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Congenital heart disease (CHD) represents a significant burden in Sub-Saharan Africa (SSA), where
limited healthcare infrastructure, inadequate diagnostic facilities, and financial constraints contribute
to delayed diagnosis and suboptimal care. Cardiac magnetic resonance imaging (CMR), recognized
internationally for its exceptional anatomical and functional cardiac assessment capabilities, remains
underutilized in SSA primarily due to inadequate infrastructure, high operational costs, lack of trained
professionals, and maintenance requirements. Artificial intelligence (AI) has the potential to
revolutionize the role of MRI in CHD diagnosis by reducing scan times, automating image processing,
and improving diagnostic accuracy. Despite its potential for improving diagnosis, AI implementation is
limited by a lack of local datasets, technological incompatibility, data privacy concerns, and lack of
expertise among healthcare providers. Strategic interventions such as adopting low-field MRI
technologies, enhancing public-private partnerships, and establishing dedicated cardiac imaging
units at tertiary centers could significantly expandCMRaccess and improve diagnosis of CHD in Sub-
Saharan Africa. Additionally, targeted training initiatives and locally developed AI solutions that
address ethical and interoperability concerns are essential. This Review explores these strategies and
emphasizes how CMR augmented by AI could substantially improve CHD diagnosis, clinical
outcomes, and healthcare equity in resource-constrained African settings.

Improving thediagnosis and treatmentof congenital heart disease (CHD) in
resource-limited settings demands innovative solutions. Recent technolo-
gical advancements indicate that the integration of cardiac magnetic reso-
nance (CMR) imaging with artificial intelligence (AI) may offer a
transformative approach to diagnosis of CHD1. Despite this potential, sig-
nificant challenges hinderwidespread adoption in low- andmiddle-income
areas such as Sub-Saharan Africa (SSA), where infrastructural, economic,
and technological barriers persist2,3. This narrative review explores the role
of CMR and AI in CHD diagnostics and discusses strategies to address
current limitations in SSA.

Weused aflexible search approach to identify relevant literature across
PubMed, Scopus, andGoogle Scholar. Search terms included combinations
of “cardiac magnetic resonance,” “cardiacMRI”, “congenital heart disease,”
“artificial intelligence,” “low-field MRI,” “Sub-Saharan Africa,” and “low-
andmiddle-income countries,” using both free-text andMeSH termswhere
applicable.Nopublication date limits were applied. Additional sources were
identified by reviewing the bibliographies of included articles and key global
reports. Articles were included if they addressed cardiac MRI imple-
mentation in low-resource settings, AI applications in CMR workflows,
diagnostic aspects of congenital heart disease relevant to imaging or AI, or
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broader policy, ethical, or infrastructural factors affecting the deployment of
these technologies. Studieswere selected basedon relevance and synthesized
thematically across infrastructure, workforce, technology, ethics, and eco-
nomics. No formal quality appraisal ormeta-analysis was performed due to
the heterogeneity and narrative scope of the review.

Congenital heart disease in Sub-Saharan Africa
In 2016, itwas estimated that 19.5%ofdisability-adjusted life years (DALYs)
in the world’s poorest 16 countries (all of which are in Sub-Saharan Africa)
were due to congenital heart disease, more than any other cardiovascular
disease4. They also estimated that CHD caused 6.5% of deaths due to car-
diovascular disease, preceded by stroke, ischemic heart disease, and
hypertensive heart disease4. Epidemiologic data on the prevalence of con-
genital heart disease in low-income countries are significantly limited
compared to high-income countries. However, it is known that higher
prevalence of malnutrition and maternal infectious diseases such as rubella
and syphilis contribute to increased prevalence in the lowest income
countries, especially in sub-Saharan Africa5. In 2013, the estimated birth
prevalence of CHD was 463 per million population in sub-Saharan Africa
compared to 137 per million population in the United States6. The 2017
Global Burden of Disease study demonstrated that the overall prevalence is
higher in sub-SaharanAfrican countries due to overall younger populations
compared to high-income countries; however, once age-adjusted, the dif-
ference in prevalence between SSA and high-income countries (HIC)
narrows4. In the 2017GBDStudy, it was estimated that one-third ofDALYs
due to CHD were concentrated in low socioeconomic demographic
regions4. Though preventable pediatric deaths in LMICs have decreased by
50% globally since 1990, mortality rates from non-communicable diseases
such as CHD have remained unchanged7; furthermore, 90% of the esti-
mated 1.3 million children born with CHD do not have access to cardio-
vascular care4.

Current diagnostic standard of care for congenital
heart disease in the United States
The 2018 American College of Cardiology/American Heart Association
(ACC/AHA) Guidelines recommend CMR as standard of care for con-
genital heart disease8. CMR’s key advantage lies in its ability to provide
detailed anatomic visualization without ionizing radiation, making it par-
ticularly useful in complex or atypical caseswhenno contraindications exist.
While 3D echocardiography shows potential to replace CMR or CT for
specific applications such as ventricular volume or intracardiac anatomy, its
role remains limited8. Overall, the guidelines note that CMR is superior for
ventricular function, echocardiography is preferred for valve evaluation, and
echocardiography remains the most cost-effective. Cardiac CT and cathe-
terization are less favorable in terms of both cost and diagnostic utility for
ventricular and valvular assessment8.

Challenges in CMR accessibility in Sub-Saharan Africa
Infrastructure and equipment distribution constraints
A 2022 study found that the average number of MRI scanners in Africa is
one permillion people9.MRI access remains limited but is somewhat higher
than previous estimates10–12. The shortage is most pronounced in West
Africa, where 54%of countries had less thanone scanner permillion people,
and in East Africa, where 41% fell below this threshold9. Countries such as
Guinea (0.08 ppm) and Côte d’Ivoire (0.08 ppm) have some of the worst
MRI availability, with a single MRI unit for over 13 million people2.

Previous reports have estimated even lower MRI availability10–12. For
example, theConsortium forAdvancement ofMRIEducationandResearch
in Africa (CAMERA) reported in 2020 that the average MRI density in
Africa was 0.8 scanners per million people and noted that 11 countries had
no scanners at all10. However, findings fromHasford et al. suggest thatMRI
access in some of these countries is slightly better than previously reported9.
For example, Mali and Niger, previously reported by CAMERA as having
no MRI scanners, are now documented to have 3 (0.15 per million people)

and 5 (0.21 per million people) scanners, respectively9,10. This is still low, as
Romania, which has a similar population to Mali, has between 7 and
10 scanners permillion people11. Separate studies conducted in SouthAfrica
and Ghana have shown that most MRI services are available only through
private and academic institutions, limiting access for the general
population13,14. In West Africa, another study found that the entire region
has just 84 MRI units, with most concentrated in Nigeria, leaving many
countries with very limited access2.

There is no dedicated study on cardiac imaging infrastructure in low-
income countries, but research highlights major disparities15. Even in
middle-income countries, a 2022 study found that CMR access is limited
(54%), and prenatal CHD screening is low (19%), indicating persistent
imaging gaps that are likely worse in low-income countries16.

Although specific examples are highlighted based on available data, the
challenges and solutions discussed apply broadly across sub-Saharan
Africa17. Implementation barriers such as linguistic diversity, regional
conflicts, and fragile governance structures remain widespread issues, par-
ticularly in central and western regions18,19. Additionally, the lack of stan-
dardized referral systems and persistent rural-urban disparities in
healthcare access further complicate efforts20. Therefore, context-specific
strategies addressing linguistic, political, and infrastructural differences are
necessary to ensure effective implementation21.

Power and internet infrastructure limitations
CMR requires stable electricity and connectivity, which are often lacking in
Sub-Saharan Africa. Frequent power outages and voltage fluctuations dis-
rupt MRI services2. In one regional survey, 57% of MRI centers reported
equipment downtime at least once a week or a few times per month due to
power issues10. Although most facilities have backup generators, main-
taining a steady power supply remains challenging10. Limited internet
bandwidth and unreliable networks further hinder remote consulting and
teleradiology, factors crucial for AI-assisted diagnostics22. In some areas,
satellite links have been used to transmit MRI data to avoid issues with the
reliability of broadband access2. These infrastructure gapsmake it difficult to
run advanced CMR and any AI support tools consistently.

Low MRI utilization rates
Despite the increasing availability of MRI systems in parts of Africa, utili-
zation rates remain disproportionately low, particularly for specialized
applications including CMR2,10. Several factors contribute to this under-
utilization, including a shortage of trained radiologists and technologists
proficient in cardiac imaging, limited physician awareness of CMR’s diag-
nostic value, and financial constraints that make the procedure inaccessible
for many patients23. Furthermore, referring physicians may default to more
familiar and widely available modalities, such as echocardiography, even
when MRI could provide superior diagnostic accuracy24.

High costs and out-of-pocket payments
MRI procedures in sub-Saharan Africa often cost more than the monthly
income ofmany households, renderingCMR financially inaccessible for the
majority25. Most patients must pay out-of-pocket for MRI, as insurance
coverage for advanced imaging is minimal2. This financial barrier con-
tributes to low scanvolumesandunderutilizationof existingMRImachines.
For instance, a study reported that only 8% of MRI facilities in the region
perform 15 or more clinical scans daily per scanner10.

Equipment maintenance and obsolescence
Many African MRI units are older or low-field models that are prone to
breakdown and difficult to service2. MRI maintenance is hindered by a lack
of trained biomedical engineers, infrequent vendor servicing, and bureau-
cratic procurement delays26. Many machines face frequent downtime or
premature obsolescence due to limited local technical support and inade-
quate training resources26. The absence of maintenance manuals in com-
monly spoken local or regional languages poses a practical challenge,
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especially for mid-level technicians or equipment caretakers who may not
have advanced proficiency in international technical English27,28. Although
formal biomedical engineers are typically proficient in English or French,
basic operational and maintenance tasks are often delegated to locally
trained staff or on-site technicians with varied language and technical
backgrounds. These operational barriers limit the effective use of even the
few MRI scanners currently available.

High costs of AI integration
Although AI holds promise for improving cardiovascular care, its deploy-
ment is hinderedby the requirement for sophisticated computing hardware,
proprietary software, and significant IT infrastructure upgrades, whichpose
considerable challenges for resource-limited hospitals in Africa29,30. The
integration of AI into CMR necessitates investments in advanced data
management andhigh-performance computing that elevate overall imaging
costs31. Furthermore, the limited availability of financing, due to financial
institutions’ reluctance to support technologies with extended payback
periods, further restricts the procurement of essential imaging equipment
such as MRI scanners32.

Competing healthcare priorities
Health budgets in Sub-Saharan Africa are constrained and usually directed
toward urgent priorities such as infectious diseases, maternal-child health,
and basic care33. Expensive modalities such as CMR and AI analytics
compete with these priorities and often fall low on the list.

Bias in AI models from limited data
Most medical AI models are trained on datasets from North America,
Europe, or Asia, with African populations grossly underrepresented34. This
raises concerns that AI algorithms for CMR may not generalize well to
Africanpatients.Differences in genetics, disease patterns, scanner protocols,
or image quality can lead to skewed results if the AI’s training data lacked
diversity34.

A well-documented concern is domain shift, wherein algorithms
trained ondatasets fromhigh-resource settings underperformwhen applied
to data from LMICs due to differences in patient demographics, scanner
models, or imaging protocols35. For instance, segmentation algorithms
trained predominantly on Caucasian pediatric cohorts may show reduced
accuracy inAfrican children due to differences in body size, composition, or
disease presentation. A study on retinal imaging AI models demonstrated
nearly 20% lower sensitivity in underrepresented populations36. Similar
performance drop-offs have been observed in chest radiography classifi-
cation tasks when applied to African datasets37. These findings suggest that
CMR algorithms require retraining or adaptation using local imaging data
to maintain diagnostic fidelity and avoid algorithmic bias38.

However, there is a severe shortage of large, curated imaging datasets
fromAfrican countries39. ForCMRspecifically, locally sourceddata remains
scant, as advanced cardiovascular imaging modalities, including CMR, are
often unavailable or severely limited in many African regions33. The lack of
African CMR data means researchers and vendors must rely on foreign
datasets, which might not capture important local disease variants23.

Systemic and contextual variability in SSA
An additional challenge lies in the considerable heterogeneity among health
systems across sub-Saharan Africa, introducing unmeasured confounding
when interpreting implementation studies40. For example, the presence of
informal or parallel healthcare systems, reliance on donor-driven equip-
ment donations, and inconsistent training pathways all influence CMR
deployment andAI adoption.Urban-rural disparities in power stability and
internet connectivity further limit the generalizability of findings41. Addi-
tionally, inter-study variability inAI performancemetrics due to differences
in imaging protocols, equipment quality, and reader expertise complicates
meta-analysis and benchmarking42. These unmeasured factors highlight the
critical need to contextualize pilot results before wider implementation43.

Shortage of radiologists and other healthcare professionals
Sub-Saharan Africa has one of the lowest ratios of radiologists to the
population in the world. For example, in Nigeria, which is the most
populous country in Africa, there is approximately one radiologist for every
566,000 people44. In Malawi, the situation is even more challenging, with
aboutone radiologist serving4.4millionpeople45. In contrast, countrieswith
more robust healthcare systems, such as Germany and the United States,
have significantly higher radiologist-to-population ratios. Germany has
approximately 12 radiologists per 100,000 people, while the United States
has between 10 and 12 radiologists per 100,000 people46.

This shortagemeans theremay be no expert able to run aCMR scan or
read the images, even if the equipment is present. Overburdened general
radiologistsmust cover all imagingmodalities, leaving little timeor incentive
to refer patients for CMR. The “brain drain” of skilled professionals to
higher-income countries further exacerbates this gap2. This shortage of
healthcare professionals is not limited to radiologists alone, as Sub-Saharan
Africa also faces significant deficits in other healthcare roles, including
nurses, medical physicists, and radiographers, further straining the
healthcare system and compromising the quality and safety of imaging
services47,48.

Limited AI training programs
There remains a significant shortage of locally trained experts inmedical AI
in Africa49. Recent studies indicate that radiology training programs in
Africa are beginning to incorporate modules on AI and advanced image
analysis, though these subjects are often minimally addressed50. For
instance, a study evaluating the perceptions and attitudes of trainee and
qualified radiologists in South Africa found that while there is an awareness
of AI’s role in radiology, formal training and integration into curricula
remain limited50. Similarly, discussions on AI integration in cardiovascular
healthcare in Africa show that its adoption in medical training programs is
still at an early stage51.

Data privacy issues
The absence of strong data policies and regulations in Africa raises serious
privacy concerns for AI imaging23. Public data repositories risk unauthor-
ized access andbreaches,while poor data quality andunreliable connectivity
make safe implementation even harder23. Comprehensive data protection
measures are essential to address these challenges49. At present, such con-
trols are often absent or not uniformly applied52. The result is a hesitancy to
adopt AI solutions due to fear of breaching patient privacy or ethical
standards53. Until national policies catch up (e.g., establishing guidelines for
health data usage and ownership), large-scale CMR data sharing for AI
remains difficult54.

Medicolegal challenges
The introduction of AI into clinical imaging raises questions about legal
responsibility and standards of care55. If an AI system used for CMR
interpretationmakesan error, suchasmissing adiagnosis or causing adelay,
it is unclear who should be held accountable: the radiologist, the hospital, or
the software developer56. Currently, most African countries have no specific
regulations or case law addressing AI in healthcare57. This creates medico-
legal risk. Healthcare providers worry about being held responsible for AI
errors, while at the same time, there is no formal recourse if an AI fails.

To address these ethical andmedicolegal challenges, regionally tailored
regulatory frameworks are essential58. The African Union’s Digital Trans-
formation Strategy for Africa (2020–2030) and the Africa CDC Health
Information Exchange (HIE) Guidelines and Standards offer a practical
blueprint for developing ethical AI governance in healthcare59,60. These
frameworks emphasize data sovereignty, consent-based data sharing, and
regional standardization. Similarly, WHO’s 2021 Guidance on Ethics and
Governance of Artificial Intelligence for Health recommends human
oversight, transparency, and accountability in AI deployment, principles
that could guide national regulation across SSA58. Policymakers in the
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region should adapt these international guidelines to local realities to
facilitate safe and equitable AI adoption in CMR61.

Device suitability for resource-limited settings
Up to 70% ofmedical equipment in sub-SaharanAfrica is donated, yet only
10-30% of donated devices are operational, indicating major issues with
suitability and upkeep of such technology62,63. Most health technologies are
designed for high-income settings (with reliable power and technical sup-
port) and thus often perform poorly in African hospitals that lack stable
electricity and maintenance resources64.

Lack of AI integration with existing infrastructure
A fundamental barrier to AI in African healthcare is the paucity of well-
structured, digitized health data, as many healthcare facilities do not sys-
tematically capture or organize data in formats usable byAI algorithms65. In
addition, computational and network infrastructure is limited; only about
28% of the sub-Saharan African population has regular internet access,
reflecting connectivity gaps that undermine AI-driven healthcare
solutions66,67. Existing healthcare information systems are often fragmented
and outdated, making it difficult to incorporate new AI tools into clinical
workflows or to interface them with hospital record systems67.

Interoperability challenges
Attaining true interoperability among healthcare systems remains a difficult
challenge inAfrica, asmany digital health initiatives still run as isolated silos
with incompatible data standards68. Notably, numerous pilot health infor-
mation exchange projects across African countries were not guided by
common data-sharing standards or policies, resulting in fragmented sys-
tems that cannot communicate with each other69. This fragmentation poses
a serious barrier for AI-enhanced diagnostics such as CMR, since lack of
interoperabilitymeans imaging data andAI outputs cannot be easily shared
or integrated across different devices and hospital systems49.

Role of CMR for CHD diagnosis
Approximately 500,000 children are born with CHD every year in SSA70.
While only 137 children per million individuals are estimated to be born
with CHD in the United States, there are nearly 463 children per million
bornwithCHD in SSA.This significantly higher burden canbe attributed to
the high fertility rates in the region, as well as the incidence of maternal
infectious diseases such as rubella and syphilis, amongst other complex
environmental and genetic factors6.While there have been no known efforts
to determine the breakdown of CHDs across the entire region, several
country-specific studies have established hospital-specific prevalence of
various CHDs. For instance, analysis of a registry of 3982 patients from a
pediatric cardiac clinic of Bugando Medical Center (Tanzania) found ven-
tricular septal defects were the most common, followed by patent
ductus arteriosus and atrial septal defects71. A study of 4621 pediatric
patients at Uganda’s Heart Institute found a high incidence of truncus
arteriosus, but thedistributionof acyanotic conditionsmirrored thefindings
in Tanzania72.

Additionally, it has beennoted thatwhileCHDmortalityhas decreased
globally over thepast decade, it has increased inAfrica.Acontributing factor
could possibly be the lack of timely diagnosis. While children from devel-
oped countries receive a diagnosis before their first year of life, their SSA
counterparts receive theirs much later, with one study reporting that in
certain countries, such as Mozambique, the average age of diagnosis is 4
years73. Typically, pediatric patients are initially suspected of having CHD
upon caregivers reporting feeding difficulties or frequent infections, as well
as discovery of a heart murmur or cyanosis by healthcare providers74. Pulse
oximetry is also becoming more widely employed to screen cyanotic con-
ditions across LMICs, including those in SSA74. However, there is a paucity
of facilities that provide echocardiography or other diagnostic imaging
modalities to appropriately confirm diagnoses for both cyanotic and acya-
notic CHDs, particularly in resource-poor and rural areas75.

Cardiovascular magnetic resonance (CMR) imaging is a non-invasive
modality that offers a comprehensive evaluation of cardiac anatomy,
function, and tissue properties, making it indispensable in the assessment of
complex congenital heart disease cases76. CMR enables quantitative
assessment of cardiac volumes, ventricular function, and flow, and it offers
excellent spatial resolution. Unlike echocardiography, it can acquire images
in any orientation and provides complementary tissue characterization
capabilities77 (Fig. 1).

Although echocardiography remains the first-line diagnostic tool,
CMRserves as a crucial adjunct, especiallywhenechocardiographicfindings
are inconclusive. It provides more detailed anatomical and functional
insights with high diagnostic accuracy. The reported sensitivity and speci-
ficity of postnatal echocardiography are 89–100% and 100%, respectively78,
whereas CMR demonstrates sensitivity and specificity ranging from 93% to
100% and 87% to 100%, respectively76.

CMR utilizes a range of pulse sequences to visualize both anatomy and
physiology. Flow sequences, such as two-dimensional (2D) phase-contrast
and four-dimensional (4D) flow imaging, quantify blood flow through
vessels and cardiac chambers79. Balanced steady-state free precession
(bSSFP), a rapid gradient-echo sequence, provides high-contrast images of
cardiac chambers and is commonly used to assess ventricular anatomy, size,
and function. T1 and T2 mapping techniques offer quantitative data on
tissue properties, helping detect myocardial edema or fibrosis. Late gado-
linium enhancement (LGE) imaging is used to identify myocardial necrosis
and replacement fibrosis, and in certain contexts, it can suggest active
inflammation80. In atrial septal defects (ASDs), phase-contrast flow
sequences are useful for evaluating shunt severity and associated compli-
cations such as pulmonary hypertension79. 4D Flow sequences can further
aid in assessing pulmonary regurgitation, particularly in patients with
repaired TOF79. bSSP-based cine imaging is also essential in accurately
measuring and visualizing the dimensions of VSDs and PDAs, as well as
hypertrophy secondary to aortic coarctation-related hypertension77.

However, there are several limitations toCMR, particularly in pediatric
patients. Imaging for the pediatric population necessitates greater spatial
and temporal resolution. Furthermore, breath-holding canbe challenging in
this population, with sedation or general anesthesia required79. The inte-
gration of AI and compressed sensing, and other accelerating techniques,
can be useful in addressing these shortcomings81,82. Compressed sensing is a
mathematical technique that enables high-quality image reconstruction
from undersampled data, thereby reducing scan time without compro-
mising diagnostic accuracy83.

Despite its advantages, CMRservices are available in only eightAfrican
countries, with themajority of centers located in SouthAfrica and primarily
confined to private and academic institutions79. Of note, a systematic review
revealed only two CMR research studies had been published from SSA as of
20229. Although echocardiography remains the first-line diagnostic tool,
CMR provides essential detailed anatomical and functional insights with
much more diagnostic accuracy when echocardiographic findings are
inconclusive. The scarcity of CMR in resource-limited settings contributes
to a diagnostic gap that affects both pediatric and adult CHD patients,
thereby delaying early intervention and optimal care81,82,84. There are several
obstacles that hinder CMR andMRI implementation in SSA. These include
lack of funding for the research and training of MRI scientists in Africa,
difficulties in procuring sequences and replicating standardized imaging
protocols, unreliable electricity in various parts of the region, and expensive
service/maintenance costs84.

Thefigures below showhowCMRplays a key role in the diagnosis and
management of complex CHD. Figure 2 demonstrates balanced double-
outlet right ventricle in an adolescent patient, where CMR delineated the
relationship of the ventricular septal defect and great arteries and guided
surgical planning. Complementary to this, Fig. 3 illustrates three-
dimensional virtual segmentation of the same patient, providing
enhanced spatial understanding that enabled a successful biventricular
repair. Figure 4 presents a case of heterotaxy syndrome with left atrial
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Fig. 1 | Challenges to CMR accessibility and AI Integration in SSA. aOverview of
structural barriers to CMR imaging in SSA, highlighting infrastructure limitations,
maintenance challenges, and limited human resources. b Conceptual overview
illustrating how limited access to CMR imaging modalities contributes to the high

burden of CHD in SSA, while also highlighting the potential of AI to reduce this
burden and expand accessibility to care. cOverview of challenges associated with AI
integration in CMR imaging, including data scarcity, infrastructure limitations, and
competing health priorities2,9,34,39.
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isomerism, in which CMR identified thrombotic occlusion of a surgically
placed graft and residual pulmonary artery stenosis. Complementary to this,
Fig. 5 shows time-resolved MR angiography in the same patient, demon-
strating hypoperfusion of the right lung with flow quantification and col-
laterals. Finally, Fig. 6 depicts an adult with repaired tetralogy of Fallot and a
residual muscular ventricular septal defect complicated by pulmonary
hypertension and Eisenmenger physiology, highlighting the importance of
CMR in long-term follow-up. They present real patient cases where CMR
provided clear anatomical and functional detail that helped guide decisions
before surgery, assess complications after surgery, and evaluate long-term
outcomes in adults with repaired or undiagnosed CHD. These examples
show how CMR can be essential when other imaging methods are limited,
especially in patients with complex or unclear heart anatomy (Fig. 7).

While echocardiography remains the first-line modality for CHD
assessment in sub-Saharan Africa, CMR and CT provide complementary
insights, particularly for complex cases. Table 1 summarizes the

comparative advantages and limitations of echocardiography, CMR, and
CT for evaluating CHD in SSA85.

Role of artificial intelligence in CMR imaging for CHD
AI is transforming CMR imaging by improving various aspects of the
diagnostic process, including image acquisition, processing, reporting,
follow-up planning, and data storage84. Deep learning algorithms help with
image acquisition by shortening scan times and reducing motion-related
artifacts, particularly benefiting pediatric patients by potentiallyminimizing
the need for anesthesia9. A study evaluating 1178 patients for a variety of
cardiovascular conditions illustrated a 30% reduction in scan time upon
implementationofAI guidance86.AI-drivencomputer vision can streamline
image analysis, while specializedCHDalgorithms can enhance efficiency by
enabling more precise diagnoses86. Additionally, AI models can help with
cardiovascular risk stratification by processing large, temporally diverse
datasets without increasing the burden on healthcare professionals86.

Fig. 2 | Balanced double-outlet right ventricle in a 16-year-old female patient
(presenting to a specialized CHD center in Turkey) with a large inlet–outlet type
VSD (arrow) located antero-inferiorly, subaortic in position, and remote from
the PA.Associated findings include a large secundumASD and previous pulmonary
artery banding. The aorta is anterior and mildly leftward; the PA is posterior and
distant from the septum. Several surgical teams previously judged the patient
unsuitable for biventricular repair due to unfavorable VSD–PA alignment and
concerns regarding the feasibility of intracardiac rerouting. Serial slices of black
blood MRI sequences offered detailed morphological delineation of intracardiac

anatomy, aiding in precise spatial understanding. The green line represents the
hypothetical baffle pathway from the VSD toward the pulmonary artery, illustrating
the unfavorable alignment that initially discouraged surgical repair. CMR enabled
quantitative assessment of biventricular volumes, systolic function, and Qp/Qs ratio
(~1.5), confirming the physiological suitability for biventricular circulation. AA
ascending aorta, ASD atrial septal defect, CMR cardiacmagnetic resonance imaging,
CHD congenital heart disease, LV left ventricle, PA pulmonary artery, PV pul-
monary valve, Qp/Qs pulmonary-to-systemic flow ratio, RV right ventricle, VSD
ventricular septal defect.
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Advances in telemedicine, including federated and swarm learning, offer
enhanced remote data integration and expanded opportunities for trans-
lational research87. Federated learning refers to a decentralized machine
learning approach in which local data remain on-site while only model
updates are shared with a central server, preserving privacy88.

AI has shown promise in optimizing CHD imaging, particularly in
automated segmentation and disease classification, potentially reducing
dependency on highly specialized expertise87. Due to the lack of large
annotated datasets available for pediatric CHD patients, a generative
adversarial network was developed and trained on a fully convolutional

network to automatically segment the left and right ventricles in patients
with complex CHDs. The automatic process demonstrated strong agree-
ment with the results obtained manually87. These capabilities suggest the
possibility of shifting the role of technologists to that of quality control89. For
instance, the prescription of MRI imaging planes is handled by qualified
MRI technologists and physicians. Utilizing deep-learning-based localiza-
tions (U-Net and cascaded system-based) yielded similar imaging planes as
those manually determined by radiologists and technologists90.

Moreover, an AI-based automatic CMR planning software resulted in
fewer errors compared to manual planning91. Another study compared

Fig. 3 | The same 16-year-old female patient described in Fig. 2 underwent
comprehensive 3D virtual segmentation, which provided enhanced anatomical
clarity and spatial understanding. The left panel shows the STL-based 3D anato-
mical model, while the right panel illustrates blood-pool segmentations of the
ventricles and great vessels, with the red and green regions representing intracavitary
blood pools for clear visualization of chamber spaces. The 3D colored models are

presented as sequential views, collectively demonstrating the interventricular septal
defect and its relationship with the great arteries. These imaging-based insights,
building upon the prior detailed CMR findings, facilitated surgical planning and
allowed the team to proceed with a successful Rastelli-type biventricular repair. This
reversed the earlier consensus by multiple teams that the patient was unsuitable for
biventricular correction. CMR cardiac magnetic resonance imaging.

Fig. 4 | Complex heterotaxy syndrome with left
atrial isomerism in an 11-year-old male patient
from Azerbaijan, with a history of post-
Kawashima procedure for interrupted IVC with
azygos continuation, double-outlet right ven-
tricle, residual pulmonary artery stenosis, and
complete atrioventricular septal defect. The clin-
ical course was complicated by right pleural effu-
sions and ascites. Cardiac catheter angiography
failed to cannulate the previously placed Dacron
graft, raising suspicion of graft thrombosis. CMR
revealed thrombotic occlusion of the Dacron graft
(asterisks; a, c), a large AVSD (arrow; a, b) and
pleural effusion (E; a, c), together with significant
narrowing of the right pulmonary artery and
restricted flow toward the right lung. AVSD atrio-
ventricular septal defect, CMR cardiac magnetic
resonance imaging, E effusion, IVC inferior vena
cava, L-SVC left superior vena cava, RPA right
pulmonary artery, R-SVC right superior vena cava.
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measurements of ventricular volumes that were determined manually by a
group of eight observers and automatically. While there was no significant
difference between automatic versus manual, there was a significant dif-
ference in measurements between observers, suggesting that the perfor-
mance of automated analysis is comparable to human experts and offers
greater precision92. AI diagnostic models, via CMR, have also previously
outperformed cardiologists in diagnosing pulmonary hypertension93. More
studies are still needed to compare the performance of humans versus AI
models in diagnosing and evaluating CHDs. AI tools, including natural
language processing, can also compile decades of imaging and other EMR
data together94 and trigger automatic follow-up notifications for incidental
findings95. However, the integration of AI into routine clinical practice
remains limited due to data heterogeneity, lack of standardized CHD
imaging datasets, and infrastructural challenges in low-resource settings9.
There has also been a paucity of research highlighting the cost-effectiveness
of AI implementation in CMR, though its economic benefits have been
widely alluded to96.

Strategies for expanding CMR and AI access for CHD
in LMICs
Public-private partnerships (PPP)
Innovative financing models such as PPPs can help overcome budgetary
barriers to acquiring and operating CMR equipment. In West Africa,
experts have called for greater public-private collaboration to improve
MRI availability, noting that government partnerships with private
investors could bridge funding and infrastructure gaps2. Nigeria’s
experience has shown that radiology departments can acquire nearly
all major imaging equipment, including MRI, through PPP
arrangements97. This approach has led to improvements in service
delivery and enhanced residency training for specialists97. While chal-
lenges like unclear definitions of the partnership’s scope, staff respon-
sibilities, and lines of authority must be managed, PPPs remain a viable

option to bolster imaging capacity when public funding alone is
insufficient98.

Low-field MRI adoption
Low-fieldMRI refers toMRI systemswith a field strength typically between
0.25 and 1.0 Tesla, which offer reduced image resolution and signal to noise
(SNR) compared to high-field systems but at significantly lower cost99,100.
Low-field MRI is particularly useful in limited-resource settings due to its
significantly lower cost, reduced infrastructure and power requirements,
and portability compared to conventional high-field systems80. Their
smaller size and low power consumptionmake them deployable in rural or
mobile settings, expanding access in areas lacking advanced imaging
facilities81. Furthermore, simplified hardware, machine learning-enhanced
image reconstruction, and safer imaging for patients with implants or
devices increase their utility where resources and trained personnel are
scarce80. In the context of CMR, adopting lower-field MRI technology
presents a practical solution to expand access. This cost-efficient approach is
already evident in West Africa, where 77.6% of MRI units are permanent
magnet low-field systemswithfield strengths below 0.3 Tesla, highlighting a
model for sustainable imaging expansion in low- and middle-income
countries2.

Recent advances in low-field MRI have significantly enhanced clinical
potential, particularly for cardiac applications. Balanced steady-state free
precession (bSSFP) sequences at 0.35 Tesla have been shown to produce
diagnostically useful cardiac images,withonlyminor compromises in image
quality compared to 1.5 Tesla systems101. Assessments of cardiac function,
blood flow, and myocardial relaxation parameters at 0.35 Tesla further
support the feasibility of low-field systems in capturing essential hemody-
namic and tissue characteristics102. Comparisons between 0.55 Tesla and 1.5
Tesla systems have demonstrated that low-field cardiovascular MRI is
capable of detecting myocardial infarctions with comparable diagnostic
confidence103. Moreover, the development of efficient spiral in-out and

Fig. 5 | Time-resolved MRA in the patient shown in Fig. 4. Time-resolved MRA
demonstrated decreased perfusion in the right lung parenchyma (asterisks; a–d),
consistent with hypoperfusion, veno-venous collaterals (arrows; a–c), and aorto-
pulmonary collaterals (arrow; d). Flow quantification was performed using phase-
contrast CMR and demonstrated restricted flow towards the right pulmonary artery
(RPA-to-LPA flow ratio is calculated as 27/73%).Manually drawn planes, illustrated
in the planning image, were used to target key sites of systemic and pulmonary

venous return and to provide a rapid visual explanation for the clinician. This
complex anatomy and suspected vascular complication highlight the challenges in
both diagnosis and management, particularly in patients with complex congenital
heart disease. CHD congenital heart disease, CMR cardiac magnetic resonance
imaging, LPA left pulmonary artery, MRA magnetic resonance angiography, RPA
right pulmonary artery.
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echo-planar imaging (EPI) bSSFP cine sequences has improved temporal
resolution and reduced artifacts at 0.55 Tesla, enhancing image quality for
cine CMR104. In addition to cost savings, low-field MRI offers several other
advantages. It is particularly suitable for cardiac imaging in patients with
implants, for MRI-guided interventional procedures, and for assessing
cardiopulmonary interactions. Furthermore, low-field systems are better
tolerated by obese patients and can bemore readily deployed within patient
care environments such as cardiology units, intensive care, emergency
departments, and community-based centers, expanding the accessibility
and integration of cardiovascular MRI into routine clinical workflows105.
Embracing these low-field MRI technologies could enable many centers in
sub-Saharan Africa to perform basic CMR for evaluating ventricular
function, blood flow, and congenital heart disease anatomy at a fraction of
the cost of a conventional high-field scanner (Fig. 8).

Dedicated CHD CMR units in tertiary centers
Creating specialized CMR units for CHD within major hospitals is a
practical strategy for low-resource settings. One way to start such a center/
unit can be starting with a workshop. A notable example of early adoption
occurred in Ethiopia, where a multi-day CMR workshop was conducted in
August 2019 at Ayder University Hospital in Mekelle. This initiative
introduced local MRI technologists to cardiac imaging techniques and
trained anEthiopian cardiologist in the foundational interpretation ofCMR
images. This effort marked a milestone in expanding access to advanced

imaging in a resource-constrained setting and reflects the growing feasibility
of low-field CMR across SSA106.

In South India, one suchunitwas set upusing an existing 1.5TeslaMRI
machine and a small team that included a pediatric cardiologist and a
cardiac radiologist107. Imaging protocols were adjusted to meet each
patient’s needs, allowing for detailed evaluations of both heart anatomy and
function. This approach led to important new findings in some cases and
helped guide treatment decisions.

Imaging protocols were adjusted based on each patient’s clinical needs,
allowing for detailed evaluations of intracardiac and extracardiac anatomy,
ventricular function, and blood flow dynamics. In 10% of patients, CMR
identified new anatomic details that were not detected by other imaging
modalities. Thesefindings contributed to clinical decision-making, and23%
of patients subsequently underwent cardiac surgery based on information
obtained or augmented by CMR. The modality was particularly helpful in
surgical planning for complex congenital heart lesions, including double-
outlet right ventricle, L-TGA, heterotaxy syndromes, and single-ventricle
physiology107.

This experience shows that with focused staff, tailored protocols, and
proper planning, high-qualityCHDCMRcanbedone effectively evenwhen
resources are limited. It offers a useful model for other countries looking to
improve imaging services for children and adults with CHD.

This model of innovation in a resource-limited setting was further
strengthened by complementary technologies designed to improve

Fig. 6 | A 34-year-old male from the central rural region of Turkey with a history
of childhood surgical repair for congenital heart disease, now presenting with a
residual muscular VSD measuring 9.7 mm (arrow) and evidence of progressive
pulmonary hypertension. The patient had not been followed in regular cardiology
care for years, and the residual lesion had remained unrecognized until adulthood.
Peripheral oxygen saturation was 80%, raising concern for Eisenmenger physiology.
Late presentation with hypoxemia and residual lesions highlights the importance of
lifelong surveillance in congenital heart disease, which is challenging in LMIC set-
tings. CMR revealed marked right ventricular dilation and dysfunction, with RV
EDVI of 331 mL/m², ESVI of 228 mL/m², and an ejection fraction of 31%. The left
ventricle showed preserved function (LV EF: 53%), but was also dilated (LV EDVI:
175 mL/m²). Pulmonary regurgitation fraction was significantly elevated at 45%.
Importantly, phase-contrast imaging revealed early and mid-diastolic right-to-left

shunting across the VSD, a finding highly suggestive of bidirectional or
Eisenmenger-level physiology. Flow quantification demonstrated Qp:Qs = 1.8,
consistent with significant left-to-right shunting. Pulmonary flow distribution was
relatively symmetric (RPA-to-LPA flow ratio is calculated as 48:52%). The RVOT
was aneurysmal, classified as Type IV RVOT morphology. This case illustrates the
long-term consequences of incomplete follow-up after congenital heart defect repair
and emphasizes the role of CMR in accurately characterizing residual lesions,
ventricular function, regurgitation severity, and shunt physiology in adult congenital
heart disease. CMR cardiac magnetic resonance imaging, EDVI end-diastolic
volume index, EF ejection fraction, ESVI end-systolic volume index, LMIC low- and
middle-income countries, LV left ventricle, LPA left pulmonary artery, Qp:Qs
pulmonary-to-systemic flow ratio, RPA right pulmonary artery, RV right ventricle,
RVOT right ventricular outflow tract, VSD ventricular septal defect.
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preoperative planning. In a related initiative from the same center in South
India, 3D printing was integrated into CHD care to support surgical
decision-making for complex cases108. Using CMR and CT data, patient-
specific, life-sized cardiacmodelswereprinted to visualize intricate anatomy
and anticipate surgical challenges. In five difficult cases where surgery had
previously been deferred due to anatomical complexity, the 3D prototypes
significantly improved spatial understanding and enabled precise planning.
All patients subsequently underwent successful surgery, validating theuse of
3D-printed models as a powerful tool to enhance clinical outcomes in
limited-resource environments108. A recent study reported that, although
the average cost of producing a 3D-printed anatomic model in the hospital
ranged from $2,180 to $2,737, specialists found the models highly valuable
in clinical practice, improving pre-procedural planning and, on average,
reducing surgery time by about 30min. When considering hospital

operating room costs, the time savings could theoretically cover the cost of
the model itself, potentially saving up to $2,900 per patient109.

Despite all the developments and results, the high initial investment
cost and hardware dependency of 3D printing remain significant barriers,
particularly in low-resource settings. In this context, patient-specific 3D
visual models, generated from CMR or CT datasets using open-source
platforms, offer a feasible and cost-effective alternative110,111. These virtual
reconstructions preserve the anatomical fidelity necessary for surgical
planning and can be manipulated interactively on standard computer sys-
tems or viewed in immersive virtual reality environments. By eliminating
the need for physical printing while still providing detailed spatial orien-
tation, such models extend the benefits of personalized preoperative plan-
ning to a broader range of clinical settings where access to advanced
fabrication technologies may be limited.

Fig. 7 | Role of AI in enhancing CMR imaging for CHD. a Highlights clinical
enhancements enabled by AI, including improved segmentation accuracy, opti-
mized image acquisition, standardized diagnostics, and reduced inter-observer
variability, which together improve the consistency and accuracy of CMR imaging in
CHD diagnosis. b Lists key limitations associated with implementing AI-enhanced

CMR imaging in SSA. c Illustrates the central role of AI in transforming CHD
diagnosis through its integration with CMR imaging. d Lists future potential
applications of incorporating AI in CMR systems. e Outlines strategies for scalable
implementation of AI-enhanced CMR imaging in low- and middle-income
countries87.
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AI integration across the CMR workflow
Integrating AI into the CMR workflow offers transformative potential for
LMICs by addressing key barriers such as limited expertise, infrastructure,
and access. AI-enabled automated cardiac image planning can streamline
complex, skill-dependent imaging processes, making it possible to perform
CMR outside highly specialized centers112. In LMICs, where low-field MRI
systems are more accessible but often limited by poor image quality, AI-
enhanced reconstruction techniques can improve clarity and enable accu-
rate visualization of cardiac structures113. Additionally, AI can accelerate
scan acquisition and automate post-processing, reducing the burden on
limited personnel and improving overall diagnostic efficiency114. This is
especially valuable in the context of CHD, where detailed anatomical and
functional assessment is critical, as AI can aid in tissue characterization,
structure identification, and diagnostic support115. By minimizing reliance
on high-end infrastructure and shortening traditionally long scan times, AI
also supports more scalable imaging solutions suitable for constrained
environments116. Portable AI-powered MRI systems, though currently
focused on neuroimaging, demonstrate the feasibility of fast, point-of-care
imaging that could guide the development of similar cardiac applications for
use in low-resource settings117.

Current efforts to improve MRI accessibility, AI, and
CHD diagnostics
Several initiatives are underway to address the current challenges in
expanding CMR access and integratingAI into CHDdiagnostics in LMICs.
The Consortium for Advancement of MRI Education and Research in
Africa (CAMERA) has launched programs such as the Scan-With-Me
(SWiM) initiative, which enhances the skills of MRI technologists through
hands-on training and standardized imaging protocols105. AI-driven
screening tools are enhancing cardiovascular diagnostics. There also exist
governmental partnerships, such as the one between the Kenyan govern-
ment and General Electric, which have made MRI scanners more
affordable118. Via the Medical Credit Fund, this collaboration allows for
small private health providers to borrow $100,000 and enhance imaging
services119. To address power outages, Crestview Radiology in Nigeria
coupled their MRIs with generators and other alternative forms of elec-
tricity, so that theMRIs can run evenwhenpower from theNational Grid is
down119.

The integration of AI into cardiology is progressing through strategic
partnerships, such as the collaboration between Point G Hospital in
Bamako, Mali, and HealthTech Mali, where AI systems are being incor-
porated to support diagnostic interpretations and clinical decision-
making120. CAMERAhas also launched the SPARKacademy,which teaches
individuals from a variety of disciplines, ranging from radiology to com-
puter science, how artificial intelligence can be leveraged in medical
imaging121. Another initiative is RAD-AID’s Friendship Data Trust, which
addresses the lack of infrastructure, which hinders AI implementation in
LMICs122. By providing donated on-site servers, PACS software, and a
cloud-based system to run AI applications, resource-limited hospitals are
able to readily take advantage of the greater feasibility and efficiency
afforded by AI122.

Efforts to develop adaptable imaging technologies for CHD are
exemplified by the University of Manchester’s PROTEA project, which
addresses CHD diagnostic challenges in Africa by implementing a
patient-specific computational fluid dynamics (CFD) pipeline. Given the
limited availability of high-resolution MRI in low-resource settings, this
initiative adapts CFD analysis using CT scans and Doppler echo-
cardiography to improve diagnostic insights of hemodynamic para-
meters such as outlet volumetric flow rates and pressure measures in the
context of coarctation of aorta123,124. Similarly, the CHD AI project is
leveraging AI to assist non-expert sonographers in acquiring optimal
echocardiographic images for neonates suspected of having CHD,
enabling remote expert interpretation and reducing the need for long-
distance travel for diagnosis confirmation125. Another key advance is the
development of low-field MRI systems, designed to be more affordableT

ab
le

1
|C

o
m
p
ar
is
o
n
o
fe

ch
o
ca

rd
io
g
ra
p
hy

,C
M
R
,a

nd
C
T
fo
r
ev

al
ua

ti
o
n
o
fC

H
D
in

S
S
A

85

M
o
d
al
it
y

D
ia
g
no

st
ic

st
re
ng

th
s

Li
m
it
at
io
ns

R
ad

ia
ti
o
n

A
va

ila
b
ili
ty

in
S
S
A

E
ch

oc
ar
d
io
gr
ap

hy
Fi
rs
t-
lin
e
fo
rs

tr
uc

tu
ra
ld

ef
ec

ts
;r
ea

l-
tim

e
fu
nc

tio
na

la
ss
es

sm
en

t
Li
m
ite

d
fi
el
d
of

vi
ew

;o
p
er
at
or
-d
ep

en
d
en

t;
su

b
op

tim
al
in
ol
d
er

ch
ild

re
n
an

d
ad

ul
ts
;

su
b
op

tim
al

fo
rl
ar
ge

r
b
od

y
si
ze

N
on

e
W
id
el
y
av

ai
la
b
le
,e

sp
ec

ia
lly

in
ur
b
an

ce
nt
er
s

C
M
R

G
ol
d
st
an

d
ar
d
fo
rt
is
su

e
ch

ar
ac

te
riz

at
io
n
an

d
co

m
p
le
x
an

at
om

y;
no

io
ni
zi
ng

ra
d
ia
tio

n
Li
m
ite

d
av

ai
la
b
ili
ty
;l
on

g
sc

an
tim

es
;h

ig
h
co

st
N
on

e
S
ca

rc
e,

m
ai
nl
y
in

te
rt
ia
ry

re
fe
rr
al

ce
nt
er
s

C
T

R
ap

id
ac

q
ui
si
tio

n;
ex

ce
lle
nt

sp
at
ia
lr
es

ol
ut
io
n;

3D
re
co

ns
tr
uc

tio
n

fo
rs

ur
gi
ca

lp
la
nn

in
g

R
ad

ia
tio

n
ex

p
os

ur
e;

lim
ite

d
fu
nc

tio
na

ld
at
a;

co
nt
ra
st

ne
p
hr
op

at
hy

ris
k

Y
es

In
cr
ea

si
ng

,b
ut

m
os

tly
in

p
riv

at
e

fa
ci
lit
ie
s

https://doi.org/10.1038/s43856-025-01179-w Review article

Communications Medicine |           (2025) 5:473 11

www.nature.com/commsmed


and suitable for regions with unstable power supplies. Researchers are
constructing portable, low-field MRI scanners for on-site assembly in
African settings, aiming to make imaging technology more accessible and
sustainable104. Finally, the feasibility of CMR can be improved by
adopting an abbreviated protocol. One such effort in Peru that limited
the protocol to left ventricular function reduced the scan time to 18min
(typically 45min) and reduced the scan cost to $150 USD121.

Future directions should prioritize the sustainable integration of CMR
and AI into CHD care in low-resource settings through structured,
institution-based models. Central to this strategy is the development of
regional satellite centers that provide dedicated CMR units integrated with
congenital heart surgery, neonatal care, and specialized nursing, ensuring
comprehensive and multidisciplinary management. Previous initiatives led
by pediatric cardiovascular teams have demonstrated the value of estab-
lishing a cardiovascular surgery program for CHD126,127. Building on these
efforts, the incorporation of CMR and AI into cardiologist-led care path-
ways could enhance CHD services by fostering clinical integration and
interdisciplinary collaboration.

To strengthen local capacity, short-term observerships or fellowships
at high-capacity centers can provide essential hands-on experience.
Although remote support, including a virtual consultation, reporting
assistance, or online education, offers high-impact value, these programs
should be supported by in-person opportunities in high-capacity centers to
strengthen local capacity. Sustainable CMR applications should be long-
itudinally encouragedwith hands-onCMR training, improvement of image

acquisition quality, and protocol development embedded within on-site
clinical environments.

These initiatives represent promising steps toward bridging the diag-
nostic gap for CHD in Africa by leveraging both technological innovation
and collaborative frameworks.

Several additional limitations constrain the conclusions of this review
and should be addressed in parallel. First, there is a lack of large, curated
CMRdatasets derived from SSApopulations, which limits the development
and validation of locally relevant AI models. Second, the distribution of
imaging infrastructure is uneven, with a concentration in private urban
centers, reducing generalizability to rural or public settings. Third, few
economic evaluations exist that quantify the cost-effectiveness or return on
investment for AI-enabled CMR in low-resource environments. Fourth,
substantial regulatory uncertainty persists regarding AI integration into
clinical care, including questions around liability, data privacy, and software
approval pathways in SSA countries. These issues need to be addressed so
that CMR can provide optimal diagnostics.

Whilst considering our findings, it must also be considered that as a
narrative review, our findings may be influenced by literature availability
and publication bias.

Conclusions
The integration of CMR and AI has the potential to revolutionize the
diagnosis andmanagement of CHD in SSA and other LMIC settings. CMR
provides detailed anatomic and functional information critical for accurate

Fig. 8 | Advancing CHD care with low-field CMR in SSA. aDescription of the key
advantages of low-field CMR imaging, including its affordability, portability, and
sustainability for pediatric patients and low-resource settings. b Findings from
clinical studies have demonstrated that low-field CMR can produce diagnostic-
quality cardiac images, with only minor compromises to high-field systems.

c Summary of the potential impact of low-field CMR on CHD care, including earlier
diagnosis, decentralized imaging access, and the establishment of task-sharing
models. d Proposed implementation strategies to expand low-field CMR in SSA,
including regional training programs, global partnerships, and the integration of AI
to support image acquisition and interpretation80,101,102,104.
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diagnosis and intervention planning, especially in complex cases inade-
quately resolved by echocardiography alone. AI further enhances this
capability by significantly reducing scan time, automating complex image
interpretation, and improving diagnostic precision through machine
learning-driven analysis. By enabling detailed cardiovascular assessments
with lower reliance on specialized personnel and infrastructure, AI-
integrated CMR can help address the scarcity of trained radiologists and
imaging experts in sub-Saharan Africa, making advanced cardiac care
accessible to underserved communities.

Nonetheless, realizing the full transformative potential of AI-driven
CMR requires overcoming substantial infrastructure, technological, and
economic barriers pervasive across SSA. Strategic investments in low-field
MRI technology, targeted training initiatives to address skill shortages, and
ethical frameworks governing AI use in healthcare are essential. Colla-
borative approaches, including PPP and locally adapted AI solutions, are
particularly promising for expanding sustainable access. By leveraging
innovative technologies in conjunction with context-specific solutions, AI-
enhanced CMR can significantly reduce the clinical burden of CHD in SSA,
improving patient outcomes through timely diagnosis, informed interven-
tion, and enhanced healthcare delivery in the region.
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