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ABSTRACT

Background: Stable coronary artery disease (CAD), now classified within the spectrum of chronic coronary syndromes,
remains a major cause of morbidity and mortality worldwide. Risk stratification and optimal management are essential to
prevent adverse cardiovascular events. Non-invasive diagnostic modalities have revolutionized the assessment of CAD,
with multi-slice computed tomography (MSCT) emerging as a pivotal tool in both anatomical and functional evaluation.
This review examines the evolving role of MSCT in risk stratification and management of stable CAD, highlighting its
integration with traditional and contemporary non-invasive tests, advances in plaque characterization, and its potential to
guide invasive assessment. A literature review was conducted focusing on the utility, strengths, and limitations of MSCT,
calcium scoring, and advanced plaque metrics. Comparative analysis with other modalities—such as stress
echocardiography, cardiac magnetic resonance imaging, SPECT, and PET—was included. Emphasis was placed on
clinical studies, guidelines, and meta-analyses addressing prognostic implications, diagnostic accuracy, and therapeutic
decision-making.

MSCT angiography provides high-resolution anatomical visualization of coronary arteries, with the ability to quantify
plaque burden, composition, and remodeling. Coronary calcium scoring offers prognostic value for asymptomatic and
symptomatic patients. Emerging metrics, such as low attenuation plaque volume and remodeling index, refine risk
assessment beyond simple stenosis quantification. When combined with functional data from FFR-CT, MSCT enhances
the diagnostic pathway and can reduce unnecessary invasive procedures. Comparative studies reveal high negative
predictive value, although limitations in heavily calcified vessels persist. Integrating MSCT findings with clinical risk
models optimizes patient selection for invasive angiography and revascularization. Despite advances in alternative imaging
modalities, MSCT remains central due to its comprehensive anatomical and evolving functional capabilities.

Conclusion: Multi-slice CT has transitioned from a purely anatomical tool to an integral component of modern CAD
management, bridging the gap between risk prediction, anatomical assessment, and functional evaluation. Ongoing
technological advances and increasing evidence for prognostic relevance support its expanding role in personalized care
for patients with stable CAD.
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INTRODUCTION

Introduction

Stable coronary artery disease (CAD) is a leading cause of morbidity and mortality globally, warranting precise diagnostic and
therapeutic strategies. Traditionally, the assessment of lesion significance relied heavily on invasive coronary angiography,
which, while definitive, carries procedural risks and costs. The growing burden of CAD necessitates risk stratification methods
that are accurate, non-invasive, and widely accessible. In recent years, multi-slice computed tomography (MSCT) has emerged
as a transformative modality in cardiovascular imaging, enabling detailed anatomical assessment of coronary arteries and
advanced characterization of atherosclerotic plaque. Notably, MSCT has transcended the role of mere stenosis detection, offering
insights into plaque composition, volume, and vulnerability markers, such as low attenuation plaque, spotty calcification, and
remodeling index. These features have been increasingly recognized for their prognostic value and potential to guide clinical
decision-making, particularly regarding the need for invasive physiological assessment of lesion significance. Despite advances
in functional imaging, a critical gap persists in integrating anatomical plaque criteria into routine workflows for stable CAD.
This review aims to evaluate the evolving role of MSCT-derived plaque characteristics in influencing the invasive assessment
and management of coronary lesions in stable CAD, addressing current evidence, challenges, and future perspectives [1,2].

Ischemic Heart Diseases and Chronic Coronary Syndromes

Ischemic heart disease, encompassing both acute and chronic presentations, remains a principal cause of cardiovascular death
worldwide. Chronic coronary syndromes, the new terminology in recent guidelines, reflect the evolving understanding of
coronary artery disease as a dynamic process rather than a static entity. Stable CAD is characterized by a predictable pattern of
chest pain or equivalent symptoms, often provoked by exertion and relieved by rest, corresponding to fixed atherosclerotic
obstructions. The underlying pathology involves progressive plaque buildup, with the risk of destabilization and transition to
acute coronary events. A comprehensive evaluation of patients with suspected chronic coronary syndromes involves clinical risk
assessment, non-invasive testing, and, where indicated, invasive coronary angiography. Recent advances have underscored the
importance of not only quantifying luminal stenosis but also characterizing plaque features that may confer increased risk for
future events. In this context, MSCT provides a unique platform for non-invasively visualizing both the extent and nature of
coronary atherosclerosis, which may better predict adverse outcomes than stenosis severity alone [3,4].

Non-Invasive Diagnostic Tests of Stable CAD

Non-invasive diagnostic strategies for stable CAD have advanced considerably, providing both anatomical and functional data.
Traditional exercise ECG remains widely used but is limited by sensitivity and specificity. Imaging-based tests, including stress
echocardiography, cardiac magnetic resonance imaging (CMRI), single-photon emission computed tomography (SPECT), and
positron emission tomography (PET), offer incremental value by detecting myocardial ischemia. Anatomical imaging, led by
MSCT coronary angiography, enables direct visualization of coronary anatomy and plaque characteristics, complementing
functional modalities. Guidelines now recommend tailoring diagnostic pathways to individual patient risk profiles, pre-test
probability, and availability of technology. The integration of plaque criteria, especially as assessed by MSCT, into these
algorithms is an area of active investigation, with the potential to refine patient selection for invasive angiography and optimize
outcomes [5,6].

CT Angiography of Coronary Arteries with Calculation of Coronary Calcium Score

Coronary CT angiography (CCTA) has become the cornerstone of anatomical evaluation in stable CAD. It offers high-resolution
images that allow for the assessment of coronary artery lumen, wall, and plaque morphology. The coronary calcium score,
derived from non-contrast CT, quantifies the burden of calcified plaque and correlates strongly with future cardiovascular risk.
While a zero calcium score suggests low risk, higher scores are associated with greater atherosclerotic burden and adverse
outcomes. Importantly, MSCT goes beyond calcium scoring, allowing for the identification of non-calcified and mixed plaques,
which are often more vulnerable to rupture. Recent studies have shown that specific plaque features—such as low attenuation,
spotty calcification, and positive remodeling—identified on MSCT are associated with higher rates of ischemia and future events,
often independently of stenosis severity. As such, MSCT-derived plaque criteria have the potential to improve the accuracy of
risk stratification and guide the need for invasive assessment [7,8].
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Stress Echocardiography (Exercise or Pharmacologic)

Stress echocardiography is a widely used functional imaging modality for the evaluation of stable CAD. It relies on the detection
of wall motion abnormalities induced by exercise or pharmacologic stress, serving as a surrogate for ischemia. The modality is
valued for its safety, accessibility, and lack of ionizing radiation. However, its sensitivity can be limited in patients with baseline
wall motion abnormalities, poor acoustic windows, or multi-vessel disease. While stress echo provides information on the
hemodynamic significance of lesions, it does not offer anatomical detail or plaque characterization. In clinical practice, the
combination of anatomical data from MSCT and functional assessment from stress echo can enhance diagnostic accuracy,
particularly in intermediate-risk patients. The integration of plaque criteria from MSCT may also help identify patients with
subclinical disease or vulnerable plaques who would otherwise be missed by functional imaging alone [9,10].

Stress Cardiac Magnetic Resonance Imaging (CMRI)

Stress cardiac magnetic resonance imaging (CMRI) offers high spatial resolution and tissue characterization, enabling the
detection of myocardial ischemia and scar. It is considered the gold standard for assessing myocardial viability and perfusion,
with robust prognostic value in stable CAD. Unlike other modalities, CMRI provides comprehensive assessment without ionizing
radiation, making it attractive for serial follow-up. However, its use is limited by availability, cost, and contraindications such as
implanted devices or claustrophobia. CMRI does not provide direct visualization of coronary arteries or plaque characteristics,
a gap that is addressed by MSCT. Recent studies suggest that combining anatomical insights from MSCT, particularly regarding
high-risk plaque features, with functional data from CMRI, may improve risk stratification and management decisions in stable
CAD[11,12].

Single Photon Emission Computed Tomography (SPECT)

Single-photon emission computed tomography (SPECT) is a mainstay of nuclear cardiology, widely used for the non-invasive
evaluation of myocardial perfusion. SPECT provides functional assessment by identifying areas of reversible ischemia, with
established prognostic significance. The modality is valued for its broad availability, but its accuracy can be limited by
attenuation artifacts, relatively low spatial resolution, and radiation exposure. Like other functional tests, SPECT cannot assess
coronary anatomy or plaque morphology. Thus, it may fail to detect high-risk atherosclerotic plaques that do not yet cause
significant ischemia. Emerging data support the complementary use of SPECT and MSCT, with the latter offering crucial plaque
characterization that can inform the likelihood of functionally significant lesions and guide the need for invasive evaluation
[13,14].

Stress Positron Emission Tomography (PET)

Stress positron emission tomography (PET) provides superior sensitivity and specificity compared to SPECT for the detection
of myocardial ischemia, due to its high spatial resolution and ability to quantify absolute myocardial blood flow. PET imaging
has proven particularly useful in multi-vessel disease and microvascular dysfunction. However, like other functional modalities,
PET does not assess coronary anatomy or plaque features directly. Integration of MSCT -derived plaque criteria with PET-based
functional data may provide a more complete picture of disease burden and risk, helping to identify patients who would benefit
from invasive coronary angiography or physiological assessment. This combined approach can optimize resource utilization and
improve patient outcomes [15,16].

Anatomical Non-Invasive Examinations

Anatomical non-invasive examinations have transformed the diagnostic landscape in stable CAD. Among these, MSCT
angiography stands out for its ability to provide high-resolution images of coronary arteries, permitting visualization of both the
lumen and vessel wall. Beyond the identification of stenosis, MSCT enables detailed analysis of plaque composition, burden,
and markers of instability. The technique has demonstrated high negative predictive value, allowing for safe exclusion of
significant CAD in low- to intermediate-risk populations. Incorporating advanced plaque criteria such as low attenuation, positive
remodeling, and spotty calcification further refines risk assessment and informs downstream management, including the
necessity and timing of invasive procedures [17,18].
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Multi-Slice CT Angiography of Coronary Arteries

Multi-slice computed tomography angiography (MSCT or CCTA) has redefined the non-invasive evaluation of coronary artery
disease, offering rapid image acquisition and high spatial resolution. Modern MSCT scanners, equipped with 64 or more detector
rows, allow clinicians to visualize even small branches of the coronary arteries and detect subtle atherosclerotic changes that
precede significant stenosis. This capability has expanded the use of CCTA beyond simple stenosis detection, making it a
valuable tool for early disease identification, serial assessment of plaque progression or regression, and comprehensive mapping
of the coronary vasculature in a single examination. This has particular relevance in stable CAD, where detailed anatomical
information supports nuanced risk stratification and guides management decisions [19].

The diagnostic strength of MSCT angiography lies in its ability to differentiate between plaque types and assess their distribution
along the coronary tree. Calcified, non-calcified, and mixed plaques have different clinical implications, with non-calcified
plaques being more likely to rupture and lead to acute coronary syndromes. MSCT provides detailed visualization of these
morphologies, quantifies plaque burden, and highlights regions of the artery undergoing positive remodeling, an early marker of
vulnerability. Additionally, CCTA enables evaluation of pericoronary adipose tissue and vessel wall characteristics, which are
increasingly recognized as contributors to coronary risk but are not visible on traditional invasive angiography [20].

Beyond anatomical imaging, MSCT is instrumental in identifying high-risk plaque features that are associated with future cardiac
events. These features include low attenuation, spotty calcification, and positive remodeling. Their identification can alert
clinicians to the presence of vulnerable plaques even in the absence of severe luminal narrowing. Multiple studies have
demonstrated that the presence of these high-risk criteria on CCTA is predictive of downstream ischemia, as confirmed by
invasive functional assessment like fractional flow reserve (FFR). Thus, MSCT is not only a diagnostic tool but also an important
risk stratification modality, guiding the decision to proceed with or defer invasive testing in patients with stable CAD [21].

The robust negative predictive value (NPV) of MSCT angiography has led to its widespread adoption as a frontline test to exclude
significant CAD, particularly in patients with low to intermediate pre-test probability. In these populations, a normal CCTA
virtually excludes the need for invasive angiography, reducing unnecessary procedures and associated risks. Large clinical trials,
such as PROMISE and SCOT-HEART, have shown that an MSCT-guided strategy improves patient outcomes, refines
downstream resource utilization, and enhances identification of individuals who derive the most benefit from invasive assessment
or revascularization [22].

A rapidly emerging application of MSCT is the non-invasive prediction of functionally significant stenoses, which previously
required invasive assessment. Recent advances have demonstrated that MSCT-derived plaque characteristics—including positive
remodeling, low attenuation, and spotty calcification—strongly predict functional significance as measured by FFR or iFR. These
insights allow clinicians to identify lesions most likely to cause ischemia and target invasive assessments more effectively,
moving toward a more personalized and efficient approach to stable CAD management [23].

Coronary Calcium Score

Coronary artery calcium (CAC) scoring is a well-established tool derived from non-contrast CT that quantifies the extent of
calcified plaque in the coronary arteries. This simple, reproducible metric correlates strongly with overall atherosclerotic burden
and has been validated as a robust predictor of long-term cardiovascular events in both asymptomatic and symptomatic
individuals. A calcium score of zero confers a very low risk of major adverse cardiovascular events over the next 5—10 years,
providing reassurance to patients and physicians and supporting the deferral of further testing in select cases [24].

Despite its strengths, CAC scoring does not capture the full spectrum of atherosclerotic disease. Non-calcified and mixed plaques,
which are often more prone to rupture and cause acute events, are not detected by calcium scoring alone. This is a critical
limitation, especially in younger patients or those with high-risk features but low calcium scores. The advent of MSCT allows
for simultaneous assessment of both coronary calcium and detailed plaque characteristics, including non-calcified plaque burden,
positive remodeling, and high-risk features. This dual assessment enhances risk stratification, identifying individuals who may
appear low-risk by calcium score alone but harbor vulnerable, non-calcified plaques [25].

The clinical value of CAC extends to guiding preventive therapies and influencing lifestyle or pharmacologic interventions.
Patients with high calcium scores derive greater benefit from statin therapy, aggressive risk factor modification, and closer
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follow-up, as demonstrated in large population-based studies. Conversely, a zero calcium score can justify a conservative
approach, avoiding unnecessary invasive testing and reducing healthcare costs. In symptomatic patients, CAC scoring combined
with CCTA offers a comprehensive anatomical and prognostic profile, supporting shared decision-making and personalized
management strategies [26].

Recent research has highlighted the added value of integrating calcium score with MSCT-derived plaque characterization.
Patients with high calcium scores who also have features such as low attenuation or spotty calcification are at particularly
increased risk for adverse outcomes and may warrant early invasive assessment. Conversely, those with low calcium scores but
non-calcified high-risk plaques identified on CCTA may also be considered for closer monitoring or further functional evaluation.
This integrated approach underscores the evolving role of MSCT as a multi-dimensional imaging platform in stable CAD [27].

Low Attenuation Plaque Volume

Low attenuation plaque (LAP) is defined on MSCT as a region within an atherosclerotic plaque with a CT density typically less
than 30 Hounsfield units, signifying a lipid-rich necrotic core. This plaque component is clinically significant because it has been
associated with increased vulnerability to rupture, which is the primary event leading to acute coronary syndromes. Identifying
LAP on MSCT offers a non-invasive means of flagging high-risk lesions, even when overall stenosis appears moderate or non-
obstructive by luminal narrowing criteria. Numerous studies have validated the prognostic impact of LAP volume, linking it to
an elevated risk of future cardiac events and the need for urgent revascularization [28].

Quantifying LAP volume provides additional risk stratification beyond simple visual assessment. Sophisticated post-processing
software now allows for automated or semi-automated measurement of low attenuation regions, enabling reproducible and serial
evaluations in both clinical and research settings. The relationship between LAP volume and ischemic risk has been substantiated
by findings that correlate larger LAP burdens with the presence of functionally significant lesions on invasive FFR. This suggests
that plaque composition, rather than luminal stenosis alone, should drive clinical decisions about the necessity of invasive
assessment and intervention in patients with stable CAD [29].

Integrating LAP assessment with other high-risk features, such as positive remodeling and spotty calcification, further refines
risk prediction. Lesions exhibiting multiple high-risk characteristics have been shown to confer particularly poor outcomes,
prompting consideration of early invasive physiological assessment or closer clinical monitoring. In clinical practice, the
identification of substantial LAP volume on MSCT can therefore guide both the urgency and modality of subsequent evaluation,
supporting a move toward more personalized and biologically informed CAD management [30].

Remodeling Index (RI)

The remodeling index (RI) is a quantitative marker of vessel adaptation to plaque accumulation, calculated as the ratio of vessel
diameter at the site of maximal plaque burden to a reference segment. Positive remodeling, defined by an RI >1.1, reflects
compensatory arterial enlargement and is a well-established feature of vulnerable plaques. MSCT offers the unique advantage
of non-invasively measuring the RI, allowing clinicians to detect positive remodeling patterns that may be invisible on traditional
angiography, where only luminal contours are visualized. The presence of positive remodeling is independently associated with
higher rates of ischemia and adverse events, even in lesions without severe stenosis [31].

The pathophysiological basis for positive remodeling involves the vessel's attempt to preserve luminal area in response to a
growing plaque. However, this compensatory process also facilitates plaque instability, as positively remodeled plaques tend to
be richer in lipid content and inflammatory cells, and more likely to have thin, rupture-prone fibrous caps. In studies comparing
MSCT to intravascular ultrasound (IVUS) and optical coherence tomography (OCT), the identification of positive remodeling
by MSCT correlates well with high-risk histological features and the likelihood of future cardiac events [32].

Clinical implementation of RI assessment on MSCT enhances the stratification of patients who may benefit from invasive
physiological evaluation. When used in conjunction with other high-risk plaque criteria—such as low attenuation and spotty
calcification—the predictive accuracy for functionally significant lesions is substantially improved. As evidence accumulates,
there is growing support for routine reporting of RI in CCTA interpretations, especially for patients with stable CAD and
borderline or ambiguous stenoses, as it provides incremental prognostic value over stenosis severity alone [33].
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Plaque Volume & Spotty Calcification

Total plaque volume quantification, enabled by MSCT, has become a cornerstone for evaluating overall atherosclerotic burden.
Studies have shown that individuals with a greater plaque volume are at a higher risk for future cardiovascular events,
independent of the degree of luminal narrowing. This quantitative approach allows for objective monitoring of disease
progression or regression over time, making it invaluable for assessing response to therapy in both clinical and research contexts
[34].

Spotty calcification is defined as small, discrete foci of calcium (usually <3 mm in size) within a predominantly non-calcified
plaque. This feature, readily detected by MSCT, is strongly associated with plaque vulnerability and adverse outcomes. Spotty
calcification reflects active microcalcification and ongoing inflammation, processes that weaken the fibrous cap and predispose
to rupture. Numerous studies have linked the presence of spotty calcification on CCTA to an increased likelihood of ischemia-
producing lesions and acute coronary syndromes, even when the degree of stenosis is not severe [35].

The integration of total plaque volume measurement and spotty calcification assessment with other MSCT plaque features—
such as low attenuation and remodeling index—enables a nuanced risk profile for each patient. This comprehensive evaluation
has been shown to predict both anatomical and functional significance of lesions, guiding decisions on whether invasive
physiological testing (such as FFR or iFR) is warranted. By identifying patients with a high burden of vulnerable plaque
characteristics, clinicians can more accurately target invasive interventions, improve outcomes, and personalize the management
of stable CAD [36].

Invasive Coronary Angiography and Physiological Assessment of Coronary Artery Stenosis

Invasive coronary angiography remains the reference standard for delineating coronary anatomy and defining the presence and
location of obstructive lesions. However, it provides limited information regarding plaque composition or the likelihood of plaque
rupture, and relies on visual assessment that may underestimate or overestimate true functional severity. As a result, there has
been a paradigm shift toward integrating physiological measurements with anatomical findings to guide revascularization
decisions in stable CAD [37].

Physiological assessment of coronary stenosis, typically performed using pressure wire-based measurements such as fractional
flow reserve (FFR) and instantaneous wave-free ratio (iFR), has established itself as a gold standard for determining which
lesions are truly ischemia-producing and likely to benefit from intervention. These indices measure the hemodynamic
significance of stenoses, with values below defined thresholds indicating functionally important disease. The use of FFR- or iFR-
guided strategies in clinical practice has been shown to improve patient outcomes, reduce unnecessary stenting, and optimize
resource utilization [38].

The impact of MSCT-derived plaque features on invasive assessment has become a topic of increasing interest. Recent evidence
demonstrates that high-risk plaque criteria on MSCT—such as low attenuation, positive remodeling, and spotty calcification—
correlate strongly with lesions that are hemodynamically significant on invasive FFR or iFR. This has led to growing advocacy
for a “plaque-to-physiology” approach, where MSCT findings direct the selection of lesions for invasive testing, rather than
relying solely on luminal stenosis severity. Such integration reduces unnecessary invasive procedures and targets interventions
to those most likely to benefit [39].

Emerging data also suggest that incorporating MSCT plaque characterization into the invasive workflow can improve diagnostic
efficiency and outcomes. For example, in patients with intermediate-grade lesions by angiography, the identification of high-risk
features on MSCT can support decisions to proceed directly to physiological assessment, while low-risk plaque morphology may
justify a more conservative, medical management approach. This combined anatomical and physiological assessment represents
the future direction of stable CAD management, facilitating personalized and evidence-based care [40].

Physiological Assessment of Borderline Coronary Stenosis by FFR & iFR

Borderline coronary stenoses, typically defined as luminal narrowings between 40% and 70%, pose a significant diagnostic
dilemma in clinical cardiology. Anatomical imaging alone is often insufficient for determining the true ischemic potential of
these lesions, as the relationship between percentage stenosis and physiological significance is complex and influenced by factors
such as vessel size, plaque composition, and downstream microvascular function. As a result, functional evaluation with pressure
wire-based indices—fractional flow reserve (FFR) and instantaneous wave-free ratio (iFR)—has become central in assessing

1085



these borderline lesions, ensuring that revascularization is reserved for those who will derive meaningful symptomatic and
prognostic benefit [41].

FFR and iFR are invasive, wire-based techniques that provide lesion-specific information about the impact of a stenosis on
myocardial blood flow. FFR involves measuring the pressure difference across a coronary stenosis during pharmacologically
induced hyperemia, with values <0.80 indicating hemodynamically significant obstruction. iFR, in contrast, measures the
pressure ratio during the diastolic wave-free period without the need for hyperemia, and a value <0.89 is generally considered
abnormal. Both techniques have been shown in randomized controlled trials to reduce unnecessary revascularizations and
improve clinical outcomes by ensuring that only functionally important lesions are targeted [42].

Recent evidence supports the concept that MSCT-derived plaque characteristics can enhance the triage of borderline stenoses
for physiological assessment. Lesions displaying high-risk features such as low attenuation, positive remodeling, or spotty
calcification on CCTA are more likely to have abnormal FFR or iFR values, indicating true ischemia. This suggests that
anatomical plaque analysis on MSCT can serve as a gatekeeper, identifying which borderline lesions should proceed to invasive
physiological assessment. Integrating these non-invasive insights with invasive physiology streamlines the diagnostic pathway
and supports a precision medicine approach in stable CAD [43].

Moreover, the ability of MSCT to provide a comprehensive plaque profile is particularly valuable in patients with multi-vessel
disease or complex coronary anatomy, where the selection of lesions for invasive testing is less straightforward. In these
scenarios, the presence of multiple high-risk plaque criteria across different vessels may identify patients at highest overall risk
and prioritize the most clinically relevant targets for revascularization. As technology advances, it is expected that automated
algorithms combining anatomical and physiological data will further refine the assessment of borderline stenoses, improving
patient outcomes while minimizing unnecessary interventions [44].

Fractional Flow Reserve (FFR): Integration with MSCT

Fractional flow reserve (FFR) has long been the gold standard for the functional assessment of coronary stenoses, but its invasive
nature and procedural risks have limited its widespread use, particularly in stable outpatients. The recent development of non-
invasive FFR estimation using MSCT datasets (FFR-CT) represents a major advance, enabling combined anatomical and
functional evaluation from a single imaging study. FFR-CT uses computational fluid dynamics to simulate blood flow and
pressure in three dimensions, providing vessel-specific FFR values that closely correlate with invasive measurements [45].

Multiple clinical studies have validated the diagnostic accuracy of FFR-CT. When compared to invasive FFR, FFR-CT
demonstrates high sensitivity and specificity for the detection of functionally significant stenoses, particularly when combined
with MSCT plaque characterization. Importantly, FFR-CT can reclassify a substantial proportion of intermediate or ambiguous
lesions, reducing both false positives and unnecessary invasive angiographies. This has led to the incorporation of FFR-CT into
recent international guidelines as an acceptable alternative to traditional functional testing in selected patients with stable CAD
[46].

The synergy between anatomical plaque assessment and FFR-CT is especially valuable for identifying lesions that are not only
anatomically severe but also biologically high-risk. Lesions with low attenuation, positive remodeling, or spotty calcification on
MSCT are more likely to have abnormal FFR-CT values, providing an integrated risk profile that encompasses both structural
and functional elements. This comprehensive approach facilitates a more informed, evidence-based decision regarding the need
for revascularization, particularly in cases where conventional anatomical or functional tests alone are equivocal [47].

Ongoing research is focused on improving the predictive value of FFR-CT by incorporating advanced plaque analytics, artificial
intelligence, and machine learning algorithms. These tools have the potential to automate plaque segmentation, enhance risk
prediction, and streamline workflow, ultimately making non-invasive FFR assessment more accessible and reproducible. As
evidence continues to accumulate, the integration of MSCT-derived plaque features and FFR-CT is poised to become a standard
of care in the evaluation of stable CAD, moving closer to a truly personalized approach [48].

The Evolving Role of Multi-Slice Computed Tomography in Risk Stratification and Management of Stable Coronary
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Artery Disease

The role of multi-slice computed tomography in stable CAD management has evolved rapidly, reflecting advances in scanner
technology, image reconstruction, and clinical evidence. Initially adopted as a “rule-out” test for obstructive disease, MSCT is
now recognized as a central tool for comprehensive risk stratification and management. Its ability to combine anatomical,
compositional, and functional information in a single study represents a major leap forward in the approach to chronic coronary
syndromes [49].

MSCT’s unique value lies in its capacity to characterize the full spectrum of coronary atherosclerosis, from early non-calcified
lesions to complex, high-risk plaques. By identifying features such as low attenuation, spotty calcification, and positive
remodeling, MSCT provides incremental prognostic information beyond simple stenosis assessment. These plaque criteria have
been shown to predict not only the likelihood of functional significance (as measured by FFR or iFR) but also the risk of future
acute coronary events. As a result, clinicians can now tailor invasive assessment, medical therapy, and lifestyle interventions
based on a more nuanced understanding of individual risk [50].

Recent guidelines reflect this paradigm shift, emphasizing the role of MSCT and plaque analysis in the evaluation of stable CAD.
The integration of MSCT findings with clinical risk models, coronary calcium scoring, and non-invasive functional testing
enables a comprehensive, multi-dimensional risk profile for each patient. This supports shared decision-making and promotes
individualized management strategies, including the judicious use of invasive angiography and revascularization only when truly
warranted [51].

Future directions for MSCT in stable CAD include the adoption of artificial intelligence to enhance image analysis, the use of
serial imaging to monitor disease progression or regression, and the incorporation of emerging biomarkers (such as perivascular
fat attenuation) to further refine risk prediction. As technology and evidence evolve, MSCT is expected to play an ever-expanding
role in bridging the gap between anatomical and physiological assessment, ultimately improving outcomes and quality of life for
patients with chronic coronary syndromes [52].

Limitations and Future Directions

Despite its transformative impact, MSCT is not without challenges. Image quality can be compromised by high heart rates,
arrhythmias, obesity, or excessive coronary calcification, potentially leading to artifacts or overestimation of stenosis severity.
These technical limitations can affect diagnostic accuracy, particularly in older patients or those with complex coronary anatomy.
Efforts to mitigate these issues include heart rate control, advanced scanner technology (such as dual-source CT), and improved
reconstruction algorithms, which collectively continue to expand the patient population eligible for high-quality MSCT imaging
[53].

Radiation exposure, while historically a concern, has decreased significantly with the advent of iterative reconstruction,
prospective gating, and newer scanner generations. Modern protocols can now achieve diagnostic-quality images with radiation
doses approaching those of standard chest x-rays. Nevertheless, judicious use of MSCT is still advocated, especially in younger
patients or those requiring serial imaging. The ongoing development of ultra-low dose protocols and photon-counting CT holds
promise for further minimizing radiation risk without compromising image quality [54].

Another limitation relates to the reproducibility and standardization of plaque feature assessment across different centers and
platforms. Variability in post-processing techniques, thresholds for defining low attenuation or spotty calcification, and reporting
conventions may hinder the widespread adoption of advanced plaque analytics. Large, prospective studies are needed to validate
novel imaging biomarkers and to establish consensus definitions that can be reliably implemented in clinical practice.
Furthermore, ongoing research is exploring the integration of artificial intelligence and machine learning, which may automate
and standardize plaque quantification, enhance workflow, and allow for more objective risk prediction [55].

As MSCT becomes increasingly central to stable CAD management, future directions include expanding its prognostic utility
by integrating imaging biomarkers with clinical, genetic, and biochemical risk factors. Serial MSCT imaging may also play a
key role in monitoring the response to preventive therapies or interventions. With continuous improvements in technology and
evidence, MSCT is positioned to further refine the precision and personalization of coronary artery disease management in the
coming years [56-58].
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Conclusion

Multi-slice computed tomography angiography (MSCT) has fundamentally changed the approach to risk stratification and
management in patients with stable coronary artery disease. By enabling detailed anatomical, compositional, and functional
evaluation of coronary lesions, MSCT bridges the gap between non-invasive and invasive assessment. Advanced plaque
features—such as low attenuation, positive remodeling, and spotty calcification—provide powerful prognostic information,
helping to guide the selection of patients for further invasive physiological assessment and revascularization. When integrated
with other clinical and imaging data, MSCT supports a precision medicine approach that tailors diagnostic and therapeutic
strategies to the individual risk profile of each patient. The evolution of MSCT, including the advent of FFR-CT, artificial
intelligence, and automated plaque analytics, promises to further enhance its utility and accessibility in clinical practice. As
evidence grows and technology advances, the integration of MSCT-derived plaque criteria into standard care pathways will
likely continue to improve outcomes, reduce unnecessary invasive procedures, and optimize the management of stable CAD.
Ultimately, the evolving role of MSCT in risk stratification and management exemplifies the shift toward more personalized,
data-driven cardiovascular care.
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