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ABSTRACT ARTICLE HISTORY

Coronary computed tomography angiography (CCTA) has evolved significantly over the past ~Received: January 13, 2026
decade, expanding from stable coronary artery disease (CAD) assessment to diverse cardiovas- ~Accepted: March 3, 2026

cular applications. However, its role in non-ST-elevation acute coronary syndromes (NSTE-
ACSs) remains incompletely defined despite excellent diagnostic accuracy. This review syn-
thesizes current evidence on the performance of CCTA in NSTE-ACS, examining diagnostic
capabilities, advanced plaque characterization, clinical outcomes, and knowledge gaps requir-
ing future investigation. CCTA demonstrates high negative predictive value (>90%) for ruling
out obstructive CAD in NSTE-ACS, particularly in low-to-intermediate risk patients. Despite
this diagnostic performance, contemporary evidence reveals a persistent disconnect between
anatomical accuracy and clinical benefit, with CCTA-guided strategies failing to demonstrate
improvements in major adverse cardiovascular events or reductions in healthcare costs when
compared to standard invasive approaches. Advanced plaque characterization techniques offer
potential refinement in risk stratification. Pericoronary adipose tissue analysis via fat attenu-
ation index correlates with vulnerable plaque features and inflammatory markers in NSTE-
ACS populations. Critical evidence gaps persist regarding optimal patient selection algorithms,
timing strategies across risk stratification, and cost-effectiveness analyses. Future research
must prioritize outcome-driven investigations demonstrating that CCTA-guided management
improves clinical endpoints, prospective validation of advanced imaging biomarkers, and in-
tegration into personalized algorithms to bridge the gap between diagnostic capability and

meaningful clinical impact. CORRESPONDENCE
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INTRODUCTION

Cardiac computed tomography (CT) has expanded far be-
yond its traditional role in stable coronary artery disease
(CAD) over the past decades.»? Current applications in-
clude assessment of structural and valvular heart disease,?
quantification of coronary and valvular calcium burden,*>
procedural planning for complex percutaneous interven-
tions,® and surveillance for cardiac allograft vasculopathy
after cardiac transplantation.” Despite these advances, the
optimal role of coronary computed tomography angiogra-
phy (CCTA) in acute coronary syndromes (ACSs) remains
under active investigation.®?

Invasive coronary angiography (ICA) is still the stan-
dard of care for high-risk non-ST-elevation acute coro-
nary syndrome (NSTE-ACS). However, up to one-third
of patients undergoing ICA show no significant obstruc-
tive CAD, underscoring the need for improved risk strati-
fication and noninvasive diagnostic strategies such as
CCTA.81 Recent guidelines suggest that CCTA is most
effective in patients with a low-to-intermediate pretest
likelihood of ACS, particularly when troponin and ECG
findings are inconclusive.'*2

Randomized controlled trial (RCT) evidence indicates
that CCTA can reduce ICA rates, but it has not consistently
reduced major adverse cardiovascular events (MACE) or
revascularization, and it may increase length of stay and
costs.’® Therefore, routine CCTA use in all intermediate-
risk patients is not supported. Instead, targeted research is
needed to define subgroups based on troponin dynamics,*
clinical risk scores (GRACE score), and CT plaque pheno-
type, in whom CCTA may safely replace or defer ICA. Ad-
vanced CT biomarkers, including low-attenuation plaque
burden and CT-derived fractional flow reserve, combined

with high-sensitivity troponin algorithms, offer promis-
ing pathways to move beyond workflow efficiencies to-
ward improved clinical outcomes.

This review critically appraises current evidence for
CCTA in NSTE-ACS, with particular emphasis on the dis-
connect between excellent rule-out capability and the
lack of consistent clinical benefit, and explores whether
advanced plaque characterization can refine patient selec-
tion beyond traditional risk stratification.

DIAGNOSTIC PERFORMANCE
AND RISK STRATIFICATION

To date, no large-scale RCT has directly compared a CCTA-
guided management strategy with contemporary stan-
dard care specifically in patients with non-ST-elevation
myocardial infarction (NSTEMI), for several practical and
ethical reasons. First, NSTEMI management is grounded
in early antithrombotic therapy and routine ICA to guide
revascularization, as reflected in guidelines and en-
trenched clinical practice. This leaves limited evidence for
randomizing higher-risk patients to a noninvasive path-
way in which ICA might be omitted or delayed. Second,
most CCTA trials in ACS have enrolled mixed populations,
suspected ACS, unstable angina, and troponin-negative or
indeterminate cases rather than exclusively NSTEMI. The
major randomized trials evaluating CCTA in suspected or
confirmed NSTE-ACS are summarized in Table 1.

The RAPID-CTCA trial enrolled intermediate- to high-
risk patients but was not powered to determine whether a
CCTA-guided strategy improves outcomes in the confirmed
NSTEMI subgroup.” In this landmark trial, early CCTA did
not reduce the primary endpoint of 1-year all-cause death
or recurrent type 1 or type 4b myocardial infarction (5.8%

TABLE 1. Key randomized trials of CCTA in suspected NSTE-ACS
Trial Population Primary outcome Key findings
RAPID-CTCA® Suspected/provisional 1-year death or type 1/4b MI No difference in MACE; reduced
ACS; intermediate risk ICA use; modest reduction in
(n =1,748) subsequent testing, no major
LOS difference
VERDICT® Confirmed NSTE-ACS Diagnostic performance vs. ICA High NPV for ruling out
(n =1,023) 250% stenosis; accurately
characterized CAD distribution
BEACON?? ED suspected ACS, low-  MACE at follow-up No difference in MACE; shorter
intermediate risk LOS and lower costs in low-risk
patients
PROTECCT* Intermediate hs-cTn 12-month MACE No change in MACE; trend to

‘observe zone’

fewer downstream tests

ED, emergency department; hs-cTn, high-sensitivity cardiac troponin; LOS, length of stay; MI, myocardial infarction
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in the CCTA group vs. 6.1% with standard care; adjusted
hazard ratio 0.91, 95% CI 0.62—1.35; p = 0.65)."* Early CCTA
reduced ICA use (adjusted hazard ratio 0.81, 95% CI 0.72—
0.92; p = 0.001), yet rates of revascularization, ACS thera-
pies, and preventive treatments at discharge were similar
between groups.”® Hospital length of stay increased mod-
estly (median increase 0.21 days, 95% CI 0.05—-0.40 days),
and overall healthcare costs were higher with CCTA.* Sub-
group analyses further suggested that the effects of CCTA
on outcomes and resource use were broadly consistent re-
gardless of baseline troponin status.'®

The VERDICT trials enrolled one of the most clinically
relevant populations: confirmed NSTE-ACS patients with
ischemic ECG changes and/or elevated biomarkers.®®
CCTA achieved a per-patient negative predictive value
(NPV) of 90.9% for excluding =50% coronary stenosis,
with a sensitivity of 96.5% and specificity of 72.4%. No-
tably, NPV remained stable across clinical risk strata, and
diagnostic performance was similar whether CCTA was
performed 2-3 hours or 2—-3 days after diagnosis. Ap-
proximately 33% of NSTE-ACS patients in VERDICT had
non-obstructive CAD, highlighting marked heterogeneity
within this syndrome.®* The VERDICT program, there-
fore, supports excellent diagnostic and prognostic perfor-
mance of CCTA; however, because ICA was performed in
all participants by design, CCTA did not function as a gate-
keeper, and there is no direct evidence that CCTA-guided
management reduces MACE in this high-risk population.
A major limitation is the observational nature of CCTA
within the trial: CCTA findings were blinded and did not
influence clinical decisions, leaving unresolved whether
a CCTA-first strategy would alter outcomes. Despite this,
CCTA appeared comparable to ICA for predicting 4-year
clinical outcomes.'?:2°

The PROTECCT trial addressed a different clinical ques-
tion by targeting the diagnostic ‘gray zone’: patients with
intermediate troponin concentrations (5—-50 ng/L) and
non-ischemic ECGs.* In this setting, where diagnosis re-
mains uncertain after initial troponin testing, CCTA did
not reduce length of stay or overall costs, although pa-
tients with <25% stenosis had shorter admissions and
12-month MACE rates were similar between strategies.*
These neutral results likely reflect the difficulty of con-
fidently identifying patients with =25% stenosis in this
intermediate-risk cohort, leading to admissions and addi-
tional testing that attenuate any advantage of early CCTA.

BEACON and CARMENTA enrolled broader suspected
ACS populations while excluding patients requiring urgent
catheterization, thereby under-representing the high-
est risk ‘authentic NSTEMI’ cohort that defines the key

evidence gap.”»** BEACON included patients with acute
chest pain or symptoms suggestive of ACS requiring fur-
ther evaluation. The cohort had a higher CAD prevalence
than earlier studies, partly due to the inclusion of indi-
viduals with mildly elevated high-sensitivity troponins,
while very low-risk and non-cardiac presentations were
excluded. Conducted in the high-sensitivity troponin era,
BEACON reflects improved standard care that likely re-
duces the incremental diagnostic value of early CCTA.>
Revascularization rates were similar (9% with CCTA vs.
7% with standard care; p = 0.40), as were safety outcomes
and MACE.?> Nonetheless, outpatient testing was less fre-
quent and direct medical costs were lower in the CCTA
arm,** supporting the concept that evolving standard
pathways may shift the value proposition of CCTA toward
resource utilization rather than hard outcomes.

CARMENTA directly tested a CCTA-first strategy
against standard care in NSTEMI.>* Consecutive patients
with acute chest pain, normal or inconclusive ECG (no
ST-T elevation or dynamic changes), and elevated high-
sensitivity troponin T (>14 ng/L at baseline or 3 hours)
were randomized; all were considered appropriate for ICA
before inclusion. Key exclusions included severe ischemia
requiring urgent angiography, symptoms suggestive of a
non-myocardial infarction cause, previous CAD (myocar-
dial infarction, revascularization, >50% stenosis, or posi-
tive noninvasive imaging), type II myocardial infarction,
age >85 years, and contraindications to CCTA or cardiac
magnetic resonance. Thus, CARMENTA focused on pa-
tients with intermediate-risk NSTEMI with biomarker
elevation, no ongoing ischemia, and no previous CAD.??
A CCTA-first strategy reduced ICA by 34% versus usual
care (p < 0.001) without increasing 1-year MACE or proce-
dure-related adverse events (16% with CCTA-first vs. 23%
with routine care; p = 0.28).2 These data suggest that, in
carefully selected patients with NSTEMI, CCTA-first may
safely reduce unnecessary invasive procedures.

Overall, evidence for hard outcomes in high-risk NSTE-
ACS/NSTEMI remains limited and largely indirect. The
most robust studies consistently show that CCTA can be
safely implemented in intermediate-risk ACS with mean-
ingful effects on resource utilization, but without demon-
strable superiority in clinical outcomes across risk catego-
ries. Elzanaty et al. and Kong et al. similarly report that, in
RCTs enrolling suspected/confirmed NSTE-ACS, an initial
CCTA strategy reduces ICA referral and improves the diag-
nostic yield of obstructive disease among those who pro-
ceed to ICA, without a clear difference in MACE.?425

Economic analyses and meta-analyses report cost re-
ductions of approximately 17—21% with CCTA in low-to-
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intermediate risk cohorts.2®?7 In RAPID-CTCA and imple-
mentation studies, cost savings appear to derive mainly
from earlier discharge and avoidance of subsequent non-
invasive testing rather than from large absolute reduc-
tions in ICA volume.” Accordingly, economic benefit is
well established for low- and intermediate-risk ACS,
while cost superiority in high-risk NSTE-ACS/NSTEMI
remains unproven.

The high-sensitivity troponin era has also created a di-
agnostic paradox that CCTA may help address. Contempo-
rary data indicate that 25—50% of patients with elevated
high-sensitivity troponin have non-obstructive CAD at
ICA?%? In this context, traditional risk tools (GRACE,
TIMI, ESC risk scores) show limited ability to discriminate
obstructive CAD among unstable patients. Many troponin-
positive presentations reflect type 2 myocardial infarction
or myocardial injury rather than type 1 myocardial infarc-
tion and therefore require different diagnostic pathways.
Myocardial infarction with non-obstructive coronary ar-
teries (MINOCA) represents a smaller but clinically im-
portant subgroup, accounting for approximately 5—-15%
of myocardial infarction cases.?°

Culprit identification remains a major challenge in
NSTEMI. Large registries and angiographic series demon-
strate that 20—34% of patients with NSTEMI have coro-
nary occlusions despite the absence of ST-segment eleva-
tion.?®29 In multivessel disease, common in NSTE-ACS, up
to 30% of cases may have no clearly identifiable culprit
on angiography, and more than 10% may have multiple
plausible culprit lesions.** The 2025 American College of
Cardiology guidelines acknowledge that culprit-vessel
identification in NSTE-ACS with multivessel disease is of-
ten difficult and that angiography may overestimate non-
culprit lesion severity.?> At present, CCTA cannot reliably
distinguish culprit from bystander lesions prospectively:
it primarily characterizes stenosis and plaque morphology
but cannot consistently identify the acutely thrombosed
or ruptured plaque driving the event. This remains a criti-
cal evidence gap and a priority for development and vali-
dation of noninvasive culprit-identification strategies in
NSTEMI and NSTE-ACS.

Beyond stenosis, CCTA can provide prognostic infor-
mation through plaque characterization. A RAPID-CTCA
substudy showed that low-attenuation plaque burden
independently predicted 1-year mortality or recurrent
myocardial infarction in patients with acute chest pain.??
Quantitative plaque analysis demonstrated that patients
above the median low-attenuation plaque burden had an
approximately eightfold higher risk of death or nonfatal
myocardial infarction at 1 year (HR 7.80; 95% CI 2.33—

26.0; p < 0.001), independent of GRACE score and obstruc-
tive CAD, and outperforming stenosis severity alone.’?
This aligns with SCOT-HEART and related data suggest-
ing that besides stenosis severity, plaque composition also
influences outcomes.>*

Guidelines have increasingly reflected these nuances.
The 2023 ESC Guidelines for ACS management down-
graded CCTA in NSTE-ACS from Class I (2020 NSTE-ACS
guidelines) to Class IIa, particularly when high-sensitivity
troponin results are ambiguous or when troponin is el-
evated without diagnostic ECG changes. Importantly,
CCTA is contraindicated (Class III) in patients with clear
high-risk features requiring prompt invasive manage-
ment.’>?>3% Similarly, the 2025 ACC/AHA Guideline for
ACS management recommends CCTA in selected patients
with low-risk NSTE-ACS when the diagnosis is uncertain,
as part of a selective invasive strategy to refine risk as-
sessment and the need for ICA.

Taken together, this evolution highlights a central
limitation: an approach focused solely on stenosis detec-
tion may be insufficient to guide management decisions
that improve outcomes. This strengthens the rationale
for evaluating whether advanced plaque characterization,
such as quantitative plaque analysis and assessment of
pericoronary inflammation, can improve risk prediction
beyond conventional CCTA and enable better patient se-
lection for invasive versus noninvasive strategies.

The evolution of this guideline highlights a critical
issue: focusing entirely on stenosis detection seems in-
adequate for informing management decisions that en-
hance outcomes. This scenario necessitates exploration
into whether advanced plaque characterization, such as
quantitative plaque analysis and pericoronary inflamma-
tion assessment, can enhance risk prediction beyond the
capabilities of conventional CCTA.

ADVANCED PLAQUE CHARACTERIZATION

Advanced plaque characterization with CCTA has shifted
from a largely qualitative description of ‘high-risk’ fea-
tures to a more quantitative assessment of plaque com-
position and pericoronary inflammation. High-risk plaque
characteristics, including positive remodeling, the nap-
kin-ring sign, spotty calcification, and low-attenuation
plaque, have been independently validated as markers
of plaque vulnerability (Figure 1)3° The SCOT-HEART
study established low-attenuation noncalcified plaque as
an independent predictor of myocardial infarction, while
RAPID-CTCA confirmed that low-attenuation plaque bur-
den predicts 1-year adverse outcomes in patients with
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FIGURE 1. CCTA demonstrating high-risk atherosclerotic plaque morphology in the left anterior descending and right coronary arteries.

A. Multiplanar reconstruction of the left anterior descending artery demonstrates an eccentric, predominantly non calcified, low attenuation
plague in the proximal—mid segment, associated with positive vessel remodeling and superimposed spotty calcifications. Volume rendered

3D reconstruction confirms the extent and distribution of the lesion along the LAD. B. CCTA images illustrating high-risk plaque characteris-
tics. Axial cross-sectional images (upper right) demonstrate the typical features of vulnerable plaque, including the napkin-ring sign, spotty
calcification, and low-attenuation plaque. The 3D volume rendered reconstruction (lower left) depicts the spatial relationship of the high-risk
plague within the coronary anatomy.

suspected ACS. However, key evidence gaps remain: (i)
the absence of standardized composite scoring systems
specifically validated in acute settings, and (ii) the lack
of prospective randomized evidence showing that iden-
tification of these features changes management and im-
proves outcomes. Most studies have relied on binary or
simple additive approaches, and quantitative/composite
scores combining low-attenuation plaque, positive re-
modeling, napkin-ring sign, and spotty calcification are
not yet validated for routine clinical use.??3® Coronary Ar-
tery Disease-Reporting and Data System (CAD-RADS) 2.0
incorporates these plaque characteristics, but prospective
validation and real-world applicability in acute scenarios
remain limited.

The ROMICAT II trial showed that CCTA in patients
with suspected NSTE-ACS reduced emergency department
length of stay and increased direct discharge compared
with routine evaluation.?® In ROMICAT II substudies, clas-
sic high-risk plaque features detected by CCTA provided
independent and incremental prediction of ACS beyond
obstructive stenosis.*® Quantitative scoring approaches
(the ROMICAT score) that integrate plaque features im-
proved diagnostic performance, achieving AUC values up
to 0.91 when combined with clinical variables and steno-
sis severity.*° Nevertheless, despite improvements in di-
agnostic accuracy and process metrics, ROMICAT II did
not demonstrate reductions in MACEs or downstream re-
source utilization compared with routine care.?>

Assessment of pericoronary adipose tissue (PCAT) re-
flects a broader transition from purely anatomic imag-

ing to functional-inflammatory phenotyping. The fat
attenuation index (FAI), measured in Hounsfield units
(HU) as PCAT attenuation, has emerged as a noninvasive
biomarker of coronary inflammation.3®4' In NSTE-ACS,
lesions with FAI values > -70.1 HU have been associated
with a higher prevalence of spotty (patchy) calcification
and low-attenuation plaque.”? Elevated FAI values have
also been linked to more pro-inflammatory intracellular
cytokine profiles in NSTE-ACS lesions, supporting FAI as
an imaging correlate of inflammatory activity and plaque
vulnerability in ACS. However, focused data in exclusive
NSTEMI or unstable angina cohorts remain limited. In
chronic/stable CAD, the same -70.1 HU threshold has been
validated as a marker of residual inflammatory risk and
predicts cardiac mortality and MACE independently of
traditional risk factors, coronary calcium, and high-risk
plaque features.’>* Overall, PCAT/FAI appears most in-
formative when integrated with quantitative plaque anal-
ysis and conventional risk assessment, rather than used
as stand-alone markers, and recent studies suggest that
CCTA-derived scores may correlate with pericoronary in-
flammation, as quantified by the FAL4>

Radiomics and texture analysis represent the leading
edge of PCAT evaluation, with encouraging but still early
evidence in NSTE-ACS. In a study involving 216 patients
(108 NSTEMI, 108 unstable angina), Wang et al. validated
PCAT radiomics; a combined three-vessel PCAT radiomics
model achieved AUCs of 0.871—0.876 across training and
two internal validation cohorts, and consistently outper-
formed both single-vessel models and an epicardial adi-
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pose tissue model (AUC 0.684-0.694).4° More recently,
Lu et al. reported that PCAT radiomics could discriminate
NSTEMI from unstable angina: in a cohort of 204 patients
(102 NSTEMI, 102 unstable angina), radiomic features se-
lected through a multi-step pipeline achieved an AUC of
0.898 in the test cohort.*” Importantly, this study applied
contemporary high-sensitivity troponin-based diagnostic
criteria, directly addressing the evolving classification of
ACS.47 External validation and demonstration of incre-
mental clinical utility in prospective workflows remain
essential before large-scale implementation.

FUNCTIONAL ASSESSMENT: CT-DERIVED
FRACTIONAL FLOW RESERVE AND PERFUSION

CCTA has been extensively validated in low- to interme-
diate-risk chest pain pathways and performs well for ex-
cluding CAD. In parallel, CT-derived fractional flow reserve
(FFR-CT) has been widely studied in stable CAD as a non-
invasive method to assess the functional significance of in-
termediate stenoses, reducing the need for invasive physi-
ological assessment.*® More recently, CCTA, particularly
when complemented by FFR-CT, has been proposed to re-
duce unnecessary ICA in selected patients with suspected
NSTEMI. This interest has intensified in the high-sensitiv-
ity troponin era: while detection of myocardial injury has
improved, specificity for type 1 myocardial infarction has
declined, increasing referrals to ICA among patients with
noncoronary causes of troponin elevation. Consequently,
up to half of cases labeled as NSTEMI who undergo ICA do
not ultimately receive coronary revascularization.4%:5°

In troponin-positive NSTEMI cohorts, Meier et al. re-
ported that FFR-CT provided higher diagnostic accuracy
than CCTA alone and improved the ability to rule out he-
modynamically significant stenoses, using ICA as the ref-
erence standard.” In a smaller cohort, Warren et al. found
a strong correlation between FFR-CT and invasive FFR
(r = 0.78); in per-vessel analyses, FFR-CT showed excel-
lent diagnostic accuracy and outperformed anatomic as-
sessment by CCTA alone.>*

Collectively, these findings suggest that CCTA, alone
or combined with FFR-CT, may refine NSTEMI manage-
ment by improving the selection of patients most likely to
benefit from ICA. Notably, even though all participants in
the study of Meier et al. met NSTEMI diagnostic criteria
(including troponin elevation), a substantial proportion
had no significant obstructive CAD.>* This highlights the
limitations of contemporary pathways: despite meeting
guideline criteria for an early invasive strategy, more than
one-third of patients underwent ICA without identifica-

tion of an actionable culprit lesion. Beyond clinical impli-
cations, this exposes patients to avoidable procedural risk
and increases healthcare utilization and costs. Prospective
trials are therefore needed to demonstrate that an FFR-
CT-guided strategy can safely reduce unnecessary ICA
in NSTEMI, and to clarify its incremental value for non-
culprit lesion assessment, where functional significance,
timing, and the effects of acute microvascular dysfunction
may differ markedly from stable settings.

CT myocardial perfusion imaging (CT-MPI) is estab-
lished in chronic coronary syndromes but remains less
adopted in NSTEMI evaluation.>®> The CALAMARI study
(Ct Angiography/perfusion evaluation of non-st-eLevA-
tion MyocARdial Infarction) was a single-center prospec-
tive diagnostic cross-sectional study that assessed the
sensitivity and specificity of combined CCTA and CT-MPI
against ICA with FFR in NSTEMI.*® In this small cohort
(n = 19), an integrated CCTA/CT-MPI protocol was tech-
nically feasible, provided clinically meaningful diagnos-
tic information, and helped identify significant stenoses
while distinguishing patients with nonobstructive CAD
who might safely defer ICA.>* These early data support
potential utility for triage and, possibly, culprit identifi-
cation, but major gaps remain before broad implementa-
tion. First, robust head-to-head comparisons with estab-
lished stress imaging modalities (stress CMR, PET/SPECT,
stress echocardiography) are limited, preventing a clear
definition of incremental diagnostic value, downstream
management impact, and outcomes. Second, optimal tim-
ing of stress CT-MPI after presentation remains uncer-
tain, as ACS involves dynamic coronary physiology and
microvascular dysfunction that may influence perfusion
measurements, particularly early after symptom onset or
biomarker rise.

Health-economic evidence is also limited and highly
system-dependent. Most cost/resource analyses of FFR-
CT have been performed in stable chest pain pathways,
and cost-effectiveness varies by payer structure, reim-
bursement, and downstream testing patterns. Real-world
analyses suggest that value depends strongly on targeting
(intermediate stenoses) and local workflow integration.>

ARTIFICIAL INTELLIGENCE AND
MACHINE LEARNING

Artificial intelligence (AI)-enhanced risk stratification in
CAD has expanded rapidly, with many models trained and
validated in stable or suspected stable CAD cohorts, of-
ten leveraging CCTA-derived plaque and stenosis quan-
tification and providing incremental prognostic value for
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FIGURE 2. Automated coronary plaque quantification and stenosis assessment using CCTA post-processing software. A. Serial cross-
sectional images along the lesion, with automated luminal (inner contour) and vessel (outer contour) segmentation enabling precise assess-
ment of plaque burden and vessel remodeling. B. Multiplanar reconstruction views of the affected coronary segment with software-derived
measurements indicating a 62% area stenosis and 64% diameter stenosis over a lesion length of 22.9 mm, consistent with hemodynamically

significant obstructive CAD as defined by contemporary CCTA criteria.

future events (Figure 2).°¢ In contrast, NSTEMI-specific
Al tools remain comparatively underdeveloped. Although
machine-learning-based scores for ACS exist (GRACE 3.0
for NSTE-ACS risk assessment), much of the supporting
evidence comes from retrospective/registry datasets and
external validation rather than models trained and test-
ed within contemporary, unselected troponin-positive
NSTEMI pathways.>” This limitation is clinically important
because guideline-directed practice still relies on tradi-
tional risk scores (GRACE/TIMI) to guide early risk strati-
fication and invasive timing decisions.™ A critical next
step is prospective head-to-head validation in NSTEMI
comparing Al models against GRACE/TIMI (discrimina-
tion, calibration, net reclassification), and, most impor-
tantly, testing whether Al-guided strategies can improve
decisions and reduce events without delaying care in truly
high-risk patients.

Automated plaque analysis from CCTA has matured sub-
stantially. Multiple deep-learning pipelines can now seg-

ment coronary arteries and quantify stenosis and plaque
burden/composition with good reproducibility and agree-
ment against expert readers and invasive reference stan-
dards. A recent American consensus states that, among
patients with visually evident plaque on CCTA, adding
quantitative plaque analysis may be useful to enhance risk
assessment and guide the intensity of preventive thera-
pies.’® In the multicenter international CONFIRM2 regis-
try, Al-guided quantitative CCTA driven mainly by non-
calcified plaque burden and diameter stenosis improved
3-year MACE risk stratification compared with standard
clinical CT metrics (including CAD-RADS, coronary calci-
um score, and the modified Duke Index), with higher dis-
crimination and significant net reclassification.>

In a large multicenter study, Lin et al. developed and
externally validated a deep-learning system that rapidly
generates plaque and stenosis measurements from CCTA
and demonstrated prognostic value for myocardial infarc-
tion.5® Similarly, the prospective multicenter REVEAL-
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PLAQUE study showed strong agreement between AI-de-
rived plaque quantification and intravascular ultrasound
for total and component plaque volumes.®® Real-world
validations further support the generalizability of fully
automated plaque/stenosis quantification across hetero-
geneous datasets.®! To standardize reporting and facilitate
adoption, the Society of Cardiovascular Computed To-
mography has published recommendations for quantita-
tive CCTA assessment, including definitions and reporting
standards for plaque metrics.%?

Despite technical validation, real-time deployment in
acute-care workflows remains a major translational gap.
Although on-premises Al solutions can generate clinically
relevant outputs within minutes in research settings,®
evidence for reliable integration into time-critical emer-
gency decision-making is still limited.

Integrated multimodal AI aims to combine CCTA bio-
markers with clinical, ECG, and laboratory variables to
produce individualized diagnostic and prognostic outputs.
Xu et al. developed a Random Forest model using CCTA
features that identified ACS culprit lesions within 7 days
(AUC 0.85) and stratified subsequent ACS risk, with stron-
gest predictive performance within 2 years.* These data
support integrating anatomical and physiological CT fea-
tures for more refined risk prediction.%

BEYOND ATHEROSCLEROSIS: CCTA IN
ALTERNATIVE ACS ETIOLOGIES

Beyond atherosclerotic plaque rupture, NSTE-ACS pre-
sentations can reflect alternative mechanisms such as
spontaneous coronary artery dissection (SCAD), coro-
nary embolism, vasospasm, and myocarditis."* MINOCA,
reported in approximately 5—25% of troponin-positive
NSTEMI presentations, remains diagnostically and ther-
apeutically challenging.*3>> Whether CCTA can reliably
identify nonatherosclerotic etiologies or add value beyond
ICA for phenotyping MINOCA remains an important but
underexplored frontier.

For SCAD, CCTA demonstrates high specificity (up to
97%) but limited sensitivity (approximately 52—58%
overall). Sensitivity is higher in proximal segments and
lower in distal vessels, where SCAD is often most preva-
lent.5¢-8 CCTA can depict features such as abrupt or ta-
pered luminal narrowing, intramural hematoma, and,
less commonly, a visible dissection flap; however, spatial
resolution remains inferior to ICA, and CCTA should not
be considered a substitute for ICA in the acute setting.
Its main advantage lies in noninvasive follow-up and in
screening for extracoronary arteriopathies (e.g., fibro-

muscular dysplasia), as well as documenting healing in
proximal or larger-caliber vessels.5¢:67:69

Myocarditis is not reliably diagnosed by CCTA, cardiac
MRI remaining the preferred modality for tissue char-
acterization and detection of myocardial inflammation/
edema.”” Emerging data suggest potential utility of car-
diac CT-derived extracellular volume quantification, but
most evidence comes from valvular heart disease cohorts”
rather than ACS populations, and diagnostic performance
in NSTE-ACS remains to be established.

GAPS IN KNOWLEDGE AND
FUTURE DIRECTIONS

Event-driven, prospective RCTs directly comparing CC-
TA-guided strategies with standard invasive pathways,
using MACE reduction as the primary endpoint, remain a
critical unmet need. Current evidence supports that CCTA
can reduce ICA utilization in selected NSTEMI cohorts, but
it has not demonstrated consistent reductions in MACE.
Large-scale trials, including TRACTION, are underway to
address this gap.”

In parallel, Al implementation must progress beyond
algorithm development to robust multicenter validation
across diverse and multi-ethnic cohorts to improve gen-
eralizability and reduce bias. Standardized frameworks
for plaque characterization and reporting, including ACS-
adapted implementations of CAD-RADS 2.0 and ACS-spe-
cific validation of FAI thresholds, should be prioritized.
Finally, direct comparisons of CT-FFR and invasive FFR in
NSTEMI are needed: although correlation and diagnostic
accuracy appear promising, further validation is required
before CT-FFR can be confidently used to guide manage-
ment in acute settings.>

CONCLUSION

CCTA provides strong diagnostic performance in NSTE-
ACS, offering high negative predictive value alongside
detailed assessment of plaque phenotype and pericoro-
nary inflammation. However, these technical strengths
have not yet translated into outcome benefits sufficient
to justify routine adoption. A persistent paradox remains:
excellent anatomic visualization does not consistently
reduce mortality, myocardial infarction, or overall costs.
Progress will require shifting the focus from whether
CCTA can detect disease to identifying which patients
benefit from early anatomical (and functional—inflamma-
tory) information before invasive testing. Emerging ap-
proaches, quantitative plaque analysis, PCAT radiomics,
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and CT-FFR may improve patient selection, but they re-
quire prospective validation demonstrating that imaging-
guided management changes are clinically meaningful
and improve outcomes.
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