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ABSTRACT

BACKGROUND: Pericoronary adipose tissue (PCAT) attenuation has been associated
with coronary inflammation and can be evaluated with coronary computed tomography
angiography (CCTA). The aims of this study were to compare the PCAT attenuation across
precursors of culprit and non-culprit lesions of patients with acute coronary syndrome
(ACS) versus stable coronary artery disease (CAD).

METHODS: In this case-control study, patients with suspected CAD who underwent CCTA
were included. Patients who developed an ACS within 2 years after the CCTA scan were
identified, and patients with stable CAD (defined as any coronary plaque 230% luminal
diameter stenosis) were 1:2 propensity score matched for age, sex, and cardiac risk
factors. The mean PCAT attenuation was analyzed at lesion level and compared between

precursors of culprit lesions, non-culprit lesions, and stable coronary plaques.

RESULTS: In total, 198 patients (age 62+10 years, 65% male) were selected, including 66
patients who developed an ACS and 132 propensity matched patients with stable CAD.
Overall, 765 coronary lesions were analyzed (culprit lesion precursors: n=66; non-culprit
lesion precursors: n=207; stable lesions: n=492). Culprit lesion precursors had larger total
plaque volume (PV), fibro-fatty PV, and low-attenuation PV compared to non-culprit and
stable lesions. The mean PCAT attenuation was significantly higher across culprit lesion
precursors compared to non-culprit and stable lesions (-63.8+9.7 HU versus -68.8+10.6
HU versus -69.6+10.6 HU, respectively, p<0.001), whereas the mean PCAT attenuation
around non-culprit and stable lesions was not significantly different (p=0.99).

CONCLUSION: The mean PCAT attenuation is significantly increased across culprit lesion
precursors in patients with ACS, compared to non-culprit lesions of these patients
and to lesions of patients with stable CAD, which may suggest a higher intensity of
inflammation. PCAT attenuation on CCTA may be a novel marker to identify high-risk
plaques.
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INTRODUCTION

Atherosclerotic cardiovascular disease, particularly acute coronary syndrome (ACS), re-
mains a major cause of mortality worldwide'. Coronary atherosclerotic plaque rupture
or erosion induces intraluminal thrombus formation and may cause an ACS2 It has
been shown that coronary artery inflammation is important in atherogenesis and
atherosclerotic plaque rupture**. In addition, inflammation of the coronary artery may
change the characteristics of the surrounding adipose tissue, including smaller adipo-
cyte size and lipid accumulation®®.

Coronary computed tomography angiography (CCTA) is a valuable noninvasive test
for diagnosing coronary artery disease (CAD). Moreover, it provides information on
the location, stenosis severity, and composition of atherosclerotic plaques as well as
risk stratification of patients with CAD®", However, the ability to noninvasively detect
vulnerable high-risk plaquesthatmay causeanACSis beingexplored. Recently,alandmark
translational paper using histological specimens demonstrated the association between
the pericoronary adipose tissue (PCAT) attenuation, detected on CCTA, and coronary
artery inflammation®. Recent studies showed that higher PCAT attenuation, suggesting
an increased level of inflammation, was associated with myocardial ischemia, plaque
composition, and clinical outcomes™®. Whether there is an association between the
PCAT attenuation and culprit lesions in ACS is currently being investigated. Accordingly,
the aims of this study were to investigate the PCAT attenuation on CCTA of culprit and
non-culprit lesion precursors of patients who developed an ACS, and lesions of patients
with stable CAD.

METHODS

Study population

The data that support the findings of this study are available from the corresponding
author upon reasonable request. Patients with suspected CAD who underwent clinically
indicated CCTA between 2005 and 2015 at the Leiden University Medical Center (Leiden,
the Netherlands) were included in this retrospective analysis. Patients who developed
an atherothrombotic (Type 1) ACS within 2 years after the CCTA scan were identified.
Patients with stable CAD, defined as the presence of any coronary plaque 230% luminal
diameter stenosis, and without an ACS event within 2 years after the CCTA scan, were 1:2
propensity score matched for age, sex, hypertension, hypercholesterolemia, diabetes
mellitus, previous or current smoking, and family history of CAD. Patients with previous
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coronary revascularization (i.e. coronary artery bypass grafting or percutaneous
coronary intervention) were excluded, as well as patients with a CCTA scan performed at
a tube voltage of 135 kV, or insufficient image quality for quantitative analysis. ACS was
classified as ST-segment elevation ACS, non-ST-segment elevation ACS, and unstable
angina (Braunwald class I11'®), and was defined in accordance with the European Society of
Cardiology and American College of Cardiology/American Heart Association guidelines™,
Culprit lesions in patients who developed an ACS were identified as reported by the
primary operator in the invasive coronary angiography reports and were defined by
angiographic findings suggestive of plaque rupture, as well as electrocardiographic
and echocardiographic findings corresponding to regional wall motion abnormalities®.
Baseline demographical and clinical characteristics at the time of the CCTA scan were
reported and compared between patients who developed an ACS and their matched
controls with stable CAD. This study was performed according to the Declaration of
Helsinki. The study protocol was approved by the local Ethics committee of the Leiden
University Medical Center, Leiden, the Netherlands, who waived the need for written
informed consent.

CCTA acquisition

CCTAwas performed using either a 64-detector row (Aquilion 64, Toshiba Medical Systems,
Otawara, Japan) or a 320-detector row computed tomography scanner (AquilionOne;
Toshiba Medical Systems, Tochigi-ken, Japan). CCTA acquisition has been described in
detail previously??'. In short, oral metoprolol was administered one hour before the scan
in patients with a heart rate 265 beats per minute, unless contra-indicated. In addition,
sublingual nitroglycerin (0,4 mg per dose, one-two doses per patient) was administered
directly before the CCTA examination. lodinated contrast infusion (60-80 mL of 400 mg
iodine/mL at 4-4.5 mL/s, lomeron 400, Bracco, Milan, Italy) was followed by a saline flush.
The gantry rotation time was 350 msec, tube current 500 [373-540] mA, and tube voltage
100 or 120 kV depending on patient size. Whenever feasible, prospectively triggered
acquisition was applied to reduce radiation dose. Prior to the contrast injection, a non-
enhanced electrocardiographic-triggered computed tomography scan was performed to

assess the coronary artery calcium score and was reported in Agatston units.

CCTA analysis

Anatomical CCTA evaluation was performed according to current guidelines®. Coronary
artery stenosis was defined any atherosclerotic plaque 230% luminal diameter stenosis
and graded as non-obstructive (<50% diameter stenosis), moderate (50-70% diameter
stenosis), severe (70-90% diameter stenosis), or sub-total/occluded (290% diameter
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stenosis). Obstructive CAD was defined as any coronary plaque >50% luminal diameter
stenosis. Quantitative plaque analysis was performed using dedicated software
(QAngio CT Research Edition version 3.2.0.13, Medis Medical Imaging Systems, Leiden,
the Netherlands) by an experienced reader, independent of the anatomical CCTA
evaluation. Quantitative plaque analysis has been described in detail previously®. In
brief, a 3-dimensional coronary tree and its side branches were extracted from the
CCTA data set. All coronary vessels >1.5 mm diameter were evaluated and each vessel
and segment were automatically labeled®. Multiplanar reconstructions were created
for each coronary artery. Subsequently, the lumen and vessel wall were automatically
detected and manually adjusted if necessary. All atherosclerotic lesions were detected
and quantitatively analyzed. For each lesion, the software provided quantitative data for
stenosis location, stenosis severity, and plaque composition. In addition, plaque volume
(PV, in mm?) and PV according to plaque composition were determined using pre-defined
intensity thresholds in Hounsfield units (HU): low-attenuation plaque -30 to 75 HU, fibro-
fatty plaque 76 to 130 HU, fibrous plaque 131 to 350 HU, and calcified plaque >350 HU%?,
Plaque characteristics at a per-patient level were calculated by summing the PV of the
different plaque components of each lesion. Plaque burden was calculated per slice as
(plaque area / vessel area) x 100. Subsequently, the mean plaque burden was calculated
by the mean values of each slice within the lesion. Chronic total occlusions were
identified and quantified using a dedicated algorithm?.

PCAT attenuation analysis

The PCAT was defined as tissue with an attenuation on CCTA between -190 to -30 HU
and within a radial distance from the vessel wall equal to the vessel diameters. PCAT
analysis was automatically performed by the software following quantitative plaque
analysis (QAngio CT Research Edition version 3.2.0.13, Medis Medical Imaging Systems,
Leiden, the Netherlands). For each lesion, the mean PCAT attenuation was evaluated
across the entire lesion. Mean PCAT attenuation values were corrected for tube voltage
and divided by a conversion factor of 1.11485 if the CCTA scan was performed at a tube
voltage of 100 kV, as previously described®". Quantitative plaque characteristics and
the mean PCAT attenuation were compared between precursors of culprit lesions and
non-culprit lesions of patients who developed an ACS and lesions of patients with stable
CAD (Figure 1).
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Pericoronary Adipose Tissue Attenuation

Culprit lesion precursor of patient with ACS Lesion of patient with stable CAD

FIGURE 1. PCAT attenuation on CCTA.

Multiplanar reconstructions of CCTA scans showing mixed plaques in the proximal (right panel)
and middle (left panel) left anterior descending coronary artery, with surrounding pericoronary
adipose tissue (orange-yellow colored areas) across a precursor of a culprit lesion of a patient who
developed an ACS (left panel) and across a lesion of a patient with stable CAD (right panel).

ACS = acute coronary syndrome, CAD = coronary artery disease, CCTA = computed tomography
angiography, PCAT = pericoronary adipose tissue.

Statistical analysis

Continuous variables following a normal distribution are presented as mean + standard
deviation (SD) and were compared using the independent Student t-test (for comparing
patients who developed an ACS versus stable CAD) or the mixed model analysis
of variance test (for comparing culprit lesion precursors versus non-culprit lesion
precursors of patients who developed an ACS versus stable lesions). Non-normally
distributed continuous variables are presented as median with [interquartile range] and
were compared using the Mann-Whitney U test or Kruskal Wallis test. Bonferroni’s post
hoc analysis was performed to assess between-group differences in case of a significant
difference in the overall three group comparison. Distribution of continuous variables
was evaluated using histograms and Q-Q plots. Categorical variables are presented as
absolute numbers and percentages and were compared using the x? test. Propensity
scores were estimated by multivariable logistic regression analysis and included
cardiovascular risk factors as age, sex, hypertension, hypercholesterolemia, diabetes

mellitus, previous or current smoking, and family history of CAD. The propensity score
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was used to match patients who developed an ACS and those with stable CAD in a 1:2
ratio using nearest neighbor matching with a caliper of 0.010. PCAT attenuation analysis
was repeated in 10 randomly selected patients by the same observer and by a second
observer, blinded to the measurements of the first observer, to test the intra- and
interobserver agreement, respectively. The intra- and interobserver agreements of the
PCAT attenuation analysis were calculated using the intraclass correlation coefficient,
with excellent agreement defined as an intraclass correlation coefficient >0.9. The
intraclass correlation coefficient for the intra- and interobserver agreement of the PCAT
attenuation analysis were excellent: 0.988 (95% confidence interval (Cl): 0.973-0.995) and
0.984 (95% Cl: 0.964-0.993), respectively. For all tests, a two-sided p-value <0.05 was
considered significant. Statistical analyses were performed with SPSS version 25.0 (IBM
SPSS Statistics, IBM Corporation, Armonk, New York, USA).

RESULTS

Patient characteristics

In total, 2,886 patients with suspected CAD underwent a clinically indicated CCTA scan
between 2005 and 2015. Of these, 198 patients (age 62+10 years, 65% male) were analyzed,
including 66 patients who developed an ACS and 132 propensity matched patients with
stable CAD (who did not experienced an event during follow-up). Of the 66 patients who
developed an ACS, ST-segment elevation ACS was present in 6 patients (9%), non-ST-
segment elevation ACS in 19 patients (29%), and unstable angina in 41(62%). The baseline
demographic and clinical characteristics (at the time of the CCTA scan) of the overall
population and of patients who developed an ACS versus patients with stable CAD are
summarized in Table 1. Patients who developed an ACS more frequently experienced
typical chest pain compared to patients with stable CAD, whereas patients with stable
CAD were more often asymptomatic or had dyspnea (70% versus 15%, 2% versus 14%,
and 5% versus 23%, respectively, p<0.001). Moreover, patients who developed an ACS
were more frequently using nitrates and antiplatelet therapy compared to the matched
patients with stable CAD (12% versus 2% and 44% versus 24%, respectively, p=0.004 for
both).
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TABLE 1. Baseline (at time of CCTA scan) demographical and clinical characteristics.

Overall Patients with  Patients with
Population ACS Stable CAD

Variable (n=198) (n=66) (n=132) p-value
Age, years 62 £10 63 £ 11 62 +10 0.724
Male sex, n (%) 128 (65) 44 (67) 84 (64) 0.674
Body mass index, kg/m? 26.2 +3.3 259 +29 26.3 £3.5 0.346
Body surface area, m? 1.95 £ 0.20 1.95 + 0.18 1.96 + 0.21 0.739
Hypertension, n (%) 109 (55) 38 (58) 71 (54) 0.613
Hypercholesterolemia, n (%) 79 (40) 27 (41) 52 (39) 0.837
Diabetes mellitus, n (%) 33(17) 13 (20) 20 (15) 0.418
Family history of CAD, n (%) 87 (44) 27 (41) 60 (46) 0.544
Previous or current smoking, n (%) 68 (34) 24 (36) 44 (33) 0.672
Symptoms, n (%)

Typical chest pain 66 (33) 46 (70) 20 (15) <0.001

Atypical chest pain 50 (25) 9 (14) 41(31)

Non-cardiac chest pain 29 (15) 7 (1) 22 (17)

Dyspnea 20 (10) 1(2) 19 (14)

No symptoms 33(17) 3(5) 30 (23)
Medication, n (%)

Beta-blocker 85 (43) 26 (39) 59 (45) 0.477

ACE-1 or ARB 73 (37) 27 (41) 46 (35) 0.405

Calcium antagonist 25 (13) 6(9) 19 (14) 0.290

Diuretics 37(19) 16 (24) 21(16) 0.156

Nitrates 11 (6) 8 (12) 3(2) 0.004

Statin 72 (37) 25 (38) 47 (36) 0.783

Antiplatelet 60 (31) 29 (44) 31(24) 0.004

Anticoagulation 24 (12) 6(9) 18 (14) 0.356

Data are presented as mean * SD, median [interquartile rangel], and n (%). ACE-I = angiotensin-
converting enzyme inhibitor, ACS = acute coronary syndrome, ARB = angiotensin receptor blocker,
CAD = coronary artery disease, CCTA = coronary computed tomography angiography.

Per-patient CCTA characteristics

The main CCTA characteristics of the overall population and of patients who developed
an ACS versus those with stable CAD are presented in Table 2. Patients who developed
an ACS had a higher coronary artery calcium score compared to patients with stable CAD
(223 [72-714] versus 60 [7-330], p=0.001) and more often had obstructive stenosis (79%
versus 41%, p<0.001) on CCTA. Quantitative plaque analysis showed a larger total PV
and PV of any plaque component in patients who developed an ACS compared to those
with stable CAD (total PV: 285 [127-478] mm? versus 121 [46-329] mm?, p<0.001; calcified
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PV: 66 [19-129] mm3versus 31 [4-95] mm?3, p=0.021; fibrous PV: 133 [55-240] mm?3versus 80
[29-177] mm?3, p=0.004; fibro-fatty PV: 31 [15-57] mm?versus 13 [5-32] mm?3, p<0.001; and
low-attenuation PV: 18 [7-31] mm3versus 4 [1-14] mm3, p<0.001, Figure 2).

TABLE 2. Per-patient CCTA results.

Overall Patients with Patients with
Population ACS Stable CAD
Variable (n=198) (n=66) (n=132) p-value
Coronary artery dominance
Right, n (%) 173 (87) 59 (89) 114 (86) 0.749
Left, n (%) 16 (8) 5(8) 11(8)
Co-dominance, n (%) 9 (5) 2(3) 7(5)
CAC score, Agatston 108 [14-389] 223 [72-714] 60 [7-330] 0.001
CAC score, n (%)
0-99 92 (48) 20 (32) 72 (56) 0.006
100-399 53 (28) 24 (38) 29 (23)
2400 47 (24) 19 (30) 28 (22)
Stenosis severity, n (%)
Non-obstructive (0-50%) 92 (47) 14 (21) 78 (59) <0.001
Moderate (50-70%) 85 (43) 40 (61) 45 (34)
Severe (70-90%) 11(6) 3(5) 8 (6)
Sub-total/occluded (290%) 10 (5) 9 (14) 1(1)
Obstructive stenosis (250%) 106 (54) 52 (79) 54 (41) <0.001
Quantitative plaque analysis
Per-patient plaque components, mm?
Total plaque volume 175 [68-389] 285 [127-478] 121[46-329]  <0.001
Calcified plaque volume (>350 HU) 39 [6-110] 66 [19-129] 31[4-95] 0.021
Fibrous plaque volume (131-350 HU) 93 [39-207] 133 [55-240] 80 [29-177] 0.004
Fibro-fatty plaque volume (76-130 HU) 19 [7-45] 31[15-57] 13 [5-32] <0.001
Low-attenuation plaque volume 8 [2-22] 18 [7-31] 4[1-14] <0.001
(-30 to 75 HU)
Fibro-fatty and low-attenuation 26 [9-64] 54 [22-90] 17 [6-46] <0.001
plaque volume (-30-130 HU)
Non-calcified plaque volume 130 [56-271] 189 [109-328] 98 [39-227] <0.001
(-75-350 HU)
Tube voltage, n (%)
100 kv 79 (40) 16 (24) 63 (48) 0.001
120 kv 119 (60) 50 (76) 69 (52)

Data are presented as median [interquartile range] and n (%). ACS = acute coronary syndrome, CAC
= coronary artery calcium, CAD = coronary artery disease, CCTA = coronary computed tomography

angiography, HU = Hounsfield units.
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FIGURE 2. Bar chart demonstrating the plaque volumes of the various plaque components.
Median plaque volumes of the total plaque volume and the plaque volumes of the various
plaque components in patients who developed an ACS (red) and patients with stable CAD (blue).
P-values represent group differences with the Mann-Whitney U test. Plaque composition intensity
thresholds: calcified plaque >350 Hounsfield units (HU), non-calcified plaque -75 to 350 HU, fibrous
plaque 131 to 350 HU, fibro-fatty plaque 76 to 130 HU, low-attenuation plaque -30 to 75 HU. ACS =
acute coronary syndrome, CAD = coronary artery disease.

Per-lesion quantitative plaque analysis

Quantitative plaque characteristics of precursors of culprit lesions and non-culprit
lesions of patients who developed an ACS and stable CAD are shown in Table 3. Culprit
lesion precursors were more proximally located compared to non-culprit lesion
precursors of patients who developed an ACS and lesions of patients with stable CAD
(71% versus 37% versus 46%, p<0.001). The lesion locations overall and per vessel are
shown in Table S1. Moreover, lesion length (12.6 [8.7-18.5] mm versus 9.5 [6.9-14.8] mm
versus 8.4 [5.8-13.5] mm, respectively, p<0.001) and plaque burden (571 + 16.7% versus
50.0 + 11% versus 46.6 * 11.2%, respectively, p<0.001) were greater in culprit lesion
precursors. In addition, culprit lesion precursors had larger PV and PV of any plaque
component except for calcified plaque compared to non-culprit lesions of patients who
developed an ACS and those of patients with stable CAD (PV: 92 [37-134] mm? versus 49
[28-94] mm? versus 44 [26-84] mm?3, p<0.001; fibrous PV: 52.8 [20.5-70.9] mm? versus 27.5
[13.2-5.7] mm? versus 25.1 [15.6-45.3] mm3, p=0.002; fibro-fatty PV: 8.6 [5.5-13.8] mm?3 versus
6.5 [3.4-10.1] mm? versus 4.2 [2.4-7.8] mm?, p<0.001; and low-attenuation PV: 3.8 [0.9-8.0]
mm3 versus 2.4 [0.8-5.0] mm? versus 1.4 [0.4-3.4] mm3, respectively, p<0.001). All plaque
components were significantly different between groups on post hoc analysis.
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Pericoronary adipose tissue attenuation

The mean PCAT attenuation was significantly different between precursors of culprit
lesions and non-culprit lesions of patients who developed an ACS versus lesions of
patients with stable CAD (-63.8 + 9.7 HU versus -68.8 * 10.6 HU versus -69.6 + 10.6 HU,
respectively, p<0.001, Figure 3). Post hoc testing revealed that the mean PCAT attenuation
was significantly higher in culprit lesion precursors versus non-culprit lesion precursors
of patients who developed an ACS (mean difference: 5.2 (95% Cl: 1.6-8.7) HU, p=0.002)
and versus lesions of patients with stable CAD (mean difference: 5.9 (95% Cl: 2.6-9.2)
HU, p<0.001), whereas the mean PCAT attenuation was comparable between non-culprit
lesions of patients who developed an ACS versus lesions of patients with stable CAD
(mean difference: 0.8 (95% Cl: -1.3-2.9) HU, p=0.99). Quantitative plaque characteristics
and the mean PCAT attenuation of culprit lesion precursors versus non-culprit lesions
of patients who developed an ACS and versus lesions of patients with stable CAD with

the largest diameter stenosis showed similar results and are summarized in Table S2.

p<0.001

-60 p=0.002
S e
L -63.8+9.7
c
o -64
®
2
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@©
)
=

74

B Culprit m Non-culprit O Stable CAD
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FIGURE 3. Bar chart demonstrating the mean PCAT attenuation among coronary lesions.
Mean PCAT attenuation across precursors of culprit lesions versus non-culprit lesions of patients
who developed an ACS versus lesions of patients with stable CAD. Values are presented as mean
+ SD. Error bars indicate 95% confidence intervals. P-values represent between-group differences
with mixed model one-way analysis of variance and Bonferroni post hoc analysis. ACS = acute
coronary syndrome, CAD = coronary artery disease, HU = Hounsfield Units, PCAT = pericoronary
adipose tissue, SD = standard deviation.
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TABLE 3. Per-lesion quantitative CCTA results.
Quantitative CCTA results of culprit lesion precursors versus non-culprit lesion precursors of
patients who developed an ACS and versus stable CAD.

Non-culprit Lesions of

Culprit Lesion Lesion Patients with
All lesions Precursors Precursors Stable CAD

Variable (n=765) (n=66) (n=207) (n=492) p-value
Lesion location, n (%)

RCA 205 (27) 22 (33) 55 (27) 128 (26) 0.356

LAD 383 (50) 35 (53) 100 (48) 248 (50)

LCX 177 (23) 9 (14) 52 (25) 116 (24)
Proximal lesions, 350 (46) 47 (71) 77 (37) 226 (46) <0.001
n (%)
Lesion length, mm 9.0 [6.3-14.5] 12.6 [8.718.5]  9.5[6.9-14.8]* 8.4 [5.9-13.7]*t <0.001
Mean plaque burden, 48.6 + 12.0 571+16.7 50.0 £ 11.0* 46.9 + 111*t <0.001
%
Maximal plaque 2.04 + 0.62 2.25+0.70 2.09 + 0.62 2.00 + 0.60* 0.004
thickness, mm
Diameter stenosis, % 34.3 + 19.8 49.3 + 21.8 36.0 + 19.5* 31.5 £ 18.6*1 <0.001
Area stenosis, % 57.2 [35.2-72.0] 72.9 [54.3-88.9] 59.4[40.2-75.8]* 52.4[30.8-68.2]*t <0.001
Minimal lumen 1.85+0.76 1.45 + 0.82 1.73 £ 0.67* 1.96 + 0.77%t <0.001

diameter, mm

Minimal lumen area, 3.25[1.89-5.56] 2.11[0.75-4.51] 2.76 [1.62-4.54] 3.68 [2.10-5.81]*t <0.001
mm?

Per-lesion plaque

components, mm?®
Plaque volume 479 [27.4-941] 92.2 [36.7-134.0] 491 [28.2-94.2]* 44.0 [26.6-84.5]* <0.001
Calcified plaque 11.2 [31-29.7] 19.2 [1.6-43.6]  10.6 [3.2-29.5] 11.2 [3.2-28.2] 0.453
volume (>350 HU)
Fibrous plaque 26.5[15.3-50.8] 52.8[20.5-70.9] 27.5[13.2-5.7]*  25.1[15.6-45.3]*t 0.002
volume (131-350
HU)
Fibro-fatty plaque 5.2 [2.7-9.2] 8.6 [5.5-13.8] 6.5 [3.4-10.1]* 4.2 [2.4-7.8]*t <0.001
volume (76-130 HU)
Low-attenuation 1.7 [0.5-4.5] 3.8[0.9-8.0] 2.4[0.8-5.0] 1.4 [0.4-3.4]%t <0.001
plaque volume
(-30 to 75 HU)
Fibro-fatty and low- 6.9 [3.4-13.5] 12.2[6.9-21.8] 9.3 [4.2-15.2]* 5.8 [2.9-11.3]*t <0.001
attenuation plaque
volume (-30-130 HU)
Non-calcified 34.7 [214-61.7] 64.2 [33.2-841] 36.0 [21.5-61.9]* 32.5[20.4-56.7]* <0.001
plaque volume
(-75-350 HU)

Data are presented as mean + SD, median [interquartile range], and n (%). ACS = acute coronary
syndrome, CAD = coronary artery disease, CCTA = coronary computed tomography angiography, HU
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= Hounsfield units, LAD = left anterior descending coronary artery, LCX = left circumflex coronary
artery, RCA = right coronary artery. * p<0.05 versus group ‘Culprit Lesion Precursors’ on Bonferroni’s
post hoc analysis. T p<0.05 versus group ‘Non-culprit Lesion Precursors’ on Bonferroni's post hoc
analysis.

DISCUSSION

In this case-control study, the mean PCAT attenuation was evaluated in patients who
developed an ACS versus matched controls with stable CAD. The mean PCAT attenuation
was significantly increased across precursors of culprit lesions compared to non-culprit
lesions of patients who developed an ACS and lesions of patients with stable CAD, which

suggests a higher intensity of inflammation.

Coronary artery inflammation

Coronary atherosclerosis is a chronic inflammatory condition. Immune and inflammatory
cells are predominant in early atheroma formation and their cytokines are important in
plaque progression®*. Moreover, inflammation may destabilize lesions and elicit athero-
sclerotic plaque rupture®. Subsequently, prothrombotic plaque components (including
phospholipids, tissue factor, and platelet-adhesive matrix molecules) are exposed to the
lumen, causing intraplaque hemorrhage and intraluminal thrombus formation?*. This
may lead to (partial) occlusion of the coronary artery precipitating myocardial ischemia
and infarction? Coronary artery inflammation alters the morphologic and functional
characteristics of the PCAT, leading to smaller adipocytes and lower lipid content, with a
subsequently increased aqueous component®. This results in higher PCAT attenuation on
CCTA and can be analyzed noninvasively, as demonstrated recently in a biopsy-proven
study by Antonopoulos et al.b.

PCAT attenuation in ACS versus stable CAD
It is assumed that culprit lesions in ACS patients demonstrate increased inflammatory
activity. The current study showed that culprit lesion precursors of patients who
developed an ACS had higher PCAT attenuation, indicating a higher level of inflammation,
compared to non-culprit lesions and lesions of patients with stable CAD. These results
suggest that noninvasive evaluation of the PCAT attenuation on CCTA may potentially
improve identification of vulnerable plaques in patients at risk of developing an ACS.

In a case-control study by Goeller et al.”*, the PCAT attenuation was evaluated in 16
patients with an ACS versus 19 matched controls with stable CAD. The PCAT attenuation
across culprit lesions of ACS patients was significantly higher compared to non-culprit
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lesions of these patients and compared to lesions of controls; similar to our results.
In addition, a significantly higher low-attenuation PV was noted in culprit versus non-
culprit lesions and versus lesions of patients with stable CAD, whereas calcified plaque
burden was comparable between groups. These differences in plaque characteristics
between culprit, non-culprit, and stable lesions are consistent with our findings.

Other studies which investigated patients with (or who experienced) an ACS,
measured the PCAT attenuation of the proximal coronary vessel segments, instead of a
per-lesion approach as used in the present study. In a post hoc analysis of the Scottish
Computed Tomography of the Heart trial, the PCAT attenuation of the proximal coronary
vessel segments was evaluated among 1,697 patients and with a median follow-up of
4.7 years®. The PCAT attenuation of the right coronary artery was higher in patients who
experienced an ACS, but this difference was not observed around the proximal parts of
the left anterior descending and left circumflex artery. Moreover, the PCAT attenuation
of the right coronary artery and low-attenuation plaque burden were independent
predictors of myocardial infarction. In addition, total plaque burden and plaque burden
of the various plaque components were higher in patients who had an event compared
to those without, in agreement with the results obtained in the present study. Similarly,
a case-control study by Lin et al.” prospectively recruited 60 patients who presented
with an ACS and underwent CCTA within 48 hours of admission, and matched these
groups to patients with stable CAD. Higher PCAT attenuation of the right coronary artery
was noted in ACS patients compared to patients with stable CAD and those without
CAD, independent of cardiovascular risk factors. The results suggest a higher intensity of

coronary artery inflammation in ACS patients.

Limitations
Several limitations should be acknowledged. First, this is a retrospective analysis with
inherent limitations to the study design. Second, in this study the PCAT attenuation was
evaluated but not the PCAT volume. In addition, the PCAT attenuation was analyzed at
a per-lesion level, whereas other studies reported the PCAT attenuation of proximal
vessel segments. The optimal method for PCAT attenuation analysis has yet to be
determined. Fourth, PCAT attenuation may be sex- and vessel-specific®. However,
the study population was propensity score matched for age, sex, and cardiovascular
risk factors. In addition, the distribution of the lesion locations across the three main
coronary vessels in this study was comparable between groups.

Last, this study showed a difference in PCAT attenuation between precursors of
culprit lesions of patients who developed an ACS and non-culprit lesions and lesions
of patients with stable CAD. Prospective studies are necessary to evaluate the clinical
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implications of the CCTA-derived PCAT attenuation values versus their future risk of ACS.
Furthermore, the differences between PCAT attenuation values in the different clinical
presentations (precursors of culprit lesions of patients who developed an ACS and non-
culprit lesions and lesions of patients with stable CAD) on a lesion level are rather small.
The current analysis permits differentiation between the three groups (precursors of
culprit lesions of patients who developed an ACS and non-culprit lesions and lesions
of patients with stable CAD), but whether these differences will allow prospective

differentiation on an individual patient level needs prospective testing in future studies.

CONCLUSION

The PCAT attenuation on CCTA, reflecting coronary artery inflammation, is significantly
increased across culprit lesion precursors of patients who developed an ACS compared
to non-culprit lesions of these same patients, as well as compared to lesions of patients
with stable CAD. Noninvasive detection of the PCAT attenuation may potentially improve

identification of vulnerable plaques in patients at risk of developing an ACS.
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SUPPLEMENTAL MATERIAL

TABLE S1. Distribution of lesion locations per vessel and overall according to culprit
lesions precursors, non-culprit lesion precursors, and lesions of patients with stable

CAD.

Culprit Lesion Non-culprit Lesions of Patients

All lesions  Precursors

Lesion Precursors with Stable CAD

Variable (n=765) (n=66) (n=207) (n=492) p-value
Lesion location
per vessel, n (%)
RCA
Proximal 88 (42.9) 14 (63.6) 16 (29.1) 58 (45.3) 0.046
Mid 66 (32.2) 6 (27.3) 20 (36.4) 40 (31.3)
Distal 51(24.9) 2(91) 19 (34.5) 30 (23.4)
LAD
Proximal 185 (48.4)  28(80.0) 37 (37.0) 120 (48.6) <0.001
Mid 149 (39.0)  7(20.0) 48 (48.0) 94 (381)
Distal 48 (12.6) 0 15 (15.0) 33 (13.4)
LCX
Proximal 117 (65.7) 7(77.8) 36 (69.2) 74 (63.2) 0.477
Mid 52 (29.2) 1(11.7) 15 (28.8) 36 (30.8)
Distal 9 (5.1) 1(11.7) 1(1.9) 7 (6.0)
Lesion location
overall, n (%)
RCA, proximal 88 (11.5) 14 (21.2) 16 (7.7) 58 (11.8) 0.001
RCA, mid 66 (8.6) 6 (91) 20 (9.7) 40 (81)
RCA, distal 51(6.7) 2(3.0) 19 (9.2) 30 (6.1)
LAD, proximal 185 (24.2) 28 (42.4) 37 (17.9) 120 (24.4)
LAD, mid 149 (19.5)  7(10.6) 48(23.2) 94 (19.1)
LAD, distal 48 (6.3) 0 15 (7.2) 33 (6.7
LCX, proximal 117 (15.3) 7 (10.6) 36 (17.4) 74 (15.0)
LCX, mid 52 (6.8) 1(1.5) 15 (7.2) 36 (7.3)
LCX, distal 9(1.2) 1(1.5) 1(0.5 7 (1.4)

Data are presented as mean + SD, median [interquartile rangel, and n (%). CAD = coronary artery
disease, LAD = left anterior descending coronary artery, LCX = left circumflex coronary artery, RCA =

right coronary artery.
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TABLE S2. Per-lesion quantitative plaque characteristics with largest diameter stenosis.
Quantitative plaque characteristics of precursors of culprit lesions versus the non-culprit lesions
with largest luminal diameter stenosis of patients who developed an ACS versus lesions with largest
luminal diameter stenosis of patients with stable CAD.

Culprit Lesion  Non-culprit Lesions of Patients
Precursors Lesion Precursors with Stable CAD
Variable (n=66) (n=59) (n=132) p-value
Lesion location, n (%)
RCA 22 (33) 13 (22) 30 (23) 0.391
LAD 35(53) 35 (59) 73 (55)
LCX 9 (14) 11(19) 29 (22)
Proximal lesions, n (%) 47 (71) 23 (39) 73 (55) 0.001
Lesion length, mm 12.6 [8.7-18.5] 9.4 [7.2-18.0] 81 [5.8-13.1]* <0.001
Mean plaque burden, % 571 +16.7 53.9 £ 11.7 47.8 +11.6* <0.001
Maximal plaque thickness, 2.25+0.70 2.07 + 0.62 1.86 + 0.64* <0.001
mm
Diameter stenosis, % 49.3 +21.8 482 +213 43.4 +18.2 0.098
Area stenosis, % 72.9 [54.3-88.9]  74.7 [58.5-87.4] 66.8 [54.2-80.1] 0.090
Minimal lumen diameter, mm 1.45 + 0.82 1.43 + 0.65 1.69 + 0.681 0.018
Minimal lumen area, mm? 2.11[0.75-4.51] 2.20 [0.88-3.40] 2.88 [1.63-4.59]t 0.018
Per-lesion plaque
components, mm?
Plaque volume 92.2 [36.7-134.0] 48.8 [27.4-113.6]*  38.2[22.8-76.8]* <0.001
Calcified plaque volume 19.2 [1.6-43.6] 6.6 [1.7-29.8] 7.6 [0.6-23.8]* 0.048
(>350 HU)
Fibrous plaque volume (131- 52.8 [20.5-70.9]  28.5 [13.4-55.1] 23.7 [13.3-42.8]* 0.001
350 HU)
Fibro-fatty plaque volume 8.6 [5.5-13.8] 7.6 [3.6-12.5] 3.8 [2.2-7.7]*t <0.001
(76-130 HU)
Low-attenuation plaque 3.8[0.9-8.0] 2.5[1.0-7.0] 1.2 [0.3-411*t <0.001
volume (-30 to 75 HU)
Fibro-fatty and low- 12.2 [6.9-21.8] 10.7 [5.8-17.4] 5.1 [2.8-12.5]*t <0.001
attenuation plaque volume
(-30-130 HU)
Non-calcified plaque 64.2 [33.2-841]  41.5[21.3-81.7]* 29.1[20.2-54.7]* <0.001
volume (-75-350 HU)
Mean PCAT attenuation, HU -63.7 £ 9.7 -69.4 + 10.4* -67.8 + 10.3* 0.005

Data are presented as mean + SD, median [interquartile range], and n (%). ACS = acute coronary
syndrome, CAD = coronary artery disease, HU = Hounsfield units, LAD = left anterior descending
coronary artery, LCX = left circumflex coronary artery, PCAT = pericoronary adipose tissue, RCA =
right coronary artery. * p<0.05 versus group ‘Culprit Lesion Precursors’ on Bonferroni's post hoc
analysis. T p<0.05 versus group ‘Non-culprit Lesion Precursors’ on Bonferroni’s post hoc analysis.
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