential services for 
all segments of the population.

One notable example of such an initiative is the Universal 
Health Care (UHC) program, also known as the Sehat Sahu-
lat Program (SSP), launched in 2020 [23]. Through this pro-
gram, the government aims to utilize private sector providers 
to offer free tertiary healthcare to patients and their families 

Fig. 2   Metrics for quality improvement framework at each congenital heart disease care level in LMICs (used with permission [13])
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within a certain budget. Moreover, in 2021, the Ministry 
of National Health Services, Regulation and Coordination, 
in collaboration with the Global Surgery Foundation, Indus 
Hospital and Health Network, and the Harvard Program 
in Global Surgery and Social Change, launched Pakistan’s 
National Surgical Plan (NSP). This plan aims to identify 
current gaps in surgical care delivery and provide a strategic 
direction to strengthen surgical systems in the country.

While CHD was not specifically highlighted within either 
of these programs, relevant stakeholders can utilize the 
existing framework to extend surgical care to patients with 
CHD. By adopting a comprehensive approach that includes 
increased government investment, public–private partner-
ships, and innovative financing mechanisms, Pakistan can 
improve access to and the quality of CHD care, ultimately 
benefiting patients and their families.

Education and training

Globally, there are around 4000 pediatric cardiac surgeons, 
with a considerable disparity in provider density. This ranges 
from 9.51 surgeons per million population in high-income 
countries to merely 0.07 per million population in low-
income countries, indicating a more than 130-fold difference 
in the distribution of healthcare providers [24]. The differ-
ence in distribution accentuates the pronounced healthcare 
disparities globally, and the discrepancy in provider density 
has direct implications for CHD surgical interventions, par-
ticularly in resource-constrained settings like Pakistan.

Training programs in LMICs, especially in Pakistan, are 
limited, leading to many healthcare professionals pursuing 
specialized training, such as pediatric cardiac surgery and 

pediatric cardiology, abroad—often in high-income coun-
tries [25]. A recent survey by Malik et al. showed there are 
only five programs in Pakistan which have congenital heart 
surgery trainees [5]. However, several barriers hinder entry 
into training programs elsewhere. These barriers include lan-
guage proficiency requirements, cultural adjustments, the 
need for accreditation or licensing exams, and often years 
of research to enhance competitiveness for limited slots in 
training programs. Each of these barriers involves significant 
financial and administrative burdens, such as visa require-
ments. These challenges pose considerable difficulties for 
aspiring surgeons in LMICs, including Pakistan, who seek 
advanced training in CHD surgery.

Post-training, there is a risk of brain drain, as individu-
als may be enticed to stay in their training country or may 
perceive greater opportunities in terms of compensation or 
academic pursuits [25]. Approximately 32,879 physicians 
graduate annually in Pakistan, with 40% opting to pursue 
opportunities abroad due to factors such as low income, 
extended working hours, and issues related to inequality 
[26]. This poses a dual challenge for countries like Pakistan, 
as they not only face a shortage of trained surgeons, but also 
contend with the potential loss of skilled professionals who 
choose to pursue careers abroad.

Addressing the complex challenges in training physicians 
for CHD care in Pakistan requires a multifaceted approach. 
Prioritizing the strengthening of local training programs 
is essential, necessitating strategic investments to create 
structured initiatives that bridge the existing workforce 
gap. Simultaneously, it is crucial to incentivize healthcare 
professionals through competitive compensation, condu-
cive work environments, and academic opportunities. This 

Fig. 3   Pediatric and congenital cardiac service levels and correspond-
ing quality audit variables (used with permission [15]). Abbrevia-
tions: PCCSL, pediatric and congenital cardiac service levels; CHD, 

congenital heart disease; CICU, cardiac intensive care unit; ICU, 
intensive care unit; TEE, transesophageal echocardiography
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will help mitigate factors contributing to brain drain, foster 
retention, and acknowledge their expertise. Furthermore, 
advocating for policy reforms at national and international 
levels is integral. Streamlining accreditation and licensing 
processes will reduce administrative barriers, ensuring that 
regulatory frameworks align with evolving healthcare edu-
cation dynamics and enhance accessibility for professionals 
seeking training abroad.

Congenital heart surgery outcomes

The absence of comprehensive data on postoperative out-
comes of CHD surgeries in Pakistan reflects broader chal-
lenges within the country’s healthcare infrastructure. Unlike 
many developed nations with established national databases, 
Pakistan lacks centralized systems for collecting, analyzing, 
and disseminating surgical data. This fragmented data land-
scape not only impedes the assessment of surgical outcomes, 
but also hinders the formulation of evidence-based policies 
and interventions aimed at improving patient care.

Ideally, healthcare outcomes should be tracked and main-
tained in local and institutional databases to inform insti-
tutional practices and for research. Unfortunately, there is 
no such database within Pakistan that combines data from 
different centers. However, multiple institutions are partici-
pating with international databases such as the International 
Quality Improvement Collaborative (IQIC) for CHD, which 
has 73 contributing centers across more than 25 LMICs [27]. 
Participating centers collect standardized data that records 
surgical as well as catheter-based intervention outcomes, 
while also participating in virtual capacity building and on 
ground data validation and training. Data from the IQIC 
registries have formed the basis for multiple large volume 
studies from Pakistan that shed light on surgical outcomes 
in Pakistan [28, 29].

One of these studies, published in 2023, revealed an in-
hospital mortality rate of 6.7%. Additionally, a significant 
proportion of patients experienced postoperative complica-
tions, with 4.4% suffering from bacterial sepsis and 0.8% 
developing surgical site infections. This study highlighted 
the heightened risk of adverse outcomes among specific 
patient groups, including those undergoing high-risk pro-
cedures, infants and children, individuals with genetic syn-
dromes, and those with low oxygen saturation levels [29].

Another study, conducted in 2022, focused on early 
postoperative arrhythmias after pediatric congenital heart 
surgery, providing insights into a common complication 
encountered in this patient population. Among 812 children 
who underwent CHD surgery, 22.8% developed arrhythmias 
within the early postoperative period. Junctional ectopic 
tachycardia emerged as the most prevalent arrhythmia, 
affecting 64.9% of patients, followed by complete heart 
block in 17.8% of cases [30].

The relative paucity of comprehensive data on postop-
erative outcomes of CHD surgeries in Pakistan underscores 
the need for concerted action. Addressing the lack of data 
in Pakistan requires an approach that involves collaboration 
between healthcare stakeholders, policymakers, researchers, 
and international organizations. Establishing centralized reg-
istries and surveillance systems dedicated to tracking surgi-
cal outcomes is paramount. These systems should encom-
pass standardized data collection protocols, ensure data 
integrity and confidentiality, and facilitate interoperability 
between healthcare facilities. By addressing the underlying 
challenges in data collection, analysis, and dissemination, 
Pakistan can enhance its capacity to deliver evidence-based 
care, improve patient outcomes, and mitigate the burden of 
CHD on individuals and families across the country.

The future of congenital heart disease care 
in Pakistan

The future of CHD surgery in Pakistan holds promise 
and potential, yet it also presents challenges that must be 
addressed to ensure optimal outcomes for patients. As the 
country grapples with the burden of CHD and strives to 
improve access to surgical interventions, several key fac-
tors will shape the landscape of CHD surgery in the coming 
years.

CHD service development can only thrive with sustain-
able and equitable healthcare financing and planning, which 
remains a significant concern for most LMICs. A concerted 
effort is needed to bring CHD to the forefront for policymak-
ers and healthcare managers, ensuring it becomes a national 
priority. Adopting a life-course approach, where CHD is 
regarded along a continuum, is crucial. Policy framework 
recommendations from the Global Initiative for Children’s 
Surgery Cardiac Surgery working group should be consid-
ered and implemented, customized to Pakistan’s existing 
healthcare framework.

Such frameworks help distribute the burden of disease 
across the entire system while providing CHD patients with 
the lifelong care they need. By consolidating expertise, 
resources, and infrastructure, centers can offer comprehen-
sive care tailored to the unique needs of pediatric patients 
with CHD, according to their capacities. Collaborative 
efforts among pediatric cardiologists, cardiac surgeons, 
anesthesiologists, nurses, and allied healthcare professionals 
are essential for optimizing patient outcomes and ensuring 
continuity of care throughout the surgical journey.

Another significant driver of progress in CHD surgery 
is advancements in medical technology and surgical tech-
niques. Innovations such as minimally invasive proce-
dures, three-dimensional printing for surgical planning, 
and advances in imaging modalities have the potential to 
revolutionize CHD surgery in Pakistan. These technologies 
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can improve surgical precision, reduce complications, and 
enhance patient outcomes, particularly in complex cases [31, 
32].

Furthermore, initiatives aimed at capacity-building and 
workforce development are crucial for expanding access to 
CHD surgery in Pakistan. Training programs for healthcare 
professionals, including surgeons, nurses, and technicians, 
can help build local expertise and reduce reliance on for-
eign assistance. Investing in medical education, residency 
programs, and continuing professional development oppor-
tunities can strengthen the country’s surgical workforce and 
foster a culture of excellence in CHD care.

Addressing barriers to access, including financial con-
straints, geographic and sociodemographic disparities, and 
understaffing, is paramount for ensuring equitable access to 
CHD surgery across Pakistan. Government-led initiatives, 
public–private partnerships, and community outreach pro-
grams can play a vital role in raising awareness about CHD, 
promoting early detection and intervention, and facilitating 
access to specialized care for underserved populations.

However, several challenges must be overcome to realize 
the full potential of CHD surgery in Pakistan. These include 
addressing healthcare infrastructure gaps, enhancing health-
care financing mechanisms, improving data collection and 
surveillance systems, and strengthening regulatory frame-
works to ensure quality and safety standards are met. The 
challenges and potential solutions covered in this review 
have been summarized in Fig. 4.

Conclusion

The future of CHD care in Pakistan holds tremendous 
potential for improving outcomes and transforming the 
lives of those affected by CHD. By leveraging technological 
advancements, fostering collaboration, investing in capac-
ity-building initiatives, and addressing barriers to access, 
Pakistan can emerge as a regional leader in CHD care. With 
dedicated efforts from healthcare stakeholders, policymak-
ers, and the community, Pakistan can ensure that every child 
with CHD receives timely, high-quality surgical care. This 
united approach promises a healthier future for all, making 
a profound impact on countless lives.
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Fig. 4   Addressing the challenges of congenital heart surgery in Pakistan
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