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ABSTRACT

Background: Coronary artery disease (CAD) remains the leading cause of global mortality, prompting the continuous evolution
of diagnostic imaging to enhance early detection, risk stratification, and clinical decision-making. The transition from
conventional invasive angiography to advanced non-invasive modalities—such as coronary computed tomography angiography
(CCTA) and cardiac magnetic resonance imaging (CMR)—has significantly altered diagnostic paradigms. The growing role of
artificial intelligence (Al) in augmenting imaging accuracy and workflow efficiency has added further momentum to this shift.

Objective: This narrative review explores the evolution of imaging technologies in diagnosing CAD, emphasizing the
integration of Al in CT and MRI-based modalities and their implications for clinical practice.

Main Discussion Points: The review highlights advances in anatomical and functional imaging, such as FFR-CT, dynamic CT
perfusion, Al-assisted plaque analysis, and myocardial tissue characterization with CMR. It evaluates the diagnostic
performance, clinical utility, and emerging multimodal approaches. The review also addresses limitations in current literature,
including methodological variability, limited generalizability, and underrepresentation of long-term outcomes.

Conclusion: While non-invasive and Al-enhanced imaging techniques are transforming CAD diagnosis, evidence supporting
their clinical impact remains moderate. Future research should focus on large-scale, prospective studies to validate these
innovations and guide standardized integration into practice.

Keywords: Coronary Artery Disease, Non-Invasive Imaging, CT Angiography, Cardiac MRI, Artificial Intelligence, Narrative
Review.
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INTRODUCTION

Coronary artery disease (CAD) continues to be the principal cause of morbidity and mortality worldwide, responsible for nearly 9
million deaths annually. This burden has prompted global efforts to improve strategies for early detection, precise diagnosis, and timely
intervention. As traditional risk stratification tools such as clinical history and biomarkers prove insufficient on their own, imaging
modalities have become central to contemporary diagnostic pathways. In particular, the transformation from conventional invasive
angiography to highly sophisticated non-invasive techniques has marked a significant advancement in cardiovascular medicine.

Conventional coronary angiography, long considered the gold standard for diagnosing CAD, provides detailed visualization of the
coronary lumen but is inherently invasive and carries procedural risks. These limitations have spurred the adoption of non-invasive
imaging tools that not only detect luminal narrowing but also provide functional and plaque-related information. Among these, coronary
computed tomography angiography (CCTA) has emerged as a first-line modality in many clinical settings, especially due to its high
negative predictive value and increasingly reduced radiation exposure through newer techniques such as photon-counting CT and
prospective ECG-gating protocols (1).

Recent advances have seen the integration of artificial intelligence (Al) into CCTA workflows, facilitating automated detection of
stenosis, plaque morphology, and even predicting adverse outcomes based on radiomic signatures. Al-enhanced CCTA significantly
reduces reporting time, enhances diagnostic accuracy, and lowers inter-reader variability, improving the utility of CCTA across
healthcare systems (2). Furthermore, deep learning models have enabled robust segmentation of cardiac structures and functional
assessments, including left ventricular strain, directly from CT images, closely matching cardiac MRI benchmarks in accuracy (3).

Al applications now extend beyond anatomical analysis to functional assessments as well. Dynamic CT myocardial perfusion imaging,
in combination with CCTA, allows simultaneous evaluation of coronary anatomy and myocardial ischemia, addressing a key gap in
purely anatomical tests. Studies have validated its performance against gold standards like PET and stress MRI, and its use is increasingly
considered a comprehensive “one-stop-shop” solution (4). Complementing this, late enhancement imaging using photon-counting CT
offers myocardial tissue characterization similar to cardiac MRI, enabling detection of infarcts and fibrosis with high precision (5).

Beyond CT, cardiac MRI has continued to offer unique strengths, particularly in tissue characterization, viability studies, and assessment
of ischemia. While its limitations include long scan times and contraindications in some patients, it remains invaluable in multimodal
imaging protocols for complex CAD. More recently, multimodal imaging that integrates CT, MRI, and PET with Al-driven data fusion
has emerged as a promising strategy for personalized cardiovascular assessment. This multimodal approach can enhance diagnostic
certainty, particularly in patients with discordant test results or borderline lesions (6).

Despite these innovations, widespread adoption of Al-driven and multimodal imaging approaches is still limited by a lack of
standardized imaging protocols, validation across diverse populations, and concerns around data privacy. Furthermore, real-world
studies are needed to understand whether Al integration genuinely improves patient outcomes or simply augments diagnostic throughput.
Nonetheless, the field is rapidly progressing, with large-scale registries and trials now beginning to address these knowledge gaps (7).

This review aims to narrate the evolution of imaging modalities for CAD diagnosis, beginning with the historical context of invasive
angiography and progressing through to state-of-the-art non-invasive technologies, including Al-enhanced CCTA and MRI. It will
critically evaluate each modality's strengths and limitations, clinical utility, and future direction. Emphasis is placed on the last five years
of advancements, ensuring a contemporary and clinically relevant synthesis of available evidence. The review incorporates anatomical
and functional imaging techniques, as well as hybrid approaches and machine learning applications that are shaping the future of
cardiovascular diagnostics.

There is a critical need to synthesize these advancements into a coherent clinical narrative. Existing literature often focuses on isolated
technical capabilities or comparative accuracy without linking imaging advances to practical clinical decision-making. By offering a
unified and comprehensive perspective, this review aims to fill that gap, offering clinicians, radiologists, and researchers a concise yet
inclusive overview of how imaging in CAD has evolved—and where it is heading. The practical significance of this work lies in its
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potential to inform imaging choices, guide policy on technology integration, and ultimately support more precise, efficient, and patient-
centered care for those with or at risk of coronary artery disease (8,9,10).

THEMATIC DISCUSSION:

Advances in Anatomical Imaging: From Static Visualization to Functional Insight

Historically, coronary angiography has been used to identify luminal stenosis, but it lacks insight into plaque morphology or
physiological significance. The introduction of coronary computed tomography angiography (CCTA) bridged some of these limitations,
offering high-resolution, non-invasive views of coronary anatomy. Modern developments have gone further, integrating functional
assessments such as CT-derived fractional flow reserve (FFR-CT) and myocardial perfusion imaging into standard CCTA protocols. For
example, the combination of dynamic CT myocardial perfusion imaging with standard anatomical scans allows simultaneous assessment
of ischemia and vessel patency, enhancing the diagnostic accuracy for intermediate lesions (11). These advances enable more nuanced
stratification of CAD severity and guide personalized treatment decisions.

Artificial Intelligence Integration: Enhancing Diagnostic Precision

The integration of artificial intelligence (AI) into CCTA workflows has led to significant progress in automated image analysis, plaque
quantification, and prediction of adverse outcomes. Al models trained on large datasets have shown strong capability in identifying high-
risk plaque features such as low-attenuation plaque and positive remodeling, both of which are predictive of future cardiac events. These
capabilities help standardize reporting and reduce observer variability, particularly in community settings with limited subspecialty
access. One study demonstrated that Al-assisted CCTA assessments could detect at-risk patients with greater reproducibility and speed
than manual interpretations, potentially improving clinical throughput without sacrificing accuracy (12). However, while promising,
these tools still face barriers in generalizability due to variations in imaging protocols, scanner types, and patient populations.

Cardiac MRI: Functional and Tissue Characterization

Cardiac magnetic resonance imaging (CMR) remains an essential imaging tool, particularly for myocardial viability assessment and
scar quantification. Recent innovations have focused on improving accessibility and reducing acquisition time. Techniques such as
compressed sensing and Al-accelerated reconstruction have made stress perfusion and late gadolinium enhancement imaging more
clinically feasible. Studies show that Al-enhanced cine MRI can detect subclinical myocardial dysfunction in patients with preserved
ejection fraction, an area often missed by conventional echocardiography or CT-based measures (13). CMR continues to provide unique
insights into the myocardial tissue environment that are complementary to the anatomical data offered by CCTA.

Hybrid Imaging and Multimodal Approaches

The emergence of hybrid imaging platforms—such as PET/CT, PET/MRI, and fusion of CCTA with functional tests—has allowed a
more comprehensive evaluation of CAD. These combinations provide data on perfusion, metabolism, and anatomical obstruction,
improving diagnostic certainty. Hybrid modalities are especially useful in cases with discordant findings between anatomical and
functional tests. A recent investigation into PET/CT fusion imaging showed a higher sensitivity and specificity for identifying ischemia-
producing lesions compared to standalone modalities (14). However, these approaches are often limited to tertiary care centers due to
high operational costs and complexity in interpretation.

Plaque Characterization and Vulnerability Assessment

Non-calcified, lipid-rich plaques are now recognized as major contributors to acute coronary syndromes. CCTA with plaque analysis
software can non-invasively characterize plaque morphology, including features like napkin-ring sign and low-attenuation core, which
are associated with higher rupture risk. Several Al-driven studies have validated these parameters as predictive markers for major adverse
cardiac events (15). However, while early data are promising, there is still inconsistency in defining thresholds for high-risk plaque and
translating them into management guidelines. Moreover, longitudinal studies are needed to confirm whether plaque imaging improves
outcomes beyond traditional risk scoring systems.
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Controversies and Limitations in AI-Driven Imaging

Despite the enthusiasm surrounding Al integration, its adoption remains uneven across clinical settings. Concerns about algorithm
transparency, lack of validation in diverse populations, and the risk of overreliance on automated outputs persist. Additionally, many
algorithms have been trained on retrospective data that may not fully represent real-world variability. In a comparative study, traditional
radiologist-led interpretation of CCTA occasionally outperformed Al models in complex or borderline cases, raising concerns about
replacing human judgment too rapidly (16). This highlights the need for hybrid decision-making models that combine human expertise
with Al support rather than replace it outright.

Emerging Modalities and Future Trends

Photon-counting CT (PCCT) represents a new frontier in CAD imaging, offering higher spatial resolution and better material
differentiation than conventional CT. Its utility extends to myocardial perfusion and late enhancement imaging, allowing near-MRI
quality tissue characterization with shorter acquisition times. Early clinical studies have shown improved detection of subendocardial
infarction and microvascular obstruction compared to older CT technology (17). While still in early adoption, PCCT is poised to redefine
how non-invasive imaging contributes to both diagnosis and risk prediction in CAD.

Gaps in Literature and the Need for Standardization

While significant technological progress has been made, the literature still reveals several gaps. There is a lack of standardized protocols
for Al model implementation, especially in low-resource settings. Moreover, long-term outcome studies validating imaging-based risk
prediction are limited. Current guidelines lag behind these innovations, and practice often varies widely between institutions. A recent
expert consensus emphasized the importance of integrating clinical, anatomical, and functional data into unified decision-making
pathways, but achieving this remains a challenge (18). Closing these gaps requires coordinated efforts in multicenter trials, technology
standardization, and clinical guideline updates.

EVOLUTION OF IMAGING MODALITIES
IN THE DIAGNOSIS OF CORONARY ARTEY DISASE

CONVENTIONAL CORONARY CTAND MRI AI-ENHANCED
CORONARY CT ANGIOGRAPHY WITH Al CT AND MRI
ANGIOGRAPHY ENHANCEMEN
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Table 1: Comparison of Non-Invasive Imaging Modalities in the Diagnosis of Coronary Artery Disease

Imaging Modality Key Features Diagnostic Strengths Limitations

Conventional Invasive, catheter-based Gold standard for anatomical Invasive, radiation, procedural

Angiography assessment risk

CT Angiography High-resolution anatomical Non-invasive, fast, good for plaque Limited in high calcification

(CCTA) imaging detection

Cardiac MRI (CMR) Functional and tissue No radiation, good for ischemia Limited availability, longer
characterization and viability acquisition time

CT with FFR/Perfusion Combines anatomy and Functional relevance of stenosis Higher radiation, dependent on
physiology technology

Al-Enhanced CT/MRI

Automated analysis and risk
prediction

Increases precision, standardizes
reporting

Data biases, limited external

validation

Table 2: Summary of Artificial Intelligence Applications in Cardiac Imaging for Coronary Artery Disease

Al Application Area  Imaging Clinical Benefit Research Status
Modality

Stenosis Detection CT Angiography  Improved accuracy, reduced interobserver Validated in small-to-medium cohort
error studies

Plaque CT Risk stratification of vulnerable plaques Promising, needs longitudinal validation

Characterization

Myocardial Strain MRI Early detection of dysfunction Under active research

Workflow Automation CT/MRI Reduces reporting time, increases Widely implemented in high-resource
throughput centers

Prognostic Modeling ~ Multimodal Predicts events based on imaging markers Experimental, lacks clinical adoption

CRITICAL ANALYSIS AND LIMITATIONS:

The critical appraisal of current literature evaluating non-invasive imaging for coronary artery disease (CAD), particularly those
incorporating artificial intelligence (AI) into CT and MRI workflows, reveals substantial methodological and practical limitations. A
major concern across the reviewed studies is the predominance of retrospective and observational designs. These studies frequently lack
the methodological rigor of randomized controlled trials (RCTs), which restricts the strength of their conclusions. For example, a
comparative analysis of coronary CTA interpreted by Al-derived quantitative CT (AI-QCT) versus myocardial perfusion imaging relied
on a retrospective cohort with invasive angiography as the reference, limiting prospective clinical inference due to uncontrolled
confounding factors and absence of randomization (19).

Another prevalent issue is small and homogeneous study populations. Several Al-enhanced imaging studies focused on niche subgroups,
such as athletes or low-risk cohorts, which limits their applicability to the general CAD population. For instance, an investigation into
Al-driven detection of subclinical CAD in marathon runners revealed a high rate of false positives, underlining the danger of
extrapolating findings beyond their studied demographic (20). Similarly, limited sample sizes reduce the statistical power needed to
detect true clinical differences, particularly in early-stage comparative AI model evaluations.

Biases in methodology further impact the reliability of results. Selection bias is frequently noted, especially in studies recruiting patients
already pre-screened for cardiac imaging, thereby excluding asymptomatic or high-risk but undiagnosed individuals. Performance bias
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is also significant; many comparative studies failed to implement blinding procedures when assessing Al versus human interpretation.
One study explicitly comparing human readers with Al analysis for stenosis detection showed inconsistencies in result interpretation
due to the lack of blinding and variable expertise levels among radiologists (21).

Outcome measurement across studies lacks uniformity, hindering direct comparisons. Thresholds for clinically significant stenosis
vary—some define it as >50%, others >70%—while definitions of ischemia differ between CT-derived fractional flow reserve (FFR-
CT), perfusion imaging, and invasive references. A multicenter study validating a novel FFR-CT algorithm used customized diagnostic
cutoffs, making cross-study benchmarking difficult (22). This inconsistency not only complicates pooled analysis but also challenges
the translation of research findings into standardized clinical practice.

There is also evidence of publication bias in the field, with positive results regarding Al efficacy more likely to be reported. Studies with
negative or inconclusive outcomes are underrepresented, which may inflate perceived benefits of Al integration. Furthermore, ethical
and operational challenges associated with Al, such as algorithm opacity and data privacy, are either minimally discussed or entirely
omitted in many articles. A recent review highlighted the growing concern around the underreporting of Al limitations, particularly when
commercial algorithms are evaluated in academic settings (23).

A key limitation across studies is their generalizability. Many Al models are developed and validated in high-resource environments
with access to state-of-the-art scanners and specialized personnel. These settings do not reflect real-world variability, especially in
resource-constrained regions. One investigation on Al-powered CT in CAD imaging emphasized that diagnostic gains from Al were
heavily dependent on high image quality and stable internet connectivity—factors that may not be available in all healthcare systems.
Furthermore, few studies evaluate Al performance across different ethnicities or comorbidity profiles, limiting its universal application.

Finally, early-phase Al algorithms still lack robust, multicenter prospective validations. The models, while promising in single-center
trials, often suffer performance degradation when applied to external datasets. In one such study, an Al system showed a significant drop
in diagnostic accuracy when used outside the original training environment, raising concerns about model overfitting and reproducibility.
Additionally, gender disparities in Al interpretation have been observed, with models performing variably in detecting obstructive CAD
among women compared to men, suggesting the need for sex-specific validation.

CONCLUSION:

The evolution of imaging modalities in the diagnosis of coronary artery disease has been marked by a clear shift from purely anatomical
visualization toward more integrated, functional, and Al-enhanced techniques. Coronary CT angiography, especially when paired with
functional tools like CT-derived fractional flow reserve and myocardial perfusion imaging, now offers a comprehensive non-invasive
assessment that rivals traditional invasive methods. Similarly, cardiac MRI continues to provide unmatched insights into myocardial
tissue characterization, while the incorporation of artificial intelligence across these modalities has enhanced diagnostic precision, speed,
and reproducibility. However, despite these advancements, the overall strength of evidence remains moderate, limited by a reliance on
retrospective data, small and selective study cohorts, and inconsistent outcome metrics. For clinicians, these technologies already offer
powerful tools for diagnosis and risk stratification, but their optimal use requires awareness of their limitations and appropriate clinical
context. For researchers, the priority lies in conducting prospective, multicenter trials with standardized protocols that evaluate long-
term outcomes and validate Al tools across diverse populations. Continued innovation must be paired with rigorous clinical evidence to
ensure these technologies not only improve diagnostics but translate into better patient care and prognoses.
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