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Computed tomography and nuclear medicine for the
assessment of coronary inflammation: clinical applications
and perspectives
Andrea Igoren Guariccia,�, Danilo Negliab,�, Wanda Acampac,
Daniele Andreinid,e, Andrea Baggianod,e, Francesco Biancof,
Nazario Carrabbag, Edoardo Conted,h, Valeria Gaudieric, Saima Mushtaqd,
Gianluigi Napolia, Valeria Pergolai, Gianluca Pontoned, Roberto Pedrinellij,
Giuseppe Mercurok, Ciro Indolfil and Marco Guglielmom, On behalf of the
Working Group CT & Nuclear of the Italian Society of Cardiology
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 amarker 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
�
Andrea Igoren Guaricci and Danilo Neglia contributed equally as first authors.

1558-2027 © 2022 Italian Federation of Cardiology - I.F.C. All rights reserved.

Copyright © 2023 Italian Federation of 
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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Introduction
At its inception, coronary computed tomography angiog-

raphy (CCTA) took its first steps with limited technolo-

gy.1–5 The dramatic improvement in the technique has

brought very high values in the accuracy for coronary

artery disease (CAD) detection and grading ranging from
85% to 100%.6–8 As a consequence, current indications of

CTA include a large spectrum of patients with suspected

CAD.9–11 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.12–14 Nowadays,

the applications of the fractional flow reserve derived

from CT (FFRct) and the stress CT perfusion (CTP)
DOI:10.2459/JCM.0000000000001433
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allow the combination of anatomic and functional assess-

ment of CAD with excellent diagnostic and prognostic

accuracy (Fig. 1).15–18 A recent breakthrough in CCTA

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.19–21 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.22 Moreover, coronary flow reserve (CFR)

assessed by PET provides important prognostic informa-

tion in patients with or without known CAD.23,24 Impor-

tantly, 18F-FDG PET has been shown to be able to

detect PCAT inflammation in patients with coronary

atherosclerosis.25 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.26 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.27 It accounts for
Fig. 1

BMBF 82 mL/gr/min 

MBF 53 mL/gr/min 

(a) (b)

0

150

Myocardial stress computed tomography perfusion. A 62-year-old patient w
percutaneous coronary intervention þ drug-eluting stent (PCI þ DES) on le
multiple cardiovascular risk factors. Coronary computed tomography angiog
evaluate due to an intense blooming effect, in the mid-distal tract of the vesse
at the proximal and middle tracts disease of mixed nature, predominantly ca
proximal tract diffuse disease, predominantly calcific, determining moderate d
middle-distal tract mixed disease, predominantly fibrolipidic, determining mo
(400mg 1 fl bolus ev), scanning with a dynamic perfusion technique was p
values at the middle anterolateral wall, middle anterior septum and apex (bl
arrowheads in a, b). LAD was revascularized by PCI and stenting.

Copyright © 2023 Italian Federation of C
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.28,29 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 inmetabolic,

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.30

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).30 Endothelial

dysfunction may be enhanced by induced decreased

nitric oxide production, and smooth muscle cell prolifer-

ation.31,32 At the same time, concomitant reduction in

the expression of adiponectin, an adipocyte-derived

protein with anti-inflammatory and antiatherogenic

properties, has been shown.33,34 This leads to amplifica-

tion of vascular inflammation, plaque instability and
C

MBF 66 mL/gr/min 

(c)

ith a positive history of inferior myocardial infarction, previous
ft anterior descending artery (LAD) and right coronary artery (RCA) in
raphy (CCTA) showed LDA in the mid-proximal tract stenting difficult to
l mixed plaque with stenosis more than 50%; left circumflex artery (LCx)
lcific, determining mild degree stenosis; CDx, dominant, presents at the
egree stenosis, at the level of the middle tract a patent stent, and in the
derate stenosis. After pharmacological stimulation with Regadenoson
erformed. Stress myocardial perfusion study showed pathological MBF
ue arrowheads in a, b, c). The inferior wall looks thin and necrotic (blue
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neovascularization, stimulating an angiogenic response

and the development of collateral circulation in patients

with obstructive CAD.33

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.35

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).31,36,37 Mancio et al.31 published a

meta-analysis confirming that EAT 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 EAT volume could enhance the

predictive ability of pretest probability of obstructive

CAD over clinical risk factors and coronary artery calcium

(CAC) score.38 Other studies focused on the correlation of

measurements of PCAT volume with coronary stenosis.

Hassan et al.39 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 CT, 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.40,41 The associations of PCAT CT 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 CT CAC burden
Copyright © 2023 Italian Federation of 
but also incremental prognostic power over a CCTA

positive for obstructive or nonobstructive CAD.42–45 In

patients with suspected CAD, the evidence of PCAT

inflammation by CT 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.46

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.47–50

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.22,51 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.52 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.53,54 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.21 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.40 In

particular, a change in PCAT 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.22,55,56
Cardiology - I.F.C. All rights reserved.
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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 in vivo.57 18F-FDG uptake at

the PCAT level is higher in patients with significant

CAD or vasospastic angina than in controls, correlating

with the extent of CAD in overweight individuals.58,59

The relationships between CT and PET/CT imaging

markers of PAAT and PCAT inflammation have been

recently explored in patients with Takayasu arteritis

(TAK), with or without CAD.60 PAAT and PCAT density

on CCTAwere 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 CT and PET/CT, 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.19,21

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.61,62 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.49 EAT, and more spe-

cifically PCAT, have been recently demonstrated as the

site of inflammatory pathways activation via paracrine
Fig. 2

(a) (b)

Pericoronary adipose tissue. (a) Three-dimensional (3D) coronary CT recon
TeraRecon. (b) Selection of the region of interest analysis showing the distr
region of interest showing the distribution of values between �190 and �3

Copyright © 2023 Italian Federation of C
and vasocrine effects resulting in endothelial dysfunc-

tion from decreased nitric oxide production, hypercoag-

ulability and vascular smooth muscle cell proliferation.63

When assessed by using CCTA, PCAT is imaged with

attenuation ranging from�190 to�30HU depending on

its normal status or inflammed condition, respectively

(Fig. 2).

In a recent 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.64 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 et al.65 found a close relationship

between PCAT attenuation and high-risk coronary pla-

que demonstrating the association between noncalcified

plaque burden and PCAT inflammatory activity; on the

contrary, PCAT 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.66

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.67 In

patients with high-risk plaque features, Kwiecinski

et al.25 demonstrated that lesion PCAT density and

LAP volume were independent predictors of increased
(c)

struction of the right coronary artery (RCA) obtained using Aquarius
ibution of values between �190 and �30HU. (c) Short axis view of the
0HU.

ardiology - I.F.C. All rights reserved.



Computed tomography and nuclear medicine Guaricci et al. e71

D
ow

nloaded from
 http://journals.lw

w
.com

/jcardiovascularm
edicine by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

g
bsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 04/15/2023
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.68–70 Hoshino et al.71 investigated the association

between PCAT 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, CCTA-derived positive

remodelling, lower minimum lumen area and lower FFR

were independent predictors of FAI.71 CCTA-derived

2D and 3D analysis and FAI were independently associ-

ated with FFR values.

FFRCT has been shown to be accurate in detecting

ischemia compared with invasively measured FFR, ef-

fective in assessing prognosis and cost-effective.72–74 Yu

et al.75 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 et al.76 investigated the association between

CT-derived characterization of different cardiac fat com-

partments and myocardial ischemia, as assessed by

FFRCT. 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.77–79 Several

studies have focused on the relationship between EAT,

PCAT and coronary vascular function. Bucci et al.80 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
Copyright © 2023 Italian Federation of 
triggering a vicious circle. Nappi et al.81 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. PCAT 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.46

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.82,83 Accordingly, there is growing evidence that

an accurate assessment of vascular inflammation might

improve risk stratification and allow tailored treatment in

CAD patients.84 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.40 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.33 The CRISP-

CT (Cardiovascular Risk Prediction Using Computed

Tomography) study has shown that FAI of the right

(RCA) and left descending (LAD) coronary arteries

was of prognostic importance over clinical characteristics,

qualitatively assessed extent of CAD and high-risk coro-

nary plaque (HRP) features.21 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.19 The association of PCAT attenuation with MI has

previously been demonstrated by Goeller et al.85 who

observed higher PCAT attenuation values surrounding

culprit lesions ofMI 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.86 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.40,85 Therefore, RCA PCAT attenuation has been

proposed as a robust and easily accessible measurement

of global inflammatory status and prognostic risk.
Cardiology - I.F.C. All rights reserved.
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Prognostic value of pericoronary adipose
tissue in asymptomatic patients beyond
coronary artery disease
BeyondCAD, PCAT is increasingly gaining attention as a

cardiovascular noninvasive biomarker. PCAT attenuation

of both RCA and LAD could serve as an independent

predictor of endothelial dysfunction, as assessed by using

the flow-mediated dilation of the brachial artery or by

MPR.46,87 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.88,89 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 et al.,90 in a population of 323 patients with

paroxysmal atrial fibrillation, demonstrated an association

between PCAT 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.91 It is well

known that diabetic patients, even without other risk

factors and without symptoms suggestive of CAD, have

lowerMBF andMPR values than nondiabetic individuals

and these parameters are able to identify diabetic

patients at a higher risk of events.79,92,93 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.94,95 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 et al.96 and Hed-

gire et al.97 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 eosinophilic inflammatory

infiltrates, precursors of SCAD and intramural haema-

toma.98 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.99 Finally, as different blood

levels of n-3 fatty acids are associated with differences

in PCAT attenuation, early detection of both RCA and

LAD PCAT attenuation might significantly improve
Copyright © 2023 Italian Federation of C
cardiovascular risk stratification and target anti-inflam-

matory treatment, probably with eicosapentaenoic acid

(EPA) supplementation in asymptomatic patients with-

out CAD.100

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-19.101,102 Furthermore, ex-

cessive visceral adiposity appears to be associated with

severe COVID-19 outcomes.103 It has been suggested

that EAT volume could help in the stratification of

prognostic risk of patients with COVID-19.104,105 In

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 cm3 has been shown to

be associated with a risk of a greater extent of COVID-19

pneumonia and ICU admission.106 The release of proin-

flammatory cytokines from EAT into the general blood-

streammay contribute to a systemic inflammatory state in

COVID-19 patients and systemic inflammation that, in

turn, promotes the accumulation of EAT.107 Turker

Duyuler et al.108 investigated the association between

EAT and PCAT thicknesses measured using CT and

severity of COVID-19 infection in 504 patients. EAT 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.109

Eberhard et al.110 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 CT is independently associated with all-cause

1-, 2-and 3-year mortality and with an early safety end

point at 30 days. As almost all TAVR candidates are

undergoing preprocedural CT, EAT volume evaluation

may provide incremental prognostic value in risk assess-

ment of TAVR candidates, without any additional radia-

tion (Table 1).
ardiology - I.F.C. All rights reserved.
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Table 1 Prognostic role of EAT/PCAT

Study Target population
Prognostic
variables Prognostic findings

CRISP-CT post hoc
analysis 19

2040 patients with CAD FAI " FAI was associated with an increased risk of cardiac deaths and nonfatal myocardial
infarction in patients both with (HR 7.29; 95% CI 3.36–15.81; P<0.001) or
without (HR 5.62, 95% CI 3.02–10.47); P<0.001) HRP

Van Diemen et al.86 539 patients with suspected
CAD

PCAT In multivariate analysis, RCA PCAT attenuation was associated with higher risk of
death and/or nonfatal myocardial infarction (HR 2.45; 95% CI 1.23 – 4.93;
P¼0.011)

Nogami et al.90 364 patients with persistent
and paroxysmal AF
undergoing successful CBA

PCAT In multivariate analysis, PCAT was an independent predictor of recurrence of AF after
cryoablation (HR 1.034; 95% CI 1.001–1.069; P¼0.046)

Ichikawa et al.91 333 patients with T2DM PCAT In multivariate analysis, " 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% CI 1.166–6.199; P¼0.026)

Marcucci et al.106 60 patients with COVID-19
pneumonia

EAT " EAT was associated with increased risk of a greater extent of pulmonary involvement
and therefore a worse clinical outcome in patients with SARS-CoV-2 pneumonia
(HR 11.667; 95% CI 3.384–40.220; P<0.001)

Turker Duyuler et al.108 504 patients hospitalized for
COVID-19

EAT and
PCAT

In multivariate analysis, EAT and PCAT were independent predictors of ICU admission

Eberhard et al.110 503 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 100ml (log-
rank P¼0.002; HR: 1.94, 95% CI: 1.15–3.26), 125ml (log-rank P¼0.001; HR:
1.70, 95% CI: 1.06–2.68), and 130ml (log-rank P¼0.001; HR: 1.69, 95%CI:
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.
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Future perspectives: radiomics of
pericoronary adipose tissue
Artificial intelligence and radiomics represent powerful

advancement tools in various fields of cardiovascular

imaging.111–115 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.116 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.117 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.118–120 The CCTA-based radio-

mics phenotype of PCAT outperforms the pFAImodel 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
Copyright © 2023 Italian Federation of 
complex manual delineation and highly experienced

personnel.

Until now, as revealed by the recent review by Ponsi-

glione et al.,121 the radiomics quality score for cardiac

MRI and CT 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. PCAT 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 PCAT inflammation in patients with

coronary atherosclerosis, although with the limitation of a

generic poor availability.
Cardiology - I.F.C. All rights reserved.
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 on 04/15/2023
Even if further evidence is needed, anti-inflammatory

therapy directed at atherosclerosis may use these nonin-

vasive imagingmarkers to monitor the effect of treatment

and residual disease activity.

Acknowledgements
Conflicts of interest
There are no conflicts of interest.

References
1 Hoffmann U, Moselewski F, Cury RC, et al. Predictive value of 16-slice

multidetector spiral computed tomography to detect significant
obstructive coronary artery disease in patients at high risk for coronary
artery disease: patient-versus segment-based analysis.Circulation 2004;
110:2638–2643.

2 Brunetti ND, Centola A, Campanale EG, et al. A worrisome ‘normal’ ECG:
implementation of multislice coronary CT scan in an integrated approach
to ST-elevation suspected as not associated with acute coronary
syndrome. J Cardiovasc Med (Hagerstown) 2011; 12:516–517.

3 Maffei E, Seitun S, Martini C, et al.CT coronary angiography and exercise
ECG in a population with chest pain and low-to-intermediate pretest
likelihood of coronary artery disease. Heart 2010; 96:1973–1979.

4 Guaricci AI, Maffei E, Brunetti ND, et al. Heart rate control with oral
ivabradine in computed tomography coronary angiography: a
randomized comparison of 7.5mg vs 5mg regimen. Int J Cardiol 2013;
168:362–368.

5 Maffei E, Seitun S, Martini C, et al. Prognostic value of computed
tomography coronary angiography in patients with chest pain of
suspected cardiac origin. Radiol Med 2011; 116:690–705.

6 Benz DC, Fuchs TA, Gräni C, et al. Head-to-head comparison of adaptive
statistical and model-based iterative reconstruction algorithms for
submillisievert coronary CT angiography. Eur Heart J Cardiovasc Imaging
2018; 19:193–198.

7 Jia CF, Zhong J, Meng XY, et al. Image quality and diagnostic value of ultra
low-voltage, ultra low-contrast coronary CT angiography. Eur Radiol
2019; 29:3678–3685.

8 Pontone G, Muscogiuri G, Andreini D, et al. Impact of a new adaptive
statistical iterative reconstruction (ASIR)-V algorithm on image quality in
coronary computed tomography angiography. Acad Radiol 2018;
25:1305–1313.

9 Knuuti J, Wijns W, Saraste A, et al. 2019 ESC Guidelines for the
diagnosis and management of chronic coronary syndromes. Eur Heart J
2020; 41:407–477.

10 Carrabba N, Pontone G, Andreini D, et al. Appropriateness criteria for the
use of cardiac computed tomography, SIC-SIRM part 2: acute chest pain
evaluation; stent and coronary artery bypass graft patency evaluation;
planning of coronary revascularization and transcatheter valve
procedures; cardiomyopathies, electrophysiological applications, cardiac
masses, cardio-oncology and pericardial diseases evaluation.
J Cardiovasc Med (Hagerstown) 2022; 23:290–303.

11 Esposito A, Francone M, Andreini D, et al. SIRM-SIC appropriateness
criteria for the use of Cardiac Computed Tomography. Part 1: Congenital
heart diseases, primary prevention, risk assessment before surgery,
suspected CAD in symptomatic patients, plaque and epicardial adipose
tissue characterization, and functional assessment of stenosis. Radiol
Med 2021; 126:1236–1248.

12 Motoyama S, Ito H, Sarai M, et al. Plaque characterization by coronary
computed tomography angiography and the likelihood of acute coronary
events in mid-term follow-up. J Am Coll Cardiol 2015; 66:337–346.

13 Williams MC, Moss AJ, Dweck M, et al. Coronary artery plaque
characteristics associated with adverse outcomes in the SCOT-HEART
Study. J Am Coll Cardiol 2019; 73:291–301.

14 Pergola V, Cabrelle G, Mattesi G, et al. Added value of CCTA-derived
features to predict MACEs in stable patients undergoing coronary
computed tomography. Diagnostics (Basel) 2022; 12:1446.

15 Pontone G, Guaricci AI, Palmer SC, et al. Diagnostic performance of
noninvasive imaging for stable coronary artery disease: a meta-analysis.
Int J Cardiol 2020; 300:276–281.

16 Baggiano A, Fusini L, Del Torto A, et al. Sequential strategy including FFR
(CT) Plus Stress-CTP impacts on management of patients with stable
chest pain: the Stress-CTP RIPCORD Study. J Clin Med 2020; 9:2147.

17 Yang J, Dou G, He B, et al. Stress myocardial blood flow ratio by dynamic
CT perfusion identifies hemodynamically significant CAD. JACC
Cardiovasc Imaging 2020; 13:966–976.
Copyright © 2023 Italian Federation of C
18 Pontone G, Andreini D, Guaricci AI, et al. Quantitative vs. qualitative
evaluation of static stress computed tomography perfusion to detect
haemodynamically significant coronary artery disease. Eur Heart J
Cardiovasc Imaging 2018; 19:1244–1252.

19 Oikonomou EK, Desai MY, Marwan M, et al. Perivascular fat attenuation
index stratifies cardiac risk associated with high-risk plaques in the
CRISP-CT Study. J Am Coll Cardiol 2020; 76:755–757.

20 Tamarappoo B, Dey D, Shmilovich H, et al. Increased pericardial fat
volume measured from noncontrast CT predicts myocardial ischemia by
SPECT. JACC Cardiovasc Imaging 2010; 3:1104–1112.

21 Oikonomou EK, Marwan M, Desai MY, et al. Noninvasive detection of
coronary inflammation using computed tomography and prediction of
residual cardiovascular risk (the CRISP CT study): a posthoc analysis of
prospective outcome data. Lancet 2018; 392:929–939.

22 Caselli C, Rovai D, Lorenzoni V, et al. A new integrated clinical-biohumoral
model to predict functionally significant coronary artery disease in patients
with chronic chest pain. Can J Cardiol 2015; 31:709–716.

23 Assante R, Acampa W, Zampella E, et al. Prognostic value of
atherosclerotic burden and coronary vascular function in patients with
suspected coronary artery disease. Eur J Nucl Med Mol Imaging 2017;
44:2290–2298.

24 Taqueti VR, Hachamovitch R, Murthy VL, et al. Global coronary flow
reserve is associated with adverse cardiovascular events independently
of luminal angiographic severity and modifies the effect of early
revascularization. Circulation 2015; 131:19–27.

25 Kwiecinski J, Dey D, Cadet S, et al. Peri-coronary adipose tissue density is
associated with (18)F-sodium fluoride coronary uptake in stable patients
with high-risk plaques. JACCCardiovasc Imaging 2019; 12:2000–2010.

26 Kwon H, Kim D, Kim JS. Body fat distribution and the risk of incident
metabolic syndrome: a longitudinal cohort study.Sci Rep 2017; 7:10955.

27 Marchington JM, Mattacks CA, Pond CM. Adipose tissue in the
mammalian heart and pericardium: structure, foetal development and
biochemical properties. Comp Biochem Physiol B 1989; 94:225–232.

28 Corradi D, Maestri R, Callegari S, et al. The ventricular epicardial fat is
related to the myocardial mass in normal, ischemic and hypertrophic
hearts. Cardiovasc Pathol 2004; 13:313–316.

29 Iacobellis G, Ribaudo MC, Zappaterreno A, Iannucci CV, Leonetti F.
Relation between epicardial adipose tissue and left ventricular mass.Am J
Cardiol 2004; 94:1084–1087.

30 Iacobellis G, Corradi D, Sharma AM. Epicardial adipose tissue: anatomic,
biomolecular and clinical relationships with the heart. Nat Clin Pract
Cardiovasc Med 2005; 2:536–543.

31 Mancio J, Azevedo D, Saraiva F, et al. Epicardial adipose tissue volume
assessed by computed tomography and coronary artery disease: a
systematic review and meta-analysis. Eur Heart J Cardiovasc Imaging
2018; 19:490–497.

32 Shirani J, Berezowski K, Roberts WC. Quantitative measurement of
normal and excessive (cor adiposum) subepicardial adipose tissue, its
clinical significance, and its effect on electrocardiographic QRS voltage.
Am J Cardiol 1995; 76:414–418.

33 Mazurek T, Zhang L, Zalewski A, et al. Human epicardial adipose tissue is
a source of inflammatory mediators. Circulation 2003; 108:2460–2466.

34 Iacobellis G, Pistilli D, Gucciardo M, et al. Adiponectin expression in
human epicardial adipose tissue in vivo is lower in patients with coronary
artery disease. Cytokine 2005; 29:251–255.

35 Parisi V, Rengo G, Perrone-Filardi P, et al. Increased epicardial adipose
tissue volume correlates with cardiac sympathetic denervation in patients
with heart failure. Circ Res 2016; 118:1244–1253.

36 Rajani R, Shmilovich H, Nakazato R, et al. Relationship of epicardial fat
volume to coronary plaque, severe coronary stenosis, and high-risk
coronary plaque features assessed by coronary CT angiography.
J Cardiovasc Comput Tomogr 2013; 7:125–132.

37 Bo X, Ma L, Fan J, et al. Epicardial fat volume is correlated with coronary
lesion and its severity. Int J Clin Exp Med 2015; 8:4328–4334.

38 Zhou J,ChenY,ZhangY,et al.Epicardial fat volume improves theprediction
of obstructive coronary artery disease above traditional risk factors and
coronary calcium score. Circ Cardiovasc Imaging 2019; 12:e008002.

39 Hassan M, Said K, Rizk H, et al. Segmental peri-coronary epicardial
adipose tissue volume and coronary plaque characteristics. Eur Heart J
Cardiovasc Imaging 2016; 17:1169–1177.

40 Antonopoulos AS, Sanna F, Sabharwal N, et al. Detecting human
coronary inflammation by imaging perivascular fat. Sci Transl Med 2017;
9:eaal2658.

41 Goeller M, Rahman Ihdayhid A, Cadet S, et al.Pericoronary adipose tissue
and quantitative global noncalcified plaque characteristics from CT
angiography do not differ in matched South Asian, East Asian and
European-origin Caucasian patients with stable chest pain. Eur J Radiol
2020; 125:108874.
ardiology - I.F.C. All rights reserved.



Computed tomography and nuclear medicine Guaricci et al. e75

D
ow

nloaded from
 http://journals.lw

w
.com

/jcardiovascularm
edicine by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

g
bsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 04/15/2023
42 Zampella E, AcampaW, Assante R, et al.Combined evaluation of regional
coronary artery calcium and myocardial perfusion by (82)Rb PET/CT in
the identification of obstructive coronary artery disease. Eur J Nucl Med
Mol Imaging 2018; 45:521–529.

43 AcampaW, Assante R, Mannarino T, et al. Low-dose dynamic myocardial
perfusion imaging by CZT-SPECT in the identification of obstructive
coronary artery disease. Eur J Nucl Med Mol Imaging
2020; 47:1705–1712.

44 Maaniitty T, Stenström I, Bax JJ, et al. Prognostic value of coronary CT
angiography with selective PET perfusion imaging in coronary artery
disease. JACC Cardiovasc Imaging 2017; 10:1361–1370.

45 Zampella E, AcampaW, Assante R, et al.Combined evaluation of regional
coronary artery calcium and myocardial perfusion by (82)Rb PET/CT in
predicting lesion-related outcome. Eur J Nucl Med Mol Imaging 2020;
47:1698–1704.

46 Nomura CH, Assuncao-Jr AN, Guimarães PO, et al. Association between
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