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Aims We sought to explore the relationship between pericardial fat volume (PFV) and both coronary atherosclerosis (CA)
extent and severity using coronary artery calcium score (CAC), computed tomography coronary angiography (CTCA),
and invasive coronary angiography in patients at high to intermediate likelihood of coronary artery disease (CAD).

Methods and
results

Patients clinically referred to invasive angiography who underwent CTCA and CAC within 1 month before the proced-
ure comprised the study population. PFV, CAC, atherosclerotic burden indexes [segment involvement score (SIS); seg-
ment stenosis score; three-vessel plaque; and any left main plaque], and the invasive angiography-derived CAD index
were evaluated independently. A total of 75 patients were included in the study. PFV did not differ between patients
with or without obstructive (stenosis .70%) CAD defined by invasive angiography (86.4+ 31.7 vs. 77.1+42.8 cm3,
P ¼ 0.34), although patients with obstructive CAD had significantly higher CAC scores [636.0 (IQR 229.5–1101.0) vs.
206.0 (IQR 0.0–675), P , 0.0001] than patients without obstructive CAD. Patients with extensive CA (SIS . 5) had
significantly larger PFV (89.9+33.9 vs. 58.7+33.2 cm3, P ¼ 0.003) than patients with non-extensive CA. Significant
correlations were found between PFV and CAC (r ¼ 0.49, P , 0.0001), and SIS (r ¼ 0.46, P , 0.0001), whereas very
weak correlations were observed between PFV and the CAD index (r ¼ 0.27, P ¼ 0.02), and between PFV and the
body mass index (r ¼ 0.33, P ¼ 0.004).

Conclusion The main finding of the present study was the identification of PFV as more closely related to atherosclerotic plaque
burden rather than to lesion severity in patients referred to invasive coronary angiography.
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Introduction
Several studies have established a link between adipose tissue and
atherosclerosis. Visceral adipose tissue (VAT) is related to insulin
resistance, inflammatory markers, hypercholesterolaemia, and
endothelial dysfunction.1 Both VAT and pericardial adipose tissue
(PAT) share a similar embryological origin and can release pro-
inflammatory cytokines and free fatty acids that may exert harmful
effects particularly in patients with established coronary artery dis-
ease (CAD) and metabolic syndrome.2 PAT has been related to sub-
clinical coronary atherosclerosis (CA) identified by coronary artery
calcium (CAC) scoring, but also to impaired left ventricular func-
tion and even to atrial fibrillation, supporting a local structural and
functional toxic effect.3 In addition, the assessment of PAT using

non-enhanced computed tomography has shown potential to pre-
dict adverse cardiac events in asymptomatic patients.4 A paracrine
effect including oxidative stress and a pro-coagulation state have
been proposed as key factors involved in the pathogenesis of ath-
erosclerosis progression in this milieu, particularly promoted given
the proximity between PAT and the coronary adventitia.5

Nonetheless, it remains unclear whether PAT is related to lesion
severity. Few studies have compared the extent of PAT using both
CAC and computed tomography coronary angiography (CTCA).
Robust prospective clinical data have shown that patients with non-
obstructive CA have worse survival rates compared with patients
with normal coronary arteries, and that the presence of extensive
but non-obstructive CA portends similar cardiovascular risk than
the presence of obstructive but non-extensive CA.6 – 9 We
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therefore sought to explore the relationship between PAT and both
CA extent and severity in patients at intermediate to high likelihood
of CAD using CAC, CTCA, and invasive coronary angiography (ICA).

Methods
The present study involved patients with suspected CAD referred for
ICA due to typical chest pain, dyspnoea on exertion, or atypical symp-
toms with positive stress test, who underwent CTCA and CAC within
1 month before the ICA. All patients were .18 years old, in sinus
rhythm, without a history of contrast related allergy, renal failure, or
haemodynamic instability. Other exclusion criteria comprised a history
of previous myocardial infarction within the previous 30 days, percutan-
eous coronary intervention with stent implantation, coronary bypass
graft surgery, or chronic heart failure. Coronary risk factors were de-
fined as indicated by the Framingham risk score assessment.

CTCA was performed in all cases using a 64-slice high-definition scan-
ner (Discovery HD 750, GE Healthcare, Milwaukee, USA), after intraven-
ous administration of iodinated contrast (iobitridol, Xenetix 350TM,
Guerbet, France). A total of 60–80 mL of iodinated contrast was injected
using a three-phase injection protocol. Image acquisition was performed
after sublingual administration of 2.5–5 mg of isosorbide dinitrate. Pa-
tients with a heart rate of .65 bpm received 5 mg intravenous propran-
olol if needed to achieve a target heart rate of ,60 bpm.

Image acquisition and analysis
Non-enhanced cardiac CT scans (CAC) were performed using ECG
gating at 75% of the cardiac cycle, using a 2.5 mm slice thickness and a
tube potential of 120 kV. All CTCA scans were acquired using prospect-
ive ECG gating applying a 100-ms padding centred at 75% of the cardiac
cycle for patients with a heart rate lower than 60 bpm, a 200-ms padding
centred at 60% of the cardiac cycle for patients with a heart rate be-
tween 60 and 74 bpm, and a 100-ms padding centred at 40% of the car-
diac cycle for patients with a heart rate higher than 74 bpm. Iterative
reconstruction was performed in all cases at 40% ASIR (Adaptive Stat-
istical Iterative Reconstruction). Other scanner-related parameters
were a collimation width of 0.625 mm and a slice interval of 0.625 mm.

Image analyses were performed offline on a dedicated workstation,
using a commercially available dedicated software tool (AW 4.6, GE
Healthcare) by consensus of two experienced Level 3-certified coron-
ary CTCA observers, blinded to the clinical data.

Axial planes, curved multiplanar reconstructions, and maximum in-
tensity projections were used at 1–5 mm slice thickness, according to
the 16-segment modified American Heart Association (AHA) classifica-
tion.10 We did not use the 18-segment Society of Cardiovascular Com-
puted Tomography classification since we aimed to use the same
classification applied in the study by Min et al.11 Segments with a refer-
ence diameter lower than 1 mm were not included in the analysis. Each
segment was graded as follows: normal; mild stenosis (,50%); moder-
ate stenosis (50–69%); severe stenosis (≥70%); or uninterpretable.

CT effective radiation dose was derived by multiplying the dose
length product with the weighting (k) value of 0.014 mSv/mGy/cm for
chest examinations, as suggested by the Society of Cardiovascular
Computed Tomography.12

Anthropometric and pericardial fat
measurements
The body mass index (BMI) was defined as weight in kilograms divided
by the square of height in meters. To assess PAT, pericardial fat volume
(PFV) was measured involving slices comprised within 15 mm above
and 30 mm below the cranial border of the left main coronary artery.

A sub-analysis of the Multi-Ethnic Study of Atherosclerosis (MESA)
study has shown that this region, which includes the PAT surrounding
the proximal coronary tree [left main coronary artery, left anterior des-
cending (LAD), right coronary artery, and left circumflex], is highly cor-
related to the total volume of PFV.13 The anterior edge for volume
measurements was defined by the chest wall, and the posterior edge
by the aorta and the bronchus. Volumetric analysis software (AW 4.6
GE HealthCare) was used to discriminate fat from other tissues, using
a threshold of 2190 to 230 Hounsfield units (HU). PAT involves
both epicardial (between the outer wall of the myocardium and the vis-
ceral layer of pericardium) and paracardial fat (anterior to the epicardial
fat and superficial to the pericardium). Nonetheless, data from the
MESA study have shown a very high correlation between pericardial
and epicardial fat.14 Furthermore, this approach avoids occasional diffi-
culties to visualize the pericardium particularly in lean patients.

Coronary artery calcium scoring and
atherosclerotic burden scores
Coronary artery calcium scoring (CAC) was calculated by an independ-
ent observer using dedicated software (SmartScore 4.0; GE Healthcare),
which automatically defined the presence of calcified lesions as those
with .130 HU, using the previously established Agatston method.15

Given that ICA was used as the reference standard, and in line with
established definitions of flow-limiting stenoses, non-obstructive CAD
was defined as a stenosis ≥20% but ,50% in the left main coronary
artery, or a stenosis ≥20% but ,70% in any other epicardial coronary
artery. Obstructive CAD was defined as any stenosis ≥50% in the left
main coronary artery, ≥70% in any other coronary artery, or both.
Angiograms with the absence of stenoses ≥20% and/or of mild luminal
irregularities were considered normal.16

Subsequently, patients were categorized according to the athero-
sclerotic burden extent. For this purpose, initially patients were classi-
fied regarding CAD severity as one, two, or three-vessel distribution.
Vessel distribution was defined as LAD artery and its tributaries, the
left circumflex artery and its tributaries, and the right coronary artery
and its tributaries. Patients with isolated 20–49% left main coronary ar-
tery stenosis were recorded as one-vessel, non-obstructive CAD,
whereas those with ≥50% left main coronary artery stenosis were re-
corded as three-vessel obstructive CAD patients. For each vascular dis-
tribution, we determined the maximal stenosis present and classified
that distribution as normal, non-obstructive CAD, or obstructive
CAD. As previously established by Maddox et al.,9 we created seven
categories of CAD extent defined as ICA: normal; one-, two-, and three-
vessel non-obstructive CAD; and one-, two-, and three-vessel obstruct-
ive CAD, hereafter referred as CAD index.

Atherosclerotic burden scores were consequently assembled as de-
scribed by Min et al.: (i) segment stenosis score (SSS); (ii) segment in-
volvement score (SIS); and (iii) three-vessel plaque score. Briefly, the
SSS, a measure of the overall atherosclerotic burden, where each cor-
onary segment was graded as having no to severe plaque (scores 0–3)
based on the degree of coronary stenosis as aforementioned. Subse-
quently, the scores of all segments were summed leading to total score
ranging from 0 to 48. The SIS reflected the total number of segments
involved irrespective of the degree of stenosis, ranging from 0 to 16.
Lastly, a binary score reflecting the absence or presence of three-vessel
plaque was built.11 Extensive CA was defined as the presence of an SIS
.5, as previously reported.11,17

Invasive coronary angiography
Coronary angiograms were obtained in multiple projections after ad-
ministration of intracoronary nitrates. All procedures were performed
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in accordance to standard techniques. Quantitative coronary angiog-
raphy analysis was performed by an experienced interventional cardi-
ologist blinded to the CT data. The catheter tip was cleared of
contrast for accurate calibration. Lesion measurements were performed
using the ‘worst’ view of an end-diastolic frame.

All procedures performed were in accordance with the ethical stan-
dards of the institutional research committee and with the 1964 Helsinki
declaration and its later amendments. Informed consent was obtained
from all individual participants included in the study.

Statistical analysis
Discrete variables are presented as counts and percentages. Continuous
variables are presented as means+ SD and as median (inter-quartile
range), as indicated. Comparisons among groups were performed using
independent samples t-test or non-parametric tests (Wilcoxon signed
rank test) for continuous variables with and without normal distribution,
respectively. Non-parametric relationship between variables was ex-
plored using the Spearman correlation coefficient. One-way ANOVA
was used to test differences between continuous variables after discrim-
ination of patients with mild (CAC ,100), moderate (CAC 100–400),
and severe (CAC .400) calcification, with post hoc comparisons per-
formed using Bonferroni tests. Logistic regression analysis was per-
formed to identify potential predictors of an SIS equal or above 11
(75th percentile), including the following variables in the model (For-
ward Wald method): sex, age, BMI, CAD index (assessed by ICA),
CAC, and PFV. All statistical analyses were performed using SPSS soft-
ware, version 22 (Chicago, IL, USA). A two-sided P-value of ,0.05
indicated statistical significance.

Results
A total of 75 patients were included in the study. The mean age was
61.9+11.2 years, 54 (72%) patients were male, and 16 (21%) had
diabetes. The mean BMI was 28.5+ 3.5 kg/m2. The mean effective
radiation dose of CTCA was 4.4+ 1.7 mSv and of CAC 0.85+
0.1 mSv. The median CAC was 441 (inter-quartile range 111–
1012), whereas the median SIS and SSS were 9.0 (IQR 6.0–11.0)
and 13.0 (IQR 9.0–17.0), respectively.

The mean PFV was 83.2+35.9 cm3, with significant gender dif-
ferences (male 90.0+ 35.0 cm3 vs. female 65.8+ 33.0 cm3, P ¼
0.008; Table 1). Patients with extensive CA (SIS .5, n ¼ 59) were
older than patients without extensive CA (63.3+ 10.8 vs. 56.6+
11.4 years, P ¼ 0.047), and had significantly larger PFV (89.9+
33.9 vs. 58.7+33.2 cm3, P ¼ 0.003), whereas no differences were
observed between regarding BMI (28.6+3.5 vs. 28.0+3.7 kg/m2,
P ¼ 0.59). PFV was significantly larger in patients with the pres-
ence of plaque in the three vessels (91.2+33.4 vs. 44.9+19.2 cm3,

P , 0.0001), while no significant differences were observed regard-
ing PFV between patients with or without evidence of any plaque
at the left main coronary artery (87.8+ 33.3 vs. 76.9+ 38.9 cm3,
P ¼ 0.20). The extent of PFV according to the presence or absence
of CTCA and ICA-derived indicators of extension and severity of
CAD are shown in Figure 1.

Correlation between PFV and CA severity
and extension
PFV did not differ between patients with or without obstructive
(stenosis .70%) CAD defined by ICA (86.4+ 31.7 vs. 77.1+
42.8 cm3, P ¼ 0.34), although patients with obstructive CAD had
significantly higher CAC scores [636.0 (IQR 229.5–1101.0) vs.
206.0 (IQR 0.0–675), P , 0.0001] than patients without obstructive
CAD.
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Table 1 Pericardial fat volume according to the demographical characteristics

Demographics (n) Pericardial fat volume (cm3) P-value

Male/female (54/21) 90.0+35.0/65+33.0 0.008

Hypertensive/non-hypertensive (52/23) 87.1+34.3/74.3+38.6 0.15

Hypercholesterolaemic/non-hypercholesterolaemic (49/26) 80.9+34.9/87.4+38.2 0.46

Smoker/non-smoker (42/33) 83.8+41.6/82.5+27.6 0.88

Diabetic/non-diabetic (16/59) 102.2+42.2/78.1+32.6 0.02

Figure 1 Extent of PFV according to the presence or absence of
CTCA (SIS; three-vessel plaque; any left main coronary artery pla-
que) and ICA (stenosis .70%)-based indicators of extension and
severity of CAD (A) and to the extent of CAC score (B).

Pericardial fat, atherosclerotic burden, and lesion severity 797



After discrimination according to the presence of mild, moderate,
and severe calcification (CAC ,100, CAC 100–400, and CAC
.400, respectively), PFV and both CAD extension (SIS) and sever-
ity (SSS, CAD index) were significantly higher in patients with more
extensive calcification (Table 2 and Figure 2).

Significant correlations were found between PFV and CAC
(r ¼ 0.49, P , 0.0001), SIS (r¼ 0.46, P , 0.0001), and SSS (r¼ 0.42,
P , 0.0001), whereas very weak correlations were observed be-
tween PFV and the CAD index (r ¼ 0.27, P ¼ 0.02), and between
PFV and the BMI (r ¼ 0.33, P ¼ 0.004). After stratification according
to sex (Figure 3), significant correlations persisted only among men
(n ¼ 54) but not among women (n ¼ 21) regarding relationships
between PFV and CAC (male r ¼ 0.59, P , 0.0001; female r¼ 0.25,
P ¼ 0.27), SIS (male r¼ 0.48, P , 0.0001; female r¼ 0.35, P¼ 0.12),
and SSS (male r ¼ 0.44, P ¼ 0.001; female r ¼ 0.33, P ¼ 0.15).
Gender stratification lead to non-significant correlations between
PFV and the CAD index (male r ¼ 0.21, P ¼ 0.12; female r ¼ 0.35,
P ¼ 0.12).

No significant correlations were identified between BMI and
atherosclerotic extension [CAC (r ¼ 0.07, P ¼ 0.53), SIS (r ¼ 0.10,
P ¼ 0.42)] or severity [SSS (r ¼ 0.07, P ¼ 0.55), CAD index
(r ¼ 20.01, P ¼ 0.92)].

Finally, after logistic regression analysis, CAC [OR 1.002 (95% CI
1.001–1.003)] and PFV [OR 1.022 (95% CI 1.001–1.042)] were the
only independent predictors of an SIS ≥75th percentile (Table 3).

Discussion
The major finding of our study was that PAT was more closely re-
lated to atherosclerotic plaque burden than to lesion severity. A
number of studies have demonstrated a relationship between PAT
and CAD extension and severity.1,3 Furthermore, additional studies
using computed tomography have reported an association between
epicardial adipose tissue and progression of CA.18– 20 Nevertheless,
to the best of our knowledge, this is the first attempt to explore this
association using validated atherosclerotic burden indexes that have
been recently identified as predictors of cardiac death and myocar-
dial infarction independently of stenosis severity.7 – 9,17 In addition,
given that CTCA might lead to false-positive findings particularly

in patients with intermediate to high likelihood of CAD such as in
our population, we evaluated lesion severity using ICA as the refer-
ence standard.

During the past few years, extensive evidence has been as-
sembled supporting the robust prognostic value of CTCA-derived
identification of non-obstructive CA as opposed to normal coron-
ary arteries for the identification of patients at higher rates of death
and myocardial infarction.6 Indeed, Lin et al.7 reported two-, three-,
and six-fold higher mortality rates among patients with non-
obstructive involvement of one, two, or three vessels. Particularly,
the adverse prognosis of patients with extensive atherosclerotic
burden evaluated using the SIS has been established in different
populations.8,11,17 Notably, the presence of extensive but non-
obstructive CA has shown to portray a similar or even worse out-
come than the presence of obstructive but non-extensive CA by
means of both CTCA and ICA in large prospective studies.9,11,17

In addition, a recent study has reported evidence of ischaemia in al-
most 20% of non-obstructive lesions and identified plaque burden
estimated using CTCA as an independent predictor of ischaemia
detected by invasive fractional flow reserve.21

On the other hand, robust evidence collected for over a decade
has consistently established CAC as an independent predictor of
events, with significant incremental prognostic value over conven-
tional risk stratification algorithms.22– 24

In our study, patients with evidence of extensive CA (SIS .5 and
three-vessel plaque) had significantly higher PFV than patients with
non-extensive CA, although this might be mainly driven by the rela-
tionship observed in males. It should be stressed though that the
stronger correlations between PFV and CA identified among males
could be at least in part related to the fewer number of females in
our population. In fact, a recent study has shown similar plaque char-
acteristics between men and women with stable angina.25 In add-
ition, in line with previous findings, CAC was significantly related
to PFV.26 Particularly, patients with mild CAC showed significantly
lower PFV than patients with moderate to high CAC. In turn, non-
significant differences were observed in PFV between patients with
or without obstructive CAD. Furthermore, CAC and PFV were
identified as the only independent predictors of very extensive
CA (SIS ≥75th percentile), whereas neither the BMI nor the
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Table 2 Differences in age, BMI, PFV, and atherosclerotic burden (assessed by CTCA) and severity (assessed by ICA)
after discrimination according to the presence of mild, moderate, and severe calcification (CAC <100, CAC 100–400, and
CAC >400, respectively)

CAC <100 (n 5 18) CAC 100–400 (n 5 17) CAC >400 (n 5 40) P

Age (years+ SD) 54.0+10.5 63.3+8.2a 64.8+11.1 0.002

Body mass index (kg/m2) 28.4+3.1 28.6+4.5 28.4+3.3 0.98

Pericardial fat volume (cm3) 55.3+27.6 86.0+26.8a 94.6+36.4 ,0.0001

Segment involvement score 3.4+3.6 8.1+2.1a 10.3+2.7b ,0.0001

Segment stenosis score 5.1+6.0 12.2+3.8a 17.7+6.2b ,0.0001

CAD index (ICA) 2.7+2.2 4.6+1.7a 5.0+1.9 ,0.0001a

aVariables with significant post hoc (Bonferroni) differences between mild (CAC ,100) and moderate (CAC 100–400) calcification.
bVariables with significant post hoc (Bonferroni) differences between moderate (CAC 100–400) and severe (CAC .400) calcification. CAD index refers to coronary artery disease
index described by Maddox et al.9 ICA refers to invasive coronary angiography.
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CAD index (as an expression of lesion severity) did. However, using
a more sensitive threshold (SIS .5), sex, age, and CAD index were
the only independent predictors, although interpretation of these
results should be cautious given the high prevalence of this finding
in our population.

In line with previous studies including a wide range of autopsies
from morbid obesity to non-obese adults who died of trauma, we
identified a very weak relationship between the BMI and PAT.27

This finding, along with the lack of correlation between BMI and

atherosclerotic burden or severity, reinforces the concept that
obesity might not be an atherogenic factor per se, but rather its as-
sociation with atherosclerotic coronary disease could be a reflec-
tion of the coexistence of known risk factors for atherosclerosis
in this population. Indeed, a sub-analysis of the Framingham study
demonstrated an association between PAT and both cardiovascular
risk factors and CAC, independently of the BMI.28

Recently, Mahabadi et al.18 reported a closer association between
epicardial adipose tissue and CA progression among patients with

Figure 2 Relationships between PAT (in blue) assessed using non-contrast computed tomography (left and mid panels), CTCA (upper right
panel), and ICA (mid and lower right panels). (A) Sixty-three-year-old symptomatic male with hypercholesterolaemia: PFV 38.4 cm3; CAC score 0;
and normal coronary arteries. (B) Seventy-eight-year-old symptomatic female with hypertension and hypercholesterolaemia: PFV 106.9 cm2; CAC
207; SIS 7; and only mild lesions at ICA. (C) Eighty-year-old diabetic male with silent ischaemia: PFV 114.3 cm3; CAC 1456; SIS 15; and only mild
lesions at ICA.
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mild CAC (thus at early stages of CA) than among those with more
advanced disease. In line with these findings, we did not identify sig-
nificant differences regarding PFV between patients with moderate
and severe CAC.

Despite a large number of studies have explored the relationship
of VAT and PAT with the presence and extent of CAD, the role of
periadventitial adipose tissue in the pathogenesis of CAD remains
unclear, and several mechanisms have been proposed including nat-
ural protective mechanisms such as myocardial bridging, that are
typically disease-free regions isolated from epicardial fat, thus po-
tentially avoiding transendothelial lipid permeability.29 In the same
line, using an elegant experimental porcine model fed with an
atherogenic diet, McKenney et al. resected the portion of the epicar-
dial adipose tissue surrounding the mid-LAD artery and performed
serial intravascular ultrasound at baseline and at 3 months. Interest-
ingly, significant plaque progression was only observed in the prox-
imal and distal LAD, whereas no changes were observed at the
mid-LAD.30

Overall, our findings add to the rising evidence regarding the ap-
parent discordance between CA extension and severity. In parallel,
though hypothesis generating given the small sample size, they might
support the concept of CA as a multifocal disease as a result of the
interplay between systemic and local factors such as shear stress and
surrounding adipose tissue.31,32 Whether simultaneous assessment
of PFV during non-enhanced CT scans might or not provide an in-
cremental prognostic value over CAC remains outside the scope of
our study, although it certainly warrants further investigation.

Limitations
A number of limitations should be acknowledged. The relatively
small population included might lead to selection bias, although
the singular data provided (CTCA acquisitions using spectral CT,
and lesion severity confirmed using ICA) should be stressed. In
line with the sample size, significant gender differences regarding
the PAT were observed, as previously reported in the MESA

Figure 3 Relationships between PFV and CAC score (A), SIS (B),
and CAD index assessed by invasive angiography (C ). Data are
discriminated according to sex.
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Table 3 Logistic regression analysis according to the predefined dependent variable (SIS ≥75th percentile) and to a
more sensitive dependent variable (SIS >5)

SIS ≥75% SIS >5

Variables in the equation

CAC [OR 1.002 (95% CI 1.001–1.003)] Sex [OR 6.7 (95% CI 1.05–43.5)]

PFV [OR 1.022 (95% CI 1.001–1.042)] CAD index [OR 2.2 (95% CI 1.4–3.3)]

Age [OR 1.1 (95% CI 1.03–1.22)]

P P

Variables not in the equation

Sex 0.82 BMI 0.45

Age 0.53 CAC 0.16

BMI 0.26 PFV 0.29

CAD index 0.18 Diabetes 0.98

Diabetes 0.59

SIS, segment involvement score; CAC, coronary artery calcium score; PFV, pericardial fat volume; CAD index, coronary artery disease index by invasive angiography; BMI, body
mass index.
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study.33 As abovementioned, PFV was measured within 15 mm
above and 30 mm below the cranial border of the left main coronary
artery. This approach is not only highly correlated to the total
volume of PFV, but also involves the segments more commonly
affected by CA.13,34 Finally, we cannot rule out the possibility that
inflation of type I error due to multiple comparisons may have
confounded our results.

Conclusions
The main finding of the present study was the identification of PAT
as more closely related to atherosclerotic plaque burden rather
than to lesion severity in patients referred to ICA.
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There are no competing interests related to the manuscript for
any of the other authors.
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21. Park HB, Heo R, ó Hartaigh B, Cho I, Gransar H, Nakazato R et al. Atherosclerotic
plaque characteristics by CT angiography identify coronary lesions that cause ische-
mia: a direct comparison to fractional flow reserve. JACC Cardiovasc Imaging 2015;8:
1–10.

22. Blaha M, Budoff MJ, Shaw LJ, Khosa F, Rumberger JA, Berman D et al. Absence of
coronary artery calcification and all-cause mortality. JACC Cardiovasc Imaging 2009;
2:692–700.

23. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC. Coronary artery cal-
cium score combined with Framingham score for risk prediction in asymptomatic
individuals. J Am Med Assoc 2004;291:210–5.

24. Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom AR et al. Coronary cal-
cium as a predictor of coronary events in four racial or ethnic groups. N Engl J Med
2008;358:1336–45.

25. Bharadwaj AS, Vengrenyuk Y, Yoshimura T, Baber U, Hasan C, Narula J et al. Multi-
modality intravascular imaging to evaluate sex differences in plaque morphology in
stable CAD. JACC Cardiovasc Imaging 2016. [Epub ahead of print].

26. Bucci M, Joutsiniemi E, Saraste A, Kajander S, Ukkonen H, Saraste M et al. Intraper-
icardial, but not extrapericardial, fat is an independent predictor of impaired hyper-
emic coronary perfusion in coronary artery disease. Arterioscler Thromb Vasc Biol
2011;31:211–8.

27. Duflou J, Virmani R, Rabin I, Burke A, Farb A, Smialek J. Sudden death as a result of
heart disease in morbid obesity. Am Heart J 1995;130:306–13.

28. Rosito GA, Massaro JM, Hoffmann U, Ruberg FL, Mahabadi AA, Vasan RS et al. Peri-
cardial fat, visceral abdominal fat, cardiovascular disease risk factors, and vascular
calcification in a community-based sample: the Framingham Heart Study. Circulation
2008;117:605–13.

29. Sacks HS, Fain JN. Human epicardial adipose tissue: a review. Am Heart J 2007;153:
907–17.

30. McKenney ML, Schultz KA, Boyd JH, Byrd JP, Alloosh M, Teague SD et al. Epicardial
adipose excision slows the progression of porcine coronary atherosclerosis.
J Cardiothorac Surg 2014;9:2.

31. Rodriguez-Granillo GA, Garcia-Garcia HM, Wentzel J, Valgimigli M, Tsuchida K, van
der Giessen W et al. Plaque composition and its relationship with acknowledged
shear stress patterns in coronary arteries. J Am Coll Cardiol 2006;47:884–5.

32. Rodriguez-Granillo GA, Rosales MA, Degrossi E, Durbano I, Rodriguez AE. Multi-
slice CT coronary angiography for the detection of burden, morphology and distri-
bution of atherosclerotic plaques in the left main bifurcation. Int J Cardiovasc Imaging
2007;23:389–92.

33. Brinkley TE, Jerosch-Herold M, Folsom AR, Carr JJ, Hundley WG, Allison MA et al.
Pericardial fat and myocardial perfusion in asymptomatic adults from the Multi-
Ethnic Study of Atherosclerosis. PLoS One 2011;6:e28410.

34. Valgimigli M, Rodriguez-Granillo GA, Garcia-Garcia HM, Malagutti P, Regar E, de
Jaegere P et al. Distance from the ostium as an independent determinant of coron-
ary plaque composition in vivo: an intravascular ultrasound study based radiofre-
quency data analysis in humans. Eur Heart J 2006;27:655–63.

Pericardial fat, atherosclerotic burden, and lesion severity 801



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


