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Aims Vascular inflammation inhibits local adipogenesis in pericoronary adipose tissue (PCAT) and this can be detected
on coronary computed tomography angiography (CCTA) as an increase in CT attenuation of PCAT surrounding
the proximal right coronary artery (RCA). In this cross-sectional study, we assessed the utility of PCAT CT attenu-
ation as an imaging biomarker of coronary inflammation in distinguishing different stages of coronary artery disease
(CAD).

...................................................................................................................................................................................................
Methods
and results

Sixty patients with acute myocardial infarction (MI) were prospectively recruited to undergo CCTA within 48 h of
admission, prior to invasive angiography. These participants were matched to patients with stable CAD (n = 60)
and controls with no CAD (n = 60) by age, gender, BMI, risk factors, medications, and CT tube voltage. PCAT at-
tenuation around the proximal RCA was quantified per-patient using semi-automated software. Patients with MI
had a higher PCAT attenuation (-82.3 ± 5.5 HU) compared with patients with stable CAD (-90.6 ± 5.7 HU,
P < 0.001) and controls (-95.8 ± 6.2 HU, P < 0.001). PCAT attenuation was significantly increased in stable CAD
patients over controls (P = 0.01). The association of PCAT attenuation with stage of CAD was independent of age,
gender, cardiovascular risk factors, epicardial adipose tissue volume, and CCTA-derived quantitative plaque burden.
No interaction was observed for clinical presentation (MI vs. stable CAD) and plaque burden on PCAT
attenuation.

...................................................................................................................................................................................................
Conclusion PCAT CT attenuation as a quantitative measure of global coronary inflammation independently distinguishes

patients with MI vs. stable CAD vs. no CAD. Future studies should assess whether this imaging biomarker can track
patient responses to therapies in different stages of CAD.
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Introduction

Inflammation is a major driver of atherogenesis and atherothrombo-
sis resulting in acute coronary syndrome (ACS).1 Local inflammation
within culprit coronary lesions has been demonstrated on

intravascular imaging2 and positron emission tomography–computed
tomography (PET-CT)3,4. Furthermore, the landmark CANTOS
(Canakinumab Anti-Inflammatory Thrombosis Outcomes Study) trial
validated the inflammatory hypothesis of atherosclerosis in patients
with stable coronary artery disease (CAD) and residual inflammatory
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risk.5 It is established that vascular inflammation inhibits local adipo-
genesis in pericoronary adipose tissue (PCAT), enabling non-invasive
detection on coronary computed tomography angiography (CCTA)
as an increased CT attenuation [Hounsfield units (HU)] of PCAT sur-
rounding the proximal right coronary artery (RCA).6 Temporal
changes in this metric associate with plaque progression or regres-
sion in stable CAD.7 Further, a high PCAT attenuation confers an
increased risk of cardiac mortality in patients with suspected CAD.8

No studies to date have quantified PCAT attenuation around the
proximal RCA in patients with myocardial infarction (MI). Moreover,
the relationship between PCAT attenuation and different stages of
CAD has not been systematically evaluated. In this cross-sectional
study, we assess the value of PCAT attenuation as a non-invasive
imaging biomarker of coronary inflammation in distinguishing patients
with MI from patients with stable CAD and controls with no CAD.

Methods

Study population
Sixty consecutive patients admitted with acute MI from June 2018 to
January 2019 at MonashHeart (Monash Medical Centre, Melbourne,
Australia) were prospectively recruited to undergo CCTA within 48 h of
admission, prior to invasive coronary angiography. We included patients
with thrombolysed ST-segment elevation MI (STEMI) or non-ST-
segment elevation MI (NSTEMI)9 who had a culprit lesion identified by an
interventional cardiologist at invasive angiography. Exclusion criteria
included previous MI or revascularization, clinical or haemodynamic in-
stability, severe renal impairment (eGFR <30 mL/m/1.73 m2), or allergy
to iodinated contrast. Participants with MI were matched to outpatients
who underwent CCTA for suspected CAD during the same time period,
stratified by two groups: (i) 60 patients with stable CAD (defined by the
presence of stable exertional symptoms and/or inducible myocardial is-
chaemia on stress testing) and detection of stenosis severity 25–99% on
CCTA; and (ii) 60 patients with no visually detectable CAD on CCTA
who formed the control group. Matching of the three groups was per-
formed for age, gender, body mass index (BMI), cardiovascular risk fac-
tors (diabetes, hypertension, dyslipidaemia, and smoking), medications,
and CT tube voltage. The study had institutional ethics approval and all
patients with MI provided written informed consent. The study was regis-
tered on the Australian New Zealand Clinical Trials Registry (http://
www.anzctr.org.au. Unique identifier: ACTRN12618001058268). Figure 1
details the patient selection and study design.

Definition of risk factors
Cardiovascular risk factors and medications were documented on admis-
sion for the MI cohort and obtained by review of electronic medical
records and a pathology database for the outpatient cohorts. Diabetes
mellitus was defined by a haemoglobin A1c >_6.5% or use of diabetic med-
ications. Hypertension was defined as a systolic blood pressure
>140 mmHg or diastolic blood pressure >90 mmHg at the time of CCTA
(outpatients only), or diagnosis/treatment of hypertension. Dyslipidaemia
was defined as a fasting total cholesterol >6.2 mmol/L, low-density lipo-
protein cholesterol (LDL-C) >3.4 mmol/L, high-density lipoprotein chol-
esterol <1.0 mmol/L, serum triglycerides >1.7 mmol/L10 (outpatients
only), or diagnosis/treatment of dyslipidaemia. Family history of CAD was
defined as >_1 first-degree relative with CAD before age 60 years.
Smokers were eitheractive and former smokers.

CCTA acquisition
All scans were performed on a 320-detector-row CT scanner (Aquilion
ONE ViSION, Canon Medical Systems, Japan) as previously described.11

Prior to contrast injection, a non-contrast cardiac CT was performed.
Sublingual nitroglycerine (0.4–0.8 mg) was administered immediately
prior to CTA scanning. Iodinated contrast [60–90 mL, 350 mg iodine per
mL (Omnipaque)] was injected at a flow rate of 5 mL/s. CTA was per-
formed with prospective electrocardiogram-gating and automatic tube
current modulation. Acquisition parameters were as follows: detector
collimation 320 mm� 0.5 mm; 275 ms gantry rotation time; tube current
300–500 mA (depending on BMI); tube voltage 120 kV if BMI >_25 kg/m2

and 100 kV if BMI <25 kg/m2. Images were reconstructed with a
512� 512 matrix, 0.5 mm slice thickness, and 0.25 mm increments, using
convolution kernel FC43 and iterative reconstruction (Adaptive Iterative
Dose Reduction 3D, Canon Medical Systems, Otawara, Japan).

CCTA interpretation
CCTA images were analysed in axial and multi-planar reconstruction
views. We excluded scans deemed uninterpretable due to artefact or
heavy calcification [4 patients (5%) in MI cohort; 44 patients (2%) in out-
patient cohort]. An expert CCTA reader (A.L.) blinded to clinical data
performed visual assessment of all coronary segments >_2 mm according
to an 18-segment model.12 Each segment was scored for the presence or
absence of plaque (0: absent and 1: present) and degree of stenosis [0:
none, 1: minimal (<25%), 2: mild (25–49%), 3: moderate (50–69%), 4: se-
vere (70–99%), or 5: occlusion (100%)].12 In each patient, segment in-
volvement score (SIS) was the total number of segments with any plaque,
and segment stenosis score (SSS) was the sum of the stenosis scores of
each segment.13 These indexes were used as qualitative measures of
CAD extent and severity.

Coronary plaque quantification
For the MI and stable CAD cohorts, quantitative plaque assessment was
performed at the Cedars-Sinai Medical Center core laboratory by the
same blinded reader using semi-automated software (Autoplaque v2.5,
Cedars-Sinai Medical Center, Los Angeles, CA, USA). In multi-planar
views, the luminal centreline was manually defined with 5–7 control
points and a region of interest was placed in the ascending aorta to define
normal blood pool. After marking the proximal and distal lesion limits of
the lesions, plaque quantification was fully automated according to
adaptive scan-specific thresholds.14 Plaque volume was calculated on a
per-lesion level by summing the volumes of non-calcified and calcified pla-
que components. Measurements across the entire coronary tree were
totalled on a per-patient level. Coronary plaque burden was calculated
as: plaque volume � 100%/analysed vessel volume. Depending on the
image quality and number of coronary lesions, the per-patient processing
time for complete plaque analysis of the coronary tree ranged between
10 and 60 min. The per-lesion processing time ranged between 3 and
7 min, depending on plaque features such as location, length and burden.
Figure 2 demonstrates a case example of semi-automated plaque
quantification.

PCAT quantification
Measurement of PCAT attenuation around the proximal RCA is a
standardized method which has been used in prior studies as a repre-
sentative biomarker of coronary inflammation.6–8,15 Hence, we
focused on the proximal RCA (10–50 mm from RCA ostium) for our
per-patient level PCAT attenuation analysis. After performing plaque
quantification in this segment, CT analysis of PCAT was fully auto-
mated (Autoplaque v2.5). PCAT was sampled in 3D layers, moving ra-
dially outwards from the coronary wall in 1 mm increments. Adipose
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Consecutive patients with
outpatient CCTA (n = 1,984)

Patients with stable CAD 
(n = 60)

Consecutive patients admitted 
with acute MI (n = 107)

Patients with no CAD 
(n = 60)

Final MI cohort
(n = 60)

CCTA within 48 hours 
followed by ICA

(n = 75)

  Excluded (n = 452)
  - Previous revascularisation (n = 206)
  - Poor CCTA image quality (n = 44)
  - Incomplete medical record data (n = 27)
  - No bloods within 1 month of CCTA (n = 175)

Matching by age, gender, BMI, 
risk factors, medications, 

CT tube voltage

Excluded (n = 32)
  - Previous revascularisation (n = 16) 
  - Clinical instability (n = 7)
  - Contraindication to iodine contrast (n = 9)

Excluded (n = 15)
- MINOCA on invasive angiogram (n = 11)
- Poor CCTA image quality (n = 4)

Figure 1 Patient selection and study design. Flow chart showing inclusion and exclusion criteria for the three cohorts. BMI, body mass index; ICA,
invasive coronary angiography; MINOCA, myocardial infarction with non-obstructive coronaries.

Figure 2 Semi-automated coronary plaque analysis on CCTA. Case example of plaque quantification in a 67-year-old male patient with stable
CAD. (A) Cross-section and (B) curved multi-planar view of mixed plaque in the proximal-to-mid left anterior descending artery. (C and D)
Corresponding views and (E) axial slice following semi-automated plaque analysis, with non-calcified plaque (NCP) in red overlay and calcified plaque
(CP) in yellow overlay. (F) Plaque volume = NCP volumeþ CP volume; plaque burden = plaque volume� 100%/analysed vessel volume.
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tissue was defined as all voxels with attenuation between -190 HU
and -30 HU, and PCAT attenuation was defined as the mean CT at-
tenuation (HU) of adipose tissue within the defined volume of inter-
est.6,7 As the average luminal diameter of the proximal RCA in the
study population was 3.4 mm, we considered the PCAT attenuation
within a volume between the vessel wall and an outer radial distance
of 3 mm from the vessel wall.6 Using the cohort-averaged proximal
RCA diameter accounted for any significant individual variations due

to coronary dominance16 or the vasodilatory effects of sublingual
nitroglycerine.17 We included patients with all types of coronary dom-
inance, given the lack of evidence regarding its influence on PCAT at-
tenuation. In rare cases where the RCA length was <50 mm, the
proximal limit for PCAT measurement was adjusted to within 0–10
mm of the RCA ostium. Coronary branches originating from the
RCA and myocardial tissue adjacent to the vessel wall were excluded
from automated PCAT analysis. For each proximal RCA segment,

....................................................................................................................................................................................................................

Table 1 Clinical, laboratory, and CCTA characteristics of the study population

Acute MI (n 5 60) Stable CAD (n 5 60) No CAD (n 5 60) P-value

Clinical characteristics

Age (years) 59.9 ± 11.6 60.2 ± 11.3 58.7 ± 12.8 0.82

BMI (kg/m2) 28.3 ± 5.9 28.7 ± 5.0 28.8 ± 5.4 0.93

Male gender 52 (86.7) 52 (86.7) 52 (86.7) 1.00

Hypertension 44 (73.3) 41 (68.3) 42 (70.0) 0.71

Diabetes 15 (25.0) 13 (21.7) 12 (20.0) 0.65

Dyslipidaemia 32 (53.3) 35 (58.3) 31 (51.7) 0.46

Smoking 24 (40.0) 20 (33.3) 19 (31.7) 0.31

Family history of CAD 25 (41.7) 27 (45.0) 18 (30.0) 0.34

Baseline medications

Antiplatelet 11 (18.3) 10 (16.7) 8 (13.3) 0.27

Statin 15 (25.0) 17 (28.3) 13 (21.7) 0.35

Beta-blocker 10 (16.7) 12 (20.0) 10 (16.7) 0.54

ACE-I or ARB 14 (23.3) 14 (23.3) 12 (20.0) 0.46

Lipids (mmol/L)

Total cholesterol 4.9 ± 1.3 5.1 ± 1.1 5.3 ± 1.2 0.08

LDL cholesterol 3.0 ± 1.1 3.0 ± 0.9 3.5 ± 1.1 0.06

Inflammatory markers

hs-CRP (mg/L) 9.7 (6.2–13.3) 1.8 (0–3.6) 1.4 (0–2.8) <0.001

White cell count (�109/L) 9.1 ± 3.0 6.5 ± 1.4 5.9 ± 2.2 <0.001

CCTA acquisition parameters

Heart rate (bpm) 53.9 ± 5.3 54.8 ± 8.4 56.4 ± 8.0 0.15

Tube voltage 1.00

100 kV 22 (36.7) 22 (36.7) 22 (36.7)

120 kV 38 (63.3) 38 (63.3) 38 (63.3)

Contrast dose (mL) 77.6 ± 11.0 76.2 ± 13.9 75.8.6 ± 9.8 0.65

Radiation dose (DLP) 284.8 ± 156.9 246.1 ± 171.4 275.2 ± 165.3 0.42

Right coronary- or codominance 56 (93.3) 54 (90.0) 55 (91.7) 0.77

CCTA segment scores

Segment involvement score 5.8 ± 3.1 5.1 ± 2.5 0.38

Segment stenosis score 14.2 ± 7.9 9.7 ± 5.2 0.005

Quantitative plaque measures

Proximal RCA plaque volume (mm2) 140.7 ± 106.7 99.3 ± 68.0 0.13

Proximal RCA plaque burden (%) 20.9 ± 14.2 12.9 ± 7.2 0.03

Total coronary plaque volume (mm2) 554.0 ± 265.4 399.9 ± 187.5 0.09

Total coronary plaque burden (%) 32.0 ± 15.5 18.4 ± 9.4 <0.001

EAT measurements

EAT volume (mm3) 97.0 ± 25.6 85.4 ± 22.1 78.2 ± 28.8 <0.001

EAT attenuation (HU) -87.2 ± 4.3 -89.8 ± 4.7 -90.2 ± 4.2 0.25

PCAT attenuation (HU) -82.3 ± 5.5 -90.6 ± 5.7 -95.8 ± 6.2 <0.001

Values are expressed as n (%), mean ± standard deviations, or median (interquartile range, 25th–75th).
BMI, body mass index; CAD, coronary artery disease; CCTA, coronary computed tomography angiography; HU, Hounsfield units; EAT, epicardial adipose tissue; hs-CRP, high-
sensitivity C-reactive protein; LDL, low-density lipoprotein; MI, myocardial infarction; RCA, right coronary artery. Bold face p-values indicate statistical significance.

PCAT attenuation in stages of CAD 301
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PCAT attenuation was exported along with quantitative measures of
plaque volume and plaque burden. The average processing time for
automated PCAT measurement was <30 s.

Epicardial adipose tissue quantification
Epicardial adipose tissue (EAT) was defined as all adipose tissue enclosed
by the visceral pericardium. EAT volume (cm3) and attenuation (HU)
were quantified from non-contrast CT images by an expert reader (J.Y.)
using semi-automated software (QFAT v2.0, Cedars-Sinai Medical
Center), as previously described.18

Laboratory analyses
Fasting blood samples were obtained from all MI patients within 48 h of
admission. Laboratory results for the outpatient cohorts were obtained
from a pathology database within 1 month prior to their CCTA. Total
cholesterol, LDL-C, high-sensitivity C-reactive protein (hs-CRP), and
total white blood cell count (WCC) were analysed by a single laboratory
(Monash Pathology, Victoria, Australia) using standard techniques.

Statistical analysis
Data were tested for normality using the Shapiro–Wilk test. Continuous
variables are presented as mean ± standard deviation or median (inter-
quartile range), as appropriate. Comparisons among the three stages of
CAD (MI vs. stable CAD vs. no CAD) were performed using a one-way
ANOVA with post hoc Sidak correction for pairwise comparisons in cases
of normally distributed continuous variables. For non-normally distrib-
uted continuous variables, the Kruskal–Wallis test was applied with post
hoc Bonferroni correction for pairwise comparisons. A v2 or Fisher’s
exact test was used for categorical variables. Pearson or Spearman’s rank
correlations were used to assess correlations between continuous varia-
bles. Multi-variable linear regression was used to evaluate the relationship
between stage of CAD and PCAT attenuation, with adjustment for age,
gender, cardiovascular risk factors (diabetes, hypertension, dyslipidaemia,
and smoking), EAT volume, and quantitative coronary plaque burden.
We tested for interaction between clinical presentation (MI or stable
CAD) and coronary plaque burden on PCAT attenuation in the regres-
sion model. We assessed the contribution of PCAT attenuation to each
stage of CAD using three separate multi-variable logistic regression mod-
els, adjusting for cardiovascular risk factors and EAT volume. Statistical
analysis was performed using Stata version 14.0 (StataCorp, College
Station, TX, USA). A two-sided P-value of <0.05 was considered statistic-
ally significant.

Results

Table 1 summarizes the characteristics of the study population
according to stage of CAD. There were no significant differences in
age, gender, BMI, risk factors, or medications between groups.

Clinical presentation
Among patients with acute MI, 55 (92%) presented with NSTEMI and
5 (8%) with thrombolysed STEMI. The mean time from hospital ad-
mission to CCTA was 29.2± 8.6 h. The culprit vessel was the RCA in
10 cases (17%) and the culprit lesion was within the analysed prox-
imal RCA segment in 5 cases (8%). The serum inflammatory markers
hs-CRP and total WCC were increased in patients with MI over
those with stable or no CAD (Table 1).

Coronary plaque analysis
Patients with MI had a greater plaque burden in the proximal RCA
and throughout the entire coronary tree compared with patients
with stable CAD; plaque volume was not significantly different be-
tween the two groups (Table 1). Plaque burden in the proximal RCA
correlated with total plaque burden throughout the coronary tree in
both the stable CAD (r = 0.869, P < 0.001) and MI (r = 0.685,
P = 0.007) cohorts. The extent of CAD as measured by the SIS was
similar between these groups, while the SSS was higher in MI
patients.

Association of PCATattenuation with
stage of CAD
PCAT attenuation was significantly higher in patients with acute MI
(-82.3 ± 5.5 HU) compared with patients with stable CAD
(-90.6 ± 5.7 HU, P < 0.001) and controls with no CAD (-95.8± 6.2
HU, P < 0.001) (Figure 3). There was also a significant difference in
PCAT attenuation between stable CAD patients and controls
(P = 0.01). Figure 4 shows case examples of PCAT attenuation maps
on CCTA from each of the three cohorts.

Of patients with MI, PCAT attenuation was similar whether the
culprit lesion localized to the proximal RCA (n=5) or other coronary
segments (n=55; -81.1 ± 5.9 vs. -82.9± 6.3 HU, P = 0.518). In patients
with coronary atherosclerosis (MI and stable CAD cohorts), PCAT
attenuation was increased in the presence (n = 53) vs. absence
(n = 67) of plaque in the proximal RCA (-84.4 ± 6.1 vs. -88.3 ± 6.5
HU, P = 0.015). PCAT attenuation correlated more strongly with pla-
que burden within the proximal RCA (r = 0.429, P < 0.001) than with
total plaque burden in the coronary tree (r = 0.305, P < 0.001).

In multi-variable linear regression analysis adjusted for age, gender,
cardiovascular risk factors, EAT volume, and plaque burden in the

Figure 3 Dot plots of PCAT attenuation values in different stages
of CAD. Plus sign markers and dashed lines represent the mean and
standard deviation, respectively. PCAT attenuation was higher in
patients with MI (-82.3 ± 5.5 HU) compared with patients with sta-
ble CAD (-90.6 ± 5.7 HU, P < 0.001) and controls with no CAD
(-95.8 ± 6.2 HU, P < 0.001). PCAT attenuation was significantly
increased in stable CAD patients over controls (P = 0.01).
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proximal RCA, each stage of CAD was independently associated
with PCAT attenuation (Table 2, Model 1). The same result was
observed when total coronary plaque burden was used in the model
(Table 2, Model 2). We did not observe an interaction between clinic-
al presentation (MI vs. stable CAD) and proximal RCA plaque burden
on PCAT attenuation (Pinteraction = 0.107); the interaction term was
thus removed from the regression analysis. Similarly, no interaction
was noted between clinical presentation and total coronary plaque
burden (Pinteraction = 0.213).

In multi-variable logistic regression adjusted for age, gender, and
risk factors, an increasing PCAT attenuation was associated with MI
[odds ratio (OR) 1.49, 95% CI 1.32–1.67, P < 0.001] (Table 3, Model
1). Conversely, a decreasing PCAT attenuation was independently
associated with stable or no CAD (OR 0.88, 95% CI 0.80–0.96,
P = 0.004; and OR 0.81, 95% CI 0.73–0.92, P < 0.001) (Table 3,
Models 2 and 3).

EAT measures
EAT volume was higher in patients with MI compared with patients
with stable CAD and controls (both P < 0.001); EAT attenuation did
not differ significantly between the groups (Table 1). PCAT attenu-
ation correlated with EAT attenuation in controls (r = 0.622,
P = 0.001) and patients with stable CAD (r = 0.295, P = 0.01), how-
ever not in MI patients (P = 0.541). PCAT volume was not significantly
different between the three groups (P = 0.705).

Discussion

In this cross-sectional study, we show that PCAT attenuation, a novel
imaging biomarker of coronary inflammation, increases across three
distinct stages of CAD (no disease vs. stable CAD vs. acute MI). This
association is independent of age, gender, risk factors, EAT volume,
and coronary plaque burden.

Inflammation plays a critical role in atherogenesis and athero-
thrombosis. Deposition of LDL and its oxidation in the coronary ar-
terial wall triggers an inflammatory response, with recruitment of
monocytes and T cells into the intima.1Pro-inflammatory cytokines
released by these immune cells then contribute to the progression of
atherosclerotic plaque.1 In patients with stable CAD, circulating levels
of hs-CRP and interleukin-6 associate with risk of MI and cardiac
death.19 Further, as shown by the present analysis and prior investiga-
tors,20 serum hs-CRP levels are higher in acute MI vs. stable CAD.
On PET-CT imaging, 18F-fluorodeoxyglucose uptake is greater in
ACS culprit lesions compared with lesions in stable patients.3

However, circulating inflammatory markers are not specific for cor-
onary inflammation,21,22 and PET-CT is limited by cost and clinical

Figure 4 PCAT attenuation maps on CCTA in different stages of
CAD. PCAT around the proximal 10–50 mm of the RCA is shown
in cross section (upper panels) and curved multi-planar views
(lower panels) in case examples of patients with no CAD, stable
CAD, and acute MI. The corresponding PCAT attenuation was
-105.4, -88.2, and -71.6 HU, respectively. The RCA was free of pla-
que in all three patients.

.................................................................................................

Table 2 Multi-variable linear regression—relationship
between stage of CAD and PCATattenuation

Variables Beta coefficienta 95% CI P-Value

Model 1—adjusted for proximal RCA plaque burden

Constantb -95.844 -105.562 -84.127 <0.001

Acute MI 11.907 15.508 8.307 <0.001

Stable CAD 4.872 2.539 7.204 <0.001

Age 0.007 -0.108 0.123 0.902

Female gender -2.333 -5.263 0.597 0.118

Diabetes -0.745 -4.256 2.765 0.675

Hypertension -0.916 -3.873 2.040 0.541

Dyslipidaemia 0.719 -2.304 3.741 0.639

Smoking -1.018 -3.924 1.888 0.490

EAT volume -0.025 -0.057 0.007 0.124

Proximal RCA plaque

burden

0.086 -0.013 0.186 0.089

Model 2—adjusted for total coronary plaque burden

Constantb -96.449 -101.872 -91.026 <0.001

Acute MI 12.676 7.985 17.368 <0.001

Stable CAD 5.923 2.794 9.052 0.039

Age 0.023 -0.094 0.139 0.703

Female gender -2.750 -5.703 0.204 0.068

Diabetes -0.404 -3.936 3.127 0.821

Hypertension -0.815 -3.836 2.206 0.595

Dyslipidaemia 1.180 -1.833 4.193 0.440

Smoking -1.204 -4.139 1.731 0.419

EAT volume -0.020 -0.052 0.013 0.226

Total coronary plaque

burden

0.019 -0.081 0.119 0.789

CAD, coronary artery disease; EAT, epicardial adipose tissue; MI, myocardial in-
farction; PCAT, pericoronary adipose tissue; RCA, right coronary artery. Bold
face p-values indicate statistical significance.
aDependent variable: PCAT attenuation (HU).
bDenotes a 60-year-old male control patient with no CAD or risk factors.
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availability.23 Hence, a routine, non-invasive method of quantifying
the local coronary inflammatory status is highly desirable.

It is established that coronary inflammation propagates into PCAT,
with pro-inflammatory cytokines from the arterial wall inhibiting local
adipogenesis.6 This can be detected as an increased CT attenuation
of PCAT on CCTA, and measurement of PCAT attenuation around
the proximal RCA is the most standardized and reproducible per-
patient level approach.6–8,15 The proximal RCA has the highest vol-
ume of surrounding adipose tissue24 and an absence of confounding
non-fatty structures such as side branches, coronary veins, or myo-
cardium.6 PCAT attenuation around the proximal RCA has been
used as a biomarker of global coronary inflammation,6,8 with a high
value predicting cardiac mortality.8 Goeller et al.7 showed longitudinal
changes in PCAT attenuation around the proximal RCA to associate
with changes in non-calcified plaque burden in the entire coronary
tree. The same authors previously reported a higher PCAT attenu-
ation around culprit lesions compared with non-culprit lesions in
patients with ACS and the highest grade stenosis lesions of patients
with stable CAD.25 Our study is the first to quantify PCAT attenu-
ation around the proximal RCA in patients with MI and compare
these measurements with matched patients with stable or no CAD.

The present analysis showed PCAT attenuation around the prox-
imal RCA to distinguish patients with acute MI from those with stable
CAD, independently of total coronary plaque burden. Based on these
findings, we hypothesize that the increased PCAT attenuation in MI
may reflect a greater local inflammatory burden associated with pla-
que disruption. PCAT attenuation was not influenced by the distribu-
tion of culprit lesions (RCA vs. non-RCA), indicating that PCAT
surrounding the proximal RCA may undergo phenotypic changes in
response to plaque rupture anywhere in the coronary tree. Prior evi-
dence suggests that patients with MI have pan-coronary arterial in-
flammation and instability.26–28 Mauriello et al.26 demonstrated
inflammatory infiltrates in stable plaques throughout the entire cor-
onary vascular bed in an ex vivo study of patients dying from MI. Kubo
et al.27 reported multiple optical coherence tomography-derived vul-
nerable plaques in non-culprit vessels in the setting of MI. Here, we
demonstrate that PCAT attenuation around the proximal RCA as a
non-invasive imaging biomarker may potentially quantify this acute,
widespread coronary inflammation.

In our study, patients with stable CAD had a higher PCAT attenu-
ation than controls with no CAD, perhaps reflecting the chronic,
low-grade coronary inflammation associated with atherosclerosis.1

Consistent with the report by Goeller et al.,7 we found PCAT attenu-
ation around the proximal RCA to correlate more strongly with pla-
que burden in this coronary segment than with total plaque burden
in the coronary tree, highlighting the direct ‘cross-talk’ between the
coronary arterial wall and immediately adjacent pericoronary adipo-
cytes.6,29 Despite this, we showed a significant difference in PCAT at-
tenuation between patients with stable CAD and controls after
adjustment for plaque burden in the proximal RCA. Moreover, we
observed no significant interaction effect between clinical presenta-
tion with stable CAD and proximal RCA plaque burden on PCAT at-
tenuation. Antonopoulos et al.6 also demonstrated the ability of
PCAT attenuation around the proximal RCA to detect significant
CAD in any vessel, independently of the presence of obstructive
RCA disease. Our results lend further support to the hypothesis that
PCAT attenuation surrounding the proximal RCA represents inflam-
matory changes in the entire coronary vasculature.

While there was a correlation between PCAT attenuation and
EAT attenuation in controls and stable CAD patients, we found no
significant differences in EAT attenuation between the three stages of
CAD. This suggests that the coronary arteries may exert a stronger
pathophysiological influence on PCAT due to its anatomical proxim-
ity compared with distant epicardial adipocytes. Indeed, studies have
reported conflicting results on the association of EAT attenuation
with coronary plaque,30 myocardial ischaemia,31 and MI,32 highlighting
the important phenotypic differences between PCAT and non-PCAT
components of EAT. Furthermore, histological evidence demon-
strates that adipocytes immediately adjacent to the coronary arterial
wall are smaller with less intracellular lipid compared with adipocytes
at a radial distance of 20 mm from the coronaries, likely due to the
local influence of inflammatory mediators in the pericoronary
microenvironment.6

In summary, PCAT attenuation around the proximal RCA as a bio-
marker of global coronary inflammation can distinguish patients in dif-
ferent stages of CAD. This highly reproducible quantitative measure
is obtained on routine CCTA at no extra cost or radiation exposure.
The ability to reliably detect coronary inflammation on a per-patient

.................................................................................................

Table 3 Multi-variable logistic regression—association
of PCATattenuation with each stage of CAD

Variables Odds ratio 95% CI P-Value

Model 1—acute MI

PCAT attenuation (HU) 1.49 1.32–1.67 <0.001

Age (years) 1.03 0.95–1.08 0.26

Male gender 1.00 0.74–1.29 0.68

Diabetes 1.37 0.39–2.17 0.49

Hypertension 1.13 0.99–2.04 0.08

Dyslipidaemia 1.09 1.03–2.98 0.03

Smoking 1.16 1.10–2.23 0.03

EAT volume (cm3) 1.03 1.01–1.06 0.02

Model 2—stable CAD

PCAT attenuation (HU) 0.88 0.80–0.96 0.004

Age (years) 1.02 0.98–1.07 0.18

Male gender 0.97 0.47–1.38 0.65

Diabetes 0.78 0.19–2.18 0.73

Hypertension 1.31 0.38–2.60 0.67

Dyslipidaemia 1.09 1.02–2.13 0.04

Smoking 0.94 0.60–0.98 0.01

EAT volume (cm3) 0.98 0.95–1.00 0.08

Model 3—no CAD

PCAT attenuation (HU) 0.81 0.73–0.92 <0.001

Age (years) 0.91 0.86–1.09 0.34

Male gender 0.98 0.57–1.43 0.59

Diabetes 0.67 0.12–2.84 0.65

Hypertension 0.69 0.33–1.20 0.39

Dyslipidaemia 0.74 0.43–1.48 0.19

Smoking 0.94 0.29–3.22 0.96

EAT volume (cm3) 0.95 0.92–1.03 0.47

CAD, coronary artery disease; EAT, epicardial adipose tissue; HU, Hounsfield
units; PCAT, pericoronary adipose tissue. Bold face p-values indicate statistical
significance.
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..level has important treatment implications, especially in those with
stable CAD who have a substantial residual inflammatory risk despite
statin therapy.33 Recent evidence has shown both novel5 and estab-
lished34anti-inflammatory agents to significantly reduce the rate of re-
current cardiovascular events in such patients. PCAT attenuation
could potentially identify individuals with a high coronary inflamma-
tory burden who may benefit from these targeted therapies in add-
ition to aggressive secondary prevention. This metric could also be
used to monitor the inflammatory status of patients post-MI, where-
by achieving a normal value may become a therapeutic target.
Systemic biological therapy for the treatment of psoriasis has recently
been shown to modulate PCAT attenuation,15 and future studies
should examine the effects of conventional and novel therapies for
CAD on this imaging biomarker.

Limitations
Ours was a single-centre and single-vendor study of a relatively small
patient cohort who underwent CCTA, hence the results require con-
firmation in a larger population scanned with different CT acquisition
parameters. This was a cross-sectional analysis, and longitudinal studies
are needed to examine the natural history of PCAT attenuation follow-
ing acute MI. The PCAT measurement used represents the mean CT
attenuation of adipose tissue within the defined volume of interest and
is not weighted for technical or biological factors. Further, we applied
the cohort-averaged proximal RCA diameter of 3 mm as a standar-
dized approach for PCAT analysis instead of patient-specific vessel
diameters. We did not directly measure coronary inflammation, how-
ever recent studies have shown PCAT attenuation to associate with
biopsy-proven vascular inflammation in patients undergoing cardiac
surgery.6 Finally, the spatial resolution of CT may limit PCAT assess-
ment in small amounts of adipose tissue and adjacent to heavy coron-
ary calcification which may exert partial volume averaging effects.

Conclusion

PCAT attenuation as a quantitative measure of coronary inflamma-
tion reliably distinguishes different stages of CAD. This lends support
to its potential role in guiding the implementation of preventative or
targeted therapies. Future studies should assess whether this imaging
biomarker can track patient responses to treatment for CAD.

Data availability

The data underlying this article cannot be shared publicly to protect
the privacy of individuals that participated in the study. The data will
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