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Abstract 
Purpose: This study aimed to examine the relationship of perivascular adipose tissue (PVAT) stranding in coronary 
computed tomography angiography (CCTA) with high-sensitivity C-reactive protein (hsCRP) and the determinants 
of PVAT stranding in coronary artery disease (CAD) patients.

Material and methods: This retrospective cross-sectional study was done by collecting data from CAD patients who 
were referred to Rajaie Cardiovascular Centre between January 2018 and September 2020, with CCTA and hsCRP test  
72 hours apart from the CCTA. PVAT stranding was defined as irregular obscuration of PVAT adjacent to the coronary 
arteries. An attempt was made to find a correlation between included variables and PVAT stranding by comparing them 
between 2 groups: patients with and without PVAT stranding.

Results: From 92 patients, 31 participants had PVAT stranding, and statistically significant higher levels of hsCRP 
were detected in them (p = 0.007). We demonstrated significantly higher prevalence of history of hyperlipidaemia  
(OR = 3.83, p = 0.029), high-risk plaque features (OR = 11.80, p = 0.015), and obstructive coronary luminal stenosis 
(OR = 3.25, p = 0.025) in patients with PVAT stranding. Also, significantly higher PVAT attenuation was detected in 
patients with PVAT stranding (p < 0.001) independently from mean attenuation of epicardial fat.

Conclusion: PVAT stranding could be used as a novel non-invasive marker in CCTA of CAD patients. More studies 
focusing on patient outcomes are required to better evaluate the reliability and prognostic value of this marker. 

Key words: perivascular adipose tissue, coronary computed tomography angiography, high-sensitivity C-reactive pro-
tein, coronary artery disease.
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Introduction
Coronary artery disease (CAD) is the most common cause 
of death and resultant consequences, worldwide, and its 
social burden is forecasted to increase throughout the up-
coming decades [1]. Despite growing evidence in primary 
and secondary prevention, significant residual cardiovas-
cular risk persists [2]. Novel diagnostic methods allowing 
recognition of “vulnerable patients” will enable utilization 
of targeted therapies in primary or secondary prevention, 
to prevent the progression of clinical cardiovascular events 
such as myocardial infarction [3].

Inflammation has been considered a key factor in ath-
erogenesis and the development of vulnerable atheroscle-
rotic plaque [4,5]. It is known that systemic inflammatory 
markers and, in particular, high-sensitivity C-reactive pro-
tein (hsCRP) correlate with cardiovascular risk prediction, 
independently of definite cardiovascular risk factors [6]. 
Circulating inflammatory biomarkers such as hsCRP 
are excellent for the diagnosis of systemic inflammation, 
which is commonly associated with coronary inflamma-
tion; nevertheless, they are also often accompanied by oth-
er systemic or local inflammations such as infectious pro-
cesses and other inflammatory conditions [7]. In addition, 
prior studies showed the potential use of non-invasive 
imaging, using positron emission tomography (PET) in 
the assessment of coronary artery inflammation [8], but 
this modality is expensive and of limited availability. 

Recent studies focused on the role of coronary com-
puted tomography angiography (CCTA) in the detection 
of coronary inflammation using perivascular adipose tis-
sue (PVAT) attenuation. Epicardial adipose tissue (EAT) 
is located between the myocardium and the visceral layer 
of the pericardium, and PVAT is part of the EAT close to 
the coronary arteries with integration to the vascular wall 
to various degrees, depending on vessel size [3,9]. PVAT 
acts as a sensor of early vascular disease signals as coro-
nary artery inflammation induces a shift of PVAT’s com-
position from lipid to aqueous phase leading to increased 
CT density around the inflamed arteries [3]. This PVAT’s 
composition changes can be seen visually as fat stranding.

Some recent studies have demonstrated correlation of 
higher PVAT attenuation as a novel surrogate measure of 
coronary inflammation with CAD and severity of CAD, 
presence of atherosclerotic plaques and high-risk plaques 
[10-12], culprit lesions in patients with acute coronary 
syndrome (ACS) [13], and acute plaque rupture and 
spontaneous coronary artery dissection [14]. Also, previ-
ous studies showed that utilization of PVAT attenuation 
leads to a significant improvement in cardiac risk predic-
tion and re-stratification beyond traditional risk factors 
and carries striking prognostic value in both primary and 
secondary prevention [15-17].

Although prior studies have shown the aforementioned 
findings, more studies seem necessary to examine PVAT 
to clarify the role of this index in risk assessment in CAD 

patients. The majority of studies that examined perivas-
cular adipose tissue have focused on quantifying dynamic 
spatial changes in PVAT as fat attenuation index in detec-
tion of pericoronary inflammation [9-13,16,17]. Despite the 
significant role of fat density, qualitative changes such as fat 
stranding could be helpful in this manner [14]. In this study, 
we focused on PVAT stranding in CCTA, and we seek to 
evaluate the relationship between it and the inflammatory 
marker hsCRP (as a known cardiovascular risk factor), as 
well as the determinants of PVAT stranding in CAD patients. 

Material and methods 

Study design and participants

This investigation was performed as a retrospective cross-
sectional study collecting data from CAD patients who 
were referred to Rajaie Cardiovascular, Medical & Research 
Centre between January 2018 and September 2020. Patients 
with CCTA and hsCRP test 72 hours apart from the CCTA 
were included. Exclusion criteria for the present study were 
participants with prior history of revascularization such as 
coronary stenting or coronary artery bypass grafting and 
patients with a history of systemic or local inflammatory 
disorders including endocarditis and myocarditis, because 
of their impact on hsCRP levels. Also, we excluded patients 
with suboptimal image quality and with a history of con-
sumption of statins, due to their effects on pericoronary in-
flammation and epicardial adipose tissue attenuation [18]. 
Informed consent was obtained from all participants, and 
the Institutional Research Ethics Committee of the School 
of Medicine at Iran University of Medical Sciences ap-
proved the study (No: IR.IUMS.FMD.REC.1399.247).

Study variables and measurement

For the purposes of this study, to evaluate the correlation 
of PVAT stranding with hsCRP levels and determinants of 
PVAT stranding in CAD patients, we collected the informa-
tion of the participating patients retrospectively from their 
clinical records and also reviewed their CCTA images. In the 
next part, information about the variables extracted from 
patients’ CCTAs will be explained in detail. Demographic 
information of participants including age (year) and gen-
der (male/female); past medical history including diabe-
tes mellitus, hypertension, hyperlipidaemia, and smoking; 
laboratory findings such as inflammatory markers (hsCRP 
and erythrocyte sedimentation rate [ESR]), troponin I level 
(normal/high), and lipid profiles of patients: total choleste-
rol, high-density lipoprotein (HDL), low-density lipopro-
tein (LDL), and triglyceride (TG), were extracted.

Image acquisition and analysis

Participants’ coronary CT angiography was performed by 
our centre using a dual-source, 384-slice (2 × 192 detector 
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row) CT scanner (Somatom Force; Siemens, Forchheim, 
Germany). Patients received oral administration of meto-
prolol (25-50 mg) one hour before the scheduled scan if 
their resting heart rate was > 70 beats per minute, and all 
patients received sublingual nitroglycerin (0.3 mg) imme-
diately before the scan. Non-contrast cardiac CT images 
with a 3-mm slice thickness were obtained before coronary 
CTA. Coronary CTA images were acquired with the scan 
protocol as follows: tube voltage of 70 to 120 kVp, tube cur-
rent of 200 to 500 mA, gantry rotation speed of 250 ms 
per rotation, field matrix of 512 × 512, and scan slice 
thickness of 0.6 mm. As soon as the signal density level 
in the ascending aorta reached a predefined threshold of  
150 Hounsfield units (HU), acquisition of CT data and  
an ECG trace were automatically started. Images were ac-
quired after a bolus injection of 45 to 60 ml of contrast me-
dia (Iohexol, 350 mg iodine/ml, GE Health Care, Ltd. USA) 
at a rate of 5 to 6 ml/s, using prospective ECG triggering or 
retrospective ECG gating with automatic tube current mod-
ulation.All scans were performed during a single breath-
hold. Images were reconstructed at a window centred at  
55-75% of the R-R interval. Multiplanar reformatted CCTA 
was used, and images were reviewed by a cardiovascular ex-
pert radiologist with 14 years of experience. All of measure-
ments were done for the left main coronary artery, right cor-
onary artery (RCA), left anterior descending artery (LAD), 
and left circumflex artery (LCX).

PVAT stranding was defined as irregular obscuration 
of perivascular fat adjacent to the coronary arteries [14], 
and the CAD patients were divided into 2 groups: patients 
with and without PVAT stranding. Other variables were 
examined in these 2 groups, and an attempt was made to 
find a correlation between them and PVAT stranding by 
comparing them between the 2 groups. We also calculated 

PVAT attenuation at multiple sites along the coronary ar-
teries every 2 cm by placing a region of interest of equiva-
lent volume (0.1 cm3) adjacent to the coronary artery wall 
(Figure 1). In addition, we measured volume (cm3) and 
mean attenuation value (Hounsfield units) of epicardial 
adipose tissue using dedicated volumetric software (Vol-
ume, Leonardo, Siemens Healthcare, Erlangen, Germany) 
in a semi-automated manner by tracking the visceral peri-
cardium contour from the level of the carina to the apex of 
the heart at non-contrast cardiac CT. Attenuation values 
varying between −180 and −30 Hounsfield units (HU) 
were defined as fat voxels.

We classified patients with a high-risk plaque as par-
ticipants having at least one of the high-risk plaque fea-
tures, including positive remodeling, napkin-ring sign, 
spotty calcium, and low-attenuation plaque (< 30 HU), as 
described previously [19]. We described coronary artery 
stenosis according to Coronary Artery Disease – Report-
ing and Data System (CAD-RADS) classification [20], and 
defined patients with CAD-RADS 3-5 (luminal stenosis 
equal to and higher than 50%) as obstructive coronary 
artery disease. In addition, the coronary artery calcifica-
tion score was quantified based on the Agatston score [21] 
in non-contrast cardiac CT.

Statistical analysis

We performed one sample Kolmogorov-Smirnov test to 
explore the normal distribution of quantitative variables, 
which were determined variables including laboratory 
findings (such as hsCRP, ESR, HDL, TG), EAT volume, 
coronary artery calcification and PVAT attenuation of 
each coronary artery did not follow a normal distribu-
tion in our study population. So, these variables presented 

Figure 1. Examples of perivascular adipose tissue (PVAT) stranding around the left main coronary (A-C) and right coronary (D-F) arteries at their coronal (B, D) 
and axial (A, E) planes with calculation of their PVAT attenuation (C, F)
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as median (interquartile range), and the nonparametric 
Mann-Whitney U test was used for comparison of them. 
Normally distributed numerical variables (including age, 
total cholesterol, LDL and EAT attenuation) were ex-
pressed as mean (standard deviation), and Student’s t-test 
was used for their comparison. Furthermore, categorical 
variables were presented as numbers (percent), and we 
used the chi-square test and odds ratio and 95% confi-
dence interval for their analysis between 2 groups. SPSS 
(v. 22, Chicago, IL) as our analytical software was used, 
and we considered P < 5% as statistically significant.

Results
Finally, 92 patients were included in the present study; 
their characteristics based on demographic information 
and their past medical histories are summarized in Table 1. 
Approximately one-third of them (31 participants) had 
PVAT stranding, and the remainder (61 participants) had 
no stranding in their perivascular adipose tissue. Most 
patients were in the age group 45 to 59 years, 49 persons 

were male, and the remainder (43 persons) were female. 
History of hypertension was more common in compari-
son to other past medical histories.

Determinants of PVAT stranding and their frequencies 
and statistics are presented in Table 2. Mean (SD) age of pa-
tients with and without PVAT stranding was 48.6 (15.8) and 
49.3 (13.3), respectively; the difference was not statistically 
significant. Also, we detected no statistically significant dif-
ferences in the gender of patients and their past medical 
histories (except for history of hyperlipidaemia) between 
the 2 groups. We demonstrated a statistically significant 
difference in the prevalence of history of hyperlipidaemia: 
36% in patients with PVAT stranding versus 12.8% in pa-
tients without PVAT stranding (OR = 3.83, 95% CI: 1.10-
13.27, p = 0.029), independently of their lipid profile levels. 

Figure 2 shows the distribution of hsCRP (mg/l) be-
tween participants with and without PVAT stranding.  
According to this figure higher levels of hsCRP in patients 
with PVAT stranding were detected – the median (inter-
quartile range) hsCRP in participants with and without 
PVAT was 4 (7.9) and 1.6 (3.4), respectively, and this dif-
ference was statistically significant (p = 0.007). However, 
no significant difference between the 2 groups in terms of 
ESR, another inflammatory marker, was detected. Despite 
the more prevalent high troponin I level in patients with 
PVAT stranding (29.2% vs. 10.6% in patients without PVAT 
stranding) this difference was not statistically considerable.

We also evaluated coronary CT angiography (CCTA) 
findings, which are summarized in Table 2 and Table 3.  
Noticeable differences in the prevalence of high-risk 
plaque features and obstructive coronary luminal steno-
sis between participants with and without PVAT strand-
ing were found. Patients with PVAT stranding had more 
statistically remarkable high-risk plaque features (16.7% 
prevalence versus 1.7% in patients without PVAT strand-
ing; OR = 11.80, 95% CI: 1.31-106.22, p = 0.015) and ob-
structive coronary luminal stenosis (33.3% prevalence ver-
sus 13.3% in patients without PVAT stranding; OR = 3.25, 
95% CI: 1.12- 9.41, p = 0.025). Nevertheless, no significant 
differences in coronary artery calcification (CAC), includ-
ing Agatston score and the number of arteries with CAC, 
between the 2 groups were determined.

Considering the volume and mean attenuation of EAT 
between patients with and without PVAT stranding, no 
striking differences were found, while, as presented in 
Table 3, significantly higher PVAT attenuation in patients 
with PVAT stranding around all coronary arteries was de-
tected (p < 0.001). Also, in Table 3 the prevalence of PVAT 
stranding among coronary arteries is demonstrated, and, 
as can be noted, PVAT stranding is more prevalent around 
the left main coronary artery and RCA.  

Discussion
In our study, we determined that PVAT stranding has 
a significant correlation with the circulating inflammatory 

Table 1. Participants’ characteristics based on demographics and past medi-
cal history

Variables PVAT stranding, n (%) Total, n (%)

Yes No

Demographics

Age groups, years

15-29 4 (4.3) 6 (6.5) 10 (10.9)

30-44 9 (9.8) 12 (13.0) 21 (22.8)

45-59 10 (10.9) 29 (31.5) 39 (42.4)

≥ 60 8 (8.7) 14 (15.2) 22 (23.9)

Gender

Male 18 (19.6) 31 (33.7) 49 (53.3)

Female 13 (14.1) 30 (32.6) 43 (46.7)

Past medical history

Diabetes mellitus

Yes 6 (9.4) 5 (7.8) 11 (17.2)

No 19 (29.7) 34 (53.1) 53 (82.8)

Hypertension

Yes 12 (18.8) 15 (23.4) 27 (42.2)

No 13 (20.3) 24 (37.5) 37 (57.8)

Hyperlipidaemia

Yes 9 (14.1) 5 (7.8) 14 (21.9)

No 16 (25.0) 34 (53.1) 50 (78.1)

Smoking

Yes 6 (9.4) 9 (14.1) 15 (23.4)

No 19 (29.7) 30 (46.9) 49 (76.6)

Total 31 (33.7) 61 (66.3) 92 (100)
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Table 2. Determinants of perivascular adipose tissue (PVAT) stranding and their statistics

Variables PVAT stranding Test statistics p-value

Yes No

Demographics

Age, years 48.6 (15.8)* 49.3 (13.3)* t-test = –0.198 0.844

Gender OR = 1.34 (0.56-3.21)
(Baseline: Male)

0.510

Male 18 (58.1%)** 31 (50.8%)**

Female 13 (41.9%)** 30 (49.2%)**

Past medical history

Diabetes mellitus OR = 2.15 (0.58-7.98)
(Baseline: No)

0.315

Yes 6 (24.0%)** 5 (12.8%)**

No 19 (76.0%)** 34 (87.2%)**

Hypertension OR = 1.48 (0.53-4.08)
(Baseline: No)

0.451

Yes 12 (48.0%)** 15 (38.5%)**

No 13 (52.0%)** 24 (61.5%)**

Hyperlipidaemia OR = 3.83 (1.10-13.27)
(Baseline: No)

0.029

Yes 9 (36.0%)** 5 (12.8%)**

No 16 (64.0%)** 34 (87.2%)**

Smoking OR = 1.05 (0.32-3.43)
(Baseline: No)

0.932

Yes 6 (24.0%)** 9 (23.1%)**

No 19 (76.0%)** 30 (76.9%)**

Laboratory findings

hsCRP (mg/l) 4 (7.9)*** 1.6 (3.4)*** Z Mann-Whitney U = -2.690 0.007

ESR (mm/h) 12.5 (18)*** 10 (13)*** Z Mann-Whitney U = -0.924 0.356

Troponin I OR = 3.46 (0.96-12.42)
(Baseline: Normal)

0.090

High 7 (29.2%)** 5 (10.6%)**

Normal 17 (70.8%)** 42 (89.4%)**

Total Chol (mg/dL) 155.6 (33.7)* 158.2 (42.1)* t-test = –0.259 0.796

HDL (mg/dL) 34.5 (13)*** 35 (9)*** Z Mann-Whitney U = –0.013 0.990

LDL (mg/dL) 97.5 (33.3)* 94.0 (30.6)* t-test = 0.432 0.667

TG (mg/dL) 135 (100)*** 112 (75)*** Z Mann-Whitney U = –0.800 0.423

CCTA findings

Epicardial fat

Volume (cm3) 76.7 (88.4)*** 90.2 (63)*** Z Mann-Whitney U = –0.638 0.524

Attenuation (HU) –73.1 (9.8)* -76.8 (9.1)* t-test = –1.746 0.084

Coronary artery calcification

Total score 0.3 (475.6)*** 0 (45.8)*** Z Mann-Whitney U = –1.029 0.303

Arteries with CAC 0 (3)*** 0 (1)*** Z Mann-Whitney U = –0.932 0.351

High-risk plaque OR = 11.80 (1.31-106.22)
(Baseline: No)

0.015

Yes 5 (16.7%)** 1 (1.7%)**

No 25 (83.3%)** 59 (98.3%)**

Luminal stenosis OR = 3.25 (1.12-9.41)
(Baseline: CAD-RADS 0-2)

0.025

CAD-RADS 3-5 10 (33.3%)** 8 (13.3%)**

CAD-RADS 0-2 20 (66.7%)** 52 (86.7%)**

*Mean (standard deviation). **Number (percent). ***Median (interquartile range)
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biomarker hsCRP; hence, ACS patients with perivascular 
fat stranding had significantly higher hsCRP levels, inde-
pendently of their ESR levels (another systemic inflamma-
tory marker). This finding contrasts with the study of Dai 
et al., who demonstrated a poor correlation between peri-
vascular fat attenuation and hsCRP measurements [22]. 
In their study, high-risk plaque features such as low atten-
uation plaque and napkin-ring sign were more commonly 
present in CAD patients with high levels of hsCRP [22]. 
Also, Sugiyama et al. showed that hsCRP level is one of 
the significant determinants of pericoronary fat attenua-
tion, especially in male patients, but they did not find a re-
lationship between hsCRP level and elevated pericoronary 
fat attenuation (≥ −70.1 HU), and they concluded that el-
evated pericoronary fat attenuation can reflect higher lev-
els of pericoronary inflammation independently of hsCRP 

level [23]. In our study, we examined PVAT strand-
ing with hsCRP level, and, as shown in Table 3, in pa-
tients with PVAT stranding, perivascular fat attenuation 
higher than –70 (the HU cut-off used in the Sugiyama  
et al. study) was present. This discrepancy could be due to 
different methods of measuring perivascular fat density 
in our study and theirs. We measured PVAT attenuation 
by placing a region of interest adjacent to the coronary 
artery wall, but Sugiyama et al. assessed pericoronary fat 
attenuation at proximal 40-mm segments of coronary 
arteries [23]. Therefore, it is not unreasonable to expect 
that the calculated perivascular fat attenuation in pa-
tients with PVAT stranding in our study was higher than 
the –70 HU cut-off. Also, some studies investigated the 
significant association between severity of CAD and in-
creased serum hsCRP levels as a valuable biomarker for 
predicting CAD [24,25]. In addition, as mentioned be-
fore, studies have shown the importance of PVAT density 
in severity and predicting CAD. Therefore, the existence 
of a correlation between hsCRP level and PVAT strand-
ing is not far from expectation and could indicate the 
greater value of PVAT stranding for diagnosing perivas-
cular inflammation and its usefulness in cardiovascular 
risk assessment.  

In the present study no significant differences in age, 
gender, and past medical histories such as DM, HTN, and 
smoking between patients with and without PVAT strand-
ing were detected. However, we detected that a history of 
HLP correlates with PVAT stranding in ACS patients in-
dependently of current lipid profile levels. These findings 
are in line with a study by Sugiyama et al., which showed 
no association between age, past medical history (includ-
ing hyperlipidaemia), and lipid profile levels with elevated 
pericoronary fat density. But in their studies, a remarkable 
correlation with male sex was detected [23].

Figure 2. Distribution of high-sensitivity C-reactive protein (hsCRP) levels 
between participants with and without perivascular adipose tissue (PVAT) 
stranding
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Table 3. Perivascular adipose tissue (PVAT) attenuation and distribution of fat stranding around each coronary artery

Variables PVAT stranding Test statistics p-value

Yes No

Left main artery

Number (%) 14 (15.2) 78 (84.8) Z Mann-Whitney U = -5.864 < 0.001

PVAT attenuation (HU) 21.5 (60)* –60 (40)*

Lt anterior descending artery

Number (%) 9 (9.8) 83 (90.2) Z Mann-Whitney U = -4.884 < 0.001

Perivascular FAI (HU) –3 (29)* –70 (31)*

Circumflex artery

Number (%) 8 (8.7) 84 (91.3) Z Mann-Whitney U = -4.519 < 0.001

Perivascular FAI (HU) 12 (102)* –58 (33)*

Right coronary artery

Number (%) 14 (15.2) 78 (84.8) Z Mann-Whitney U = -5.877 < 0.001

Perivascular FAI (HU) –1.5 (47)* –73 (28) *
* Median (interquartile range)
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In addition, we demonstrated no association between 
PVAT stranding and high troponin levels or coronary 
artery calcification status such as Agatston score. How-
ever, we showed that PVAT stranding was approximately  
12 times more common in patients with high-risk plaque 
features and 3 times more common in patients with mod-
erate or higher luminal stenosis (CAD-RADS 3 to 5), and it 
was determined that PVAT stranding can occur in patients 
with mild or lower luminal stenosis (CAD-RADS 0-2), 
which is in contrast to the results of Hedgire et al. They 
found no PVAT stranding in subjects with minimal or mild 
stenosis (CAD-RADS 1-2) and showed significant associa-
tion of elevated troponin level, younger patients, and lower 
Agatston score with PVAT stranding. They also presented 
a significantly lower number of high-risk plaque features in 
patients with PVAT stranding [14]. Our results are in line 
with Chen et al. [10], Yuvaraj et al. [11] and Sun et al. [26], 
who demonstrated significantly higher perivascular attenu-
ation in patients with high-risk plaque features.

Furthermore, Hedgire et al. found a higher prevalence 
of RCA perivascular stranding, as we showed, and con-
cluded that this could be due to the greater surrounding 
fat of RCA in comparison to other coronary arteries and its 
mid-segment perpendicular course to the axial acquisition, 
which can lead to better detection of fat stranding [14].

PVAT attenuation was significantly higher in pa-
tients with fat stranding compared to patients without 
fat stranding, independently of epicardial fat volume or 
attenuation. We measured PVAT attenuation and mean 
EAT attenuation in CCTA and non-contrast CT, respec-
tively. Hence, significantly higher PVAT density in pa-
tients with fat stranding is more likely to be attributable 
to pericoronary enhancement suggestive of inflamma-
tion, which could strengthen the role of PVAT stranding.  
At Oikonomou et al. showed the optimum cut-off for the 
perivascular fat attenuation ≥ 70.1 HU as an indicator 
of increased cardiac mortality and a guide for early tar-
geted primary and secondary prevention in patients [17].  

Furthermore, Almeida et al. demonstrated excellent inter- 
and intra-reader agreement for measuring pericoronary 
fat attenuation [27]. In our study we focused on PVAT 
stranding as a new CCTA marker, which has been stud-
ied less, and we investigated much more perivascular fat 
attenuation than the cut-off ≥ –70.1 HU in patients with 
PVAT stranding. Two of our study limitations are its ret-
rospective nature (which led to restricted case selection) 
and the small sample size. Also, in the present research, 
we did investigate the patient outcomes, which is of para-
mount importance in the evaluation of this CCTA marker. 
Exclusion of patients with poor image quality is another 
limitation of this study. 

Conclusions
At present, CCTA is established as a first-line modality in 
the examination of suspected CAD, and due to the expan-
sion of its application in various clinical settings, it is nec-
essary to conduct further studies to improve its sensitivity 
and specificity by introducing new markers and refining 
its diagnostic and prognostic value in the earliest stages 
of coronary disease [16]. Quantitative and qualitative 
evaluation of PVAT in CCTA are helpful in the detection 
of pericoronary fat inflammation. Most previous studies 
have examined quantitative changes of PVAT in this field, 
and conversely we examined the PVAT stranding in CAD 
patients as a novel non-invasive marker that captures early 
coronary inflammation instead of or besides the fat attenu-
ation index. According to the paucity of information about 
PVAT, it seems that more studies, and especially prospec-
tive research focusing on patient outcomes, are required 
to better evaluate the reliability and prognostic value of 
this marker.

Disclosure
The authors report no conflict of interest.

References

1. Khan MA, Hashim MJ, Mustafa H, et al. Global epidemiology of 
ischemic heart disease: results from the Global Burden of Disease 
Study. Cureus 2020; 12: e9349. doi: 10.7759/cureus.9349.

2. Kalbacher D, Waldeyer C, Blankenberg S, et al. Beyond conventional 
secondary prevention in coronary artery disease-what to choose 
in the era of CANTOS, COMPASS, FOURIER, ODYSSEY and  
PEGASUS-TIMI 54? A review on contemporary literature. Ann 
Transl Med 2018; 6: 323. doi: 10.21037/atm.2018.08.03.

3. Antoniades C, Kotanidis CP, Berman DS. State-of-the-art review arti-
cle. Atherosclerosis affecting fat: what can we learn by imaging perivas-
cular adipose tissue? J Cardiovasc Comput Tomogr 2019; 13: 288-296.

4. Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med 
1999; 340: 115-126.

5. Antonopoulos AS, Margaritis M, Lee R, et al. Statins as anti-inflam-
matory agents in atherogenesis: molecular mechanisms and lessons 
from the recent clinical trials. Curr Pharm Des 2012; 18: 1519-1530.

6. Ridker PM. C-reactive protein and the prediction of cardiovascular 
events among those at intermediate risk: moving an inflammatory 
hypothesis toward consensus. J Am Coll Cardiol 2007; 49: 2129-
2138.

7. Margaritis M, Antonopoulos AS, Digby J, et al. Interactions between 
vascular wall and perivascular adipose tissue reveal novel roles for 
adiponectin in the regulation of endothelial nitric oxide synthase 
function in human vessels. Circulation 2013; 127: 2209-2221.

8. Wykrzykowska J, Lehman S, Williams G, et al. Imaging of inflamed 
and vulnerable plaque in coronary arteries with 18F-FDG PET/CT in 



Hamidreza Pouraliakbar, Abolfazl Abouie, Elham Ziaeifar et al.  

e148 © Pol J Radiol 2023; 88: e141-e148

patients with suppression of myocardial uptake using a low-carbohy-
drate, high-fat preparation. J Nucl Med 2009; 50: 563-568.

9. Antonopoulos AS, Sanna F, Sabharwal N, et al. Detecting human 
coronary inflammation by imaging perivascular fat. Sci Transl Med 
2017; 9: eaal2658. doi: 10.1126/scitranslmed.aal2658.

10. Chen X, Dang Y, Hu H, et al. Pericoronary adipose tissue attenua-
tion assessed by dual-layer spectral detector computed tomography 
is a sensitive imaging marker of high-risk plaques. Quant Imaging 
Med Surg 2021; 11: 2093-2103.

11. Yuvaraj J, Lin A, Nerlekar N, et al. Pericoronary adipose tissue at-
tenuation is associated with high-risk plaque and subsequent acute 
coronary syndrome in patients with stable coronary artery disease. 
Cells 2021; 10: 1143. doi: 10.3390/cells10051143.

12. Goeller M, Tamarappoo BK, Kwan AC, et al. Relationship between 
changes in pericoronary adipose tissue attenuation and coronary 
plaque burden quantified from coronary computed tomography an-
giography. Eur Heart J Cardiovasc Imaging 2019; 20: 636-643.

13. Goeller M, Achenbach S, Cadet S, et al. Pericoronary adipose tissue 
computed tomography attenuation and high-risk plaque character-
istics in acute coronary syndrome compared with stable coronary 
artery disease. JAMA Cardiol 2018; 3: 858-863.

14. Hedgire S, Baliyan V, Zucker EJ, et al. Perivascular epicardial fat 
stranding at coronary CT angiography: a marker of acute plaque 
rupture and spontaneous coronary artery dissection. Radiology 2018; 
287: 808-815.

15. Oikonomou EK, Williams MC, Kotanidis CP, et al. A novel machine 
learning-derived radiotranscriptomic signature of perivascular fat 
improves cardiac risk prediction using coronary CT angiography. 
Eur Heart J 2019; 40: 3529-3543.

16. Klüner LV, Oikonomou EK, Antoniades C. Assessing cardiovascular 
risk by using the fat attenuation index in coronary CT angiography. 
Radiol Cardiothorac Imaging 2021; 3: e200563. doi: 10.1148/ryct. 
2021200563.

17. Oikonomou EK, Marwan M, Desai MY, et al. Non-invasive detection 
of coronary inflammation using computed tomography and predic-
tion of residual cardiovascular risk (the CRISP CT study): a post-hoc 
analysis of prospective outcome data. Lancet 2018; 392: 929-939.

18. Raggi P, Gadiyaram V, Zhang C, et al. Statins reduce epicardial adipose 
tissue attenuation independent of lipid lowering: a potential pleio-
tropic effect. J Am Heart Assoc 2019; 8: e013104. doi: 10.1161/JAHA. 
119.013104.

19. Puchner SB, Liu T, Mayrhofer T, et al. High-risk plaque detected on 
coronary CT angiography predicts acute coronary syndromes inde-
pendent of significant stenosis in acute chest pain: results from the 
ROMICAT-II trial. J Am Coll Cardiol 2014; 64: 684-692.

20. Cury RC, Abbara S, Achenbach S, et al. CAD-RADS™: Coronary Artery 
Disease – Reporting and Data System: an expert consensus document 
of the Society of Cardiovascular Computed Tomography (SCCT), the 
American College of Radiology (ACR) and the North American Society 
for Cardiovascular Imaging (NASCI). Endorsed by the American Col-
lege of Cardiology. J Am Coll Radiol 2016; 13 (12 Pt A): 1458-1466.e9. 
doi: 10.1016/j.jacr.2016.04.024.

21. Agatston AS, Janowitz WR, Hildner FJ, et al. Quantification of coro-
nary artery calcium using ultrafast computed tomography. J Am Coll 
Cardiol 1990; 15: 827-832.

22. Dai X, Deng J, Yu M, et al. Perivascular fat attenuation index and 
high-risk plaque features evaluated by coronary CT angiography:  
relationship with serum inflammatory marker level. Int J Cardiovasc 
Imaging 2020; 36: 723-730.

23. Sugiyama T, Kanaji Y, Hoshino M, et al. Determinants of pericoro-
nary adipose tissue attenuation on computed tomography angiogra-
phy in coronary artery disease. J Am Heart Assoc 2020; 9: e016202. 
doi: 10.1161/JAHA.120.016202.

24. Tajfard M, Tavakoly Sany SB, Avan A, et al. Relationship between 
serum high sensitivity C-reactive protein with angiographic severity 
of coronary artery disease and traditional cardiovascular risk factors. 
J Cell Physiol 2019; 234: 10289-10299.

25. Seyedian SM, Ahmadi F, Dabagh R, et al. Relationship between 
high-sensitivity C-reactive protein serum levels and the severity of 
coronary artery stenosis in patients with coronary artery disease. 
ARYA Atheroscler 2016; 12: 231-237.

26. Sun JT, Sheng XC, Feng Q, et al. Pericoronary fat attenuation index is 
associated with vulnerable plaque components and local immune-in-
flammatory activation in patients with non-ST elevation acute coronary 
syndrome. J Am Heart Assoc 2022; 11: e022879. doi: 10.1161/JAHA. 
121.022879.

27. Almeida S, Pelter M, Shaikh K, et al. Feasibility of measuring peri-
coronary fat from precontrast scans: Effect of iodinated contrast on 
pericoronary fat attenuation. J Cardiovasc Comput Tomogr 2020; 14: 
490-494.


