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There is increasing evidence that in patients with
atherosclerotic cardiovascular disease (ASCVD) under
optimal medical therapy, a persisting dysregulation of the
lipid and glucose metabolism, associated with adipose
tissue dysfunction and inflammation, predicts a substantial
residual risk of disease progression and cardiovascular
events. Despite the inflammatory nature of ASCVD,
circulating biomarkers such as high-sensitivity C-reactive
protein and interleukins may lack specificity for vascular
inflammation. As known, dysfunctional epicardial adipose
tissue (EAT) and pericoronary adipose tissue (PCAT)
produce pro-inflammatory mediators and promote cellular
tissue infiltration triggering further pro-inflammatory
mechanisms. The consequent tissue modifications
determine the attenuation of PCAT as assessed and
measured by coronary computed tomography angiography
(CCTA). Recently, relevant studies have demonstrated a
correlation between EAT and PCAT and obstructive
coronary artery disease, inflammatory plaque status and
coronary flow reserve (CFR). In parallel, CFR is well
recognized as a marker of coronary vasomotor function that
incorporates the haemodynamic effects of epicardial,
diffuse and small-vessel disease on myocardial tissue
perfusion. An inverse relationship between EAT volume and
coronary vascular function and the association of PCAT
attenuation and impaired CFR have already been reported.
Moreover, many studies demonstrated that 18F-FDG PET is
able to detect PCAT inflammation in patients with coronary
atherosclerosis. Importantly, the perivascular FAI (fat
attenuation index) showed incremental value for the

Introduction

At its inception, coronary computed tomography angiog-
raphy (CCTA) took its first steps with limited technolo-
gy.!=> The dramatic improvement in the technique has
brought very high values in the accuracy for coronary
artery disease (CAD) detection and grading ranging from
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prediction of adverse clinical events beyond traditional risk
factors and CCTA indices by providing a quantitative
measure of coronary inflammation. As an indicator of
increased cardiac mortality, it could guide early targeted
primary prevention in a wide spectrum of patients. In this
review, we summarize the current evidence regarding the
clinical applications and perspectives of EAT and PCAT
assessment performed by CCTA and the prognostic
information derived by nuclear medicine.
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85% to 100%.5~8 As a consequence, current indications of
CTA include a large spectrum of patients with suspected
CAD.?~!! Detailed visualization of plaque components
has allowed the identification of high-risk and vulnerable
plaque features, which has led to the improvement in
the prognostic power of the techinque.'>~'* Nowadays,
the applications of the fractional flow reserve derived
from CT (FFR.) and the stress C'T" perfusion (C'TP)
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allow the combination of anatomic and functional assess-
ment of CAD with excellent diagnostic and prognostic
accuracy (Fig. 1).15718 A recent breakthrough in CC'TA
allows the quantification of pericoronary adipose tissue
(PCAT) attenuation and the calculation of epicardial
adipose tissue (EAT) as being strictly linked with the
progression of CAD.'9=?! In parallel, nuclear perfusion
imaging has demonstrated its ability in documenting
significant inducible ischemia in the presence of coronary
atherosclerosis also before an obstructive coronary lesion
develops.?> Moreover, coronary flow reserve (CFR)
assessed by PE'T provides important prognostic informa-
tion in patients with or without known CAD.?*2* Impor-
tantly, 8F-FDG PET has been shown to be able to
detect PCA'T" inflammation in patients with coronary
atherosclerosis.?® This review explores the clinical role
and future perspectives of EAT and PCAT evaluation
made by CCTA and prognostic information derived from
PET-focused nuclear medicine.

Pericoronary and epicardial adipose tissue
activity

Visceral fat, especially intra-abdominal fat, has a well
recognized role in the development of the so-called
metabolic syndrome.?® Nevertheless, mediastinal and
epicardial fat, as well as other extra-abdominal fat depos-
its, are now in the spotlight. Epicardial adipose tissue,
which is more closely related to visceral than total fat,
originates from brown adipose tissue and is located be-
tween the myocardium and visceral pericardium. Fully
differentiated adipocytes can be usually found in the
atrioventricular and inter-ventricular sulcus extending
to the apex, around the two appendages and, less fre-
quently, in the free walls of the atria.?’ It accounts for

around 20% of total ventricular mass with a consensual
and proportional increase in epicardial adipose mass
during cardiac hypertrophy which results in a constant
fat/muscle ratio.?®2° Unlike skeletal muscle, wherein
a fascia distinctly separates adipocytes and muscular
cells, the close anatomical relationship between
these structures in the heart reflects their functional
interdependence.

The biochemical properties of EAT go beyond the
storage of excess calories, and a relevant role in metabolic,
vascular, immunological and inflammatory responses has
been demonstrated. Under ischemic conditions, EAT is a
ready source of free fatty acids able to supply increased
myocardial energy consumption through its high lipolytic
activity. Furthermore, it represents a buffering system
against lipotoxicity, as disproportionately high levels of
fatty acids have accounted for ventricular dysfunction,
repolarization abnormalities and arrythmias.®

Moreover, a paracrine regulation of vascular homeostasis
by PCAT/EAT has also been demonstrated. In the
presence of CAD, the radical oxygen species generated
in response to regional ischemia seems to activate
an EAT-driven inflammatory signal with the release
of chemokines and inflammatory cytokines (including
interleukin-1B, interleukin-6, interleukin-6 soluble
receptor and tumour necrosis factor-a).>® Endothelial
dysfunction may be enhanced by induced decreased
nitric oxide production, and smooth muscle cell prolifer-
ation.>32 At the same time, concomitant reduction in
the expression of adiponectin, an adipocyte-derived
protein  with anti-inflammatory and antiatherogenic
properties, has been shown.?33* This leads to amplifica-
tion of vascular inflammation, plaque instability and

MBF 66 mL/gr/min

Myocardial stress computed tomography perfusion. A 62-year-old patient with a positive history of inferior myocardial infarction, previous

percutaneous coronary intervention + drug-eluting stent (PCl + DES) on left anterior descending artery (LAD) and right coronary artery (RCA) in
multiple cardiovascular risk factors. Coronary computed tomography angiography (CCTA) showed LDA in the mid-proximal tract stenting difficult to
evaluate due to an intense blooming effect, in the mid-distal tract of the vessel mixed plaque with stenosis more than 50%; left circumflex artery (LCx)
at the proximal and middle tracts disease of mixed nature, predominantly calcific, determining mild degree stenosis; CDx, dominant, presents at the
proximal tract diffuse disease, predominantly calcific, determining moderate degree stenosis, at the level of the middle tract a patent stent, and in the
middle-distal tract mixed disease, predominantly fibrolipidic, determining moderate stenosis. After pharmacological stimulation with Regadenoson
(400 g 1 fl bolus ev), scanning with a dynamic perfusion technique was performed. Stress myocardial perfusion study showed pathological MBF
values at the middle anterolateral wall, middle anterior septum and apex (blue arrowheads in a, b, c). The inferior wall looks thin and necrotic (blue

arrowheads in a, b). LAD was revascularized by PCl and stenting.
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neovascularization, stimulating an angiogenic response
and the development of collateral circulation in patients
with obstructive CAD.?3

In addition, a clear involvement of EAT" in the cardiac
response to sympathetic stimuli has been proven in heart
failure. In the context of sympathetic nervous system
hyperactivity, EAT shows an enhanced adrenergic activ-
ity, with the expression of catecholamine biosynthetic
enzymes and a two-fold higher concentration of norepi-
nephrine than plasma, which generates a negative feed-
back on cardiac sympathetic nerves, thus inducing a
functional and anatomic denervation of the heart.3

Correlation between epicardial adipose
tissue/pericoronary adipose tissue and
obstructive coronary artery disease

Coronary computed tomography angiography has recent-
ly been complemented by the measurement and charac-
terization of EAT and PCAT, with no extra radiation
exposure and extra cost, as additional tools to stratify
patient risk. Several studies reported the association of
EAT volume with the presence and severity of coronary
stenosis detected by CCTA or by invasive coronary
angiography (ICA).313%37 Mancio e @/3' published a
meta-analysis confirming that EA'T" volume is indepen-
dently and positively associated with obstructive or sig-
nificant coronary stenosis (luminal narrowing >50 and
>70%, respectively), myocardial ischemia and major
adverse cardiovascular events (MACE). A recent multi-
centre study showed that EA'T volume could enhance the
predictive ability of pretest probability of obstructive
CAD over clinical risk factors and coronary artery calcium
(CAC) score.?® Other studies focused on the correlation of
measurements of PCA'T volume with coronary stenosis.
Hassan ¢z a/.>° measured segmental EAT volume around
eight coronary segments in patients with stable angina by
cardiac magnetic resonance (CMR) and found a signifi-
cant association with the extent and severity of coronary
lesions and features of plaque vulnerability at CCTA.

On the contrary, PCAT inflammation, detected by the
degree of PCAT density/attenuation at C'T, has been
associated with the presence, severity, extent and adverse
features of coronary atherosclerotic plaques indepen-
dently of traditional cardiovascular risk factors and eth-
nicity.*>*! The associations of PCAT C'T attenuation,
with the presence of obstructive CAD and the effects of
CAD on myocardial perfusion and prognosis, have been
explored using the combination of CCTA with myocar-
dial perfusion imaging by nuclear modalities. In fact,
PET (PET/CT) and more recently single photon emis-
sion computed tomography (CZT-SPECT) allow abso-
lute quantitative measurement of myocardial blood flow
(MBF) and of myocardial perfusion reserve (MPR). Ab-
solute flow measurements provide not only incremental
diagnostic value in identifying obstructive CAD over
regional perfusion and irrespective of C'T' CAC burden
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but also incremental prognostic power over a CCTA
positive for obstructive or nonobstructive CAD.*>~%> In
patients with suspected CAD, the evidence of PCAT
inflammation by C'T attenuation was recently associated
with downstream MPR measured by using PET also in
patients with lower CAC score or without obstructive
lesions at CCTA underlying the relevance of PCAT
inflammatory status as a determinant of CAD-related
risk. 40

Correlation between epicardial adipose
tissue/pericoronary adipose tissue and
inflammatory markers

Inflammation is one of the key factors in atherogenesis
and pro-inflammatory mediators produced by monocytes
and T cells contribute to both plaque progression and
destabilization leading to acute coronary syndromes.*’—>°

In patients with stable angina, there is evidence that
circulating levels of high-sensitivity C-reactive protein
(hs-CRP) or interleukin-6 (IL-6) predict functionally
significant CAD and high-risk coronary anatomy at
CCTA.?25! Moreover, whole-blood transcriptional pro-
files, including genes involved in the inflammatory re-
sponse, have been shown to discriminate patients with
significant coronary stenoses and predict adverse plaque
characteristics.>? Circulating levels of IL-6 are associated
with the risk of cardiovascular death, myocardial infarc-
tion (MI) and hospitalization for heart failure in patients
with stable CAD under optimal medical treatment and
serum hs-CRP levels appear to be higher in patients with
acute MI than in those with stable CAD.>*>* Although
these are excellent biomarkers of systemic inflammation,
they are not specific for coronary inflammation and pro-
vide little information on local vascular biological pro-
cesses. Therefore, evaluation of more local biomarkers of
coronary inflammation is needed.?! PCAT could be a
major driver in vascular physiology, as adipo-cytokines
secreted from it could affect the biology of adjacent
vessels in a paracrine way; on the contrary, modifications
in PCAT composition are observed in response to in-
flammatory stimuli derived from the vascular wall.*® In
particular, a change in PCA'T attenuation around an
inflamed artery could be easily detected by CCTA, but
a clear correlation between serum inflammation biomark-
ers and PCAT inflammation is not always demonstrable.
It has been observed that PCAT attenuation is signifi-
cantly higher in patients with acute MI than in those with
stable CAD and also significantly higher in patients with
stable CAD than in controls. On the contrary, although
hs-CRP is higher in patients with MI and is an indepen-
dent predictor of disease severity and outcome in patients
with stable CAD, there is no significant overall difference
in circulating hd-CRP between patients with stable CAD
and controls. These findings may reflect the low grade of
coronary inflammation associated with atherosclerosis
that is better detected by PCAT attenuation.?%5%%¢
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PET/CT imaging of 18F-Fluorodeossiglucose (18F-
FDG) or, more recently, 68Ga-Dotatate (68Ga-DOT)
tissue uptake are established imaging biomarkers of
vascular inflammation 7z vive.>” 18F-FDG uptake at
the PCATT level is higher in patients with significant
CAD or vasospastic angina than in controls, correlating
with the extent of CAD in overweight individuals.>8>°
The relationships between CT and PET/CT imaging
markers of PAA'T and PCA'T' inflammation have been
recently explored in patients with Takayasu arteritis
(TAK), with or without CAD.®* PAAT and PCAT density
on CCTA were higher in patients with TAK than in CAD
or control individuals. PCAT density was associated with
evidence of coronary inflammation documented by using
68Ga-DOT PET and linked with circulating markers of
inflammation (hs-CRP) and TAK disease activity.

All these findings support the use of PCAT noninvasive
imaging, by C'T and PET/C'T, as a biomarker of coronary
arterial inflammation in atherosclerosis and its promising
role as an incremental predictor of outcome and high-risk
coronary plaque features above clinical risk factors and
circulating biomarkers.!%?!

Correlation between epicardial adipose
tissue/pericoronary adipose tissue and
inflammatory plaque status

The advent in the clinical and research fields of cardiac
CT during the last two decades has enabled noninvasive
identification of coronary atherosclerosis and highlighted
the prognostic role of high-risk atherosclerosis itself be-
yond coronary lumen stenosis severity.®1%> High-risk
coronary plaque features are associated with inflammato-
ry biomarkers such as hs-CRP and pentraxin-3, support-
ing the hypothesis that inflammation could play a pivotal
role in the vulnerable plaque process to instability lead-
ing to acute coronary syndrome.*> EAT, and more spe-
cifically PCAT, have been recently demonstrated as the
site of inflammatory pathways activation via paracrine

Fig. 2

and vasocrine effects resulting in endothelial dysfunc-
tion from decreased nitric oxide production, hypercoag-
ulability and vascular smooth muscle cell proliferation.®3
When assessed by using CCTA, PCAT is imaged with
attenuation ranging from —190 to —30 HU depending on
its normal status or inflammed condition, respectively

(Fig. 2).

In arecent post hoc analysis of the SCOT-HEART study,
authors reported a significant association between in-
creased PCAT attenuation and high-risk coronary plaque
features (i.e. LAP) at CCTA in patients with stable
CAD.** Both parameters were related to cardiovascular
prognosis, but no clear relationship was established be-
tween PCAT attenuation and circulating inflammatory
biomarkers, supporting the hypothesis that PCAT atten-
uation may detect a specific coronary inflammatory status
that is otherwise undetectable by systemic markers of
inflammation. Goeller ¢z @/.%> found a close relationship
between PCA'T attenuation and high-risk coronary pla-
que demonstrating the association between noncalcified
plaque burden and PCA'T inflammatory activity; on the
contrary, PCA'T attenuation was not associated with
calcified plaque burden. A recently published study
enrolling 198 patients with NSTEMI who underwent
both cardiac CT and optical computer tomography
(OCT) of the culprit lesion prior to intervention dem-
onstrated that PCAT attenuation in culprit plaque was
higher in patients with plaque rupture than in those with
plaque erosion suggesting that pancoronary inflamma-
tion is involved more in plaque rupture than in plaque
erosion.®¢

Increased coronary 18F-sodium fluoride (18F-NaF) up-
take at PET/CT occurs in lesions associated with acute
coronary syndromes and reflects microcalcifications
occurring in response to coronary inflammation.®’ In
patients with high-risk plaque features, Kwiecinski
et al.?® demonstrated that lesion PCAT density and
LAP volume were independent predictors of increased

m-190HU ~ -30HU:1.56cm?
(a)

Pericoronary adipose tissue. (a) Three-dimensional (3D) coronary CT reconstruction of the right coronary artery (RCA) obtained using Aquarius
TeraRecon. (b) Selection of the region of interest analysis showing the distribution of values between —190 and —30 HU. (c) Short axis view of the
region of interest showing the distribution of values between —190 and —30 HU.
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18F-NaF uptake. All these data strengthen the hypothe-
sis that coronary plaque instability is driven by an
inflammatory process.

Correlation between epicardial adipose
tissue/pericoronary adipose tissue and
coronary flow reserve

Measurement of FFR correlates with the prediction of
acute cardiac events and the FFR value is currently
considered the standard reference for guiding revascular-
ization.®®=7% Hoshino ¢z a/.”! investigated the association
between PCA'T attenuation, as expressed by the fat
attenuation index (FAI), and whole vessel and lesion
plaque quantification on CCTA in 187 stable patients
with intermediate stenosis evaluated by using FFR. At
multivariate analysis, male sex, CC'TA-derived positive
remodelling, lower minimum lumen area and lower FFR
were independent predictors of FAL”! CCTA-derived
2D and 3D analysis and FAI were independently associ-
ated with FFR values.

FFRcr has been shown to be accurate in detecting
ischemia compared with invasively measured FFR, ef-
fective in assessing prognosis and cost-effective.”?=7* Yu
et al.” investigated the association between perivascular
FAI and the haemodynamic significance of coronary
lesions. In a cohort of 167 patients, authors showed that
diameter stenosis, lesion length, total plaque volume and
perivascular FAI were significantly larger or longer in the
group of haemodynamically significant lesions. At multi-
variate analysis, diameter stenosis, total plaque volume
and perivascular FAI were significant predictors of lesion-
specific ischemia.

Duncker ez al.7® investigated the association between

CT-derived characterization of different cardiac fat com-
partments and myocardial ischemia, as assessed by
FFRep. In a cohort of 133 patients, authors found that
individuals with myocardial ischemia showed significant-
ly higher RCA PCAT attenuation than individuals with-
out myocardial ischemia. Interestingly, there was no
significant difference between individuals with or with-
out myocardial ischemia in the volume and attenuation of
EAT and PAT or in the PCAT volume.

Coronary vascular function is accurately assessed by using
PET/CT with the quantification of MBF and MPR,
integrating epicardial and microvascular circulations.
The added value of MBF and MPR has been shown
both in the detection of impaired vasodilator capacity of
the coronary circulation and in the prognostic assessment
of patients with suspected or known CAD.”7~7% Several
studies have focused on the relationship between EAT,
PCAT and coronary vascular function. Bucci ez 2/.83° found
an inverse relationship between hyperemic MBF and
EAT in patients with and without CAD, suggesting that
EAT could promote endothelial dysfunction and
impaired MBF could aggravate adipose tissue hypoxia

Computed tomography and nuclear medicine Guaricci et al. e71

triggering a vicious circle. Nappi ez /3! observed that in
patients without overt CAD and normal myocardial per-
fusion imaging, EAT volume is associated with hyper-
emic MBF and MPR, confirming the influence of EAT
also on microcirculation. PCA'T" attenuation has been
found to be significantly associated with MPR in patients
with intermediate risk of CAD; in particular, in patients
without obstructive CAD, MPR was lower in the pres-
ence of high PCAT attenuation.*®

Prognostic value of pericoronary adipose
tissue in suspected coronary artery disease
beyond high-risk coronary plaques and
ischemia

Residual CAD-related risk, that is the risk which persists
despite optimal treatment of established risk factors, is an
emerging determinant of prognosis and is associated with
abnormal lipid metabolism and vascular inflamma-
tion.?%83 Accordingly, there is growing evidence that
an accurate assessment of vascular inflammation might
improve risk stratification and allow tailored treatment in
CAD patients.?* Currently, detection of coronary inflam-
mation is hampered by a lack of specificity (e.g. serum
biomarkers) or by the limited availability and relatively
high costs of PET/CT imaging.** CCTA as a widely
available and used diagnostic tool might mediate these
limitations by being able to detect the morphological
changes of the PCAT adipocytes, induced by mediators
released by inflamed coronary arteries, which can be
quantified by using PCAT attenuation.*® The CRISP-
CT (Cardiovascular Risk Prediction Using Computed
Tomography) study has shown that FAI of the right
(RCA) and left descending (ILAD) coronary arteries
was of prognostic importance over clinical characteristics,
qualitatively assessed extent of CAD and high-risk coro-
nary plaque (HRP) features.?! The increased risk of all-
cause mortality in patients with high FAI was driven by a
higher rate of cardiac deaths. In a subanalysis of the
CRISP-CT study, patients with high FAI and HRP
features were at an increased risk of suffering events,
whereas patients with low FAI and HRP features were
not.'” The association of PCAT attenuation with MI has
previously been demonstrated by Goeller ¢z a/.%> who
observed higher PCA'T attenuation values surrounding
culprit lesions of MI patients as compared with nonculprit
lesions, healthy controls and patients with stable CAD. In
recent reports, only RCA PCAT attenuation retained
prognostic value beyond quantitative plaque volume,
HRPs and myocardial ischemia.?® A possible explanation
for this discordancy is the fact that PCAT is more
prevalent around the RCA as compared with the left
coronary system and has less hindering nonfatty struc-
tures (e.g. side branches and myocardium) in its proximi-
ty. 4085 Therefore, RCA PCAT attenuation has been
proposed as a robust and easily accessible measurement
of global inflammatory status and prognostic risk.
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Prognostic value of pericoronary adipose
tissue in asymptomatic patients beyond
coronary artery disease

Beyond CAD, PCATT is increasingly gaining attention as a
cardiovascular noninvasive biomarker. PCAT attenuation
of both RCA and LLAD could serve as an independent
predictor of endothelial dysfunction, as assessed by using
the flow-mediated dilation of the brachial artery or by
MPR 4087 Brachial flow-mediated dilation is a well estab-
lished independent predictor of cardiovascular events in
different patient populations and an indicator of cardio-
vascular health, apart from CAD and chest pain, whereas
MPR is a marker of coronary vascular dysfunction, which
is associated with poor prognosis in patients with normal
or nonobstructive CAD.#¥8% In non-CAD patients, some
authors recently demonstrated the predictive role of
PCAT in different populations, particularly in patients
with atrial fibrillation, type 2 diabetes mellitus and spon-
taneous coronary artery dissection (SCAD).

Nogami ¢ 4/.,°° in a population of 323 patients with
paroxysmal atrial fibrillation, demonstrated an association
between PCA'T and its recurrences after a second-gen-
eration cryoballoon ablation in a total follow-up of 3
months. Regarding type 2 diabetes mellitus patients, it
has been observed that in nonsymptomatic diabetic
patients high LAD PCAT attenuation predicts cardio-
vascular events, defined as cardiac death, hospitalization
for acute coronary syndrome, late coronary revasculariza-
tion and hospitalizations for heart failure.”! It is well
known that diabetic patients, even without other risk
factors and without symptoms suggestive of CAD, have
lower MBF and MPR values than nondiabetic individuals
and these parameters are able to identify diabetic
patients at a higher risk of events.””%2% It has been
suggested that microvascular dysfunction could be a
consequence of prolonged chronic inflammation, which
is also related to the pathogenesis of diabetes and related
complications.”*% Therefore, imaging inflammatory
pathways by LAD PCAT assessment and identifying
coronary vascular dysfunction can help individuate
high-risk type 2 diabetes mellitus patients regardless of
their symptoms and prestress test probability.

In 2018 and 2019, respectively, Tweet ez /.°° and Hed-
gire er al.”” reported an increased perivascular fat strand-
ing in SCAD patients. This finding suggested that aside
from traditional risk factors for cardiovascular disease,
perivascular fat stranding could result in a local inflam-
matory process that triggers cosinophilic inflammatory
infiltrates, precursors of SCAD and intramural haema-
toma.”® These studies indicate that vascular inflamma-
tion may play a role in the pathophysiology of SCAD,
but more extensive studies are needed to confirm and
validate these findings.”® Finally, as different blood
levels of n-3 fatty acids are associated with differences
in PCA'T attenuation, early detection of both RCA and
LAD PCAT attenuation might significantly improve

cardiovascular risk stratification and target anti-inflam-
matory treatment, probably with eicosapentaenoic acid
(EPA) supplementation in asymptomatic patients with-
out CAD.1%0

Prognostic value of epicardial adipose tissue/
pericoronary adipose tissue in a specific
scenario: COVID-19 patients, transcatheter
aortic valve implantation patients

Obesity and severe obesity have been shown to increase
the risk of hospitalization, ICU admission and death
among patients with COVID-19.191192 Furthermore, ex-
cessive visceral adiposity appears to be associated with
severe COVID-19 outcomes.!?® It has been suggested
that EAT volume could help in the stratification of
prognostic risk of patients with COVID-19.104105 Tp
particular, the integration of EAT volume into the clini-
cal risk score for patients with COVID-19 can potentially
improve the prediction of adverse outcomes. In particu-
lar, an EAT volume of at least 97 cm? has been shown to
be associated with a risk of a greater extent of COVID-19
pneumonia and ICU admission.'? The release of proin-
flammatory cytokines from EAT into the general blood-
stream may contribute to a systemic inflammatory state in
COVID-19 patients and systemic inflammation that, in
turn, promotes the accumulation of EAT.!%7 Turker
Duyuler ez a/.1%® investigated the association between
EAT and PCAT thicknesses measured using C'T and
severity of COVID-19 infection in 504 patients. EA'T and
PCAT were significantly increased in ICU patients and,
in multiple logistic regression analyses, were indepen-
dent predictors of ICU admission. These findings suggest
that EAT and PCAT may play an important role in the
development of a greater burden of COVID-19 pneumo-
nia and both may represent an important imaging bio-
marker that can predict a worse progression of disease.
EAT and PCAT volume imaging could have potential
therapeutic implications, representing a clinically mea-
surable and modifiable therapeutic target by drugs that
modulate adipose tissue, such as ACE inhibitors, dipep-
tidyl peptidase 4 (DPP4) inhibitors and statins, usually
indicated in patients with diabetes and metabolic syn-
drome and recently shown to be involved in the patho-
genesis of COVID-19 pneumonia.!®”

Eberhard ¢ @/''° demonstrated that EAT volume is
independently associated with all-cause mortality and a
positive early safety end point after transcatheter aortic
valve replacement (TAVR). In particular in patients
undergoing TAVR, EAT volume assessed by using pre-
procedural C'T is independently associated with all-cause
1-, 2-and 3-year mortality and with an early safety end
point at 30days. As almost all TAVR candidates are
undergoing preprocedural C'T, EAT volume evaluation
may provide incremental prognostic value in risk assess-
ment of TAVR candidates, without any additional radia-
tion (Table 1).
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Table 1 Prognostic role of EAT/PCAT
Prognostic
Study Target population variables Prognostic findings
CRISP-CT post hoc 2040 patients with CAD FAI 1 FAl was associated with an increased risk of cardiac deaths and nonfatal myocardial
analysis '° infarction in patients both with (HR 7.29; 95% CI 3.36-15.81; P< 0.001) or
without (HR 5.62, 95% ClI 3.02-10.47); P<0.001) HRP
Van Diemen et al.8® 539 patients with suspected PCAT In multivariate analysis, RCA PCAT attenuation was associated with higher risk of
CAD death and/or nonfatal myocardial infarction (HR 2.45; 95% Cl 1.23 - 4.93;
P=0.011)
Nogami et al.%° 364 patients with persistent PCAT In multivariate analysis, PCAT was an independent predictor of recurrence of AF after
and paroxysmal AF cryoablation (HR 1.034; 95% CI 1.001-1.069; P=0.046)
undergoing successful CBA
Ichikawa et al.®’ 333 patients with T2DM PCAT In multivariate analysis, T LAD PCAT attenuation was associated with higher risk of
cardiac death, hospitalization for ACS, late coronary revascularization, and
hospitalization for HF (HR 2.689, 95% Cl 1.166-6.199; P=0.026)
Marcucci et al.'°® 60 patients with COVID-19 EAT 1 EAT was associated with increased risk of a greater extent of pulmonary involvement
pneumonia and therefore a worse clinical outcome in patients with SARS-CoV-2 pneumonia
(HR 11.667; 95% Cl 3.384-40.220; P < 0.001)
Turker Duyuler et al.'°8 504 patients hospitalized for EAT and In multivariate analysis, EAT and PCAT were independent predictors of ICU admission
COVID-19 PCAT
Eberhard et al.'1® 5083 patients undergoing TAVR EAT EAT volume is independently associated with all-cause 1-, 2- and 3-year mortality after

TAVR in Kaplan—Meier analyses using different binary cut-off values of 100 pl (log-
rank P=0.002; HR: 1.94, 95% Cl: 1.15-3.26), 125 pl (log-rank P=0.001; HR:
1.70, 95% CI: 1.06-2.68), and 130 pl (log-rank P=0.001; HR: 1.69, 95%Cl:
1.10-2.60)

ACS, acute coronary syndrome; AF, atrial fibrillation; CAD, coronary artery disease; CBA, cryoballoon ablation; FAI, fat attenuation index; HF, heart failure; HRP, high-risk
coronary plaques; PCAT, pericoronary adipose tissue; RCA, right coronary artery; T2DM, diabetes mellitus type 2; TAVR, transcatheter aortic valve replacement.

Future perspectives: radiomics of
pericoronary adipose tissue

Artificial intelligence and radiomics represent powerful
advancement tools in various fields of cardiovascular
imaging.!"'~115> Radiomics-derived additive information
can be obtained by available pictures without the need
for additional radiation exposure, as radiomics consists of
extracting data from images via high-throughput calcula-
tions creating enormous information with hundreds of
parameters that analyse in a quantitative way the findings
in these images.!'® Radiomics also represents the new
frontiers of cardiac CT; it can be applied to better
characterize coronary plaques giving an upper-level eval-
uation, recognizing plaque attenuation pattern schemes,
histogram-based measurements of low attenuation and
average HU of the cross-sections.!'” Radiomics may play
a role in exploring the relationship of atherosclerotic
plaques with pericoronary inflammation. Recent studies
found that texture and geometry-based radiomic param-
eters of PCAT may distinguish patients who have a MI,
providing new information that was not captured by
PCAT attenuation alone.!'8-120 The CCTA-based radio-
mics phenotype of PCAT outperforms the pFAI model in
discriminating acute MI from unstable angina. It is
expected that the combination of PCAT radiomics and
pFAI evaluation could further enhance the identification
of patients at risk of MI.

These findings are of outmost importance and radiomics
may become the next tool to detect image biomarkers,
advantaging evaluation of risk stratification and targeting
patients’ care more precisely. So far, radiomics has been
used in the research setting but has had limited access
into clinical practice, as quantification currently requires

complex manual delineation and highly experienced
personnel.

Until now, as revealed by the recent review by Ponsi-
glione er al.,'*' the radiomics quality score for cardiac
MRI and C'T needs to be improved. A more standardized
methodology in the radiomics workflow is needed,
and the expanding use of artificial intelligence based
evaluation algorithms may allow a rapid and reader-inde-
pendent assessment. Further studies validating the work-
flow and the clinical correlations are warranted in order to
translate the results into clinical applications and
patients’ management.

Conclusion

Abundant and dysfunctional EAT and PCAT play a
relevant pro-inflammatory role and influence CAD pro-
gression. PCA'T attenuation and high-risk plaque fea-
tures are not only promising markers of CAD-related risk
but express interconnected pathophysiologic mecha-
nisms. CCTA offers the possibility to study in one fell
swoop CAD, stenosis degree, plaque characteristics,
functional relevance of the plaque, inducible myocardial
ischemia, EAT volume and PCAT attenuation. Howev-
er, the clinical framing of PCAT is far from being defined,
and numerous aspects still need to be clarified, not least
the technical aspects of quantification. On the contrary,
CFR assessed by using PET provides important prog-
nostic information in patients with or without known
CAD. This nuclear technique has proven to be a crucial
role in detecting PCA'T inflammation in patients with
coronary atherosclerosis, although with the limitation of a
generic poor availability.
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Even if further evidence is needed, anti-inflammatory
therapy directed at atherosclerosis may use these nonin-
vasive imaging markers to monitor the effect of treatment
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