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Background: Pericoronary adipose tissue (PCAT) around the proximal right coronary artery (RCA) is
considered a marker of coronary inflammation. We aimed to explore the segments of PCAT that represent
coronary inflammation in patients with acute coronary syndrome (ACS) and to identify patients with ACS
and stable coronary artery disease (CAD) prior to intervention.

Methods: We retrospectively enrolled consecutive patients with ACS and stable CAD who underwent
invasive coronary angiography (ICA) after coronary computed tomography angiography (CCTA) from
November 2020 to October 2021 at the Fourth Affiliated Hospital of Harbin Medical University. The fat
attenuation index (FAI) was obtained using PCAT quantitative measurement software, and the coronary
Gensini score was also calculated to indicate the severity of CAD. The differences and correlations between
FAI within different radial distances of proximal coronary arteries were evaluated, and the recognition ability
of FAI for patients with ACS and stable CAD was evaluated by establishing receiver operator characteristic
(ROC) curves.

Results: A total of 267 patients were included in the cross-sectional study, including 173 patients with
ACS. With the increase of radial distance from the outer wall of proximal coronary vessels, the FAI decreased
(P<0.001). The FAI around the proximal left anterior descending artery (LAD) within the reference diameter
from the outer wall of the vessel (LAD,,) had the highest correlation with the FAI around culprit lesions
[r=0.587; 95% confidence interval (CI): 0.489-0.671; P<0.001]. The model based on clinical features,
Gensini score, and LAD, ¢ had the highest recognition performance for patients with ACS and stable CAD
[area under the curve (AUC): 0.663; 95% CI: 0.540-0.785].

Conclusions: LAD, is most correlated with FAI around culprit lesions in patients with ACS and has
higher value in the preintervention differentiation of patients with ACS and stable CAD compared to the use

of clinical features alone.
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Introduction

Coronary artery disease (CAD) is one of the diseases with
the highest morbidity in the world (1), and despite current
improvements in interventional and pharmacological
treatments, acute coronary syndrome (ACS) remains
a leading cause of death in developed countries (2).
Inflammation of coronary vessels will ultimately promote
atherosclerosis and atherothrombosis in patients with ACS
(3,4). In recent years, it has been shown that pericoronary
adipose tissue (PCAT) plays an important role in the
occurrence and development of CAD (5), and PCAT has
demonstrated value as a predictor of CAD stratification (6)
and cardiac mortality (7). Although intravascular
imaging (8) and positron emission tomography-computed
tomography (PET-CT) (9) can confirm localized adipose
tissue inflammation in culprit lesions, the complexity of the
scanning method and high cost limit its clinical use (10);
however, standard noninvasive methods cannot monitor
coronary inflammation (11). Research has demonstrated
that vascular inflammation inhibits the local adipogenesis
of PCAT, which enables the noninvasive detection of the
fat attenuation index (FAI) in proximal coronary arteries via
coronary CT angiography (CCTA) (5).

A previous study showed that PCAT proximal to the
right coronary artery (RCA) correlates with coronary
inflammation (5). Another study found that the FAI was
higher around the left anterior descending artery (LAD)
and the left circumflex artery (LCX) than in the RCA (12),
indicating a more severe degree of inflammation. In patients
with vasospastic angina (VSA), PCAT closer to the vessel
wall was found to have a better diagnostic performance
for the disease than did PCAT within the reference
diameter (13). Moreover, patients with stable CAD and
acute myocardial infarction (MI) can be differentiated with
PCAT (6). However, when deciding whether patients with
CAD should undergo interventional therapy, it is necessary
to carefully evaluate its severity to prevent the omission
of severe ACS and the over examination of stable CAD.
Therefore, this study mainly aimed to determine whether
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there is a better site of PCAT that correlates more highly
with inflammation at culprit lesions, and whether it is
possible to initially identify patients with ACS and stable
CAD using PCAT prior to invasive coronary angiography
(ICA) examination. We present the following article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-22-864/rc).

Methods
Participants and study design

This was a retrospective cross-sectional study. The
recruitment of patients and the measurement of various
parameters were carried out from November 2021 to
January 2022. We retrospectively recruited consecutive
patients with CAD who were examined and diagnosed
in The Fourth Affiliated Hospital of Harbin Medical
University from November 2020 to October 2021.
These patients underwent CCTA scans after being
highly suspected of CAD due to chest pain or changes
in electrocardiogram (ECG) dynamics or abnormal
laboratory tests during their hospitalization, which was
followed by ICA within 48 hours and then diagnosis of
ACS or stable CAD by two experienced cardiologists.
Finally, 94 patients with stable CAD and 173 patients with
ACS were included. Patients with ACS were considered
those with unstable angina (UA) (n=150) and ST-segment
elevation myocardial infarction (STEMI) or non-ST-
segment elevation myocardial infarction (NSTEMI) after
thrombolysis (n=23). Our study included major coronary
branches with >25% stenosis in each patient with ACS,
where culprit lesions were identified in ICA according to
clinical guidelines [specific identification methods shown
in Supplementary file (Appendix 1)] (14), and a non-
culprit lesion was considered to be most severe lesion of
each included vessel. We excluded patients with a history
of coronary revascularization or MI, allergy to iodinated
contrast agents, poor image quality on CCTA, and
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317 patients underwent ICA after coronary CTA with
a final clinical diagnosis of CAD from November 1,

2020, to October 31, 2021

Patient exclusions (n=50):
* Previous revascularization (n=26)

A

¢ Insufficient image quality (n=6)
¢ Incomplete coronary image coverage (n=1)
* Incomplete medical record (n=17)

\

267 patients with CAD

v

173 patients with ACS

94 patients with stable CAD

v

150 patients with UA

|
v v

v

23 patients with
STEMI and NSTEMI

|
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176 culprit lesions 168 nonculprit lesions

measurements measurements

26 culprit lesions 28 nonculprit lesions

measurements measurements

Figure 1 Flowchart showing inclusion and exclusion criteria for the study population. ICA, invasive coronary angiography; CTA, computed

tomography angiography; CAD, coronary artery disease; ACS, acute coronary syndrome; UA, unstable angina; STEMI, ST-segment

elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction.

inadequate coronary imaging coverage. Figure I illustrates
the patient inclusion and exclusion criteria. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by the Medical
Ethics Committee of The Fourth Affiliated Hospital,
Harbin Medical University (No. 2022-SCILLSC-13), and
individual consent for this retrospective analysis was waived.

Definition of cardiovascular risk factors

All cardiovascular risk factors [Supplementary file
(Appendix 1)] of the included cases were obtained from
inpatient medical records by a panel of two cardiologists.

CCTA scan protocol

CCTA imaging was performed on a 320-detector row CT
scanner (Aquilion ONE; Toshiba, Tokyo, Japan). All patients
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with a baseline heart rate >65 beats/min were given beta
blockers (metoprolol, 25-75 mg) orally 1 hour before the
examination to bring the heart rate down to the standard
heart rate and below. A dual-channel high-pressure syringe
was used to inject 60-80 mL of nonionic iodine contrast
agent (iohexol in injection containing 350 mg/L of iodine;
GE Healthcare, Chicago, IL, USA) at a rate of 4.5 mL/s, and
CCTA image acquisition was performed using prospective
ECG triggering. The acquisition and reconstruction
parameters for the patients in our study were the following:
120 kV tube potential, tube current automatically adjusted
according to patient body mass index (BMI), 275 ms/time
gantry rotation speed, 0.5 mm slice increment, image
reconstruction with a 512x512 matrix, and 0.25 or
0.5 mm increments. The collected data were transferred to
a VitreaWorkstation fX (Vital Images, Minnetonka, MN,
USA) for post-processing including multiplanar reformat
(MPR), curved MPR, and volume reformat.
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Quantification measurement of imaging indicators

According to our research requirements, the quantitative
measurement of PCAT was performed semiautomatically
using dedicated software (CoronarDoc version 1.11.1;
Shukun Network Technology, Beijing, China). The
software’s PCAT analysis strictly followed the methodology
previously defined by Oikonomou et 4/, and PCAT was
defined as the adipose tissue located within a radial distance
from the outer vessel wall equal to the diameter of the
coronary vessel and with the CT attenuation ranging
from -190 to -30 Hounsfield units (HU) (7). The FAI was
the average CT attenuation of PCAT (HU) (5,15). We
respectively measured PCAT in the proximal 40-mm length
range of the LAD and LCX, and in the 10- to 50-mm
length segment proximal to the RCA. In addition to
measuring the FAI within the radial distance from the outer
vessel wall equal to the coronary vessel diameter, namely,
the reference distance (FAI,), we also measured the FAI
within a 2-mm radial distance closer to the outer vessel
wall (FAL,,,) and the FAI within a 6-mm radial distance
further from the outer vessel wall (FAl,,,) (Figure 2).
For the measurement of PCAT around culprit and non-
culprit lesions in patients with ACS, we performed lesion-
specific FAI measurements centered on the most severe
stenosis of the lesion, measured proximally and distally
5 mm from the center of the lesion, and all lesions
measured 10 mm in length (Figure 3) (16). Furthermore,
we measured the degree of coronary stenosis at each
lesion in the included patients and calculated their
Gensini score accordingly [detailed measurements in
Supplementary file (Appendix 1)], which were used to
assess the severity of CAD in the included patients (17).
The above parameters were measured jointly by two
experienced radiologists blinded to other test results.

Analysis of the FAI data

First, PCAT was analyzed at the vascular level. The
Wilcoxon rank-sum test was used to compare the FAI
around the culprit lesions with that of non-culprit lesions,
and pairwise comparisons of the FAI within different radial
distances from the outer vessel wall were also performed.
Subsequently, correlation analysis was performed between
the FAI of the 3 proximal coronary arteries within different
radial distances from the outer wall of the vessel, and
Pearson correlation analysis was performed between this
FAI value and that of the culprit lesions.
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Second, for patient stratification based on PCAT, we
differentiated patients with UA from MI and respectively
compared the FAI around culprit lesions and the FAIL;
proximal to the LAD in the two groups. In addition,
patients with ACS and stable CAD were divided into a
training set and an internal validation set at a ratio of 7:3.
The parameters included in the logistic regression model
were screened using univariate (P<0.10) and multivariate
logistic regression (P<0.05). We then visualized the results
of the multivariable logistic regression screening and plotted
a forest plot and nomogram to express the relationships
between variables in the model. The performance of the
multivariable models was assessed with receiver operator
characteristic (ROC) curves and decision curve analysis
(DCA) curves. The ability of the FAI within different radial
distances from the outer vessel wall in the proximal part
of the 3 coronary arteries to identify patients with stable
CAD and ACS was evaluated. Additionally, as this was a
retrospective cross-sectional study, there were no missing
data.

Statistical analysis

Statistical analysis was performed with R software (version
4.0.1; The R Foundation for Statistical Computing, Vianna,
Austria). The normality of the continuous data was assessed
using the Shapiro-Wilk test. Continuous variables are
expressed as the mean + standard deviation (SD) of normally
distributed variables, while nonnormally distributed
variables are expressed as the median and interquartile
range (IQR). Comparisons were made using Student 7-test
or Mann-Whitney test as needed. Categorical variables
are expressed as absolute frequencies and percentages
and were compared using the y? test or Fisher exact test
as appropriate. A 2-tailed P value <0.05 was considered
statistically significant.

Results
Clinical characteristics

A total of 267 patients were included in the study. The
clinical characteristics of the enrolled ACS population are
shown in Tables 1,2. The age of all patients with ACS was
63.84£9.53 years, and 61.3% of the 173 patients were males.
Among them, there were no significant differences between
the included patients with MI and those with UA in terms
of basic clinical information and risk factors (each P value
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Figure 2 A case example of PCAT around the proximal RCA in a 66-year-old female patient with hypertension and diabetes mellitus. The

PCAT is visualized with an adipose tissue HU color table shown with color bars. The following quantified PCATS around the proximal RCA

from CTA are shown: pericoronary adipose tissue attenuation between -190 and -30 HU in the corresponding cross-sectional views (A,C,E)

and straightened views (B,D,F), (A,B) the PCAT quantification around the proximal RCA (10-50 mm from the ostium) within a 2-mm

diameter from the outer wall of the vessel, (C,D) the PCAT quantification around the proximal RCA (10-50 mm from the ostium) within

the reference diameter from the outer wall of the vessel, and (E,F) the PCAT quantification around the proximal RCA (10-50 mm from

the ostium) within a 6-mm diameter from the outer wall of the vessel. PCAT, pericoronary adipose tissue; RCA, right coronary artery; HU,

Hounsfield unit.

>0.05). However, the FAI around culprit lesions in patients
with MI was significantly higher than that in patients with
UA (-73.15£10.35 vs. =79.17+10.13; P=0.005). Table 2
shows comparison between the training set and the test set,
with no statistical difference in the variables between the

two groups (each P value >0.05).
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The FAI around the proximal covonary arteries

A total of 267 patients comprising 801 coronary vessels
were included in the study, and 3 FAI parameters were
measured per vessel, yielding a total of 2,403 parameters.
The FAIL,,, of patients with ACS was significantly higher
compared to FAl, and FAl,,, in the proximal end of the
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Figure 3 Semiautomatic measurement of the PCAT around the lesion on CCTA. PCAT is visualized with adipose tissue in the HU color

table shown with color bars. The width of all lesions was measured as the reference diameter from the outer wall with a total length of

10 mm. (A) Corresponding cross-sectional views of the PCAT around the lesion are shown; (B) the segment of the lesion in a straightened

view; (C) the curved multiplanar view showing the PCAT quantification of the lesion. PCAT, pericoronary adipose tissue; CCTA, computed

tomography angiography.

RCA [FAL,,.: -80.00 (=86.00, —74.00); vs. FAL_: ~-86.00
(=92.00, -81.00); FAIL,,.: -86.00 (~93.00, -81.00); P<0.001];
moreover, in the proximal end of the LAD and LCX,
a significant improvement in the FAI was found when
the radial expansion distance was 2 mm as compared to
reference and 6 mm (each P value <0.001; Figure 44). As
expected, similar changes were found in patients with stable
CAD (each P value <0.001; Figure 4B). Figure 5A shows the
correlation between the FAI within different radial distances
around coronary arteries in patients with ACS. There was
a positive correlation between the FAI of any two segments
measured (each P value <0.001). Especially in the same
coronary trunk, the correlation between the FAI within
different radial distances was high (each P value <0.001).

The FAI around culprit lesions

We included 202 (50.8%) culprit lesions and 196 (49.2%)
non-culprit lesions. The FAI around culprit lesions was
significantly different from that around non-culprit
lesions [-78.00 (-84.00; -72.00) vs. -90.00 (-97.50;
-83.00); P<0.001; Figure SIA]. There were also significant
differences in the FAI around culprits and non-culprit
lesions on any coronary artery when subvessel comparisons
were performed (each P value <0.001; Figure S1B). The FAI
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around culprit lesions was correlated with the FAI within
different radial distances in the proximal coronary arteries
(each P value <0.001; Figure 5A). Among them, the FAI
around culprit lesions was moderately to highly correlated
with FAIL, [r=0.540; 95% confidence interval (CI): 0.434—
0.631; P<0.001] and FAI,,,, (r=0.548; 95% CI: 0.443-0.638;
P<0.001) proximal to the RCA, FAI, proximal to the
LAD (r=0.587; 95% CI: 0.489-0.671; P<0.001), and the
FAL, (r=0.586; 95% CI: 0.487-0.670; P<0.001) and FAIL,,,
(r=0.531; 95% CI: 0.423-0.623; P<0.001) proximal to the
LCX (Table S1). Of these, the FAI surrounding culprit
lesions was most associated with FAL proximal to the LAD
and LCX (Figure 5B,5C). Additionally, we compared the
correlation between different FAI and Gensini scores for all
patients (Table S2) but did not find a significant correlation
(111<0.3).

Comparison of MI and UA

The FAI around culprit lesions was lower in patients with
UA than in those with MI [-79.00 (-85.00, -73.00) vs.
~73.00 (=79.00, ~65.00); P=0.007; Figure S2A], and FAL,
proximal to the LAD was also lower in patients with UA
than in those with MI [-84.00 (-90.00, -78.00) vs. -81.00
(=85.00, —73.50); P=0.02] (Figure S2B).
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Table 1 Comparison of clinical characteristics of patients with MI and UA

Variables Patients with ACS (n=173) MI (n=23) UA (n=150) P value
Patient characteristics
Age (years) 63.84+9.53 64.61+10.12 63.72+9.47 0.68
Gender 0.79
Male 106 (61.3) 13 (66.5) 93 (62.0)
Female 67 (38.7) 10 (43.5) 57 (38.0)
BMI (kg/m?) 24.90 (23.20, 27.30) 24.50 (23.20, 25.38) 25.20 (23.40, 27.40) 0.14
Risk factors
Obesity 28 (16.2) 2(8.7) 26 (17.3) 0.46
Smoking 60 (34.7) 10 (43.5) 50 (33.3) 0.47
Drinking 27 (15.6) 3(13.0) 24 (16.0) 0.96
Hypertension 0.82
| 15 (8.7) 1(4.3) 14 (9.9)
Il 25 (14.5) 4(17.4) 21 (14.0)
1l 73 (42.2) 9 (39.1) 64 (42.7)
Diabetes 56 (32.4) 9 (39.1) 47 (31.3) 0.61
Dyslipidemia 110 (63.6) 13 (56.5) 97 (64.7) 0.60
Family history 1(0.6) 0 (0.0 1(0.7) >0.99
Gensini score 40.00 (20.00, 58.50) 44.00 (32.25, 69.00) 40.00 (20.00, 58.00) 0.22
FAIl around culprit lesions (HU) -78.40+10.33 -73.15+10.35 -79.17+10.13 0.005
FAl around non-culprit lesions (HU) -89.79+10.59 -86.14+11.91 -90.40+10.26 0.05
The number of culprit lesions 202 (50.8) 26 (48.1) 176 (51.2)
The number of non-culprit lesions 196 (49.2) 28 (51.9) 168 (48.8)

Values are mean + standard deviation, median (interquartile range) or n (%). P values signify statistical significance and reflect
the differences between the MI cohort and UA cohort. MI, myocardial infarction; UA, unstable angina; ACS, acute coronary
syndrome; BMI, body mass index; FAI, fat attenuation index; HU, Hounsfield unit.

Recognition performance of the different models

In the univariable analysis (Table S3), we included age,
hypertension, and dyslipidemia; Gensini score, the FAI
around the proximal LAD within the reference diameter
from the outer wall of the vessel (LAD,.), and the FAI
around the proximal LAD within a 6-mm diameter from
the outer wall of the vessel (LADy,,,) were also incorporated
into the model (P<0.1). The forest plot (Figure S3) showed
that age [odds ratio (OR): 1.04; 95% CI: 1.00-1.08; P=0.03]
and Gensini score (OR: 1.03; 95% CI: 1.02-1.05; P<0.001)
were independent predictors of ACS disease, and the risk
of ACS increased with age and Gensini score. An example
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of the probability of being identified as ACS for a given
patient under the nomogram is shown in Figure 6, whereby
the total score was determined based on the individual
scores calculated using the nomogram. Analysis of the ROC
curves showed that in the test set, the models that added
the Gensini score [area under the curve (AUC): 0.615;
95% CI: 0.490-0.741] had improved efficacy in identifying
patients with ACS as compared to the clinical model
(AUC: 0.541; 95% CI: 0.406-0.676). The model with the
addition of LAD,; to the clinical and Gensini scores (AUC:
0.663; 95% CI: 0.540-0.785) and that with the addition of
LADq,... (AUC: 0.654; 95% CI: 0.531-0.777) also better
identified patients with ACS and stable CAD compared to
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Table 2 Baseline characteristics of the training set and test set

Training set Test set
Variables prr
Stable CAD (n=65) ACS (n=121) P Stable CAD (n=29) ACS (n=52) P*
Patient characteristics
Gender, n (%) >0.99 >0.99 0.41
Male 38 (58.5) 72 (59.5) 19 (65.5) 34 (65.4)
Female 27 (41.5) 49 (40.5) 10 (34.5) 18 (34.6)
Age (years) 60.40+9.90 63.80+9.57 0.03 62.70+9.74 64.00+9.53 0.55 0.44
BMI (kg/m?) 25.30 (23.10,27.10) 25.10(23.70,27.30) 0.77  24.20(22.30,25.80) 24.80(23.00,27.00) 0.42 0.34
Risk factors
Obesity, n (%) 10 (15.4) 22 (18.2) 0.78 4(13.8) 6 (11.5) 0.74 0.41
Smoking, n (%) 21 (32.3) 45 (37.2) 0.62 13 (44.8) 15 (28.8) 0.23 >0.99
Drinking, n (%) 10 (15.4) 19 (15.7) >0.99 2 (6.9 8 (15.4) 0.32 0.62
Hypertension, n (%) 0.15 0.33 0.56
I 5(7.7) 10 (8.3) 2 (6.9) 5(9.6)
I 9(13.8) 18 (14.9) 9 (31.0) 7 (13.5)
I 20 (30.8) 55 (45.5) 8 (27.6) 18 (34.6)
Diabetes, n (%) 18 (27.7) 37 (30.6) 0.81 10 (34.5) 19 (36.5) >0.99 0.39
Dyslipidemia, n (%) 34 (52.3) 79 (65.3) 0.12 18 (62.1) 31 (59.6) >0.99 >0.99
Family history, n (%) 1(1.5) 0 (0.0 0.35 0(0.0) 1(1.92) >0.99 0.52
Gensini score 24.00 (17.00, 46.00) 43.00 (23.00, 75.50) 0.07  21.00 (13.00, 33.00)  40.00 (20.00, 58.00) <0.001 0.10
FAIl around the proximal coronary (HU)
RCA -80.91+10.7 -80.18+10.3 0.66 -84.28+7.96 -79.62+9.07 0.02 0.50
RCA -87.95+10.80 -86.51+9.89 0.37 -90.28+8.48 -86.88+8.99 0.10 0.38
RCAsmm -88.25+10.40 —-86.83+9.76 0.37 -91.21+8.71 -87.23+8.83 0.06 0.28
LADm -80.32+9.86 —-79.04+9.46 0.39 -80.79+9.02 -77.96+7.63 0.16  0.66
LAD, -87.46+8.88 -84.62+9.44 0.04 -85.00 -83.00 0.05 0.36
(-92.00, -81.00) (-87.25, -76.75)
LADgmm -88.45+9.68 -86.03+8.72 0.10 -90.03+9.65 -85.44+7.16 0.03 0.86
LCXomm -80.22+9.70 —79.97+9.27 0.87 -81.97+9.81 —78.67+8.13 0.13 0.87
LCXet -84.85+9.18 —-84.05+8.99 0.57 -86.38+8.62 -81.96+8.27 0.03 0.50
LCXsmm -87.95+9.05 -86.64+8.45 0.34 -89.59+9.33 -86.13+7.41 0.09 0.81

Values are mean + standard deviation, median (interquartile range) or n (%). *P values reflect the differences between the patients with
stable CAD and ACS. **P values reflect the differences between the training set and test set. CAD, coronary artery disease; ACS, acute
coronary syndrome; BMI, body mass index; FAI, fat attenuation index; RCA,..., FAl around the proximal RCA within a 2-mm diameter from
the outer vessel wall; RCA.;, FAI around the proximal RCA within the reference diameter from the outer vessel wall; RCAg,.,, FAl around
the proximal RCA within a 6-mm diameter from the outer vessel wall; LAD,,,., FAl around the proximal LAD within a 2-mm diameter from
the outer vessel wall; LAD,;, FAI around the proximal LAD within the reference diameter from the outer vessel wall; LADg,,, FAl around
the proximal LAD within a 6-mm diameter from the outer vessel wall; LCX,.,., FAl around the proximal LCX within a 2-mm diameter from
the outer vessel wall; LCX.;, FAl around the proximal LCX within the reference diameter from the outer vessel wall; LCXgm, FAI around the
proximal LCX within a 6-mm diameter from the outer vessel wall; RCA, right coronary artery; LCX, left circumflex artery.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2023;13(6):3644-3659 | https://dx.doi.org/10.21037/qims-22-864



3652 Dong et al. Representation and identification of ACS with different PCAT
A Type E9 2 mm ref 6mm B Type B9 2 mm ref 6mm

—40 4
—60 60 4

% -80 A H H H g -80 H

i i
~100 -100
~120 - =120 7
T T T T T T
LAD LCX RCA LAD LCX RCA
Group Group

Figure 4 Comparison of the FAT of the 3 main coronary arteries within different radial distances in patients. (A) Comparison of the FAT in

patients with ACS; (B) comparison of the FAI in patients with stable CAD. FAI, fat attenuation index; LAD, left anterior descending artery;

LCX, left circumflex artery; RCA, right coronary artery; ACS, acute coronary syndrome; CAD, coronary artery disease.

the model with clinical features only (Figure 74). However,
it is clear that the model with the addition of LAD, had
the highest discrimination efficacy among the models.
Likewise, the DCA curve in the test indicated that the
model based on clinical features, Gensini score, and LAD,
produced greater gains set for identifying patients with ACS
(Figure 7B).

Discussion

The key finding in this study was that culprit lesions were
positively correlated with the FAI of either of the proximal
coronary arteries, but the FAI; proximal to the LAD had
the highest correlation with the FAI around culprit lesions,
and it improved the identification performance for ACS and
stable CAD. Therefore, LAD,.; can be used to monitor and
identify inflammation in patients with ACS.

Adipose tissue can release bioactive substances that act
on the blood vessel wall in an endocrine and paracrine
manner (18). In the cardiovascular system, the activity
of PCAT can secrete pro- and anti-inflammatory
adipokines (19), causing vascular cells to secrete cytokines
that maintain homeostasis. Various biological properties of
PCAT are driven to a greater extent by the differentiation
of preadipocytes into adipocytes, whereas the occurrence
of inflammation can inhibit the differentiation of
preadipocytes (20,21). Therefore, we can assume that
coronary blood vessels and PCAT have a bidirectional
role and that both are affected by each other’s status. The
CANTOS (Canakinumab Anti-Inflammatory Thrombosis
Outcome Study) trial confirmed that vascular inflammation
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inhibits local lipogenesis of PCAT (22), making it possible
to noninvasively detect vascular inflammation using CCTA.
Furthermore, the FAI overcomes many limitations of
"F-fluorodeoxyglucose (*F-FDG)-PET/CT to quantify
inflammation, such as high cost, high radiation, and low
availability (23,24). Additionally, the FAI can capture the
dynamic inflammatory load of coronary vessels, which
can be used to track longitudinal changes in coronary
inflammation (25). Furthermore, the FAI has been found
to be more sensitive and specific for the detection of
coronary vascular inflammation as compared to systemic
inflammatory biomarkers obtained from laboratory tests,
such as hematology (26). Therefore, the FAI has been used
as a routine, noninvasive quantitative index in the studies
on coronary inflammation in recent years. ACS is caused
by pathological etiologies such as rupture, erosion, or
calcified nodules. However, recent studies have suggested
that ACS primarily arises due to plaque rupture rather than
plaque erosion (26). We speculated that this may be because
plaque rupture involves higher inflammatory changes and
vulnerable plaque features, such as greater macrophage
infiltration and lipid burden (27) and that the inflammatory
cell types differ between plaque erosion and plaque rupture,
which also results in a higher degree of inflammation (28).
Although previous research has examined the possible
correlation between epicardial adipose tissue (EAT) and
the development of cardiovascular disease (29), we sought
to evaluate PCAT. This is mainly because, although EAT
can be measured to a greater extent and is more closely
related to the myocardium, PCAT is in direct contact
with the vasculature, can more directly receive the effect
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Figure 5 Pairwise correlations between FAIs based on different sites around coronary vessels. (A) Correlation between FAIs within different
radial distances around the coronary artery. The diagonal line represents the normal distribution histogram of the data of different coronary
proximal FATs. The top of the diagonal line is the correlation 7 value and the significance level (indicated by asterisks) for the pairwise
comparison of different FAIs, where *** represents P<0.001, and the bottom of the diagonal is shown as a binary scatterplot with fitted lines.
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fat attenuation index; LAD, left anterior descending artery; LCX, left circumflex artery; LAD, ., FAI around the proximal LAD within the

(B) Correlation between the FAI around culprit lesions and LAD, ;. (C) Correlation between the FAI around culprit lesions and LCX

ref-
reference diameter from the outer vessel wall; LCX,;, FAI around the proximal LCX within the reference diameter from the outer vessel

wall.
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their distribution. For categorical variables, the distributions are
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projected at the bottom scale indicates the probability (61.5%) of the patient being identified with ACS. *, P<0.05; ***, P<0.001. LAD, left
anterior descending artery; LADy,,,, FAI around the proximal LAD within a 6-mm diameter from the outer wall of the vessel; LAD, ., FAI

around the proximal LAD within the reference diameter from the outer vessel wall; ACS, acute coronary syndrome; HU, Hounsfield units;

FAI, fat attenuation index.

of the vasculature on the signaling factors secreted by the
surrounding adipose tissue, responds more sensitively to
inflammatory changes in the vasculature (30), and is thus
more accurate than EAT (7). In previous research, PCAT
proximal to the RCA was selected as a representative
marker of coronary inflammation for the analysis of PCAT
in each participant (7). For FAI measurements around the
lesion sites, we referred to previous studies, but there may
be limitations to this method for some diffuse or focal
lesions. For diffuse lesions, it may not be possible to cover
all areas, but the central location of the most severe lesion
is included, whereas for focal lesions, normal adipose
tissue may be included, but CAD is considered to undergo
global inflammatory changes, with inflammatory changes
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occurring in adipose tissue outside the lesion sites. Most
of the similar studies measured PCAT at the maximum
coronary stenosis (16,31), mainly because the culprit lesions
are usually implanted with coronary stents, and the metal
artifacts may affect the measurement of PCAT. In contrast,
we obtained CCTA images of the enrolled patients before
ICA and found a positive correlation between PCAT within
different radial distances from the vessel wall proximal to
the three major coronary arteries. Through the comparison,
we inferred that the effect of vascular inflammation on
PCAT is related to its distance from the vessel wall. FAIL,,
was not statistically significantly different compared to
FAI.;, although it was reduced; we speculate that the
reduction in the FAI might not have been significant due
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to the inclusion of some nonadipose tissue as the distance
increased. However, we still included FAI,,, in the study
because there is molecular biology research showing that
in patients with CAD, the FAI obtained by measuring in
I-mm increments from the layer immediately adjacent to
the coronary vessel wall to a distance of 20 mm from the
vessel wall gradually decreases to more negative values with
increasing distance (5). Additionally, we found a positive
correlation between the FAI around culprit lesions and the
FAI within any radial distance proximal to the coronary
arteries; moreover, the FAI ; proximal to the LAD and
LCX had the highest correlation with the FAI around
culprit lesions. However, due to the small caliber and high
probability of variation in anatomical structures of the
LCX (25), we excluded it and concluded that the FAI,,
proximal to the LAD could best represent the inflammation
of the culprit lesions in patients with ACS. Past studies have
shown that patients with CAD have histological evidence
of local inflammation (32), and the diffuse inflammation in
PCAT is independent of the lesion site (33). Our findings
further demonstrate that the changes of PCAT in patients
with ACS are not affected by the location of culprit lesions,
which is a global inflammation; that is, PCAT in proximal
coronary arteries may produce diffuse inflammatory
manifestations due to inflammatory changes in any part of
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the coronary tree.

One study suggested that an increase in the FAI around
the proximal RCA and LAD on CCTA images may be
associated with an increased risk of cardiac death (7). We
found that patients with MI had a higher FAI around culprit
lesions than did the patients with UA, as both MI and UA
are caused by myocardial damage, whereas patients with MI
have myocardial necrosis and a more severe inflammatory
state (34). We also found that the FAI in other components,
including non-culprit lesions and LAD,; to be higher in
patients with MI than in those with UA; this is because
patients with ACS are thought to have globally active
coronary inflammation (34); that is, both patients with MI
and UA develop diffuse inflammation due to a particular
lesion, and as illustrated above, overall inflammation is
more severe in patients with MI than in those with UA,
thus causing the FAI around non-culprit lesions to be
also higher in MI than in UA. Lin ez 4/. (6) found that the
FAI proximal to the RCA could distinguish patients with
stable CAD from those with acute MI, thus indicating that
PCAT attenuation could be used as an indicator of CAD
stratification. In contrast to findings from basic biology
research (5), Ueno et a/. (13) found that the proximal
FAIL,,, of the RCA had a higher diagnostic performance
for predicting VSA than did the reference diameter of the
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FAL Therefore, we measured the FAI of the proximal
end of the three main coronary arteries within
the radial distance from the outer vessel wall of
2 mm, reference distance, and 6 mm on the basis of
previous studies, and differentiated between patients with
stable CAD and ACS by establishing ROC curves. It was
found that the inclusion of LAD,. based on the model
that included clinical features and Gensini scores further
improved the identification of patients with ACS. LAD,,,
was less effective compared to LAD,, which we believe may
be due to the inclusion of non-fatty structures, such as the
myocardium and coronary veins; in addition, closer adipose
tissue may be affected by vascular pulsation. We speculate
that reason for the RCA being excluded and the LAD being
included was that atherosclerosis occurs more often in the
LAD in clinical practice (35).

In view of the above findings, this study has the following
implications. In patients with CAD, overall cardiac
inflammation can be monitored by measuring the FAI,
proximal to the LAD after conventional CCTA; patients
with ACS with a higher burden of coronary inflammation
can be initially identified before interventional examination;
meanwhile, for less-severe situations, such as in patients
with stable CAD, the over examination and overtreatment
with intervention can be avoided, and the physical burden
can be reduced. Moreover, quantitative measurement of
the FAI after CCTA does not require patients to receive
additional radiation doses or incur further costs. Moreover,
the FAL, of the LAD can be automatically measured on
software, which greatly improves the repeatability of the
operation. In addition, research has shown that the FAI
is not a static value and can change with treatment (36).
Therefore, we can also infer the progression and prognosis
of culprit lesions by observing the changes of the FAI
proximal to the LAD. We aim to conduct a follow-up study
along this direction. In other future studies on coronary
inflammation in patients with ACS, the FAI,; proximal to
the LAD can be measured more accurately and conveniently
to quantify cardiac inflammatory changes, improving upon
past methodologies for measuring PCAT around the RCA.

This study also has certain limitations. First, it employed
a retrospective observational design using data from a
single center with a relatively small number of patients,
with all patients undergoing the same CT scanner and
protocol, and thus there may be selection bias. Second, our
study demonstrated there to be an association between the
PCAT surrounding culprit lesions and the PCAT proximal
to the coronary arteries, but we did not assume a direct
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causal relationship between the two values. Third, the
information on patients’ medication was not included in
our clinical characteristics mainly because some patients did
not take their medication regularly or were unable to keep
detailed records of the medication used. Finally, the spatial
resolution of CT may limit PCAT assessment in small
amounts of adipose tissue and adjacent severe coronary
artery calcification, which might have produced partial
volume averaging effects.

Conclusions

In patients with ACS, the FAI, around the proximal LAD
demonstrated the highest correlation with the FAI around
culprit lesions, which could be used to represent whole
heart inflammation and could improve the identification of
patients with ACS and stable CAD before intervention.
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Supplementary

Appendix 1

Methods
Participants and study design

Specific identification of the culprit lesions

At least 2 of the following morphological features suggestive of acute plaque rupture should be present:

(A) Intraluminal filling defects consistent with thrombus (i.e., acute occlusion abruptly ending with a squared-off or convex
upstream termination, or an intraluminal filling defect in a patent vessel within or adjacent to a stenotic region with
surrounding homogeneous contrast opacification);

(B) Plaque ulceration (i.e., presence of contrast and hazy contour beyond the vessel lumen);

(C) Plaque irregularity (i.e., irregular margins or overhanging edges), dissection, or impaired flow.

Definition of cardiovascular risk factors

Baseline patient characteristics were collected from inpatient medical records. Clinical data on age, gender, body mass index
(BMI), and cardiovascular risk factors were analyzed. The classification criteria for cardiovascular risk factors were as follows:
(A) hypertension, defined as systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg and/or use of
antihypertensive drugs according to guidelines (37); (B) dyslipidemia, defined as a fasting total cholesterol >6.2 mmol/L, low-
density lipoprotein cholesterol (LDL-C) >3.4 mmol/L, high-density lipoprotein cholesterol <1.0 mmol/L, serum triglycerides
>1.7 mmol/L (outpatients only), or diagnosis/treatment of dyslipidemia (38); (C) diabetes mellitus, defined as a fasting blood
glucose level >7.0 mmol/L or glycosylated hemoglobin (HbAlc) level >6.5% (39); (D) smoker, defined as current active or
former smokers; and (E) family history of coronary artery disease, defined as a family history of >1 degree of consanguinity
with coronary artery disease before the age of 60 (6); (F) additionally, patients with a BMI >28 kg/m’ were considered obese.

Quantification measurement of imaging indicators

The Gensini score method (40) was used to assess the degree of coronary stenosis, with the most severe stenosis used as the
site of stenosis for scoring. A stenosis diameter of <25% was scored as 1 point, 25-49% as 2 points, 50-74% as 4 points, 75—
89% as 8 points, 90-99% as 16 points, and total occlusion as 32 points. The above scores were multiplied by a corresponding
coefficient: 5 for the left main branch (LM); 2.5 and 1.5 for the proximal and middle segment of the LAD, respectively; 1
and 0.5 for the D1 and D2 in the diagonal branches, respectively; 2.5 and 1 for the proximal and distal segment lesions of the
LCX, respectively; and 1 for the proximal, middle, distal, and posterior descending branch lesions of the RCA. The sum of
the scores for each lesion is the patient’s coronary stenosis total score.
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Results
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Figure S1 Comparison of FAI around culprit lesions and non-culprit lesions in patients with ACS. (A) Comparison of
differences between all culprit lesions and non-culprit lesions in the group. (B) Comparison of the culprit and non-culprit
lesions located within the same vessel across all vessels enrolled. FAI, fat attenuation index; ACS, acute coronary syndrome; LAD,

left anterior descending artery; RCA, right coronary artery; LCX, left circumflex artery.

A B weBu DQu
e Jua Bwm

Wilcoxon, p = 0.007

*®

type

Wicoxon, p =002

-50

LAD_ref (HU)

-100

type

Figure S2 Comparison of FAI in patients with UA and MI. (A) Comparison of FAI around culprit lesions in patients with
UA and MI. (B) Comparison of LAD_ref in patients with UA and MI. FAI, fat attenuation index; UA, unstable angina; MI,

myocardial infarction; FAI, fat attenuation index; LAD _ref, FAI around the proximal LAD within reference diameter from the

outer vessel wall.
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Variable N Odds ratio o]
Age 186 |l 1.04 (1.00, 1.08) 0.03
Hypertension 0 69 i Reference

1 15 l 0.92 (0.26, 3.56) 0.90

2 27 b II i | 1.15(0.41, 3.35) 0.79

3 75 i—:—I—i 1.32 (0.60, 2.87) 0.49
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Figure S3 Forest plot of the model for identifying patients with ACS. ACS, acute coronary syndrome; LAD, left anterior
descending artery; FAL fat attenuation index; LAD_ref, FAI around the proximal LAD within reference diameter from the

outer vessel wall; LAD_6mm, FATI around the proximal LAD within a 6-mm diameter from the outer vessel wall.
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Table S1 Correlation of the FAI around culprit lesions with the FAI around different radial distances proximal to the coronary artery
in patients with ACS

r (95% Cl) P
RCA_2mm 0.473 (0.358-0.574) <0.001
RCA_ref 0.540 (0.434-0.631) <0.001
RCA_6mm 0.548 (0.443-0.638) <0.001
LAD_2mm 0.438 (0.319-0.543) <0.001
LAD_ref 0.587 (0.489-0.671) <0.001
LAD_6mm 0.490 (0.377-0.589) <0.001
LCX_2mm 0.484 (0.370-0.583) <0.001
LCX_ref 0.586 (0.487-0.670) <0.001
LCX_6mm 0.531 (0.423-0.623) <0.001

FAl, fat attenuation index; ACS, acute coronary syndrome; RCA, right coronary artery; LAD, left anterior descending artery; LCX, left
circumflex artery; RCA_2mm, FAI around the proximal RCA within a 2-mm diameter from the outer vessel wall; RCA_ref, FAl around the
proximal RCA within reference diameter from the outer vessel wall; RCA_6mm, FAI around the proximal RCA within a 6-mm diameter from
the outer vessel wall; LAD_2mm, FAI around the proximal LAD within a 2-mm diameter from the outer vessel wall; LAD_ref, FAI around the
proximal LAD within reference diameter from the outer vessel wall; LAD_6mm, FAI around the proximal LAD within a 6-mm diameter from
the outer vessel wall; LCX_2mm, FAI around the proximal LCX within a 2-mm diameter from the outer vessel wall; LCX_ref, FAI around the
proximal LCX within reference diameter from the outer vessel wall; LCX_6mm, FAI around the proximal LCX within a 6-mm diameter from
the outer vessel wall.

Table S2 Correlation of Gensini score with the FAT around different radial distances proximal to the coronary artery in all patients

r (95% Cl) P
RCA_2mm 0.080 (~0.041 to 0.198) 0.19
RCA._ref 0.104 (-0.016 to 0.221) 0.09
RCA_6mm 0.096 (~0.024 to 0.214) 0.12
LAD_2mm 0.140 (0.020 to 0.256) 0.02
LAD_ref 0.148 (0.028 to 0.263) 0.02
LAD_6mm 0.147 (0.027 to 0.262) 0.02
LCX_2mm 0.160 (0.041 to 0.275) 0.009
LCX_ref 0.170 (0.051 to 0.285) 0.005
LCX_6mm 0.141 (0.021 to 0.257) 0.02

ACS, acute coronary syndrome; RCA, right coronary artery; LAD, left anterior descending artery; FAIl, fat attenuation index; LCX, left
circumflex artery; RCA_2mm, FAI around the proximal RCA within a 2-mm diameter from the outer vessel wall; RCA_ref, FAl around the
proximal RCA within reference diameter from the outer vessel wall; RCA_6mm, FAI around the proximal RCA within a 6-mm diameter from
the outer vessel wall; LAD_2mm, FAI around the proximal LAD within a 2-mm diameter from the outer vessel wall; LAD_ref, FAl around the
proximal LAD within reference diameter from the outer vessel wall; LAD_6mm, FAI around the proximal LAD within a 6-mm diameter from
the outer vessel wall; LCX_2mm, FAI around the proximal LCX within a 2-mm diameter from the outer vessel wall; LCX_ref, FAI around the
proximal LCX within reference diameter from the outer vessel wall; LCX_6mm, FAI around the proximal LCX within a 6-mm diameter from
the outer vessel wall.
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Table S3 Logistic regression analysis of risk factors and PCAT attenuation in the proximal coronary associated with ACS

Univariable Multivariable
Characteristic
OR 95% ClI P OR 95% Cl P

Age 1.04 1.00-1.07 0.03 1.04 1.00-1.08 0.03
Gender

0 Reference

1 1.04 0.57-1.93 0.89 - - -
BMI 1.04 0.94-1.15 0.42 - - -
Obesity

0 Reference

1 1.22 0.54-2.77 0.63 - - -
Smoking

0 Reference

1 1.24 0.66-2.35 0.51 - - -
Drinking

0 Reference

1 1.02 0.45-2.36 0.95 - - -
Diabetes

0 Reference

1 1.15 0.59-2.24 0.68 - - -
Dyslipidemia

0 Reference Reference

1 1.71 0.93-3.17 0.09 1.87 0.95-3.72 0.07
Family history

0 Reference

1 0.00 0.00-Inf 0.99 - - -
Hypertension

0 Reference Reference

1 1.63 0.50-5.28 0.41 0.92 0.26-3.56 0.90

2 1.63 0.64-4.14 0.30 1.15 0.41-3.35 0.79

3 2.24 1.12-4.51 0.02 1.32 0.60-2.87 0.49
FAIl around proximal coronary

LAD_2mm 1.01 0.98-1.05 0.38 - - -

LAD_ref 1.03 1.00-1.07 0.05 1.02 0.95-1.09 0.60

LAD_6mm 1.03 1.00-1.07 0.09 1.02 0.95-1.09 0.59

LCX_2mm 1.00 0.97-1.04 0.86 - - -

LCX _ref 1.01 0.98-1.04 0.57 - - -

Table S3 (continued)
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Table S3 (continued)

Univariable Multivariable
Characteristic
OR 95% ClI P OR 95% ClI P
LCX_6mm 1.02 0.98-1.05 0.33 - - -
RCA_2mm 1.01 0.98-1.04 0.65 - - -
RCA_ref 1.01 0.98-1.04 0.36 - - -
RCA_6mm 1.01 0.98-1.05 0.36 - - -
Gensini score 1.03 1.02-1.05 <0.001 1.03 1.02-1.05 <0.001

PCAT, pericoronary adipose tissue; OR, odds ratio; 95%Cl, 95% confidence interval; BMI, body mass index; FAI, fat attenuation index;
FAIl, fat attenuation index; LCX, left circumflex artery; RCA_2mm, FAI around the proximal RCA within a 2-mm diameter from the outer
vessel wall; RCA_ref, FAl around the proximal RCA within reference diameter from the outer vessel wall; RCA_6mm, FAI around the
proximal RCA within a 6-mm diameter from the outer vessel wall; LAD_2mm, FAI around the proximal LAD within a 2-mm diameter from
the outer vessel wall; LAD_ref, FAI around the proximal LAD within reference diameter from the outer vessel wall; LAD_6mm, FAI around
the proximal LAD within a 6-mm diameter from the outer vessel wall; LCX_2mm, FAI around the proximal LCX within a 2-mm diameter
from the outer vessel wall; LCX_ref, FAl around the proximal LCX within reference diameter from the outer vessel wall; LCX_6mm, FAIl
around the proximal LCX within a 6-mm diameter from the outer vessel wall.
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