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BACKGROUND: Recent studies have reported the association between pericoronary inflammation assessed by pericoronary adipose
tissue attenuation (PCATA) on computed tomography angiography and worse outcomes in patients with coronary artery disease.
We investigated the determinants predicting increased PCATA in patients with known or suspected coronary artery disease.

METHODS AND RESULTS: A total of 540 patients who underwent computed tomography angiography and invasive coronary
angiography were studied. Mean computed tomography attenuation values of PCAT (-190 to —30 Hounsfield units) (PCATA)
were assessed at the proximal 40-mm segments of all 3 major coronary arteries by crude analysis. Univariable and mul-
tivariable analyses were performed to determine the predictors of increased PCATA surrounding the proximal right coro-
nary artery. Mean right coronary artery-PCATA was —72.22+8.47 Hounsfield units and the average of 3-vessel PCATA was
—70.24+6.60 Hounsfield units. Multivariable linear regression analysis revealed that the independent determinants of right
coronary artery-PCATA were male (3 coefficient=4.965, P<0.001), left ventricular mass index (3 coefficient=0.040, P=0.025),
and angiographically significant stenosis (diameter stenosis >50%) (3 coefficient=2.418, P=0.008). Sex-related determi-
nants were NT-proBNP level (N-terminal pro-B-type natriuretic peptide; 3 coefficient <0.001, P=0.026), Agatston score (3
coefficient=—0.002, P=0.010), left ventricular mass index (3 coefficient=0.041, P=0.028), and significant stenosis (3 coef-
ficient=4.006, P<0.001) in male patients and left ventricular ejection fraction (3 coefficient=—0.217, £=0.010) and significant
stenosis (B coefficient=3.835, P=0.023) in female patients.

CONCLUSIONS: Right coronary artery-PCATA was associated with multiple clinical characteristics, established risk factors, and
the presence of significant stenosis. Our results suggest that clinically significant factors such as sex, left ventricular hyper-
trophy, ejection fraction, calcification, and epicardial stenosis should be taken into account in the assessment of pericoronary
inflammation using computed tomography angiography.
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of coronary atherosclerosis and pathogenesis and T lymphocytes usually emigrate from the blood to

Vascular inflammation is linked with progression vasculature, inflammatory cells such as macrophages
of acute coronary syndromes (ACS).3 In the  the intima and multiply within the atherosclerotic lesion
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CLINICAL PERSPECTIVE

What Is New?

e This study investigated the determinants that
predict increased pericoronary adipose tissue
attenuation on coronary computed tomogra-
phy angiography in patients with known or sus-
pected coronary artery disease.

e FElevated pericoronary adipose tissue attenua-
tion surrounding the right coronary artery was
associated with the presence of significant
epicardial stenosis in the right coronary artery,
whereas pericoronary adipose tissue attenu-
ation was also influenced by multiple clinical
characteristics including sex, stenosis severity,
and left ventricular mass index.

What Are the Clinical Implications?

e Qur results suggest that clinically significant
confounders such as sex, left ventricular hy-
pertrophy, and sex-related contributing factors
such as coronary artery calcification and left
ventricular ejection fraction should be taken
into account in the assessment of pericoro-
nary inflammation using computed tomography
angiography.

Nonstandard Abbreviations and Acronyms

ACS acute coronary syndrome

CAD coronary artery disease

CT computed tomography

CTA computed tomography angiography

HU Hounsfield units

LAD left anterior descending coronary artery

Lv left ventricular

PCAT pericoronary adipose tissue

PCATA pericoronary adipose tissue
attenuation

RCA right coronary artery

in response to inflammatory cytokines.! Recent studies
have reported that epicardial adipose tissue surround-
ing myocardium also releases adipocytokines, leading
to ampilified local vascular inflammation through para-
crine effects.* Inflammation impairs lipid accumulation
in preadipocytes and differentiation of small, immature
preadipocytes to large mature adipocytes rich in in-
tracellular lipid droplets.® A recent study reported that
fat attenuation index on computed tomography (CT),
defined as the mean CT attenuation of adipose tis-
sue within a volume of interest, was associated with
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adipocyte lipid content/size quantified by histology and
8F-fluorodeoxyglucose uptake on positron emission
tomography.” A milestone in the recent studies of in-
flammation has reported that high fat attenuation index
of pericoronary adipose tissue (PCAT) of the proximal
right coronary artery (RCA), a part of epicardial adi-
pose tissue that directly surrounds the coronary ar-
tery, was associated with increased cardiac mortality.®
These studies suggest the feasibility of CT attenuation
of PCAT for noninvasive assessment of coronary in-
flammation and risk stratification by using routine cor-
onary CT angiography (CTA). However, in vivo data on
CT attenuation of PCAT and its potential confounders
have not been fully elucidated. In the present study,
we aimed to investigate the determinants that predict
the increased pericoronary inflammation status as as-
sessed by the crude analysis of CT attenuation values
of PCAT in patients with coronary artery disease (CAD).

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Population

This post hoc analysis included 2474 patients from
the institutional CTA registry enrolled between
January 2013 and January 2019 at Tsuchiura Kyodo
General Hospital. The reason for choosing this
period was that CTA image acquisition was per-
formed by using single CT system (Aquilion ONE;
Canon Medical Systems Corporation, Otawara,
Tochigi, Japan) in accordance with the Society of
Cardiovascular Computed Tomography guidelines.®
The indications of coronary CTA were considered
based on the appropriate use criteria for coronary
CTA.'0 Stable CAD was defined as angina with no
change in frequency, duration, or intensity of angi-
nal symptoms within 4 weeks before coronary an-
giography. Diagnosis of non-ST-segment—elevation
ACS included non-ST-segment—elevation myocar-
dial infarction and unstable angina, as previously
reported.”” Non-ST-segment—elevation myocardial
infarction was defined as ischemic symptoms in the
absence of ST-segment—elevation on ECG with el-
evated cardiac biomarkers (a rise and/or fall of high-
sensitivity cardiac troponin-I values >99th percentile
upper reference limit).'”> Unstable angina was defined
as new-onset angina, progressive crescendo pattern
of angina, or angina at rest, without an increase in
cardiac biomarkers. Patients with low or intermediate
pretest probability for CAD underwent coronary CTA
examination, but final decisions to examine CTA were
made at the discretion of the physicians. In addition,
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this institutional CTA registry included cases in-
volved in the clinical research, which was approved
by the institutional ethics committee on human re-
search of our hospital, investigating the efficacy of
CTA preceding invasive coronary angiography in
patients with non-ST-segment-elevation ACS and
stable hemodynamics. In this subgroup, CTA was
performed within a few hours from the arrival to the
emergency room to accurately rule in/out significant
epicardial stenosis and to provide the diagnostic in-
formation of atherosclerotic burden, lesion location,
and preprocedural planning of revascularization,
using a relatively low dose of radiation and contrast.
In the present study, 823 patients with known or sus-
pected CAD who underwent CTA and subsequent
invasive coronary angiography were screened. The
exclusion criteria were as follows: patients with a his-
tory of coronary stenting or coronary artery bypass
grafting, renal insufficiency with a baseline creatinine
level of >2.0 mg/dL, congestive heart failure, and
cardiogenic shock. Patients with suboptimal image
quality were also excluded. A total of 540 patients
with known or suspected CAD from the registry
were included in the final analysis. Patients’ clini-
cal characteristics and angiographic findings were
evaluated. Then, univariable and multivariable analy-
ses were performed to determine the predictors of
the increased pericoronary adipose tissue attenu-
ation (PCATA) surrounding the RCA because RCA
represents a current standardized model for PCAT
analysis. '3 This study protocol was approved by the
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institutional ethics committee on human research of
our hospital and written informed consent was ob-
tained from all individual participants.

CTA Image Acquisition

CT examinations were performed using a 320-slice
CT scanner (Aquilion ONE; Canon Medical Systems
Corporation, Otawara, Tochigi, Japan). Patients re-
ceived oral administration of metoprolol (20-40 mg)
1 hour before the scheduled scan if their resting
heart rate was >65 beats per minute, and all patients
received sublingual nitroglycerin (0.3 mg) just be-
fore the scan. Noncontrast cardiac CT images with
a 3-mm slice thickness were obtained before coro-
nary CTA to measure coronary artery calcification
score according to the Agatston method.'* Coronary
CTA images were acquired with the scan protocol
as follows: tube voltage of 120 kVp, tube current of
50 to 750 mA, gantry rotation speed of 350 ms per
rotation, field matrix of 512x512, and scan slice thick-
ness of 0.5 mm. As soon as the signal density level
in the ascending aorta reached a predefined thresh-
old of 150 Hounsfield units (HU), acquisition of CT
data and an ECG trace were automatically started.
Images were acquired after a bolus injection of 30
to 60 mL of contrast media (iopamidol, 370 mg io-
dine/mL, Bayer Yakuhin, Ltd., Osaka, Japan) at a rate
of 3 to 6 mL/s, using prospective ECG-triggering or
retrospective ECG-gating with automatic tube cur-
rent modulation. All scans were performed during a
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Figure 1.

Representative computed tomography (CT) images of a patient with stable coronary artery disease.

A, Three-dimensional reconstruction of the heart. B, Curved planar reformation view shows an intermediate stenosis (dotted line) in
the mid right coronary artery (RCA). C, Pericoronary adipose tissue (defined as the adipose tissue located within a radial distance
from the outer wall equal to the diameter of the coronary vessel) at the proximal 40-mm segment was traced. D, Cross-sectional view
shows an atherosclerotic plaque at the stenotic site. E, Histogram of CT attenuation within the traced proximal 10 to 50 mm segment
revealed that the pericoronary adipose tissue attenuation (PCATA) in the RCA was -60.81 Hounsfield units (HU).
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Table 1. Patients’ Baseline Characteristics
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Table 1. Continued

WBC count, /uL

6255 (5200, 7800)

Hemoglobin, g/dL 13.8 (12.9, 14.9)
hs-cTnl on admission, ng/L 14 (3, 360)
hs-CRP, mg/dL 0.10 (0.04, 0.38)
NT-proBNP, pg/mL 147 (61, 510)
LV-EF*, % 63.1£9.2
CTA findings
Agatston score
Total 328.42 (64.51, 835.31)
RCA 52.51 (0.00, 246.36)
LMT 0.00 (0.00, 0.77)
LAD 141.11 (21.25, 386.74)
LCx 15.60 (0.00, 124.86)
LV mass, g 148.6 (121.4, 180.2)

LV mass index, g/m?

87.3 (75.4, 102.6)
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Angiographic findings
RCA MLD, mm 1.13+0.93
RCA RD, mm 3.12+0.74
RCADS, % 25.4+35.7
RCALL, mm 15.49+9.74
RCA DS >50% 1568 (29.3)
ACC/AHA
A 29 (18.4)
(Continued)

All (n=540) All (n=540)
Age,y 68 (60, 74) B1 54 (34.2)
Sex B2 38 (24.1)
Male 407 (75.4) ¢} 37 (23.4)
Female 133 (24.6) Multivessel disease 161 (29.8)
Body mass index, kg/m? 24.7+3.7 Gensini score 16.0 (9.0, 32.0)
Diagnosis Data are presented as number (%), mean+SD, or median (interquartile
ACS 209 (42.4) range). ACC/AHA indicates American College of Cardiology/American
Heart Association; ACS, acute coronary syndrome; CAD, coronary artery
Stable CAD 311 (67.6) disease; CTA, computed tomography angiography; DS, diameter stenosis;
Hypertension 384 (71.1) EF, ejection fraction; eGFR, estimated glomerular filtration rate; HbAlc,
— - glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; hs-
Dyslipidemia 295 (54.6) CRP, high-sensitivity C-reactive protein; hs-cTnl, high-sensitivity cardiac
Diabetes mellitus 199 (36.9) troponin-I; LAD, left anterior descending coronary artery; LCx, left circumflex
. coronary artery; LDL-C, low-density lipoprotein cholesterol; LL, lesion length;
Current smoking 169 (31.9) LMT, left main trunk; LV, left ventricular; MLD, minimal lumen diameter; NT-
Medication proBNP, N-terminal pro-B-type natriuretic peptide; RAS, renin-angiotensin
. system; RCA, right coronary artery; RD, reference vessel diameter; and
Aspirin 290 (58.7) WBC, white blood cell.
Beta blockers 126 (28.3) *Assessed by echocardiography.
RAS-inhibitors 246 (45.6)
Calcium channel blockers 210 (38.9) .
—_— 240 ad) single breath-hold. Images were reconstructed at a

atins . . . .

: window centered at 75% of the R-R interval to coin-
Nitrates 84(15.6 cide with left ventricular (LV) diastasis. LV mass was
Oral hypoglycemic agents 1615 calculated as the LV myocardial volume derived by

eGFR, mL/min per 1.73 m? 71.5+18.6 manually corrected automated delineation of the en-
LDL-C, mg/dL 112.3+32.4 docardial and epicardial borders and multiplied with
HDL-C, mg/dL 48.1+13.1 the specific gravity of myocardial tissue (assuming a
Triglyceride, mg/dL 150.4+106.2 tissue density of 1.055 g/mL).'">'® The LV mass index
HOAIC, % 6.241.2 was calculated as the quotient of LV mass divided by

body surface area.

PCAT Analysis

PCAT analysis was performed using a dedicated work-
station (Aquarius iNtuition Edition version 4.413.P3;
TeraRecon Inc., Foster City, CA, USA). The proximal
40-mm segments of the left anterior descending cor-
onary artery (LAD) and left circumflex coronary artery
and the proximal 10 to 50 mm-segment of the RCA
were traced, as previously described.? Within the prei-
dentified segment of interest, the lumen as well as the
inner and outer vessel wall border were tracked in an
automated manner with additional manual optimization.
PCAT was defined as the adipose tissue located within a
radial distance from the outer vessel wall equal to the di-
ameter of the coronary vessel.”® Voxel histograms of CT
attenuation were plotted and the mean CT attenuation
of all voxels between —190 to —30 HU (thresholds used
for the definition of adipose tissue®'”) within the PCAT
volume was calculated. The PCATA was defined as the
mean CT attenuation of PCAT of the traced 40-mm seg-
ment by the crude analysis. Representative images of
PCATA analysis are shown in Figure 1. In the present
study, PCATA surrounding the RCA was used for further
analysis. PCAT analysis was performed by investigators
who were blinded to clinical data.
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Statistical Analysis

All analyses were performed using SPSS Statistics
23.0 software (IBM Corporation, Armonk, NY, USA).
Categorical data were expressed as absolute fre-
quencies and percentages and compared using the
chi-square test or Fisher’s exact test, as appropriate.
Continuous variables were expressed as mean+SD
for normally distributed variables and as median (in-
terquartile range) for nonnormally distributed vari-
ables, and compared using the Student t test or
one-way analysis of variance, Mann-Whitney test,
or Kruskal-Wallis test, as appropriate. Multivariable
linear and logistic regression analyses were per-
formed to determine the predictors of RCA-PCATA.
The associated variables in univariable analyses
(P<0.10) were included in the multivariable model.
The Hosmer-Lemeshow test was used to establish
the goodness-of-fit for the logistic regression model
and a P>0.05 indicated that the model provided a
valid representation. A P<0.05 was considered sta-
tistically significant.

Determinants of PCAT Attenuation on CTA

RESULTS

Patient Characteristics

In a total of 540 patients, the median age was 68 years
and 75.4% were male. In the present study, 311 pa-
tients (57.6%) presented with stable CAD and 229
patients (42.4%) presented with non-ST-segment—el-
evation ACS. Patients’ baseline clinical characteristics
and laboratory findings of the study population are de-
scribed in Table 1. Comparison of baseline character-
istics between male and female patients is shown in
Table S1.

PCATA Findings

Mean PCATA surrounding the coronary artery was
—72.22+8.47 HU in the RCA, -71.45+8.03 HU in the
LAD, and -66.80+7.44 HU in the left circumflex coro-
nary artery, respectively (Figure 2A). Although there
were significant mutual correlations among the PCATA
of the 3 epicardial coronary arteries (Figure 2B), PCATA
in the RCA was significantly lower than those in the

A
PCATA, HU Frequency, n
-40] : o 60
. T 71 45keg g3”66-B0FE7-44
) -72.2@-&47' T E 40
-80-
1 Y 20
4 8
-100) _P=0.005 °  P<0.001
P<0.001
T T T 0-
100 90 -80 -70 -60 -50
heA Al LEx RCA-PCATA, HU
B
-40 7 -40 -40 1 /
=, 5 o = oo2 Lo 8
T T T RS, T
< 60 < 60 < 607 L gt % °
= I > ¥e®
& o 4 &
A -80 * -80 0] -80 7
< > Q
3 = =
-100 -100 -100 1
-100 -80 -60 -40 -100 -80 -60 -40 -100 -80 -60 -40
RCA-PCATA, HU RCA-PCATA, HU LAD-PCATA, HU
RCAvs. LAD RCA vs LCx § LAD vs LCx
i r=0514,P<0.001 i r=0489,P<0001 : . r=0629,P<0.001 :

Figure 2. The comparisons (A) and the correlations (B) of pericoronary adipose tissue attenuation (PCATA) among the 3
epicardial coronary arteries, and the distribution of PCATA surrounding the right coronary artery (RCA) (C).
LAD indicates left anterior descending coronary artery; and LCx, left circumflex coronary artery.
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LAD or left circumflex coronary artery (Figure 2A).
The histogram of RCA-PCATA is shown in Figure 2C.
Patients with RCA involvement as culprit/target ves-
sel had higher RCA-PCATA than those without RCA
involvement in the subgroups of ACS and stable CAD,
whereas patients with ACS involving RCA as culprit
vessel and those with stable CAD involving RCA as
target vessel showed similar RCA-PCATA (Figure 3A).
In contrast, patients with ACS involving LAD as culprit
vessel had higher LAD-PCATA than those with stable
CAD involving LAD as target vessel, whereas patients
with LAD involvement as culprit/target vessel and those
without LAD involvement showed similar LAD-PCATA
in the subgroups of ACS and stable CAD (Figure 3B).

Determinants of PCATA Surrounding the
RCA

RCA-PCATA was significantly higher in male pa-
tients than in female patients (-70.90+8.12 versus
—76.22+8.29 HU, P<0.001). Patients with angio-
graphically significant epicardial stenosis (diameter
stenosis >50%) in the RCA had a higher RCA-PCATA
than those without significant stenosis in the RCA
(-7017+8.05 versus -73.07+8.51 HU, P<0.001).
Patients with angiographically significant stenosis
in the LAD had a higher LAD-PCATA than those
without significant stenosis in the LAD (-70.84+7.89
versus -72.30£8.16 HU, P=0.037). Univariable lin-
ear regression analysis revealed that the significant
determinants of PCATA in the RCA were age, male
sex, high-sensitivity C-reactive protein level, LV mass
index, and the presence of significant stenosis in the

Determinants of PCAT Attenuation on CTA

RCA (Table 2). PCATA in the RCA was not associated
with the presence of significant stenosis in the LAD ([3
coefficient, 0.343, P=0.645). Multivariable linear re-
gression analysis revealed that the significant deter-
minants of RCA-PCATA were male sex (3 coefficient,
4.965, P<0.001), LV mass index (3 coefficient, 0.040,
P=0.025), and the presence of significant stenosis
in the RCA (B coefficient, 2.418, P=0.008) (Table 2).
Multivariable logistic regression analysis demon-
strated that the significant determinants of elevated
RCA-PCATA (> -70.1 HU) (the cutoff value derived
from the previous study by Oikonomou et al®) were
male sex (odds ratio, 3.665, P<0.001) and the pres-
ence of significant stenosis in the RCA (odds ratio,
1.687, P=0.028) (Table 3). The Hosmer-Lemeshow
test provided a proper goodness-of-fit for the model
(P=0.999). Sex-related determinants of RCA-PCATA
were NT-pro-BNP (3 coefficient, <0.001, P=0.026),
Agatston score in the RCA (B coefficient, —0.002,
P=0.010), LV mass index (B coefficient, 0.041,
P=0.028), and the presence of significant stenosis in
the RCA (B coefficient, 4.006, P<0.001) in male pa-
tients (Table 4) and LV ejection fraction (3 coefficient,
-0.217, P=0.010) and the presence of significant ste-
nosis in the RCA (B coefficient, 3.835, P=0.023) in
female patients (Table 5).

DISCUSSION

The main findings of this study include (1) PCATA in
the RCA was significantly lower than those in the LAD
or left circumflex coronary artery; (2) univariable linear

A
RCA-PCATA, HU

-40 - P=0.859

P=0.747
-69.29+x7.97 —— -69.57%x7.96
-72.76(£8.72 T -73.04/£8.31
,60 -
- x
.80 4
-100 - P=0.009 P=0.007
Culprit/target RCA Non-RCA RCA Non-RCA
vessel ACS Stable CAD
-71.90+8.65 -72.46+8.34
P=0.455

B
LAD-PCATA, HU
-40 - P<0.001
P=0.550
-69.4747.87 I _
60 - -72.67+8.32
-70.967.75 -71.64(+£7.28
o %
.80 .
100 1 P=0.158 P=0.322
Culprit/target LAD Non-LAD LAD Non-LAD
vessel ACS Stable CAD
-70.15+7.80 -72.41£8.07
P=0.001

Figure 3. Comparisons of pericoronary adipose tissue attenuation (PCATA) surrounding the right coronary artery (RCA) (A)
and left anterior descending coronary artery (LAD) (B) according to the localization and the clinical presentation.
ACS indicates acute coronary syndrome; CAD, coronary artery disease; and HU, Hounsfield units.
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regression analysis revealed that RCA-PCATA was as-
sociated with multiple clinical characteristics including
age, sex, other established risk factors such as high-
sensitivity C-reactive protein level and LV mass index
and the presence of significant epicardial stenosis in
the RCA,; (3) multivariable linear regression analysis re-
vealed that RCA-PCATA was associated with sex, LV
mass index, and the presence of significant stenosis
in the RCA; (4) multivariable logistic regression analy-
sis revealed that elevated RCA-PCATA was associated
with male sex and the presence of significant stenosis
in the RCA; and (5) there were sex-related determi-
nants of RCA-PCATA, which were NT-pro-BNP level,
coronary artery calcification, LV mass index, and the
presence of significant stenosis in the RCA in male pa-
tients and LV ejection fraction and the presence of sig-
nificant stenosis in the RCA in female patients.

Visualizing Coronary Inflammation by
Noninvasive Imaging Modalities

Recent studies have focused on detection of vascular
inflammation by using noninvasive imaging modalities

Determinants of PCAT Attenuation on CTA

such as positron emission tomography imaging.
Several studies have demonstrated a strong correla-
tion between ®F-fluorodeoxyglucose uptake on posi-
tron emission tomography and histologic inflammation
as assessed by macrophage infiltration and CD68
staining.'®® 8F-sodium fluoride uptake on positron
emission tomography detects active vascular calcifi-
cation as a result of vascular inflammation.?® A recent
study reported that mean CT attenuation of adipose
tissue as described by fat attenuation index was asso-
ciated with "8F-fluorodeoxyglucose uptake,” indicating
the feasibility of CT attenuation of PCAT for detecting
pericoronary inflammation.

Association Between PCATA, Coronary
Atherosclerosis, and Pericoronary
Inflammation

Previous studies have reported the association be-
tween coronary atherosclerosis and regional PCAT
by qualitative and quantitative assessments. PCAT
volume?"?2 and PCAT attenuation®® were increased

Table 2. Determinants of Pericoronary Adipose Tissue Attenuation Surrounding the Right Coronary Artery

Univariable Multivariable
95% Cl | 95% CI 95% ClI 95% ClI
B Coefficient Lower Upper P Value B Coefficient Lower Upper P Value
Age, y -0.072 -0.139 -0.005 0.035
Male 5.325 3.721 6.930 <0.001 4.965 3.067 6.862 <0.001
Body mass index, kg/m? -0.067 -0.264 0.131 0.507
Hypertension 0.395 -1.194 1.983 0.626
Dyslipidemia -0.862 -2.310 0.586 0.243
Diabetes mellitus 0.858 -0.637 2.353 0.260
Current smoking 0.783 -0.774 2.340 0.324
ACS 0.555 -0.904 2.015 0.455
Statins -0.017 -1.469 1.435 0.981
eGFR, mL/min per 1.73 m? 0.023 -0.016 0.063 0.239
LDL-C, mg/dL -0.018 —-0.041 0.004 0.113
HDL-C, mg/dL -0.053 -0.109 0.003 0.064
Triglyceride, mg/dL -0.002 -0.008 0.005 0.668
HbA1C, % 0.067 -0.543 0.677 0.829
WBC count, /L 0.000 0.000 0.000 0.665
Hemoglobin, g/dL 0.474 -0.016 0.965 0.058
hs-cTnl on admission, ng/L <0.001 <0.001 <0.001 0.897
hs-CRP, mg/dL 0.497 0.068 0.926 0.023
NT-proBNP, pg/mL <0.001 <0.001 <0.001 0.210
LV-EF, % -0.064 0.143 0.015 0.110
RCA stenosis (DS >50%) 2.902 1.332 4.472 <0.001 2.418 0.625 4.210 0.008
RCA Agatston score -0.001 -0.002 0.001 0.243
LV mass index, g/m? 0.072 0.041 0.102 <0.001 0.040 0.005 0.075 0.025

ACS indicates acute coronary syndrome; Cl, confidence interval; DS, diameter stenosis; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HoAlc,
glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; hs-cTnl, high-sensitivity cardiac troponin-I; LDL-C,
low-density lipoprotein cholesterol; LV, left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic peptide; RCA, right coronary artery; and WBC, white blood cell.
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Determinants of PCAT Attenuation on CTA

Table 3. Determinants of Elevated Pericoronary Adipose Tissue Attenuation Surrounding the Right Coronary Artery

(> -70.1 Hounsfield Units)

Univariable Multivariable
Odds 95% ClI 95% ClI Odds 95% ClI 95% ClI
Ratio Lower Upper P Value Ratio Lower Upper P Value
Age, y 0.984 0.968 1.000 0.055
Male 2.925 1.862 4.594 <0.001 3.665 2.109 6.369 <0.001
Body mass index, kg/m? 0.981 0.936 1.029 0.438
Hypertension 1.221 0.831 1.795 0.309
Dyslipidemia 0.848 0.599 1.201 0.353
Diabetes mellitus 1.080 0.755 1.546 0.673
Current smoking 1.352 0.933 1.960 0112
ACS 1.301 0.917 1.847 0.140
Statins 1.014 0.716 1.437 0.937
eGFR, mL/min per 1.73 m? 1.002 0.993 1.012 0.652
LDL-C, mg/dL 0.994 0.989 1.000 0.045
HDL-C, mg/dL 0.987 0.974 1.001 0.066
Triglyceride, mg/dL 1.000 0.999 1.002 0.852
HbA1C, % 1.018 0.880 1178 0.808
WBC count, /L 1.000 1.000 1.000 0.088
Hemoglobin, g/dL 1115 0.987 1.258 0.080
hs-cTnl on admission, ng/L 1.000 1.000 1.000 0.609
hs-CRP, mg/dL 1.066 0.962 1182 0.223
NT-proBNP, pg/mL 1.000 1.000 1.000 0.918
LV-EF, % 0.985 0.967 1.004 0.115
RCA stenosis (DS >50%) 1.553 1.064 2.267 0.022 1.687 1.059 2.687 0.028
RCA Agatston score 1.000 0.999 1.000 0.187
LV mass index, g/m? 1.016 1.008 1.024 <0.001

ACS indicates acute coronary syndrome; Cl, confidence interval; DS, diameter stenosis; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HbAlc,
glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; hs-cTnl, high-sensitivity cardiac troponin-I; LDL-C,
low-density lipoprotein cholesterol; LV, left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic peptide; RCA, right coronary artery; and WBC, white blood cell.

in segments with atherosclerotic plaque. Other
studies have reported the increase in PCAT attenu-
ation®*2% and the presence of PCAT stranding (irregu-
lar obscuration)?® for culprit lesions in ACS. Increased
PCAT attenuation may also predict future plaque
progression.’® These reports are all supportive of the
hypothesis that PCAT may reflect regional athero-
sclerotic burden and the extent of local inflammation.
A recent post hoc analysis of outcome data gath-
ered prospectively from 2 independent cohorts has
demonstrated the significant association between
higher PCAT attenuation in the proximal RCA and a
higher adjusted risk of all-cause mortality, indicating
the association between vessel-oriented low-grade
local inflammation status and systemic vulnerabil-
ity.® Based on their methods, the present study con-
ducted the crude analysis of PCAT by evaluating
PCATA at the proximal 40-mm segment in the RCA.
Our result showed the association between elevated
PCATA and the presence of epicardial stenosis in the
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RCA. Our findings indicate that elevated PCATA may
reflect higher levels of vessel-oriented inflammation,
independently of high-sensitivity C-reactive protein
level.

Determinants of PCATA

In contrast to the previous studies that used models
that had adjusted for clinical characteristics such as
age, sex, body mass index, CT equipment-associated
differences, and traditional coronary risk factors,?'27:28
we analyzed the crude data of PCATA in the present
study. Our results implied that male patients may have
potentially higher PCAT-defined inflammatory status
compared with female patients. To the best of our
knowledge, the present study is the first series that
demonstrated the potential sex specificity of PCATA.
Moreover, our results showed that PCATA was asso-
ciated with LV hypertrophy. Because LV hypertrophy
is a strong predictor of worse cardiac outcomes,?®
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Table 4. Determinants of Pericoronary Adipose Tissue Attenuation Surrounding the Right Coronary Artery in Male

Patients
Univariable Multivariable
95% Cl | 95% CI 95% ClI 95% ClI
B Coefficient Lower Upper P Value B Coefficient Lower Upper P Value
Age, y -0.022 -0.098 0.054 0.570
Body mass index, kg/m? -0.162 -0.385 0.061 0.154
Hypertension 0.200 -1.547 1.948 0.822
Dyslipidemia -0.523 -2.124 1.077 0.521
Diabetes mellitus 0.743 -0.901 2.387 0.375
Current smoking -0.337 -1.983 1.309 0.687
ACS 0.827 -0.790 2.444 0.315
Statins 0.057 -1.554 1.667 0.945
eGFR, mL/min per 1.73 m? 0.010 -0.035 0.054 0.669
LDL-C, mg/dL -0.018 -0.042 0.007 0.158
HDL-C, mg/dL -0.008 -0.073 0.057 0.810
Triglyceride, mg/dL -0.008 -0.010 0.004 0.392
HbA1C, % 0.062 -0.598 0.722 0.853
WBC count, /L <0.001 <0.001 <0.001 0.662
Hemoglobin, g/dL -0.179 -0.750 0.392 0.538
hs-cTnl on admission, ng/L <0.001 <0.001 <0.001 0.935
hs-CRP, mg/dL 0.527 0.076 0.978 0.022
NT-proBNP, pg/mL 0.001 <0.001 0.001 0.017 <0.001 <0.001 0.001 0.026
LV-EF, % -0.001 -0.087 0.086 0.988
RCA stenosis (DS >50%) 3.416 1.697 5135 <0.001 4.006 2.216 5.796 <0.001
RCA Agatston score -0.002 -0.003 <0.001 0.089 -0.002 -0.004 -0.001 0.010
LV mass index, g/m? 0.044 0.008 0.079 0.016 0.041 0.004 0.078 0.028

ACS indicates acute coronary syndrome; Cl, confidence interval; DS, diameter stenosis; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HbA1c,
glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; hs-cTnl, high-sensitivity cardiac troponin-I; LDL-C,
low-density lipoprotein cholesterol; LV, left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic peptide; RCA, right coronary artery; and WBC, white blood cell.

elevated PCATA associated with LV hypertrophy may
result in worse outcomes.

Our results showed that RCA-PCATA was as-
sociated with the localization (culprit/target versus
nonculprit/target vessel), whereas LAD-PCATA was
associated with the clinical presentation. A recent
study demonstrated that PCATA of culprit lesions of
patients with ACS was higher compared with those
of nonculprit lesions of patients with ACS and high-
est-grade stenotic lesions of matched control pa-
tients.?* The main difference between the referenced
study and ours was that PCATA in the proximal 40-mm
RCA, regardless of the culprit vessel localization and
lesion segment, was investigated in our study, whereas
PCATA in the culprit lesions (segmental assessment)
was applied in the referenced study. Our findings were
in line with the study by Oikonomou et al® and may
further suggest the clinical significance and/or impor-
tance of the interrogated segment for inflammation.
Further large population studies are needed to clarify
the clinical significance of the interrogated segment
and its relationship with prognostic information.
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Clinical Implications

PCATA assessed by coronary CTA can detect pericor-
onary inflammatory status, which may not be detected
by systemic inflammation biomarker of high-sensitivity
C-reactive protein as was in the present study. Our
findings suggest that clinically significant confounders
such as sex, LV mass index, coronary artery calcifi-
cation, LV ejection fraction, and other established risk
factors as well as the presence of significant epicardial
stenosis should be taken into account in the assess-
ment of coronary inflammation using CTA. Considering
the modest association between PCATA and other
confounders, our results suggest that PCATA provides
incremental ability to stratify high-risk patients with
increased pericoronary inflammation on top of estab-
lished risk factors.

Study Limitations

First, this is a retrospective observational study from a
single center and therefore has intrinsic risk of selection
bias. Second, coronary plaque features on CTA were not
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Table 5. Determinants of Pericoronary Adipose Tissue Attenuation Surrounding the Right Coronary Artery in Female

Patients
Univariable Multivariable
95% ClI 95% ClI 95% ClI 95% ClI
B Coefficient Lower Upper P Value B Coefficient Lower Upper P Value
Age, y -0.014 -0.156 0.127 0.843
Body mass index, kg/m? -0.073 -0.445 0.299 0.700
Hypertension 1.558 -1.644 4,760 0.337
Dyslipidemia -0.904 -3.807 1.999 0.539
Diabetes mellitus 0.345 -2.689 3.379 0.822
Current smoking -1.979 -6.618 2.660 0.400
ACS 0.007 -2.872 2.886 0.996
Statins 0.343 -2.516 3.202 0.813
eGFR, mL/min per 1.73 m? 0.004 -0.071 0.079 0.912
LDL-C, mg/dL -0.024 -0.071 0.022 0.305
HDL-C, mg/dL -0.041 -0.146 0.064 0.440
Triglyceride, mg/dL -0.012 -0.033 0.010 0.282
HbA1C, % -0.276 -1.588 1.036 0.678
WBC count, /L <0.001 -0.001 0.001 0.631
Hemoglobin, g/dL 0.273 -0.854 1.401 0.632
hs-cTnl on admission, ng/L <0.001 -0.001 <0.001 0.152
hs-CRP, mg/dL 0.252 -0.775 1.280 0.628
NT-proBNP, pg/mL <0.001 <0.001 <0.001 0.205
LV-EF, % -0.184 -0.349 -0.020 0.028 -0.217 -0.381 0.021 0.010
RCA stenosis (DS >50%) 3.972 0.703 7.240 0.018 3.835 0.549 7121 0.023
RCA Agatston score 0.001 -0.002 0.003 0.584
LV mass index, g/m? 0.076 0.016 0.136 0.013

ACS indicates acute coronary syndrome; Cl, confidence interval; DS, diameter stenosis; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HbA1c,
glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; hs-cTnl, high-sensitivity cardiac troponin-I; LDL-C,
low-density lipoprotein cholesterol; LV, left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic peptide; RCA, right coronary artery; and WBC, white blood cell.

evaluated. Our objective was to investigate the determi-
nants of PCAT-defined pericoronary inflammation status.
Third, PCATA may be affected by suboptimal CTA image
quality such as artifacts and partial volume-effects. The
optimal cutoff value of elevated PCATA should be clari-
fied in future studies. Fourth, because of a moderate
number of our study population, sex-related subgroup
analysis may be underpowered. Fifth, because all pa-
tients enrolled in the present study cohort were Asian
(Japanese) subjects, we did not have any data regarding
the racial difference in PCATA. Ethnic diversity and its
prognostic implication should be clarified in further stud-
ies. Finally, clinical outcomes were not evaluated.

CONCLUSIONS

Elevated PCATA in the RCA was associated with the
presence of significant epicardial stenosis in the RCA,
whereas PCATA was also influenced by multiple clini-
cal characteristics. Our results suggest that clinically
significant confounders such as sex, LV hypertrophy,
and sex-related contributing factors such as coronary
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artery calcification and LV ejection fraction should be
taken into account in the assessment of pericoronary
inflammation using CTA.
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Table S1. Comparison of baseline characteristics between male and female patients.

Male (n =407) Female (n = 133) P value

Age, years 66 (58, 72) 72 (67, 78) <0.001
Body mass index, kg/m? 24.9+3.6 24.0+£3.9 0.015
Diagnosis 0.747

ACS 171 (42.0) 58 (43.6)

Stable CAD 236 (58.0) 75 (56.4)
Hypertension 287 (70.5) 97 (72.9) 0.594
Dyslipidemia 216 (53.1) 79 (59.4) 0.203
Diabetes mellitus 155 (38.1) 44 (33.1) 0.299
Current smoking 155 (38.1) 14 (10.5) <0.001
Medication

Aspirin 223 (54.8) 67 (50.4) 0.375

Beta-blockers 92 (22.6) 34 (25.6) 0.484

RAS-inhibitors 187 (45.9) 59 (44.4) 0.750

Calcium channel blockers 165 (40.5) 45 (33.8) 0.168

Statins 177 (43.5) 63 (47.4) 0.434

Nitrates 67 (16.5) 17 (12.8) 0.309

Oral hypoglycemic agents 93 (22.9) 23 (17.3) 0.176
eGFR, mL/min/1.73 m? 72.8 +18.2 67.6+£19.2 0.005
LDL-C, mg/dL 112.5+32.8 111.6 +£31.0 0.788
HDL-C, mg/dL 46.5+12.5 52.7+14.0 <0.001
Triglyceride, mg/dL 156.8+115.3 130.6 £ 67.6 0.002
HbA1C, % 63+1.2 6.2+1.1 0.359
WBC count, /uL 6360 (5230, 7960) 5835 (4908, 7260) 0.017
Hemoglobin, g/dL 14.2 (13.2,15.1) 13.0(11.9, 13.7) <0.001



hs-cTnl on admission, ng/L
hs-CRP, mg/dL
NT-proBNP, pg/mL
LV-EF", %
CTA findings
Agatston score
Total
RCA
LMT
LAD
LCx
LV mass, g

LV mass index, g/m?

14 (3, 402)
0.10 (0.04, 0.38)
133 (55, 414)

62.6+9.3

332.98 (64.46, 835.31)
57.64 (0.00, 251.09)
0.00 (0.00, 3.38)
140.50 (21.25, 363.29)
15.60 (0.00, 138.98)
160.9 (135.0, 187.8)

90.5 (79.5, 106.0)

18 (3, 263)
0.09 (0.04, 0.38)
198 (90, 1111)

64.7 £ 8.6

277.23 (82.92, 836.58)
44.81 (0.00, 233.65)
0.00 (0.00, 0.00)
154.44 (18.95, 426.58)
16.11 (0.00, 94.31)
113.3 (100.7, 136.1)

76.6 (67.8, 89.4)

0.994

0.347

<0.001

0.019

0.727

0.518

0.017

0.785

0.787

<0.001

<0.001

Data are presented as number (%), mean + standard deviation, or median (interquartile range).

* Assessed by echocardiography.

ACS, acute coronary syndrome; CAD, coronary artery disease; CTA, computed tomography

angiography; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HbAlc,

glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; hs-cTnl, high-

sensitivity cardiac troponin-I; hs-CRP, high-sensitivity C-reactive protein; LAD, left anterior

descending coronary artery; LCx, left circumflex coronary artery; LDL-C, low-density

lipoprotein cholesterol; LMT, left main trunk; LV, left ventricular; NT-proBNP, N-terminal pro

B-type natriuretic peptide; RAS, renin-angiotensin system; RCA, right coronary artery; WBC,

white blood cell.



