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ORIGINAL RESEARCH

Pericoronary Fat Attenuation Index Is 
Associated With Vulnerable Plaque 
Components and Local Immune- 
Inflammatory Activation in Patients With  
Non- ST Elevation Acute Coronary Syndrome
Jia Teng Sun, MD, PhD*; Xin Cheng Sheng, MD*; Qi Feng, MD, PhD; Yan Yin, MD, PhD; Zheng Li, MD;  
Song Ding , MD, PhD; Jun Pu, MD, PhD

BACKGROUND: The pericoronary fat attenuation index (FAI) is assessed using standard coronary computed tomography angi-
ography, and it has emerged as a novel imaging biomarker of coronary inflammation. The present study assessed whether 
increased pericoronary FAI values on coronary computed tomography angiography were associated with vulnerable plaque 
components and their intracellular cytokine levels in patients with non- ST elevation acute coronary syndrome.

METHODS AND RESULTS: A total of 195 lesions in 130 patients with non- ST elevation acute coronary syndrome were prospec-
tively included. Lesion- specific pericoronary FAI, plaque components and other plaque features were evaluated by coronary 
computed tomography angiography. Local T cell subsets and their intracellular cytokine levels were detected by flow cytome-
try. Lesions with pericoronary FAI values >−70.1 Hounsfield units exhibited spotty calcification (43.1% versus 25.0%, P=0.015) 
and low- attenuation plaques (17.6% versus 4.2%, P=0.016) more frequently than lesions with lower pericoronary FAI values. 
Further quantitative plaque compositional analysis showed that increased necrotic core volume (Pearson’s r=0.324, P<0.001) 
and fibrofatty volume (Pearson’s r=0.270, P<0.001) were positively associated with the pericoronary FAI, and fibrous volume 
(Pearson’s r=−0.333, P<0.001) showed a negative association. An increasing proinflammatory intracellular cytokine profile 
was found in lesions with higher pericoronary FAI values.

CONCLUSIONS: The pericoronary FAI may be a reliable indicator of local immune- inflammatory response activation, which is 
closely related to plaque vulnerability.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT04792047.

Key Words: coronary computed tomography angiography ■ non- ST elevation acute coronary syndromes ■ pericoronary fat attenuation 
index ■ vulnerable plaque

Plaque vulnerability is causally related to acute cor-
onary syndrome (ACS) development.1 Long- term 
activation of the immune- inflammatory response 

is a main driver of plaque vulnerability. Vulnerable 

plaques reveal large amounts of activated macro-
phages and differentiated subsets of T cells, which 
produce various proinflammatory and chemotactic 
cytokines.2 Early identification of vulnerable plaques 
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using an optimal imaging method is a field of increas-
ing interest.3,4 However, further detection of coronary 
inflammation remains challenging, and standard in-
vasive imaging methods, such as intravascular ul-
trasound (IVUS) and optical coherence tomography 
(OCT), limit visualization of the entire coronary tree and 
comprehensive assessment of the inflammatory bur-
den of target lesions.5,6

Coronary computed tomography angiography 
(CCTA) allows a detailed evaluation of the coronary 
wall anatomy and accurate classification of vulnerable 
plaque burden and morphology.7 A recent landmark 
study showed that CCTA detected coronary inflamma-
tion via quantification of the CT fat attenuation index 
(FAI).8 Local coronary inflammation contributes to a 
shift in perivascular adipose tissue composition from 
the lipid to aqueous phase adjacent to the inflamed 
coronary artery wall, which correlated with a gradient in 
the attenuation of perivascular adipose tissue captured 
using CCTA.9 The CRISP- CT study also showed that a 
pericoronary FAI value ≥−70.1 Hounsfield unit (HU) was 
a reliable indicator of increased cardiac mortality or 
all- cause mortality independent of traditional risk fac-
tors.10 Early small- scale observational studies indicated 

that pericoronary FAI correlated with plaque attenua-
tion.11 However, insights into the relationship between 
the pericoronary FAI and comprehensive quantitative 
plaque components of patients with non- ST elevation 
ACS (NSTE- ACS) are scarce.

Therefore, we investigated the relationship between 
CCTA- based pericoronary inflammation and plaque 
morphology and components in a large population- 
based cohort of subjects with NSTE- ACS. We hypoth-
esized that the pericoronary FAI would be a reliable 
indicator of coronary immune- inflammatory disorder 
and closely related to plaque vulnerability.

METHODS
The authors declare that all supporting data are avail-
able within the article; further inquiries can be directed 
to the corresponding author(s).

Study Population
The Institutional Review Board of Renji Hospital ap-
proved this study, and all subjects provided written 
informed consent. Patients eligible for enrollment had 
ischemic symptoms and presented with ST depres-
sion ≧0.1  mV or elevated troponin levels. Patients 
with NSTE- ACS who needed an immediate (<2 hours) 
or early invasive strategy (<24  hours) according to 
guidelines were excluded, including patients who 
presented with hemodynamic instability or cardio-
genic shock, life- threatening arrhythmias or cardiac 
arrest, mechanical complications, acute heart fail-
ure, dynamic ST or T wave changes, and a GRACE 
(Global Registry of Acute Coronary Events) score 
>140.12 Subjects with a previous history of coronary 
artery bypass graft surgery or percutaneous coronary 
intervention (PCI), immune system disorder, tumors, 
acute/chronic infection, atrial fibrillation, end- stage 
renal failure, iodine- containing contrast medium al-
lergy, or statin use within 3  months were also ex-
cluded. Between January 2019 and January 2020, 
a total of 184 NSTE- ACS (non- ST- elevation myocar-
dial infarction or unstable angina) patients aged 18 to 
75  years who underwent CCTA were prospectively 
enrolled. After CCTA, we also excluded patients with 
no significant (≥50%) stenosis in major epicardial ves-
sels (n=32) and patients who refused subsequent an-
giography (n=4). Among the 148 remaining patients 
who received angiography, participants with total ob-
struction of major epicardial vessels (n=6), insufficient 
image quality for FAI and QangioCT analysis (n=10), 
and a lack of blood samples (n=2) were excluded. A 
total of 130 patients with 195 lesions were ultimately 
included in our study for image analysis (Figure 1). The 
baseline features and cardiovascular risk factors for 
the study subjects were documented.

CLINICAL PERSPECTIVE

What Is New?
• Lesions with high pericoronary fat attenuation 

index (FAI) values exhibited qualitative vulnera-
ble plaque characteristics more frequently than 
lesions with lower FAI values in patients with 
non- ST elevation acute coronary syndrome.

• Increased necrotic core volume and fibrofatty 
volume were positively associated with the peri-
coronary FAI, while fibrous volume showed a 
negative association.

• An increasing pro- inflammatory cytokine profile 
were found in lesions with higher pericoronary 
FAI values.

What Are the Clinical Implications?
• Quantitative assessment of pericoronary FAI may 

help identify vulnerable plaque characteristics with 
increased local immune- inflammatory activation.

Nonstandard Abbreviations and Acronyms

FAI fat attenuation index
HU Hounsfield unit
ROI region of interest
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Flow Cytometry
For quantification of the local T cell subset and 
immune- inflammatory mediators, 20 mL of blood was 
collected from the coronary artery using an aspiration 
thrombectomy catheter immediately after the diag-
nostic angiogram but before the intervention.13,14 For 
patients with multivessel coronary artery disease, the 
coronary blood sampling of each culprit vessel was 
collected separately for flow cytometry detection. T 
cell subsets and cytokine levels were detected using 
flow cytometry. Briefly, to quantify mature T, B, and NK 
lymphocyte populations and CD4+ and CD8+ T cell 
subsets in whole blood, BD MultitestTM four- color rea-
gents were used for flow cytometry (BD FACSCalibur). 
The activated T cells were tested using BD MultitestTM 
reagents, including monoclonal antibodies (CD3/CD4/
CD8/CD38/CD25/HLA- DR), and flow cytometry (BD 
FACSCanto). The percentage of Treg cells was detected 
using a BD Pharmingen™ FoxP3 Staining Kit and flow 
cytometry (BD FACSCanto). The quantification of cy-
tokines was performed using BDTM Cytometric Bead 
Array (CBA) kits and flow cytometry (BD FACSCanto II).

CCTA Protocol and Plaque Analysis
All lesions with a stenosis of ≥50% underwent quan-
titative analysis. CCTA examinations were performed 
using a 320- detector system (Aquilion ONE, Toshiba 
Medical Systems, Otawara, Japan). To achieve optimal 
imaging quality, oral metoprolol was administered be-
fore the CT scan to patients with heart rate >75 beats/
min. The tube voltage and current for each patient were 
determined using the Toshiba integrated dose reduc-
tion technique (SureExposure 3D). ECGs were used for 
retrospective gating to eliminate interference by mo-
tions. The reconstruction of imaging data was 0.5- mm 
slice thickness and 0.25- mm reconstruction interval. 

The plaques were assessed using original axial im-
ages, multiplanar reformation and cross- sectional re-
construction. Coronary plaque characteristics were 
analyzed across each of the main coronary arteries 
using a commercialized software package (Qangio 
CT, Medis, The Netherlands), which allowed fully au-
tomatic, quantitative assessment of plaque constitu-
tion and stenosis severity. Volumetric characterization 
of the plaque characteristics focused on the entire 
plaque volume under 3- dimensional (3D) reconstruc-
tion, and the cross- sectional characterization focused 
on the level of the minimal lumen area. We traced and 
analyzed lesions with a stenosis of ≥50% in the proxi-
mal and middle segments of all 3 major coronary ves-
sels. When a major coronary vessel presented with 
separate lesions, the more severely diseased lesion 
was evaluated. As for diffused coronary lesions, we 
analyzed the segment from the proximal normal seg-
ment to distal normal segment across the lesion. For 
the plaque constitution analysis, the following HU cut-
off values used for classification: −30 to 75 for the ne-
crotic core; 76– 130 for fibrofatty plaques; 131– 350 for 
fibrous plaques; and >351 for dense calcified plaques. 
Vulnerable plaque features were defined according 
to previous studies: low- attenuation plaque, mean 
CT number <30 HU; positive remodeling, remodeling 
index, >1.1; spotty calcification (SC), intraplaque calci-
fication ≤3 mm; and napkin- ring sign, low intraplaque 
attenuation surrounded by a high attenuation rim. An 
example of Left Anterior Descending artery plaque 
quantitative analysis is shown in Figure  2A through 
2C. Two experienced observers who were blinded to 
the clinical data assessed the presence of vulnerable 
plaques in each lesion.

Pericoronary FAI Analysis
As described by Antonopoulos et.al,8 the pericoronary 
FAI was defined as the mean CT attenuation of the 
pericoronary adipose tissue (−190 to −30 HU). Lesion- 
based FAI was measured around the lesion segment of 
all 3 major epicardial coronary vessels located within a 
radial distance from the outer vessel wall equal to the 
diameter of the respective vessel. We did not have their 
artificial intelligence- based segmentation algorithm, 
therefore we segmented the pericoronary adipose tis-
sue manually with MITK software (https://www.mitk.
org/, v2018.04.2). We first drew lesion segments of the 
vessels and the plaques around the vessels as an initial 
region of interest (ROI) on 3D CCTA images then dilated 
the initial ROI with the size of the mean diameter of the 
vessel to obtain a dilated ROI using morphological op-
eration “Dialation” in Segmentation module. The mis-
match region between the dilated ROI and initial ROI was 
segmented using the Boolean operation “Difference” 
in Segmentation Utilities module and defined as the 

Figure 1. Flowchart of patient enrollment.
ACS indicates acute coronary syndrome; CCTA, coronary 
computed tomography angiography; and FAI, fat attenuation 
index.

https://www.mitk.org/
https://www.mitk.org/
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perivessel ROI, which was subsequently filtered using 
−190 HU to −30 HU intervals to remove the nonfatty 
tissue and obtain the final lesion- based perivessel fat 
ROI. The left main coronary artery was not analyzed 
because it is of variable length. Representative images 
of pericoronary FAI detection are shown in Figure 2D 
and 2E. Two experienced cardiovascular radiologists 
who were blinded to the results of other tests measured 
the values of the lesion- based FAI.

Statistical Analysis
Data are presented as the means±standard deviation 
when normally distributed or as the medians and inter-
quartile range (IQR) when not normally distributed for 
continuous variables and as percentages for categori-
cal variables. Continuous variables were compared 
using unpaired Student’s t tests for normally distributed 
data. Otherwise, the Mann- Whitney U test or Kruskal- 
Wallis test was performed. The chi- squared test was 

Figure 2. Example of coronary plaque quantitative analysis and pericoronary FAI phenotyping of a lesion in the proximal 
LAD artery segment.
A, Longitudinal straightened multiplanar reconstruction, where “O” is the point of minimum lumen area. B, Cross- sectional view 
at the point of minimum lumen area. C, Graph of lumen and vessel area as a function of vessel length. D, Straightened view of FAI 
phenotyping. E, Cross- section view of FAI phenotyping. FAI indicates fat attenuation index; and LAD, left anterior descending.

A
B

C

D

E
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used to compare categorical variables. Pearson cor-
relational analysis was performed to detect the correla-
tions between the pericoronary FAI and other variables 
as appropriate. The results were considered statisti-
cally significant when a two- sided P value was <0.05. 
Furthermore, threshold level of significance for differ-
ences among groups were adjusted for multiple com-
parisons by Bonferroni’s correction. The differences 
were statistically significant when the observed P val-
ues were less than the specified significance level (α) 
divided by the number of tests (K)=0.05/n. Statistical 
analyses were performed using SPSS (IBM SPSS 
23.0, SPSS Inc.).

RESULTS
Clinical Characteristics
A total of 195 lesions from 130 patients were analyzed 
in our study. The median population age was 65 years, 
and the male prevalence was 66.9% (87 of 130 pa-
tients). The comorbidities and laboratory data are sum-
marized in Table 1.

Pericoronary FAI Values and CCTA 
Features
The distribution of targeted lesions among the three 
major coronary arteries did not differ between the 2 
groups. The prevalence of vulnerable features was 
significantly increased in lesions with pericoronary FAI 
values ≥−70.1 (54.9% versus 38.2%, P=0.038). Spotty 
calcifications (43.1% versus 25.0%, P=0.015) and low- 
attenuation plaques (17.6% versus 4.2%, P=0.016) 
were more frequently observed in lesions with high 
pericoronary FAI values. No significant differences 
were noted in the rate of positive remodeling or napkin- 
ring signs between the 2 groups (Table 2). Overall, the 

FAI values were higher in vulnerable lesions compared 
with non- vulnerable lesions (−72.9 [−81.8, −64.7] ver-
sus −78.8 [−87.7, −68.0] HU, P=0.003) (Figure S1).

The plaque burden including whole plaque volume, 
mean plaque burden and maximal plaque thickness 
were significantly increased in lesions with increased 
FAI values. Examinations of specific plaque compo-
nents showed that lesions with pericoronary FAI val-
ues >−70.1 HU had significantly higher necrotic core 
volume (54.22 [36.41, 84.76] versus 19.86 [9.01, 68.46] 
mm3; P=0.002) than lesions with pericoronary FAI val-
ues <−70.1 HU at the level of the entire lesion volumet-
ric but did not differ significantly in fibrofatty volume, 
dense calcium volume or fibrous volume (Table  3). 
However, there was no significant difference in plaque 
components or burden at the level of minimum lumen 
area between the different FAI groups (Table 4). Positive 
correlations were observed between the pericoronary 
FAI and mean plaque burden (Pearson’s r=0.329, 
P<0.001), necrotic core volume (Pearson’s r=0.324, 
P<0.001) and fibrous fatty volume (Pearson’s r=0.270, 
P<0.001) at the level of the entire lesion volumetric. Our 
study also revealed a negative relationship between 
the pericoronary FAI and fibrous volume (Pearson’s 
r=−0.333, P<0.001) (Figure 3).

Pericoronary FAI and Local Immune- 
Inflammatory Activation
Proinflammatory cytokine, IL- 17 (3.44 [1.27, 6.35] ver-
sus 1.66 [0.76, 3.92] pg/mL; P=0.001) was remarkably 
elevated in lesions with higher pericoronary FAI values, 
and the anti- inflammatory cytokine IL- 10 (2.29 [1.64, 
3.11] versus 2.85 [2.33, 3.34] pg/mL; P=0.005) showed 
the opposite trend. Lesions with higher perivascu-
lar FAI values tended to exhibit decreased local Treg 

Table 1. Clinical Characteristics of Study Patients

Patients number, n 130

Lesion number, n 195

Baseline characteristic

Age, y 65.00 (61.00, 71.00)

Sex, M/F 87/43

BMI, kg/m^2 24.45 (22.66, 26.53)

Hypertension, n (%) 85 (65.4)

DM, n (%) 38 (29.2)

Hyperlipidemia (%) 40 (30.7)

Biochemical assessment

CRP, mg/L 1.36 (0.61, 3.80)

ALT, U/L 19.50 (14.00, 28.25)

Creatinine, µmol/L 71.50 (62.00, 82.00)

ALT indicates alanine aminotransferase; BMI, body mass index; CRP, C- 
response protein; DM, diabetes; and M/F, male/female.

Table 2. Coronary Arteries Distribution and Prevalence 
of Vulnerable Features in Lesions With High or Low 
Pericoronary FAI Values

FAI≥−70.1 
HU (n=51)

FAI<70.1 
HU (n=144)

P 
value

Coronary arteries 0.423

LAD, n (%) 23 (45.1) 72 (50.0)

LCX, n (%) 14 (27.5) 27 (18.8)

RCA, n (%) 14 (27.5) 45 (31.3)

Vulnerable plaque prevalence 28 (54.9) 55 (38.2) 0.038

Spotty calcification, n (%) 22 (43.1) 36 (25.0) 0.015

Low- attenuation plaque, 
n (%)

9 (17.6) 9 (4.2) 0.016

Positive remodeling, n (%) 8 (15.7) 16 (11.1) 0.393

Napkin- ring sign, n (%) 2 (3.9) 5 (3.5) 0.882

CCTA indicates coronary computed tomographic angiography; FAI, fat 
attenuation index; HU, Hounsfield unit; LAD, Left Anterior Descending; LCX, 
Left Circumflex; and RCA, Right Coronary.
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numbers, however not reached statistically significant 
(Table 5).

DISCUSSION
Our study demonstrated the following main findings. 
First, we showed that lesions with high pericoronary 
FAI values exhibited qualitative vulnerable plaque char-
acteristics more frequently than lesions with lower FAI 
values in patients with NSTE- ACS. Second, quantita-
tive plaque component assessment further demon-
strated that higher necrotic core volume and fibrous 
fatty volume were positively associated with increased 
pericoronary FAI values, and fibrous volume had the 
opposite effect. Third, we described, for the first time, 
that the presence of lesions with higher pericoronary 
FAI values was associated with a proinflammatory 

cytokine profile. These results support the use of peric-
oronary FAI as a reliable indicator of coronary immune- 
inflammatory activation and is closely related to plaque 
vulnerability.

Vascular inflammation and immune activation are 
key regulators of lipid core formation and fibrous cap 
thickness, which were proposed as determinants of 
plaque vulnerability.15,16 Antonopoulos et al first reported 
the detection and quantification of coronary inflamma-
tion using the FAI as a noninvasive imaging biomarker 
and the routine CCTA method.8 This study followed an 
observational study by Goller et al who demonstrated 
that the pericoronary FAI was substantially elevated 
around culprit lesions compared to non- culprit le-
sions in the presence of ACS.11 Our study extended 
the established correlation between pericoronary FAI 
and coronary plaque characteristics by demonstrating 

Table 3. Plaque Components With High or Low Pericoronary FAI Values at the Level of Entire Lesion Volumetric

FAI≥−70.1 HU (n=51) FAI<70.1 HU (n=144) P value

Plaque volume, mm3 229.35 (161.01, 310.94) 142.02 (60.28, 255.06) 0.002*

Mean plaque burden, % 64.82±10.77 58.49±9.90 <0.001*

Maximal plaque thickness, mm 2.52±0.74 2.18±0.70 0.005*

Absolute volume of plaque components

Fibrous volume, mm3 97.10 (54.31, 139.34) 64.76 (26.81, 128.96) 0.067

Fibrofatty volume, mm3 35.85 (24.81, 51.42) 24.81 (9.24, 47.91) 0.053

Necrotic core volume, mm3 54.22 (36.41, 84.76) 19.86 (9.01, 68.46) 0.002†

Dense calcified volume, mm3 1.99 (0.60, 16.14) 2.82 (0.67, 8.28) 0.084

Percentage of plaque components

Fibrous volume, % 49.23 (30.15, 60.86) 50.68 (36.42, 68.68) 0.041

Fibrofatty volume, % 18.37 (12.22, 20.69) 17.33 (11.75, 21.41) 0.370

Necrotic core volume, % 28.12 (15.75, 45.92) 24.37 (8.43, 38.74) 0.019

Dense calcified volume, % 1.23 (0.43, 9.74) 1.19 (0.31, 5.73) 0.157

FAI indicates fat attenuation index; and HU, Hounsfield unit.
*P<0.0167 (0.05/3).
†P<0.0125 (0.05/4).

Table 4. Plaque Components With High or Low Pericoronary FAI Values at the Level of Minimal Lumen Area

FAI≥−70.1 HU (n=51) FAI<70.1 HU (n=144) P value

Plaque burden, % 80.54 (73.52, 86.75) 81.16 (72.74, 88.79) 0.649

Maximal plaque thickness, mm 2.06±0.62 1.98±0.62 0.490

Absolute area of plaque components

Fibrous area, mm2 3.12 (1.16, 5.95) 3.46 (1.18, 6.67) 0.276

Fibrofatty area, mm2 1.79 (0.77, 3.02) 1.88 (1.00, 3.16) 0.157

Necrotic core area, mm2 3.94 (0.80, 5.95) 3.41 (0.73, 7.15) 0.246

Dense calcified area, mm2 0.12 (0.06, 1.01) 0.11 (0.04, 0.95) 0.675

Percentage of plaque components

Fibrous area, % 38.46 (9.37, 59.29) 31.17 (11.35, 58.79) 0.829

Fibrofatty area, % 16.43 (10.29, 26.68) 16.24 (11.94, 26.82) 0.652

Necrotic core area, % 33.38 (10.85, 58.60) 34.39 (6.85, 61.24) 0.545

Dense calcified area, % 0.17 (0.05, 0.94) 0.16 (0.04, 0.93) 0.683

FAI indicates fat attenuation index; and HU, Hounsfield unit.
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that pericoronary FAI correlated with vulnerable plaque 
components detected by CCTA in patients with ACS 
at low risk. We provided evidence that lesions with a 
pericoronary FAI cutoff of −70.1 HU or higher (an op-
timum cutoff value for predicting increased cardiac 
mortality established in a previous study10) exhibited 
an increased frequency of plaque vulnerability, includ-
ing low- attenuation plaque and spotty calcification. 
Quantitative measurement of plaque composition 
using Qangio CT was also used to examine the as-
sociation between FAI and vulnerable plaque compo-
nents. To the best of our knowledge, this study is the 
first study to report a significant positive correlation 
between the FAI and necrotic core volume and a neg-
ative relationship between the FAI and fibrous volume 
in ACS lesions. These plaque compositional features 
are also representative of plaque vulnerability because 
our early research using virtual histology (VH)- IVUS 

showed that a large necrotic core was more frequently 
observed in the culprit lesions of patients with ACS 
than in stable angina.17 Therefore, the correlation be-
tween the FAI and plaque components supports the 
link between vascular inflammation and plaque vulner-
ability at a noninvasive imaging level. These findings 
are consistent with the causal relationship of increased 
inflammatory burden with low- attenuation plaque and 
microcalcification formation that was clinically and 
pathologically confirmed in previous investigators.18– 20

In addition to coronary atherosclerotic plaque fea-
tures, overall atherosclerotic disease burden was 
another powerful indicator of future adverse cardiac 
events.21 The plaque volume was significantly in-
creased in lesions with increased FAI values. Notably, 
the plaque burdens and compositional features at the 
minimum lumen area between different FAI groups 
were comparable. This result is well explained by the 

Figure 3. Correlation between FAI values and mean plaque burden (A), fibrous volume (B), necrotic core volume (C), fibrous 
fatty volume (D).
FAI indicates fat attenuation index; and HU, Hounsfield unit.
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fact that the FAI represented the 3D attenuation within 
perivascular adipose tissue space rather than a trans-
verse quantification.

Vulnerable atherosclerotic lesions skew immune- 
inflammatory status activation, which is character-
ized by increased Th17 and decreased Treg cells.22,23 
Activation of Th17 cells in atherosclerotic lesions par-
ticipates in atherosclerosis via the production of high 
concentrations of IL- 17 and, to a lesser extent, IL- 6 and 
tumor necrosis factor alpha (TNFα).24 The enhanced 
inflammatory status in vulnerable plaques and inflam-
matory cytokines exerted inhibitory effects on preadi-
pocyte differentiation, which was revealed in an in vitro 
study.8 We next tested the hypothesis that the peri-
coronary FAI value was associated with in vivo local 
T cell subsets and their intracellular cytokine levels. 
Our study first established an association between 
higher local expression of IL- 17 and increased FAI val-
ues in vivo. In line with our observations, Elnabawi et 
al recently showed that anti- IL- 17 treatment improved 
coronary inflammation at a 1- year follow- up.25 Treg 
cells exert atheroprotective activities by secreting anti- 
inflammatory cytokines, such as IL- 10.26 A lower IL- 10 
concentration correlated with a higher plaque bur-
den.27 The present study observed that lesions with 
higher FAI values had decreased IL- 10 level, which sug-
gests a causal role for the TH17/Treg imbalance in the 
coronary inflammation burden. In addition, a previous 
report failed to show a positive correlation between 
serum hs- CRP (high- sensitivity C- reactive protein) lev-
els and pericoronary FAI.28 We hypothesized that peri-
coronary FAI was driven by local inflammatory stimuli 
from the lesion rather than systemic inflammatory dis-
orders. Notably, the use of aspiration catheters in our 

study allowed sampling at the site of coronary stenosis 
lesions. Cytokines at the lesion site were better indi-
cators of atherosclerosis- associated inflammation than 
their counterparts in peripheral blood.29 Consequently, 
measurement of circulating CRP, which is a down-
stream biomarker of systemic inflammation, lacks 
specificity for coronary inflammation.

Taken together, our findings support the hypothe-
sis that the FAI is a sensitive imaging biomarker of the 
inflammatory burden of coronary vessels and the im-
balance of local pro-  and anti- inflammatory mediators.

CONCLUSION
The current study extends the findings of other studies 
to indicate that quantitative assessment of pericoro-
nary FAI helps identify vulnerable plaque characteristics 
with increased local immune- inflammatory activation. 
Therefore, FAI evaluation, as a noninvasive imaging 
analysis, further supports the immune- inflammation 
hypothesis for vulnerable plaque formation that evolved 
from histological evidence.

Limitations
There are several limitations to our work. First, the 
study was observational and performed at a single 
center. Second, although the pericoronary FAI and 
plaque features were correlated, we lacked follow- up 
data and a sufficient number of patients to demon-
strate the predictive value of this imaging marker for 
plaque instability and subsequent adverse cardiac 
events. Third, lesions under 50% stenosis were ex-
cluded from our study. Therefore, future studies will 

Table 5. T Cell Subsets and Cytokines Levels of Lesions With High or Low Pericoronary FAI Values

FAI≥−70.1 HU (n=51) FAI<70.1 HU (n=144) P value

T cell subsets

Treg, % 8.13 (7.01, 11.58) 10.92 (9.17, 13.03) 0.013

B lymphocytes (CD3- CD19+) % 11.73 (8.27, 13.41) 11.22 (9.47, 14.53) 0.688

T lymphocytes (CD3+) % 69.80 (61.52, 73.07) 70.05 (63.83, 74.42) 0.934

Th lymphocytes (CD3+CD4+) % 39.57 (37.11, 46.06) 42.30 (36.73, 47.58) 0.628

Ts lymphocytes (CD3+CD8+) % 24.26 (20.12, 31.18) 26.15 (19.57, 30.63) 0.870

CD4/CD8 1.53 (1.29, 2.37) 1.63 (1.25, 2.36) 0.833

Natural killer cell % 1.59 (1.20, 1.87) 1.69 (1.25, 2.07) 0.678

Cytokine levels

IL- 2, pg/mL 1.53 (1.36, 1.85) 1.23 (0.78, 1.84) 0.014

IL- 4, pg/mL 1.57 (0.82, 1.93) 1.05 (0.42, 2.14) 0.397

IL- 6, pg/mL 6.86 (4.68, 8.67) 4.42 (3.34, 6.46) 0.027

IL- 10, pg/mL 2.29 (1.64, 3.11) 2.85 (2.33, 3.34) 0.005*

IL- 17, pg/mL 3.44 (1.27, 6.35) 1.66 (0.76, 3.92) 0.001*

TNF- α, pg/mL 1.35 (0.96, 1.85) 1.15 (0.73, 2.03) 0.439

FAI indicates fat attenuation; HU, Hounsfield unit; and IL, interleukin.
*P<0.0083 (0.05/6).
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need to assess whether coronary FAI identifies cases 
with a high risk of events before significant stenosis. 
Fourth, the 2020 ESC guidelines for the management 
of ACS recommendation12 recommend coronary CTA 
as an alternative to invasive angiography to exclude 
ACS when there is a low- to- intermediate likelihood of 
CAD. STEMI and in high- risk ACS patients who require 
an early invasive strategy were excluded in the present 
study although these patients might present enhanced 
inflammatory burden. Finally, not all strong inflamma-
tory biomarkers such as IL- 1β with available biologic 
therapy were included in our study. The translational 
value of FAI in coronary inflammation treatment needs 
to be further confirmed.
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Figure S1. Comparison of FAI values in vulnerable and non-vulnerable lesions. 

FAI: fat attenuation index. 
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