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Coronary computed tomography angiography (CCTA) has become a cornerstone in
the non-invasive evaluation of coronary artery disease (CAD). Beyond defining
stenosis severity, CCTA enables detailed quantification of total atherosclerotic
burden, plaque composition, and imaging markers of plaque vulnerability. Recent
advances—including artificial intelligence (Al)-enhanced algorithms—now allow
automated and highly reproducible plaque phenotyping, with major implications
for risk stratification and therapeutic monitoring. Concurrently, imaging of
pericoronary adipose tissue has introduced novel biomarkers of vascular
inflammation, particularly the Fat Attenuation Index and pericoronary adipose
tissue attenuation. These indices independently predict adverse cardiovascular
events beyond traditional risk factors. Serial imaging studies further demonstrate
that lipid-lowering and anti-inflammatory therapies modulate plaque biology,
promoting regression or stabilization. Integration of coronary plaque analytics,
adipose tissue biology, and Al-driven risk prediction is redefining preventive

cardiology and enabling increasingly individualized management strategies.

Introduction

Coronary computed tomography angiography (CCTA)
has evolved from a tool primarily used to identify
haemodynamically  significant  stenosis into a
modality capable of comprehensive atherosclerotic
phenotyping.’™ Contemporary CCTA provides robust
quantification of plague volume, delineates calcified
and non-calcified components, and identifies imaging
signatures associated with high-risk lesions, such as
low-attenuation plaque, positive remodelling, spotty
calcification, and the napkin-ring sign.*

The parallel emergence of artificial intelligence
(Al)-based analytic platforms has further accelerated
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the ability to assess plaque characteristics at scale and
to monitor atherosclerotic progression longitudinally
with high reproducibility.®

Beyond luminal and plaque morphology, CCTA now
allows assessment of peri-vascular and epicardial
adipose depots. Biomarkers such as Fat Attenuation
Index (FAI) and PCAT attenuation offer non-invasive
surrogates of coronary inflammation, a central driver of
atherogenesis and plaque destabilization.® PCAT,
situated in direct anatomical continuity with the coronary
adventitia, undergoes compositional shifts in response to
vascular inflammatory signalling and thus serves as a
sensitive imaging readout of inflammatory activity.®

This review synthesizes contemporary evidence
on the role of PCAT as an emerging cardiovascular
biomarker, with emphasis on its association with
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plaque vulnerability, its prognostic value, and technical
considerations relevant to its measurement.

CCTA-based plaque assessment

CCTA offers accurate quantification of atherosclerotic
burden with substantial agreement with intravascular
ultrasound. Plaque volumes derived from CCTA
independently predict coronary events across both
lesion-level and patient-level analyses.*™

The coronary artery calcium score remains a
powerful long-term risk marker; however, it is limited
by its inability to identify non-calcified plaque—often
the substrate for acute coronary syndromes. CCTA
therefore provides superior clinical insight by integrating
anatomic, compositional, and morphologic information.*

High-risk plaque features on CCTA include:

positive remodelling
spotty calcification
low-attenuation plaque
napkin-ring sign

The presence of two or more of these features
identifies a wvulnerable plaque phenotype closely
associated with increased risk of major adverse
cardiovascular events.”

Pathophysiology of PCAT

PCAT is composed of metabolically active adipocytes
contiguous with the coronary arterial wall. This
anatomic proximity facilitates bidirectional paracrine
signalling.® PCAT releases pro-inflammatory mediators
that promote endothelial dysfunction, oxidative stress,
and plaque instability. Conversely, inflammatory
signalling from the arterial wall induces a shift in PCAT
composition—characterized by reduced lipid content,
increased water content, and higher CT attenuation.

Because adipose CT attenuation becomes less
negative as inflammation increases, both FAI and
PCAT attenuation serve as sensitive markers of
vascular inflammatory activity. Landmark trials,
including CRISP-CT and SCOT-HEART, demonstrate
that elevated FAI or PCAT attenuation predicts
incident cardiovascular events independently of
stenosis severity or plaque phenotype.e'7

Figure 1 shows a CCTA of a coronary segment with
HRP characteristics (low attenuation plaque, napkin
rink sign and spotty calcification) and an example of
quantitative analysis of plaque and highly inflamed
pericoronary fat.

PCAT, CAD, and plaque vulnerability

PCAT attenuation around the right coronary artery
(RCA) is the most validated measurement site and
demonstrates graded increases across the spectrum
of CAD severity. Patients with myocardial infarction
consistently exhibit higher PCAT attenuation than
those with stable CAD, and both exceed values
observed in individuals without CAD.

In CRISP-CT (n=3912), FAI>-70.1 HU was strongly
associated with cardiac mortality and improved risk
prediction beyond established clinical algorithms.®

PCAT attenuation correlates tightly with non-calcified
and low-attenuation plaque—key substrates of acute
coronary  syndromes—while  showing  minimal
association with extensively calcified plaque, which
generally reflects a more stable phenotype.”

PCAT also appears responsive to therapeutic
modulation. Statin therapy has been associated with
favourable changes in PCAT characteristics, though
effects of emerging anti-inflammatory agents remain
under investigation.®®

PCAT in non-coronary cardiovascular
disease

Emerging evidence implicates PCAT in disease
processes beyond CAD. In atrial fibrillation (AF),
inflammatory and adipose infiltration within epicardial
fat contribute to atrial fibrosis and arrhythmogenic
substrate formation. PCAT attenuation independently
predicts AF recurrence following catheter ablation.*%!

In heart failure—particularly heart failure with
preserved ejection fraction—epicardial fat may exert
mechanical constraint on the left ventricle and promote
neurohormonal activation. Preclinical studies suggest
that dysfunctional perivascular adipose tissue loses
vasodilatory and anti-contractile properties, though
PCAT itself has not yet been systematically evaluated
across heart failure phenotypes.

Evaluation of PCAT

Cardiac CT is currently the only validated non-invasive
modality capable of accurately quantifying PCAT.
Adipose tissue typically ranges from —190 to —30 HU;
less negative values indicate smaller adipocytes and
heightened inflammatory activity. Although PCAT and
total epicardial fat volume are correlated, PCAT shows
the strongest association with coronary plaque burden,
consistent with its intimate anatomical relationship to
the arterial wall.®

However, heterogeneity in PCAT definitions,
segmentation approaches, and analytic methods
remains substantial. Most studies define PCAT as
adipose tissue within a radial distance equal to the
vessel diameter, typically measured along a 40-mm
segment of the proximal RCA. Standardized protocols
are not yet established.

Factors influencing PCAT measurement

a. Technical parameters

PCAT attenuation is sensitive to CT acquisition
parameters, particularly tube voltage, reconstruction
kernel, and scanner model. Variations in tube voltage
alone can shift attenuation values by >10 HU.
Although observer reproducibility is generally good,
formal test-retest reliability studies are lacking. Image
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Atherosclerosis evaluation by CCTA

CCTA Plague analysis (qualitative and quantitative analysis) PCAT

Figure 1 Coronary computed tomography angiography (CCTA) showing a coronary artery segment with multiple high-risk plaque features, including
low-attenuation plaque, the napkin-ring sign, and spotty calcifications. The panel also illustrates an example of quantitative plaque assessment and
pericoronary adipose tissue (PCAT) analysis, demonstrating markedly inflamed pericoronary fat surrounding the diseased vessel segment.

Table 1 Factors influencing PCAT measurement

Factor Summary description Implications for measurement
Technical Beam energy; reconstruction algorithm; scanner Potential alterations exceeding 10 HU; risk of poor
parameters model; tube voltage; differences in software; body reproducibility; possible overestimation or
habitus; image quality and artifacts (partial-volume underestimation of inflammation; need for
effects, motion, calcifications). standardized protocols and thin-slice
reconstructions.
Measurement Variability depending on the vessel assessed; the RCA  RCA PCAT is predictive of cardiovascular events;
site provides the most stable site and has the greatest measurement in a single vessel may not capture
adipose volume, whereas LAD and LCx overall coronary inflammation; potential failure to
measurements may be less reliable. detect stenotic segments in other territories.
Impact of Higher PCAT in the presence of non-calcified or mixed Suggests plaque vulnerability rather than stable
plaque plaque; no correlation with calcified plaque. disease; possible test-retest variability;

Variability stems from the dynamic nature of both

discrimination may improve with advanced

pericoronary adipose tissue and plaque.

radiomics techniques (still experimental).

quality, patient habitus, motion artefacts, and coronary
calcifications further influence accuracy.*?

b. Measurement location

Anatomic site markedly affects PCAT values. The
proximal RCA provides reproducible measurements
due to consistent anatomy and substantial
surrounding adipose tissue. RCA-based PCAT has
demonstrated stronger associations with myocardial
infarction and mortality relative to LAD or LCx, though
findings vary across studies and software platforms.®

c. Influence of plaque

PCAT attenuation is consistently higher adjacent to
non-calcified or mixed plaques and correlates poorly
with heavily calcified lesions. This supports PCAT as a
biomarker of active inflammation rather than chronic
plague stabilization. Physiological variability and
dynamic adipose-plaque interactions may limit
reproducibility in serial assessments.®®

Table 1 summarizes the main factors that influence
the measurement of PCAT.

FAIl and CaRi-heart: clinical translation

The Fat Attenuation Index (FAI) quantifies perivascular
inflammation by characterizing spatial changes in
adipose tissue attenuation. Because inflammatory
remodelling alters adipocyte density and morphology,
FAI provides a sensitive surrogate of vascular
inflammatory activity independent of stenosis severity
or the presence of obstructive CAD.3

CaRi-Heart, an Al-supported platform, integrates FAI
measurements  with demographic, clinical, and
plague-based information to generate individualized
estimates of fatal cardiac risk. Trained on large
international datasets, CaRi-Heart offers harmonized
FAIl scoring and personalized nomograms that enable
more accurate risk reclassification and inform early,
targeted management—including anti-inflammatory
strategies where appropriate.
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Conclusions

PCAT attenuation is an emerging imaging biomarker
with  significant potential to identify residual
inflammatory risk and bridge the gap between
subclinical inflammation and clinical atherosclerotic
disease. Detecting elevated PCAT attenuation in
patients without obstructive CAD may allow earlier
initiation of targeted medical therapy and support the
identification of high-risk subgroups for future trials

involving  anti-inflammatory  agents  such  as
canakinumab or colchicine.* 16

However, widespread clinical adoption requires
standardized quantification protocols, prospective

validation of reproducibility, and clear consensus on
optimal measurement sites. The mechanistic link
between inflammation and PCAT attenuation,
although biologically plausible, warrants confirmation
through prospective imaging-histopathology studies

and integration with circulating inflammatory
biomarkers.
PCAT represents one of the most promising

non-invasive biomarkers of coronary inflammation
available through CCTA. By merging biological and
morphological insights, PCAT offers a path towards
increasingly personalized cardiovascular risk
assessment, pending further prospective validation.
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