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ABSTRACT

Background: Epicardial fat has been recently identified as a major player in the develop-
ment of the atherosclerotic process. Study aim: The aim of this study was to correlate the
epicardial fat volume (EFV), determined by Multisclice CT, and the severity of the coronary
lesions, expressed by the Coronary Calcium Score (CCS) and Syntax Score (SxS) in patients
with established coronary artery disease (CAD). Material and methods: One-hundred-twenty-
six patients underwent Multisclice 64 CT assessment of coronary lesions and epicardial fat
quantification. Calculation of CCS was performed on all the three coronary vessels and was
followed by determination of SxS according to guidelines. The patients were divided into 2
groups: Group 1 — patients with CCS >400 (n = 26), and Group 2 — patients with CaS <400 (n
=100). Results: The mean age of the study population was 65.32 years for Group 1 and 54
years for Group 2 (p <0.0001). However, patients >65 years of age had a high CCS in a more
significant extent than younger patients (50% in Group 1vs. 17% in Group 2, p = 0.0115). Female
gender was recorded in 48% of cases in Group 2 and in 19% of cases in Group 1 (p = 0.008).
Several factors were identified in a higher extent in the group with high CCS as compared with
the group with low CCS, such as the presence of significant stenosis (>50%) of the left anterior
descending artery (LAD) (46% vs. 9%, p <0.0001), the presence of multi-vessel coronary dis-
ease (50% vs. 5%, p <0.0001) and a high SxS, above 23 (23% vs. 4%, p = 0.006). The epicardial
fat volume was 117.81 £ 40.4 ml (95% CI: 97.98-138.2 ml) in Group 2 and 89.77 + 37.7 ml (95%
Cl: 80.4-101.5 ml) in Group 1(p = 0.0033). Conclusions: Epicardial fat volume could represent
a new imaging-derived biomarker, useful for classification of the severity of coronary artery
disease, increased values of EFV being associated with other biomarkers of disease severity,
such as calcium score.

Keywords: epicardial fat volume, coronary artery disease, Multisclice CT, Calcium Score, Syn-
tax Score
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INTRODUCTION

Epicardial adipose tissue is a metabolically active visceral
fat deposit located around the heart, between the myocar-
dium and the visceral pericardium, directly surrounding
the subepicardial coronary vessels. Due to the absence of
fascial boundaries, it is in close anatomical and functional
relationship with both the myocardium and the adventitia
of the coronary arteries.!

This tissue can adapt to different metabolic profiles by
changing its cellular composition. Under physiological
conditions, the epicardial adipose tissue displays biochem-
ical, mechanical and thermogenic cardioprotective prop-
erties, but in pathological circumstances, many changes
occur as the epicardial fat volume increases.? These chang-
es are often characterized by failure to store triglycerides,
increased lipolysis, hypertrophy and, most importantly,
stimulation of inflammation. As epicardial fat expands, it
becomes dysfunctional and invaded by macrophages and
T cell lymphocytes.*5

Because of proximity to the coronary arteries, the
epicardial fat has recently been identified as a major role
player in the development of the atherosclerotic process.
It acts as an endocrine organ through several paracrine
mechanisms of locally secreted adipocytokines and other
bioactive molecules, but also through systemic pro-inflam-
matory effects on the cardiovascular system. Paracrine re-
lease of pro-inlammatory cytokines from the peri-adven-
titial adipose tissue could pass through the coronary wall
and locally interact with the structures of each layer. It has
been demonstrated that the adipose tissue participates in
various stages of atherogenesis, from endothelial dysfunc-
tions to plaque destabilization and rupture.s? Harmful and
possible protective effects are in a state of imbalance, and
its effects are still unknown.$

Previous studies have also demonstrated the association
between the amount of epicardial adipose tissue and the
severity of coronary artery disease (CAD), therefore, the
non-invasive assessment of epicardial fat could represent
a simple and reliable indicator of cardiovascular risk.! In
order to measure the amount of epicardial fat volume, cur-
rently three diagnostic tools are in use: echocardiography,
multi-slice computed tomography (MSCT) and magnetic
resonance imaging (MRI).

Two-dimensional (2D) echocardiography can visualize
and measure the epicardial fat thickness on the right ven-
tricular free wall from both parasternal long-axis and short-
axis views. But it is well known that the epicardial adipose
tissue is not evenly distributed around the heart and this is
a linear measurement at a single location, thus, it may not
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reflect the variability of fat tissue thickness or total fat vol-
ume.? As recently suggested, rather than its thickness, the
epicardial fat volume (EFV) may be the most consistent
measure of the cardiovascular risk. Its advantages are the
large availability and the less expensive cost as compared
with MRI or CT.10

It is a well-known fact that MRI is the gold standard
for the body adipose tissue quantification. Recent studies
have used cardiac MRI as a tool in order to measure the
epicardial adipose tissue by using the summation of slices
method. There is a good correlation between the measure-
ments obtained on echocardiography and cardiovascular
magnetic resonance imaging (CMR). Although the image
resolution and accuracy is better on MRI, as compared
with CT, currently MRI still remains limited, due to its
high costs and low accessibility.!1-12

Recent evidence is suggesting that the EFV measured
on MSCT may have a predictive value for coronary artery
disease (CAD).13

MSCT, unlike other imaging methods, is capable of
simultaneously visualizing and quantifying the coronary
atherosclerotic burden through the Coronary Calcium
Score (CCS) and the Syntax Score (SxS), and also the to-
tal amount of epicardial adipose volume. Furthermore,
MSCT provides more objective results and a more accu-
rate evaluation of the adipose tissue because of its higher
spatial resolution compared to the echocardiographic as-
sessment.!*

STUDY AIM

The aim of this study was to correlate the epicardial fat
volume, determined by Multisclice CT, and the severity
of coronary lesions expressed by the CCS and the SxS, in
patients with clinical suspicion of coronary artery disease.

MATERIAL AND METHODS

Study population

We retrospectively included in our study 126 patients
with clinical suspicion of CAD, who were clinically ref-
fered for non-invasive Multislice Computed Tomography
(MSCT), coronary angiography for CAD evaluation be-
tweeb January 2015 and December 2015. Patients were
divided into 2 groups on the basis of CCS: Group 1 — 26
patients with high CCS (>400) — high risk, and Group
2 — 100 patients with low CCS (<400) — low risk. The
study has been carried out in accordance with the code
of ethics of the World Medical Association’s Declaration
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of Helsinki. All patients gave informed consent, and the
study protocol was approved by the ethics committee of
the Cardio Med Medical Center, the center where the
study was conducted.

Risk factor assessment

The patients' demographic characteristics, medical history
and traditional coronary risk factors were obtained from
medical reports. Routine biochemistry results including
lipid profile, liver enzymes, inflammatory status, urea, cre-
atinine and full blood count were also recorded.

Hypertension was defined as a systolic blood pressure
>140 mmHg, a diastolic blood pressure >90 mmHg or
antihypertensive medication. Dyslipidemia was classified
as a total cholesterol (TC) >200 mg/dl, low-density lipo-
protein (LDL) cholesterol >130 mg/dl, high-density lipo-
protein (HDL) cholesterol <30 mg/dl or treatment with
lipid-modifying agents. Diabetes mellitus was defined as
a fasting glucose >126 mg/dl on two or more occasions,
or hypoglycemic treatment, or if they had been previously
diagnosed.

Echocardiographic Measurement

Each patient underwent transthoracic echocardiography.
Ejection Fraction (EF), LVED volume, LVES volume,
E/A ratio and LV dP/dt were measured in each patient.

Coronary CT imaging protocol

All patients underwent a 64-slice cardiac CT scan in or-
der to visualize and quantify the coronary atheroscle-
rotic burden. Patients with uncontrolled heart rate (>65
bpm) received oral beta blocker (metoprolol 50 mg).
The Epicardial Fat Volume (EFV) and Coronary Ar-
tery Calcification (CAC) were obtained using a standard
scanning protocol. In non-contrast cardiac CT the total
calcium burden of the coronary tree was determined by
semiautomated analysis using the Agatstonscore (CCS).
EFV was also quantified by calculating the total sum
of epicardial adipose tissue areas measured from 1 cm
above the left main coronary artery to the left ventricular
apex, in 1 cm intervals. The epicardial adipose thickness
(EAT) was defined as adipose tissue surrounding the
myocardium and limited by the epicardium. The peri-
cardium was manually traced from the right pulmonary
artery to the diafragm, all extra-pericardal tissue was ex-
cluded and fat voxels were identified using threshold at-
tenuation values.
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Statistical analysis

All data was analysed by using GraphPad Prism 6. Categor-
ical variables were compared with Pearson's Chi-square
test and are expressed as numbers and percent values (%).
Continuous data are presented as mean value + standard
deviation, and were compared with Student's t test for
variables with gaussian distribution and Mann-Whitney U
test for variables with non-gaussian distribution.

Univariate linear regression analysis was performed in
order to investigate the association of EFV with CCS and
Syntax Score. In our analysis, a p value of less than 0.05 was
considered statistically significant.

Coronary artery lesion assessment
(Syntax Score calculation)

In order to visualize the angiographic characteristics, each
patient underwent 64-slice cardiac CT, as previously men-
tioned. The coronary artery tree of each patient was ac-
counted by using the Syntax Score (SxS). The SxS system
consist of a set of sequential questions, in which every
coronary lesion that generates >50% luminal obstruction
in vessels with a lumen >1.5 mm was separately scored and
summated to provide the overall SYNTAX score. SxS was
calculated using a dedicated software that integrates the
following components: left or right dominance, total oc-
clusion, whether bifurcation, trifurcation or aorta ostial le-
sion, severe tortuosity, heavy calcification, thrombus, dif-
fuse disease, and diseased coronary artery segment longer
than 20 mm.

A total occlusion was defined as a lesion with an abrupt
vessel cut-off. One or more bends of 90° or more, or three
or more bends of 45° to 90° proximal of the diseased seg-
ment was defined as tortuosity.

RESULTS

One hundred and twenty-six patients were enrolled in
the study. Coronary calcium score was high in 20.63% of
patients (Group 1, n = 26) and low in 79.36% of patients
(Group 2, n = 100). The patient demographics and cardio-
vascular risk assessment are summarized in Table 1.

Patients with high a CCS were significantly older than
those with a low CCS: the mean age of patients was 65.35
* 1.13 years in Group 1 and 54 + 1.16 years in Group 2 (p
<0.0001).

However, patients >65 years of age had a high CCS to
a more significant extent than younger patients (50% in
Group 1 vs. 17% in Group 2, p = 0.0115).
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TABLE 1. Patient demographics and cardiovascular risk factors

Group 1(CCS >400) Group 1 (CCS <400) p value
Number 26 100
Mean Age 65.35+113 54.02 £+ 116 p <0.0001
Patients >65 yo 13 50% 17 17% p=0.015
Patients <50 yo 0 0% 37 37%
Men 21 80.77% 52 52%
Women 19.23% 48 48% p <0.0001
Smokers 7.69% 20 20% p <0.0001
Hypertension 25 96.15% 89 89% p =0.1046
Diabetes mellitus 5 19.23% 16 16% p=0.7102
Dyslipidemia 14 53.85% 57 57% p=0.7761
Triglyceries, mg/dl 157.01£112 151+ 0.56
Mean cholesterol value 217 2N
HDL cholesterol, mg/dl 4799 + 114 56.08 £ 0.99

The female gender population was significantly larger in
the low CCS group: 19% of cases in Group 1 and 48% of
cases in Group 2 (p = 0.008).

With regard to the risk factors of CAD, the lipid pro-
files including levels of total cholesterol, LDL, HDL and
triglycerides were not significantly different in the two
groups. Also, there were no statistically significant dif-
ferences between the 2 groups regarding the presence of
diabetes (p = 0.7102), dyslipidemia (p = 0.7761), arterial
hypertension (p = 0.1046), but we observed that the low
CCS group had a higher prevalence of smoking patients,
compared to the other group (20% in Group 2 vs. 8% in
Group 1, p <0.0001).

The mean value of left ventricular ejection fraction mea-
sured by echocardiography was significantly lower in the
risk group (Group 1 - 47.72% * 1.28 vs. Group 2 - 51.9%
* 0.57, p = 0.0020). Also, there were more patients with
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FIGURE 1.

LVEF values under 45% in Group 1 compared with Group
2, but there was no significant difference (15% in Group 1
vs. 6% in Group 2, p = 0.0629) (Figure 1).

There were significant differences between the two
groups in terms of angiographic characteristics, such as
the presence of multivascular coronary artery disease
and the severity of the stenosis. The presence of 2-ves-
sel coronary artery disease was significantly higher in the
high risk group (23% vs. 11%, p = 0.0080). The 3-vessel
CAD was also more pronounced in the high CCS group
compared to the other group (50% vs. 5%, p <0.0001)
(Figure 2).

Regarding the presence of severe stenosis (>70%) on
each coronary artery, we obtained significantly higher val-
ues in the risk group. Severe LAD stenosis was present in
46% of patients in Group 1, compared to only 9% in Group
2 (p <0.0001) (Figure 3A). A severe circumflex artery ste-
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Left ventricular ejection fraction in the study groups. A — Mean values of EF; B — Patients with EF <45%
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FIGURE 2. Presence of 3-vessel disease in the study groups

nosis was found in 19% of patients in Group 1, compared
with only 2% in Group 2 (p <0.0001) (Figure 3B) and there
were 19% of patients with severe RCA stenosis in Group 1
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as compared with only 3% in Group 2 (p = 0.0004) (Figure
3C). These results show that a high CCS is significantly as-
sociated with severe coronary artery stenosis.

The mean epicardial fat volume, measured by MSCT,
was 117.81 £ 40.4 ml (95% CI: 97.98-138.2 ml) for Group
1 and 89.77 = 37.7 ml (95% CI: 80.4-101.5 ml) for Group
2, the difference being highly statistically significant (p =
0.0033) (Figure 4).

In regards to the Syntax Score values, the high CCS
risk group showed significantly higher Syntax Score val-
ues (39.64 £ 15.64) compared to the other group (3.94 +
0.74) and also higher risk values (SxS >23: Group 1: 23%
vs. Group 2: 4%) indicating a greater risk in the high CCS
group (Figure 5).

The simple linear regression analysis demonstrated that
the epicardial fat volume was well correlated with both the
degree of coronary calcification, quantified by CCS (p =
0.0129, r = 0.2406) and the Syntax Score (p = 0.0229, r =
0.2209) in CAD patients (Figure 6).
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FIGURE 3. Angiographic aspects in the study groups. A — Stenoses located on the left anterior descendent artery (LAD); B — Stenoses
located in the circumflex artery (CxA); C — Stenoses located in the right coronary artery (RCA)
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FIGURE 4. Epicardial fat volume in the study groups

DISCUSSIONS

In the present analysis, we described the connection be-
tween the EFV (measured by MSCT) and the CCS, and
the SxS as markers of the coronary plaque burden. The
diagnostic value of the EFV measured with MSCT was as-
sessed in order to detect functionally relevant CAD.

Over the last years several studies have investigated a
potential correlation between epicardial adipose tissue
and coronary artery plaque burden, represented through
different biomarkers given the biochemical properties of
EAT (epicardial adipose thickness) and its possible role as
a cardiovascular risk factor.!* An estimation of EAT would
be important, hence several methods have been applied as
a surrogate for its assessment. Overall non-invasive quanti-
tative measurement of EFV on MSCT is feasible and could
play arole in cardiovascular risk assessment. Its correlation
to the presence of CAD, severity and prognosis have been
shown by previous studies.

25%

23%

p <0.0001

20%

15%

10%

Percentage (%)

5% 4%

0%

Journal of Interdisciplinary Medicine 2016;1(1):71-78

In this study we found sizeable differences in EFV, which
was particularly high in the high-risk group. Patients with
high CCS (>400) showed significantly higher volumes of ad-
ipose tissue than those with low CCS (<400). Secondly, EFV
values were in good association with both the CCS and the
SxS, which is in line with previous studies that have suggest-
ed that EFV is associated with significant CAD. Iwasaki et al.
also observed, on a univariate analysis, a higher EFV in pa-
tients with significant coronary stenosis (>50%) compared
to patients without CAD.!¢ Also, Ueno et al. have shown that
EFV is independently related to chronic total occlusions.!”
The Framingham Heart Study found an association between
EAT and CCS in a cross-sectional analysis, but only when
including the adipose tissue in addition to traditional risk
factors. This fact was explained in the Heinz Nixdorf Recall
study by a shared risk factor profile of both EAT and CCS.!8
These and other previous studies have shown the clinical
significance of EFV measured with MSCT.

Nevertheless, a substantial part of the literature identi-
fies a lack of correlation between EAT volume and CCS,
these results supporting the hypothesis that epicardial fat
is involved in the early stages of the coronary atheroscle-
rotic process.

We have also shown that the extent of coronary artery
calcification is associated with severe coronary stenosis
(>70%) on each coronary artery and with the presence of
3-vessel disease; high CCS was associated with severe arte-
rial stenosis and, there have also been reports that suggest
that EFV itself is associated with coronary stenosis and
plaque morphology on cardiac CT.

Interestingly, there were significantly more women in
the low-risk group (CCS <400), thus showing that female
gender acts as a protective factor vis-a-vis the atheroscle-
rotic process of the coronary arteries.
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FIGURE 5. Analysis of the Syntax score. A — Patients with a high Syntax Score, >23; B — Mean values of the Syntax Score in the study

groups
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FIGURE 6. Linear regression analysis between EFV and coronary calcium score (A) and EFV and Syntax score (B)
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