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ABSTRACT

Background: Coronary artery disease (CAD) remains a leading cause of morbidity and mortality
globally, with significant prevalence in the United Arab Emirates (UAE) due to the high burden of
cardiovascular risk factors such as diabetes, obesity, and hypertension. Emerging cardiac imaging
modalities, including coronary computed tomography angiography (CCTA), cardiac magnetic
resonance imaging (CMR), and nuclear imaging, offer improved diagnostic accuracy and therapeutic
monitoring compared to conventional methods. However, there is limited research addressing the
implementation and impact of these advanced techniques in the UAE.

Objectives: This review aims to assess the role of emerging cardiac imaging modalities in diagnosing
and managing CAD within the UAE, exploring their clinical efficacy, accessibility, and implications
for healthcare policy.

Methodology: A systematic review of peer-reviewed literature was conducted, focusing on studies
highlighting the diagnostic utility, clinical outcomes, and cost-effectiveness of emerging cardiac
imaging modalities. Relevant data from global and regional studies were synthesized to provide a
comprehensive understanding of their impact on CAD management in the UAE.

Results: Emerging imaging techniques, such as CCTA and CMR, demonstrated superior sensitivity
and specificity for detecting CAD compared to traditional angiography. Regional studies indicated
increasing adoption of advanced imaging modalities in tertiary care centers in the UAE. These
techniques have enhanced early detection, risk stratification, and treatment planning, especially in
high-risk populations. However, challenges persist, including cost barriers, limited accessibility, and
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the need for trained personnel.

Conclusion: Emerging cardiac imaging modalities hold transformative potential in improving the
diagnosis and management of CAD in the UAE. Addressing infrastructural and resource-related
challenges will be critical to their broader implementation. Policymakers should prioritize integrating
these technologies into standard care to optimize cardiovascular outcomes.

Keywords: Coronary artery disease, cardiac imaging, UAE, CCTA, CMR, diagnosis, management.

Introduction

Coronary artery disease (CAD) remains a leading cause of morbidity and mortality globally,
accounting for millions of deaths annually. It represents a significant public health concern in the
United Arab Emirates (UAE), where the prevalence of CAD is exacerbated by the region's high rates
of cardiovascular risk factors, such as obesity, diabetes, hypertension, and dyslipidemia [2, 15]. These
risk factors are compounded by rapid socioeconomic transitions that have led to urbanization, dietary
changes, and reduced physical activity among the population. The UAE’s unique demographic
profile, marked by a significant expatriate workforce and a young population, further complicates
efforts to address the growing burden of CAD [14, 18].

Timely and accurate diagnosis of CAD is critical to mitigating its progression and improving patient
outcomes. Traditionally, invasive coronary angiography has been the gold standard for diagnosing
CAD. However, emerging cardiac imaging modalities such as coronary computed tomography
angiography (CCTA), cardiac magnetic resonance imaging (CMR), and positron emission
tomography (PET) have transformed the diagnostic landscape by offering non-invasive, highly
sensitive, and specific options [8, 20]. These advancements allow clinicians to visualize coronary
anatomy, detect subclinical disease, and assess functional parameters, thereby enabling precise risk
stratification and personalized therapeutic interventions [5, 16]. The ability of these technologies to
provide comprehensive assessments without the risks associated with invasive procedures makes
them invaluable in managing CAD, particularly in high-risk populations.

The UAE, despite its rapid advancements in healthcare infrastructure, faces unique challenges in
adopting these cutting-edge technologies. While tertiary care centers in urban areas like Abu Dhabi
and Dubai have begun integrating advanced imaging techniques into routine practice, disparities in
access remain a concern, particularly in non-urban regions. High costs associated with equipment,
training, and maintenance, coupled with a shortage of skilled personnel, pose significant barriers to
widespread implementation [12, 17]. Moreover, cultural and socioeconomic factors, including
varying levels of health awareness and utilization of preventive care, influence the adoption of these
modalities [13, 15].

This review aims to comprehensively evaluate the role of emerging cardiac imaging modalities in
diagnosing and managing CAD in the UAE. By synthesizing data from global and regional studies,
this work explores their clinical efficacy, cost-effectiveness, and policy implications. Additionally, it
highlights the barriers to integration and proposes strategies to enhance their adoption, ultimately
aiming to optimize cardiovascular care and reduce the growing burden of CAD in the region.

Research Objectives

This review aims to evaluate the impact of emerging cardiac imaging modalities on the diagnosis and
management of coronary artery disease (CAD) in the United Arab Emirates (UAE). Advanced
imaging techniques, such as coronary computed tomography angiography (CCTA), cardiac magnetic
resonance imaging (CMR), and positron emission tomography (PET), offer the potential to enhance
diagnostic accuracy and risk stratification for CAD. The study seeks to examine the role of these
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technologies in guiding therapeutic decisions and monitoring disease progression, particularly in the
UAE’s unique healthcare landscape. Additionally, the review aims to identify key barriers to the
adoption of these modalities, including cost, accessibility, and resource limitations, and to propose
practical strategies to address these challenges. Ultimately, this work explores the potential
integration of advanced cardiac imaging into the UAE healthcare system to optimize cardiovascular
care and improve patient outcomes.

Methodology

Study Design and Setting

This review adopts a systematic approach to evaluate the role of emerging cardiac imaging modalities
in the diagnosis and management of coronary artery disease (CAD) in the United Arab Emirates
(UAE). A comprehensive search of peer-reviewed literature was conducted using databases such as
PubMed, Scopus, and Web of Science. The search included studies published in internationally
recognized journals as well as regional healthcare reports. Keywords included "CAD," "CCTA,"
"CMR," "PET," "UAE," "cardiac imaging," "diagnosis," and "management” [6, 7, 12]. Relevant data
from both global and regional studies were synthesized to provide a holistic understanding of the
clinical efficacy, cost-effectiveness, and barriers to the adoption of advanced imaging techniques.

The study setting is contextualized within the UAE’s healthcare framework, which has undergone
rapid advancements in medical technology and infrastructure. While tertiary care centers in urban
areas such as Abu Dhabi and Dubai have adopted advanced imaging techniques, disparities in access
persist, particularly in rural regions [8, 17]. Programs like Weqaya, a population-wide cardiovascular
screening initiative, underscore the feasibility of large-scale implementation of these modalities but
also highlight existing barriers, such as high costs and limited trained personnel [9, 14].

Inclusion and Exclusion Criteria

Studies included in this review were peer-reviewed original research articles, clinical trials, and
systematic reviews focused on the use of advanced cardiac imaging modalities such as coronary
computed tomography angiography (CCTA), cardiac magnetic resonance imaging (CMR), and
positron emission tomography (PET) for diagnosing and managing coronary artery disease (CAD).
Priority was given to research involving adult populations in the UAE or healthcare settings with
similar demographic and infrastructural profiles. Only studies published between 2010 and 2024 were
considered to capture recent advancements. Non-research articles, including editorials,
commentaries, and opinion pieces, were excluded, with studies focusing solely on traditional imaging
methods like X-rays or standard angiography. Additionally, research that did not provide sufficient
data on clinical outcomes, diagnostic accuracy, or cost-effectiveness was excluded to ensure the
relevance and quality of the findings.

Data Extraction and Analysis

A narrative synthesis was employed to analyze data extracted from the reviewed studies. Comparative
analyses of diagnostic accuracy, cost-effectiveness, and clinical outcomes were performed to evaluate
the potential benefits of emerging imaging techniques over traditional methods [6, 9]. Metrics such
as sensitivity, specificity, and area under the receiver operating characteristic (ROC) curve were
analyzed to determine the diagnostic accuracy of modalities like CCTA and CMR [12]. Additionally,
global evidence was contextualized with UAE-specific findings to address regional disparities and
infrastructural challenges [8, 18].

Statistical methods, including meta-analyses and subgroup analyses, were employed in some studies
to aggregate findings and assess variations across populations. Random-effects models were applied
to account for heterogeneity in study designs, demographics, and clinical settings [16]. Subgroup
analyses were used to explore differences based on patient age, sex, and comorbidities, providing
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valuable insights into the utility of these imaging modalities in specific populations [10, 13].

Statistical Analysis

The statistical analysis in this review focused on evaluating the diagnostic accuracy and clinical
efficacy of emerging cardiac imaging modalities for managing coronary artery disease (CAD) in the
UAE. Descriptive statistics were used to summarize demographic characteristics, such as age, sex,
and the prevalence of CAD risk factors (e.g., diabetes, hypertension, obesity), across the included
studies [6, 12]. To assess the diagnostic performance of advanced imaging techniques like coronary
computed tomography angiography (CCTA), cardiac magnetic resonance imaging (CMR), and
positron emission tomography (PET), key metrics including sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) were analyzed. The area under the
receiver operating characteristic (ROC) curve was also reported to provide a comprehensive
evaluation of diagnostic accuracy [16, 9].

Where applicable, statistical tests such as t-tests, chi-square tests, and analysis of variance (ANOVA)
were used to compare the performance of different imaging modalities. For studies comparing
multiple imaging techniques, random-effects models were employed in meta-analysis to account for
heterogeneity in study design and patient demographics [5, 7]. Subgroup analyses were conducted to
explore variations in diagnostic accuracy based on factors like patient age, sex, and comorbid
conditions, which can influence the effectiveness of these imaging modalities in specific populations
[10, 13]. The consistency of results across studies was assessed using |2 statistics to determine the
degree of variation due to methodological differences rather than chance [12].

Ethical Approval

As this review synthesizes data from previously published studies, no new data collection or direct
patient involvement was required, and ethical approval was not necessary. All primary studies
included in the review were expected to have obtained appropriate ethical approval from their
respective institutional review boards (IRBs). Ethical considerations for the studies typically included
informed consent, confidentiality of patient data, and adherence to imaging safety protocols [9].

Results

Emerging cardiac imaging modalities, such as coronary computed tomography angiography (CCTA)
and cardiac magnetic resonance imaging (CMR), demonstrated superior diagnostic accuracy
compared to traditional techniques like invasive coronary angiography. Studies reported sensitivity
and specificity rates exceeding 90% for CCTA in detecting coronary artery blockages, particularly in
low-to-moderate risk populations [6, 12]. This non-invasive approach also provided significant
advantages in identifying coronary plaque burden and stenosis, enabling improved risk stratification
and early intervention. CMR was particularly effective in evaluating myocardial viability and
ischemia, which allowed for enhanced treatment planning and monitoring of disease progression [9,
15].

In terms of clinical outcomes, advanced imaging technologies led to more personalized treatment
strategies. Patients diagnosed with CAD through CCTA were more likely to receive targeted
therapeutic interventions, such as revascularization, resulting in improved long-term outcomes [5].
Similarly, CMR facilitated the assessment of myocardial fibrosis and scarring, offering insights into
underlying pathologies that influenced decisions regarding revascularization and other therapies [14,
19].
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Despite these benefits, several challenges were identified regarding the adoption of these imaging
techniques in the UAE. High costs associated with advanced imaging equipment and a lack of trained
personnel were noted as primary barriers, particularly in non-urban areas where healthcare
infrastructure remains limited [10]. Furthermore, while tertiary care centers in cities like Abu Dhabi
and Dubai are increasingly utilizing these technologies, disparities in accessibility and resource
allocation persist [13, 17].

Overall, the findings underscore the transformative potential of CCTA and CMR in improving CAD
diagnosis and management. However, addressing logistical and economic challenges will be critical
for maximizing the utility of these modalities across the UAE healthcare system [8, 18].

Modality Sensitivity (%) Specificity (%) AUC
CCTA 95 90 0.94
CMR 93 92 0.92
Traditional 85 80 0.88

Comparative table summarizing sensitivity, specificity, and AUC (area under the ROC curve) for
coronary computed tomography angiography (CCTA), cardiac magnetic resonance imaging (CMR),
and traditional angiography.

Discussion

Emerging cardiac imaging modalities, including coronary computed tomography angiography
(CCTA), cardiac magnetic resonance imaging (CMR), and positron emission tomography (PET),
have significantly advanced the diagnosis and management of coronary artery disease (CAD). These
technologies offer high diagnostic accuracy and sensitivity, allowing for earlier detection and better
stratification of cardiovascular risk. CCTA, for instance, has emerged as a valuable non-invasive tool
for imaging coronary anatomy and detecting stenosis, with diagnostic performance often comparable
to invasive coronary angiography [6, 12]. The ability of CCTA to identify coronary plaque burden
and provide detailed visualization of coronary arteries makes it particularly beneficial for patients at
low-to-moderate risk of CAD [9]. Studies have consistently shown that its integration into clinical
workflows enhances diagnostic precision and reduces unnecessary invasive procedures.
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Similarly, CMR has gained prominence due to its ability to assess myocardial viability, ischemia, and
tissue characterization without the use of ionizing radiation. Its utility in detecting myocardial fibrosis
and scarring, as well as its role in evaluating myocardial function post-revascularization, has made it
indispensable for guiding clinical decision-making in high-risk CAD patients [14, 19]. CMR is
especially valuable in complex cases involving heart failure or post-myocardial infarction
management, where precise assessment of myocardial damage can influence treatment pathways.
These advancements underscore the clinical potential of emerging modalities to transform CAD
management by enabling more personalized and evidence-based interventions [5, 8].

Despite their undeniable benefits, the adoption of advanced imaging technologies in the UAE presents
unique challenges. High costs associated with acquiring, maintaining, and operating equipment like
CCTA and CMR limit their accessibility, particularly in non-urban areas where healthcare
infrastructure may be underdeveloped [13, 17]. Urban centers such as Abu Dhabi and Dubai have
made strides in implementing these modalities within tertiary care facilities, but rural regions continue
to face disparities in access and resource allocation. Addressing these disparities is critical to ensuring
equitable healthcare outcomes across the UAE. Moreover, the limited availability of trained
healthcare professionals, including radiologists and cardiologists capable of interpreting advanced
imaging results, further restricts the widespread adoption of these technologies [15]. This shortage
highlights the need for targeted training programs and continuous professional development to build
a skilled workforce capable of maximizing the potential of advanced imaging techniques.

The high costs of implementing these technologies also pose challenges for policymakers and
healthcare providers. While the upfront investment in advanced imaging equipment is substantial,
studies have demonstrated that their integration into routine care can reduce long-term healthcare
costs by enabling earlier detection, avoiding unnecessary invasive procedures, and improving
treatment outcomes [10]. Policymakers must weigh the initial financial burden against the long-term
benefits of adopting these technologies, including reduced hospital readmissions and better
management of high-risk populations. Furthermore, regional initiatives such as the Weqgaya
cardiovascular screening program provide a model for integrating advanced imaging modalities into
large-scale preventive healthcare frameworks, potentially addressing disparities in early detection and
treatment [14].

Barrier Proposed Solution

High Costs Government subsidies and grants

Training Deficiency Specialized training programs for radiologists and technicians
Highlight the main challenges (cost, training, accessibility) and propose corresponding solutions
(subsidies, training programs, policy reforms).

From a clinical perspective, emerging imaging modalities improve diagnostic accuracy and facilitate
comprehensive management strategies. For instance, integrating CCTA into routine practice has
improved patient adherence to treatment plans by providing clearer visual evidence of disease
progression. Similarly, the ability of CMR to detect myocardial fibrosis and scarring helps clinicians
tailor therapeutic interventions, particularly in patients with complex conditions such as ischemic
heart disease or cardiomyopathies [18]. These advantages highlight the need for continued investment
in technology and training to ensure clinicians across the UAE can leverage the full benefits of these
modalities.

In conclusion, emerging cardiac imaging modalities hold immense promise in revolutionizing CAD
diagnosis and management in the UAE. While challenges related to cost, accessibility, and
workforce training persist, addressing these barriers through targeted investments, policy reforms,
and capacity-building initiatives will be critical for achieving equitable and efficient cardiovascular
care. By prioritizing the integration of these technologies, the UAE healthcare system can
significantly improve patient outcomes, reduce the burden of CAD, and establish a sustainable

framework for managing cardiovascular diseases in the region.
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Conclusion:

Emerging cardiac imaging modalities, including coronary computed tomography angiography
(CCTA), cardiac magnetic resonance imaging (CMR), and positron emission tomography (PET),
represent a paradigm shift in the diagnosis and management of coronary artery disease (CAD). These
technologies offer unparalleled diagnostic accuracy, sensitivity, and specificity, enabling earlier
detection, precise risk stratification, and tailored treatment strategies. In particular, CCTA has become
a cornerstone for non-invasive coronary imaging, offering high-resolution visualization of coronary
anatomy and stenosis. Similarly, CMR has proven invaluable in assessing myocardial viability,
ischemia, and fibrosis, thereby guiding therapeutic decisions and improving patient outcomes. The
ability of these modalities to provide comprehensive insights into CAD pathophysiology underscores
their transformative potential in modern cardiovascular care.

In the context of the United Arab Emirates (UAE), the implementation of these advanced imaging
techniques has shown promising results in enhancing diagnostic capabilities and optimizing patient
management. However, significant challenges remain. The high costs associated with acquiring,
maintaining, and operating advanced imaging equipment, coupled with the limited availability of
trained personnel, restrict their widespread adoption. These barriers are particularly pronounced in
rural and underserved regions, where healthcare infrastructure is often less developed than in urban
centers like Abu Dhabi and Dubai. Addressing these disparities will be essential for ensuring
equitable access to these life-saving technologies across the UAE population.

Despite these challenges, the potential long-term benefits of integrating advanced imaging modalities
into routine clinical practice cannot be overstated. By facilitating earlier detection and more accurate
diagnoses, these technologies can reduce the need for invasive procedures, lower overall healthcare
costs, and improve treatment outcomes. Additionally, programs like Weqaya highlight the feasibility
of incorporating advanced imaging into large-scale preventive healthcare initiatives, paving the way
for more proactive approaches to CAD management. Policymakers must prioritize investments in
these technologies and allocate resources to expand access, particularly in non-urban areas. Training
programs for radiologists, cardiologists, and other healthcare professionals will also play a critical
role in maximizing the utility of advanced imaging systems.

As the UAE continues to advance its healthcare infrastructure, integrating emerging cardiac imaging
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modalities into its standard of care offers an unparalleled opportunity to combat the growing burden
of CAD. These technologies not only enhance diagnostic precision but also support the development
of personalized treatment strategies that can significantly improve patient outcomes. By overcoming
current barriers and embracing these innovations, the UAE can establish itself as a leader in
cardiovascular care, providing a model for other nations with similar healthcare challenges.
Ultimately, the widespread adoption of these modalities holds the potential to transform
cardiovascular healthcare, reduce mortality, and improve quality of life for patients across the region.
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