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Abstract

Background: The association between epicardial fat thickness and coronary artery disease (CAD) has been evalu-

ated previously using echocardiography. Recently, multidetector computed tomography (MDCT), as a valuable tool in
cardiovascular CT imaging, can improve characterization of CAD and give a more accurate volumetric quantitation of
EF. The purpose of our study was to evaluate the relationship between the epicardial fat volume and CAD using multi-

detector row CT.

plaque burden and degree of stenosis (p= <0.001).

types of plaques.

computed tomography (MDCT)

Results: Out of the studied 120 patients, 22 patients were negative for CAD, while 98 patients had positive CAD.
There was significant difference between both groups as regard epicardial fat volume (p <0.001), and good relation
was found between the amount of epicardial fat volume and coronary calcium score, number of affected vessel,

Conclusion: EAT volume was larger in the presence of obstructive CAD and atheromatous plaques. These data sug-
gest that EAT is associated with the development of coronary atherosclerosis and potentially the most dangerous
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Background
Epicardial fat (EF) is the adipose tissue surrounding the
heart constrained by the visceral pericardium and has the
same origin as abdominal visceral fat. It encases coro-
nary arteries without an intervening fascia and also has
same innervation and blood supply as the coronary arte-
rial wall. This unique anatomic relationship makes the EF
being strongly related to the development of coronary
artery disease (CAD) [1, 2].

The accumulation of EF is a rich source of free fatty
acids (FFAs) and some inflammatory Cytokines and

*Correspondence: hanan.nagy84@hotmail.com
Faculty of Medicine, Tanta University, El-geish Street, Tanta, Gharbia
Governorate, Egypt

@ Springer Open

pro-atherogenic mediators that aggravate vessel wall
inflammation and facilitate the progression of atheroscle-
rosis and thus the development of CAD [3, 4].

Previously, the association between epicardial fat
thickness and CAD has been evaluated using echocar-
diography. Nowadays, the introduction of multidetector
computed tomography (MDCT) provides more objective
results and a better quantitation of EF compared to the
echocardiographic assessment due to its high acquisition
speed, improved spatial resolution, intravenously con-
trast material bolus timing and reduced motion artifacts
[5-7].

Multi-detector computed tomography (MDCT) allows
for simultaneous assessment of coronary artery calcium
(CAC), coronary artery stenosis and presence coronary
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plaque, plaque composition and plaque vulnerability as
well as epicardial fat volume (EFV) [8].

Many studies have assessed the epicardial fat volume
(EFV) and reported a good relationship between it and
coronary artery calcium using MDCT, EFV increased in
patients with significant coronary artery stenosis and in
those with severe coronary artery calcification, and this
increase in EFV was found to be associated with other bio-
markers of disease severity, such as the Coronary Calcium
Score and the Leaman Score [7, 9].

Therefore, the epicardial fat volume can be considered a
novel biomarker useful for characterization of the severity
of coronary artery disease and identification of patients at
risk for CAD in addition to coronary angiography [8].

The aim of this study was to evaluate the relationship
between the amount of epicardial fat and coronary artery
disease using multi-detector row CT and to assess its
added value to predict coronary artery disease latter on.

Methods

Study population

This prospective study was enrolled on 120 patients for
multislice CT angiography of coronary arteries and meas-
urement of epicardial fat volume. They were referred from
cardiology department and private clinics with chest pain
or dyspnea on effort to Radio-diagnosis department over a
period from November 2018 and November 2020.

Approval of Research Ethics Committee (REC) and
informed consent were obtained from all participants in
this study after explanation of the benefits and risks of the
procedure. Privacy and confidentiality of all patients’ data
were guaranteed. All data provision were monitored and
used for scientific purpose only.

Any alert cooperative patient with symptoms suspecting
coronary artery disease (as chest pain or dyspnea on effort)
and referred for coronary CT angiography was included in
this study. No gender predilection.

Exclusion criteria were patients refusing to participate
in research, critically ill patients unable to perform breath
hold required for scan, patients with severe uncontrollable
cardiac arrhythmia or severe heart failure, patients with
orthopnea, patients with allergy to the iodinated contrast
material, patient with impaired renal function (creatinine
level>1.5 mg/dl), patients with left ventricular ejection
fraction of less than 40%, patients with weight over 150 kg,
and pregnant female patients.

All the included participants were subjected
to the following
Data collection

+ Proper history taking, including personal history, his-
tory of the presenting symptom, and any medical dis-
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eases like diabetes mellitus or hypertension that may
lead to progression of CAD.

+ Review of previous investigations, including echocar-
diography, recent stress ECG and stress echocardi-
ography to detect any positive results for myocardial
ischemia. We also reviewed the procedural data of
previous PCI and CABG surgery if available.

Clinical examination

It included measuring patient’s height and weight to
calculate body mass index and vital signs monitoring
including heart rate and blood pressure measurement as
a baseline for heart rate control during CT examination.

Laboratory investigations

» Recent serum creatinine level.
« Lipid profile, if available, including triglycerides and
cholesterol levels.

Radiological examination:
The study was conducted using 320 row CT scanner
(Aquilion one system, Toshiba Medical Systems, Tokyo,
Japan). Multislice CT coronary angiography was done for
all patients by these steps:

Patient preparation
« Heart rate control:

« Patients with heart rate above 65 bpm were given
oral B-blockers one hour before scan.

« Blood pressure and heart rate were monitored
every 30 min till the desired heart rate (less than
65 bpm) was reached.

+ At scanner room:

« The patients were supine on table with arms raised
above their heads.

+ ECG electrodes were applied to chest wall, and
ECG trace was monitored to ensure good ampli-
tude of R wave that was used for scan trigger.

CT scan protocol

First, an anterior-posterior scout topogram was taken.
Second, non-contrasted scan was taken for calcium scor-
ing. The third step was the contrast medial injection;
Non-ionic contrast media (Ultravist 370 mgl/ml) was
injected through the peripherally inserted IV cannula
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using dual-head powered automatic injector (Stellant D,
Medrad, Indianola, PA, USA) followed by 50 cc saline
flushing. Contrast volume (in ml)=(scan time+10) x
injection flow rate. The injection flow rates were adapted
according to Kv used; 100 kV: 4.0 ml/sec, 120 kV: 5.0 ml/
sec and 135 kV: 6.0 ml/sec.

Image acquisition and reconstruction

+ Acquisition parameters: 0.35 s gantry rotation time,
100-135 kV, and variable mA according to patient
body habitus.

+ Prospective ECG gating was used with volume scan-
ning method.

+ Images were reconstructed at a slice thickness of
0.5 mm and 0.5 mm interval with smooth and sharp
reconstruction kernels (FC03 and FCO5 respectively)
at 75% of R-R interval and at the best diastolic phase.
The best systolic phase was also reconstructed in
those whom scan window was set to include 30-80%
of R-R interval.

Post-processing

The reconstructed images were transferred to worksta-
tion (Vitrea Fx, vital images, USA) to obtain multipla-
nar images in axial, sagittal and coronal planes as well
as Maximum intensity projections, 3D Volume render-
ing technique and Curved Multiplanar Reconstruction
images.

Image analysis

All CT images of studied patients were analyzed by two
radiologists with 9 and 5 years of cardio-vascular CT
experience, blinded to the clinical data in a standard
clinical Picture Archiving and Diagnostic System work-
station, and final decisions reached by consensus were
reported. Image analysis included:

+ Assessment of image quality to exclude blooming
or motion artifacts.

« Evaluation of calcium score
Coronary calcium was defined as an area of at least
three “face-connected” voxels in the axial plane in
the course of a coronary artery, with an attenuation
threshold value of 130 HU or greater. Calcium scores
of each investigation were calculated and expressed
as Agatston scores for standard of reference CT cal-
cium score.

« Evaluation of coronary arteries including
Assessment of coronary artery anatomy for possible
coronary artery anomalies.
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Characterization of coronary plaques and degree
of stenosis; total plaque burden was calculated by
adapting Leaman score which was calculated by mul-
tiplying the weighing factors regarding plaque com-
position, stenosis severity and location for a given
segment.
« Evaluation epicardial fat volume:

The visceral pericardium was traced manually from
the root of the great vessels to the left ventricular
apex, and all extra-pericardial tissue were excluded.
These images were then segmented using an attenu-
ation threshold varying between —5 HU and — 250
HU in each slice. This effectively excluded myocar-
dium, coronary arteries, coronary calcium, the aorta
and blood pool. The epicardial fat at each level was
then summed across slices and multiplied by the slice
thickness and number of slices to determine “total
epicardial fat volume”

Statistical analysis

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY: IBM
Corp). Qualitative data were described using number and
percent. The Kolmogorov—Smirnov test was used to ver-
ify the normality of distribution. Quantitative data were
described using range (minimum and maximum), mean,
standard deviation, median and interquartile range
(IQR). Significance of the obtained results was judged at
the 5% level. Chi-square test was used for categorical var-
iables, to compare between different groups, and Fisher’s
Exact or Monte Carlo correction was used for correc-
tion for Chi-square when more than 20% of the cells have
expected count less than 5. Student t-test was used or
normally distributed quantitative variables, to compare
between two studied groups, and F-test (ANOVA) for
normally distributed quantitative variables, to compare
between more than two groups, Pearson coefficient was
used to correlate between two normally distributed quan-
titative variables, and Spearman coefficient was used to
correlate between two distributed abnormally quantita-
tive variables. Logistic Regression was used to detect the
most affecting factor for affecting patients’ vessel steno-
sis>50%. Receiver operating characteristic curve (ROC)
was tested to calculate the diagnostic ability of quantita-
tive variable in prediction of categorical outcome.

Results

This study was conducted on 120 patients, twenty-two
subjects were negative for coronary artery disease,
and 98 patients were positive for coronary artery dis-
ease. Among the whole sample, 83 patients (69.2%)
were males, while 37 of them (30.8%) were females. The
age of the studied patients ranged from 28 to 73 years
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Fig. 1 A-Gimages: A 65-year-old male patient (BMI=33.6),
dyslipidemic, non-hypertensive and non-diabetic, complaining

of chest pain. Echocardiography revealed good systolic function
(EF=60%) and no regional wall motion abnormalities. A Two
different views of 3D volume rendered images showing normal
origin of coronary arteries with right dominant circulation, and mild
ectasia at LAD proximal LAD segment. B Axial noncontrast curved
planar reformatted image showing calcium score (17) at LAD and D1.
C Axial curved planar reformatted image and D Two sagittal curved
planar reformatted images showing atherosclerotic showing LAD,
with mild proximal LAD ectasia (5.3 mm), a soft eccentric plaque is
seen at proximal to mid-LAD segments exerting moderate stenosis
(50%, length =11 mm), with another small calcified plaque with
positive remolding is seen at mid-LAD segment without significant
stenosis, and a mixed eccentric plaque is seen at D1 ostium exerting
severe stenosis (70%, length =4.5 mm). E Two coronal curved planar
reformatted image showing atherosclerotic LM, LCx, OM3, RCA, PDA
and PLB without significant disease. F 3D volume rendered image
and G 2D axial multiplanar reformatted image showing epicardial fat
volume (223 cm?)

with mean age of 56.47 +9.15 years. Forty-seven stud-
ied patients (39.2%) were at the age group that ranged
from 50 to > 60; 30 patients of them were males, and 17
patients were females.

Different risk factors for coronary artery disease were
found in the studied patients including BMI>25 in 116
patients (96.6%), dyslipidemia in 72 patients (60%), pos-
itive family history in 64 patients (35.3%), hypertension
in 38 patients (31.7%), smoking in 30 patients (25%),
and diabetes mellitus in 19 patients (15.8%).

In this study, 22 patients had negative CTA and 98
patients had positive CTA for CAD (Figs. 1, 2, 3 and
4). Among patients with positive CTA for CAD, 71
patients had no previous stent/surgery and 27 patients
were post-stent/ CABG. After comparing three groups
as regard age, sex, traditional risk factors, BMI and
family history of cardiac diseases, there was significant
difference between them as regard gender distribu-
tion (p= <0.001), age (p= <0.001) and hypertension
(p=0.001) which means strong correlation between
these risk factors and coronary artery disease in
selected sample. Comparison between the different
studied groups according to different parameters is
illustrated in Table 1.

As regard coronary circulation dominance, 91 patients
(75.8%) were with right dominant circulation as shown in
(Fig. 1A), 20 patients (16.7%) were with left dominant cir-
culation and 9 patients (7.5%) were with co-dominant cir-
culation. As regard coronary arteries origin, 104 patients
(86.7%) were with normal coronary origin (86.7%), two
separate ostia of LAD and LCx was found at 6 patients
(5%), high LM takeoff was found at 6 patients (5%) and
anomalous origin was found at 4 patients (3.3%) (Fig. 5).
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Fig.2 A-H images: 54-year-old male patient (BMI=30.8), smoker,
non-hypertensive and non-diabetic; and complaining of chest pain.
Echocardiography revealed good systolic function (EF =67%), and
no regional wall motion abnormalities. A Two different views of

3D volume rendered images showing normal origin of coronary
arteries with right dominant circulation. B 3D volume rendered
image and C Axial maximum intensity projection image showing LV
mid-inferoseptal divertiruclum. D Axial noncontrast curved planar
reformatted image showing calcium score (1) only at LCx. E Two
axial curved planar reformatted images showing atherosclerotic

LM and LAD, with soft eccentric plaque with positive remolding is
seen at LAD proximal segment exerting moderate stenosis (50%,
length =14 mm) displaying napkin ring sign (vulnerable plaque), and
atherosclerotic LCx, OM1 and OM2, with no significant disease. Also,
LAD mid-segment has superficial intra-myocardial course for about
13.4 mm being covered with 2.3 mm myocardial tissue without
luminal compression. F Coronal curved planar reformatted image
showing atherosclerotic RCA and PDA. A soft ulcerated concentric
plague is seen at RCA distal segment exerting severe stenosis (80%,
length =15 mm). G 3D volume rendered image and (H) 2D axial
multiplanar reformatted image showing epicardial fat volume (197
cm’)

Calcium score was estimated in the studied patients
represented by Agatston units that ranged from zero to
516 with median (IQR) 17.50 (0.0-83.50), stratified by
Zero Agatston units in 36 patients (30%), minimal (1-10)
in 13 patients (10.8%), mild (11-100) in 43 patients
(35.8%), moderate (101-400) in 27 patients (22.5%) and
more than 400 at only one patient (0.8%). Additionally,
adapted Leaman score was estimated for patients with
positive CTA for CAD with its value ranged from 0.46 to
17.25 with median (IQR) 4.61 (3.23-6.77).

Regarding degree of stenosis, 38 patients (13.6%) had
lesion/s less than 50% stenosis and 60 patients (50%) had
lesion/s > 50% stenosis (Fig. 4). As regard number of ves-
sel affection, 34 patients (28.3%) had one vessel disease,
33 patients (27.5%) had two vessel disease (Fig. 2E, F), 23
patients (19.25%) had three vessel disease and 8 patients
(6.7%) had multi-vessel disease.

Soft plaques were detected at 53 patients (44.2%),
mixed plaques were detected at 70 patients (58.3%), and
calcified plaques were detected at 46 patients (38.3%). As
regard high-risk plaques, napkin ring sign was detected
at only 10 patients (8.3%) as shown at (Fig. 2E).

The positive CTA 98 patients were subdivided accord-
ing to segmental distribution into:

o LM disease in 17 patients (14.2%); 12 patients of
them (16.9%) without previous intervention/surgery.

+ Ostial and ostio-proximal segmental affection; 64
patients (53.3%) had ostial and ostio-proximal LAD
affection, 18 patients (15%) had ostial and ostio-prox-
imal LCx affection, and 23 patients (19.2%) had ostial
and ostio-proximal RCA affection.
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+ Mid-segments affection; 35 patients (53.3%) had
mid-LAD segment affection, 4 patients (3.3%) had
mid-LCx segment affection, and 14 patients (11.7%)
had mid-RCA segment affection.

« Distal segments affection; 3 patients (2.5%) had distal
LAD segment affection, and 13 patients (10.8%) had
distal RCA segment affection.

« Branches affection; 6 patients (5%) had ramus inter-
medius lesions, 15 patients (12.5%) had D1 lesions
(Fig. 1C, D), 4 patients (3.3%) had D2 lesions without
previous intervention/surgery, 19 patients (15.8%)
had OM1 lesions, 2 patients (1.7%) had PDA lesions,
and 3 patients (2.5%) had PLB lesions.

There was significant difference between negative
CTA patients and positive CTA patients as regard epi-
cardial fat volume (t test=>5.467, p<0.001). By Receiver
operator characteristic curve (ROC curve), epicardial fat
volume > 124 c¢m? is identified as optimal cut off value
(sensitivity 78.57%, Specificity 72.73%) to detect positive
CTA patients (AUC=0.833, p= <0.001). These findings
are illustrated in Table 2.

As regard traditional risk factors, there was signifi-
cant correlation between epicardial fat volume and
gender distribution (t test=2.402, p=0.018), dyslipi-
demia (t test=4.310, p=<0.001) and hypertension (t
test=2.258, p=0.026). There was also significant cor-
relation between epicardial fat volume and BMI (F
test=27.988, p=<0.001), mean value of epicardial fat
volume increased from 61.0+7.07 to 223.6 +46.04 at the
range from 18.5-24.9 to>35 and median value increased
from 60.50 to 246.0 at the same range.

A significant correlation between epicardial fat vol-
ume and coronary artery disease was found represented
by multiple variables. Firstly, there was strong signifi-
cant correlation between epicardial fat volume and cal-
cium score Agatston units; the mean value of cumulative
number of the epicardial fat volume increased from 127.2
cm®+39.27 to 177.7 cm®432.89 at the range from 1-10
to (101-400)/>400 and median value increased from
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124 cm?® to 168.5 cm® at the same range (F=15.048,
p=<0.001) as shown in Table 3. By Pearson coefficient,
there was a strong positive correlation between epicardial
fat volume and calcium score (r=0.713, p= <0.001) as
illustrated at Fig. 6.

There was also significant correlation between epi-
cardial fat volume and degree of stenosis (f=12.975,
p=<0.001); the mean value of cumulative number of
the epicardial fat volume was significantly higher at
patients with lesions exerting diameter reduction>50%
(F=15.048, p= <0.001). By spearman coefficient, there
was strong positive correlation between epicardial
fat volume and number of vessel affection (r=0.782,
p= <0.001) as shown in Table 4.

Also, a significant correlation between epicardial fat
volume and all plaque types (soft, mixed and calcified
plaques) was detected with no specific predilection to
specific plaque type. The mean value of cumulative num-
ber of the epicardial fat volume was significantly higher
at patients with soft, mixed and calcified plaque lesions
(p=0.01, p=0.001 and p= <0.001 for soft, mixed and
calcified plaque respectively). Controversy, there was
no significant difference between mean value of cumu-
lative number of the epicardial fat volume for patients
had high-risk plaque criteria (NRS) and patients with no
detectable high-risk plaque criteria (t=1.374, p=0.172)
as shown in Table 5.

As regard segment involvement stenosis, the mean
value of the cumulative number of the epicardial fat vol-
ume was significantly higher at patients with ostial and
ostio-proximal LAD lesions, mid-segment LAD lesions,
and mid- segment LCx lesions (p=0.005, p=0.003 and
p=0.048 respectively) as illustrated in Table 6.

In patients with obstructive coronary artery disease
(>50% stenosis), age, sex, dyslipidemia, hypertension,
epicardial fat volume at cutoff value > 124 cm?® & calcium
score> 101 were univariate significant risk factors/ pre-
dictors for obstructive coronary artery disease. In mul-
tivariate logistic regression analysis, four models were
proposed; model A retained all candidates risk factors.

(See figure on next page.)

cm’)

Fig. 3 A-F images: A 67-year-old male patient (BMI=31.1), smoker, dyslipidemic, hypertensive and non-diabetic, and complaining of chest pain
and exertional dyspnea. Echocardiography revealed good systolic function (EF =63%), dilated aortic root 4 cm, trivial mitral valve incompetent

and no regional wall motion abnormalities. A Two different views of 3D volume rendered images, B Sagittal maximum intensity projection image,
and C Coronal curved planar reformatted image showing sizable elongated tortuous abnormal arterial channel arising from the right superolateral
wall of the LAD midsegment opposite D3 takeoff, arising superiorly crossing over RVOT being closely adherent to anterior wall of MPA then turning
posteriorly and inferiorly between MPA and aortic root appearing to be ending blindly, and also, ectatic LM and LAD proximal and mid-segments
with calcified eccentric plaques seen at LM ostium without significant stenosis and eccentric calcified plaque at LAD mid-segment exerting mild
stenosis 30%. D Two axial curved planar reformatted image showing ectatic LM and mildly atherosclerotic LCx and OM branches with mild cardiac
motion artifact at LCx mid- and distal segments with no evidence of significant coronary artery disease, and patent minimally atherosclerotic RCA
and PLB with no significant disease. E 3D volume rendered image and F 2D axial multiplanar reformatted image showing epicardial fat volume (175
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Fig. 3 (See legend on previous page.)
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Fig. 4 A-Gimages: 72-year-old male patient (BMI=28),
dyslipidemic, hypertensive and non-diabetic, and complaining of
exertional dyspnea and palpitation. Echocardiography revealed good
systolic function (EF = 58%), mild mitral incompetence with sclerotic
aortic valve without obstruction, mild tricuspid incompetence and
segmental wall motion abnormalities at rest in the form of basal
inferior and posterior hypokinesia. A Two different views of 3D
volume rendered images, and B Sagittal curved planar reformatted
image showing patent LIMA to distal LAD and SVG to OM1 with
good opacification of distal LAD and OM1 segments beyond the
anastomotic sites, and diffusely diseased RCA with occluded proximal
LAD segment. C Two axial curved planar reformatted images showing
patent SVG to OM1 without focal stenosis with good filling of the OM
artery beyond the anastomotic site, and occluded distal LM proximal
LAD with soft plaque. D Two coronal curved planar reformatted
images showing occluded distal LM proximal LAD with soft plaque,
the distal LAD beyond the anastomotic site is patent and free of
significant disease, and occluded distal LM proximal LCx with soft
plaque. E Sagittal curved planar reformatted image showing diffusely
disease atherosclerotic RCA with patent ostium and totally occluded
proximal, mid- and distal segments by soft and mixed plaques. F

3D volume rendered image and G 2D axial multiplanar reformatted
image showing epicardial fat volume (247 cm?)

Calcium score (>101) and epicardial fat volume>124
cm® were added resulting in exclusion of dyslipidemia
and hypertension as significant risk factors. In model B,
calcium score was a major risk factor/predictor. In model
C, epicardial fat volume >124 cm?® was a major risk fac-
tor/predictor. In model D, epicardial fat volume>124
cm?® was the most powerful risk factor/predictor, calcium
score was adjusted, but still significant risk factor/ pre-
dictor. By Hosmer and lemeshow test for goodness of fit
model, model D has the best performance. These findings
are illustrated in Tables 7 and 8.

On comparing the proposed models using receiver-
operator characteristic curves, the area under curve was
higher for model D (0.984, 95% CI 0.959-1.009) than
those for model A (0.683, 95% CI 0.545-0.864), model B
(0.704, 95% CI 0.545-0.864) and model C (0.885, 95% CI

0.74—1.03) as illustrated in Table 9.

Discussion

Considering its noninvasive technique and recent
advances in temporal and spatial resolution, the measure-
ment of epicardial fat volume by MDCT might be help-
ful in the prevention and treatment of coronary artery
disease as it can early detect the risk factors and the
sequences of these risk factors. Multidetector computed
tomography (MDCT) allows simultaneous assessment of
coronary artery calcium (CAC), coronary artery stenosis,
coronary plaques and epicardial fat volume (EFV) with-
out increased radiation exposure or cost [10].
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This study was conducted on 120 patients divided
into three groups; (22 patients) with no coronary artery
disease, (71 patients) with coronary artery disease with-
out previous stent/operation, and (27 patients) with
post-stent/ CABG coronary artery disease.

Coronary artery disease (CAD) is a global burden and
mortality leader in 31% of all deaths worldwide. Many
risk factors can predispose to CAD including obesity,
hypertension, diabetes mellitus, smoking and high cho-
lesterol. Atherosclerosis is considered the main cause
for developing Coronary artery disease [11].

The most common risk factor for coronary artery
disease in the current study was BMI>25 in 96.6%,
followed by dyslipidemia in 60% of the patients with
significant difference between three groups as regard
gender distribution (p= <0.001), age (p= <0.001) and
hypertension (p=0.001) which means strong correla-
tion between these risk factors and coronary artery dis-
ease in selected sample.

Our results were supported by study of Khurana
et al. [12] which revealed that the prevalence of either
of the traditional risk factors (smoking, hypertension,
diabetes mellitus, family history of CAD, elevated
serum cholesterol, elevated LDL, low serum HDL,
elevated serum triglycerides) was significantly higher
in the “CAD present” group as compared with the
“CAD absent” group. No significant difference was
seen in the distribution of weight and body mass index
(BMI) between the two groups. However, Shehata,
et al. [13] reported no statistically significant differ-
ence concerning age or sex distribution characteris-
tics among the studied groups (p value: 0.17 and 0.09,
respectively).

The epicardial adipose tissue (EAT) covers 80% of the
cardiac surface, mostly in the grooved segments along
the paths of the coronary arteries making them embed-
ded in this fat, and this creates a perfect environment
for a local interaction between a metabolically active
EAT and the coronary vessels. As the EF volume vir-
tually increases, it becomes hypoxic and dysfunctional
with increased lipolysis and resultant inflammation
causing metabolic shift, and alteration of the homeo-
stasis, and thus progression of atherosclerotic plaques
[14, 15].
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Early identification and treatment of atherosclerotic
plaques before narrowing of coronary artery lumen can
prevent and possibly even reverse the progression of
CAD, returning the plaques to a stable form [16].

Calcium score can reflect the overall burden of coro-
nary atherosclerosis and may predict the risk of future
CAD events [15]. It was estimated in this study repre-
sented by Agatston units and ranged from zero to 516
with median (IQR) 17.50 (0.0-83.50). Additionally,
adapted Leaman score was estimated for patients with
positive CTA with its value ranged from 0.46 to 17.25
with median (IQR) 4.61 (3.23-6.77).

Bettencourt et al. [10] observed that EFV was positively
related to the CAC score. This is proven in our study as
increased CAC score was associated with increased EAT
volume with a strong positive relationship between EFV
and CAC score.

The present study showed that there was significant
difference between negative CTA patients and positive
CTA patients for CAD as regard epicardial fat volume
(»<0.001), epicardial fat volume>124 cm? is identified
as optimal cut off value (sensitivity 78.57%, Specificity
72.73%) to detect positive CTA patients (p= <0.001).

Kamal et al. [17] found that EFT of 5.5 mm is the cut-
off value at which we can expect the presence of CAD
with a high sensitivity and specificity. Faghihi et al. [18]
found an EFT cut-off value of 2.95 mm in their study with
a sensitivity of 83% and specificity of 75%; Eroglu et al.
[19] found a cut-off point of 5.2 mm with 85% sensitivity
and 81% specificity. The difference between them may be
attributed to the difference in measurement of EFT either
at end-systole or end-diastolic frames.

The current study showed a significant correlation
between epicardial fat volume and gender distribution
(p=0.018), dyslipidemia (p=<0.001), hypertension
(p=0.026), and BMI (p= <0.001), strong positive cor-
relation between epicardial fat volume and calcium score
(p=<0.001), significant correlation between epicardial
fat volume and degree of stenosis, and significant cor-
relation between epicardial fat volume and all plaque
types (soft, mixed and calcified plaques) with no specific
predilection to specific plaque type. As regard segment
involvement stenosis, the mean value of the cumulative
number of the epicardial fat volume was significantly

(See figure on next page.)

showing epicardial fat volume (212 cm?)

Fig. 5 A-F images: A 48-year-old female patient (BMI=35.7), dyslipidemic, non-diabetic and non-hypertensive, complaining of chest pain and
exertional dyspnea. Echocardiography revealed good systolic function (EF =66%), no regional wall motion abnormalities. A Two different views of
3D volume rendered images, B Axial Maximum Intensity Projection (MIP) image, and C Sagittal curved planar reformatted image showing mildly
ectatic proximal segment of LAD with anomalous origin of the RCA from mid-LAD just opposite to D2 takeoff and right dominant circulation.
Another small coronary artery arises from right coronary cusp supplying SA node branch and becomes very diminutive in caliber distally. D Axial
curved planar reformatted image of LM and Ramus intermedius. E 3D volume rendered image and F 2D axial multiplanar reformatted image
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Fig. 5 (Seelegend on previous page.)
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Table 2 Comparison between positive and negative CTA according to epicardial fat volume
Epicardial fat volume Negative CTA (n=22) Positive CTA (n =98) T p
Min.—Max 53.0-187.0 89.0-270.0 5467*% <0.001*
Mean £+ SD 107.5+£36.24 1609+£4243
Median (IQR) 110.0 (70.0-129.0) 158.0 (135.0-178.0)
t: Student t-test; IQR: Interquartile range; SD: Standard deviation; p: p value for comparing between normal and abnormal
" Statistically significant at p <0.05
Table 3 Relation between epicardial fat volume and calcium scoring in Agatston (n=120)
Calcium scoring in N Epicardial fat volume F p
Agatston
Min.—Max Mean +SD Median

1-10 13 53.0-2120 1272+£39.27 124.0 15.048* <0.001*
11-100 43 92.0-270.0 160.9£48.38 154.0
(101-400)/> 400 28 90.0-247.0 177.7£32.89 168.5
F: F for ANOVA test
" Statistically significant at p <0.05

0 higher at patients with ostial and ostio-proximal LAD

. —r lesions, mid-segment LAD lesions, and mid- segment
r=0.713* .
20{ © o - p <0.001* LCx lesions.

Epicardial fat volume

II] 100 200 300 400 500
Calcium scoringin Agatston

Fig. 6 Correlation between epicardial fat volume and Calcium
scoring in Agatston (n=120)

600

Our results were supported by study of Alexopoulos
et al. [20] as they reported that EAT volume correlated
with age, height, body mass index (BMI), and CAC score.
EAT volume increased significantly with the sever-
ity of luminal stenosis (p<0.001), and in patients with
no plaques, calcified, mixed, and non-calcified plaques
(»<0.001). The EAT volume was significantly larger in
patients with mixed or non-calcified plaques compared
to patients with calcified plaques or no plaques (all
p<0.01 or smaller).

Table 4 Relation between epicardial fat volume and degree of stenosis and number of vessel affection (n=120)

N Epicardial fat volume Test of Sig p
Min.-Max Mean+SD Median
Degree of vessel stenosis
No stenosis 22 53.0-212.0 1120+£41.58 1120 F=12975* <0.001*
<50% stenosis 38 90.0-270.0 125844751 144.0
> 50% stenosis 60 89.0-264.0 164.4 £ 38.64 161.0
Vessels affection
No vessel affection 22 53.0-212.0 112.0£41.58 1120 rs=0.782 <0.001*
One vessel disease 35 89.0-270.0 148.7 +£45.98 1425
Two vessel disease 32 99.0-284.0 159.0+42.17 156.0
Three vessel disease 23 119.0-230.0 168.0£32.07 166.0
Multi-vessel disease 8 152.0-247.0 193343738 185.0

F: F for ANOVA test; rs: Spearman coefficient; p: p value for comparing between Epicardial fat volume and different parameters

" Statistically significant at p <0.05
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Table 5 Relation between epicardial fat volume and plaque types (n=120)

N Epicardial fat volume T p
Min.-Max Mean +SD Median

Plaque
No plaques 22 53.0-212.0 112.04+41.58 1120 4.939* <0.001*
Yes 98 89.0-270.0 160.3+£42.32 158.0
Soft plaques
No 67 53.0-270.0 141.6 £46.69 141.0 2.602* 0.010*
Yes 53 89.0-264.0 163.1£4291 162.0
Mixed plaques
No 50 53.0-270.0 1349+51.74 1235 3.393% 0.001*
Yes 70 89.0-247.0 162.74+38.0 159.5
Calcified plaques
No 74 53.0-230.0 138.2+40.87 139.0 4.123* <0.001*
Yes 46 90.0-270.0 171.8+47.04 166.0
Vulnerable plaques
No 110 53.0-270.0 149.3+46.08 144.5 1374 0.172
Yes 10 89.0-230.0 170.2+44.61 173.0

t: Student t-test; p: p value for comparing between epicardial fat volume and plaque types

*Statistically significant at p <0.05

In the study of Bastarrika et al. [21] performed using
automatic volumetry of epicardial fat by MSCT, patients
with significant coronary artery stenosis had significantly
greater EFV than those without significant CAD and this
was found in our study.

Hirata et al. [22] tested the hypothesis that echocardio-
graphic adipose thickness especially adipose thickness in
anterior interventricular groove, where the left descend-
ing coronary artery runs, can be a marker for the pres-
ence and severity of CAD. There was agreement between
this study and affected coronaries in our study as there
was significant relationship between EFV and proximal
LAD and D1 lesions (p=0.020). Rosito et al. [23] in a
substudy of the Framingham Heart Study found that epi-
cardial fat was correlated with multiple measures of adi-
posity and cardiovascular disease risk factors; they also
found that epicardial fat was associated with coronary
artery calcification.

In this study, Logistic regression analysis for the effect
of different parameters on obstructive coronary artery
disease (>50% stenosis) was performed and revealed that
age, sex, dyslipidemia, hypertension, epicardial fat vol-
ume at cutoff value > 124cm?® & calcium score > 101 were
univariate significant risk factors/ predictors for obstruc-
tive coronary artery disease. Our results were supported
by study of Samy et al. [24] as they found a significant
relation between the thickness of both EF and pericoro-
nary fat as well as the Ca score and the severity of CAD,
with higher values in group 3 with obstructive CAD

compared with groups 1 and 2. Several studies showed
results consistent with our findings. Some of these stud-
ies used also EF thickness; Demircelik et al. [25] evalu-
ated the relationship between epicardial adipose tissue
and pericoronary fat thickness (PCFT) measured with
64-MDCT. They concluded that epicardial adipose tissue
and PCFT scores were higher in patients with obstructive
CADs. Other studies used pericardial fat volume.

Iwasaki et al. [26] studied 197 patients with suspected
CAD who underwent 64-MDCT and coronary angiogra-
phy. Cross-sectional tomographic cardiac slices (3.0 mm
thick) from base to apex (30-40 slices per heart) were
traced semiautomatically, and epicardial fat volume
(EFV) was measured by assigning Hounsfield units rang-
ing from — 30 to —250. EFV was associated with coronary
atherosclerosis, and EFV increased steeply in patients
with significant coronary artery stenosis and in those with
severe coronary artery calcification. Quantitation of EF
may be useful, in addition to coronary artery Ca score and
coronary angiography, to identify patients at risk for CAD.

The main limitation in our study was the time consum-
ing procedure used in volumetric assessment of EAT by
MDCT. Also, the assessed amount of EAT may be of less
benefit in the pathophysiology of CAD than functional
characteristics of fat surrounding the coronary arteries.
Furthermore, there were no available follow-up data to
evaluate the outcome in these patients to reach the prog-
nostic value of EFV.
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Table 6 Relation between epicardial fat volume and segmental lesion (n=120)

N Epicardial fat volume t p
Min.-Max Mean £+ SD Median

LM
No 103 53.0-270.0 148.6£47.45 144.0 1.452 0.149
Yes 17 106.0-243.0 166.1£34.74 169.0
Ostio &proximal LAD
No 56 53.0-250.0 138.5+£4598 136.0 2.867* 0.005*
Yes 64 89.0-270.0 162.1+£43.75 159.0
Ostio &proximal LCX
No 102 53.0-270.0 148.2+£46.26 145.5 1.661 0.099
Yes 18 89.0-247.0 167.6£43.02 153.0
Ostio &proximal RCA
No 97 53.0-270.0 1473 +46.03 144.0 1.886 0.062
Yes 23 90.0-247.0 167.2£44.0 166.0
Mid-LAD
No 85 53.0-264.0 143.1£4391 143.0 3.044* 0.003*
Yes 35 90.0-270.0 1704£46.33 162.0
Mid-LCX
No 116 53.0-270.0 150.7 £46.88 145.0 2.116* 0.048*
Yes 4 152.0-166.0 162.5+7.0 166.0
Mid-RCA
No 106 53.0-270.0 148.6+46.24 144.5 1.650 0.102
Yes 14 89.0-247.0 170.1£42.16 165.5
Distal LAD
No 117 53.0-270.0 151544654 149.0 0.686 0494
Yes 3 119.0-160.0 133.0£2339 120.0
Distal LCX
No 117 53.0-270.0 151.1+£46.34 149.0 - -
Yes 1 146.0
Distal RCA
No 107 53.0-270.0 147.5£46.10 144.0 2.504* 0.07
Yes 13 136.0-247.0 180.7 £35.77 173.0
Ramus intermedius
No 114 53.0-270.0 148.6 £44.49 145.0 2618 0.06
Yes 6 132.0-264.0 198.0£56.16 186.0
D1
No 105 53.0-270.0 148.7 £45.62 145.0 1.532 0.128
Yes 15 113.0-247.0 168.1£47.78 163.0
D2
No 116 53.0-270.0 149.7 £46.03 1455 1.753 0.082
Yes 4 144.0-222.0 190.5433.01 198.0
OM First
No 101 53.0-270.0 148.0+£48.29 143.0 2439 0.083
Yes 19 119.0-222.0 167.5+£27.94 163.0
PDA
No 118 53.0-270.0 150.6+46.28 1455 0.831 0408
Yes 2 152.0-204.0 178.0£36.77 178.0
PLB
No 117 53.0-270.0 150.9+46.70 145.0 0325 0.746
Yes 3 152.0-169.0 159.7£8.62 158.0

t: Student t-test; *Statistically significant at p < 0.05; p: p value for comparing between Epicardial fat volume and different parameters

# Cases were excluded from the comparison (due to small sample size)



Taha et al. Egypt J Radiol Nucl Med ~ (2021) 52:235

Page 150f 16

Table 7 Univariate Logistic regression analysis for the parameters affecting an event (obstructive coronary artery disease > 50%)

vessel stenosis (n =60 vs.60)

Univariate

p OR (95% C.I)
Age (years) 0.001* 1.104 (1.052-1.160)
Sex (Male) 0.001* 2.091 (1.751-5.555)
Dyslipidemia 0.01* 1.542 (0.316-2.372)
Smoking 1.000 1.000 (0.438-2.285)
Hypertension 0.002* 3.645 (1.592-8.345)
Diabetes mellitus 0455 1.459 (0.542-3.930)
BMI 0.067 1.985 (0.953-4.133)
Calcium score > 101 <0.001* 3.710(1.004-8.501)
Epicardial fat volume (> 124 cm?) <0.001* 4091 (1.751-9.555)

OR, Odd's ratio; C.I, Confidence interval; LL, Lower limit; UL, Upper Limit
*Statistically significant at p <0.05

Table 8 Univariate and multivariate Logistic regression analysis for the parameters affecting an event (obstructive coronary artery

disease > 50%) vessel stenosis (n =60 vs. 60)

Univariate Multivariate
Model A Model B Model C Model D

Age (years) .104* (1.052-1.160)  1.079* (1.023-1.137)  1.064* (1.008-1.123)  1.069* (1.012-1.129)  1.061* (1.004-1.122)
Sex (Male) 2.091 (1.751-6.555)  2.040% (1.126-7.159)  2.091* (1.054-6.874)  2.089* (0.964-6.426)  2.081* (0.957-6.431)
Dyslipidemia 1542 (0316-2372) 1542%(0316-2.372) NS NS NS
Hypertension 3.645% (1.592-8.345) 911*(0.746-4.892) NS NS NS
Calcium score in (> 101) 4010(1.004-8501) - 3.307*%(1.214-8.208) - 2.701* (0.693-7.53)
Epicardial fat volume (> 124 cm?) 4.091(1.751-9.555) - - 3.143% (1.306-7.565)  3.122* (0.913-6.172)
Hosmer and lemeshow test 0.561 0.599 0.748 0.837

OR: Odd’s ratio; C.I: Confidence interval; LL: Lower limit; UL: Upper Limit
*Statistically significant at p <0.05

NS: Non-significant risk factors were excluded in the background stepwise logistic regression analysis

Model A= Age, sex, dyslipidemia & hypertension

Model B=Model A+ calcium score

Model C=Model A + epicardial fat volume

Model D =Model A + calcium score + epicardial fat volume

Table 9 Agreement (sensitivity, specificity) for model A, model
B, model C and model D to detect/predict obstructive coronary
artery disease (> 50% stenosis)

AUC p 95% C.l Sensitivity  Specificity
Model A 0.683 0.001* 0.547-0.818 70.0 69
Model B 0.704 0.001* 0.545-0.864 7167 68.33
ModelC 0885 <0001*  0.74-103 7933 70.0
ModelD 0984 <0.001* 0.959-1.009 880 7333

AUC: Area Under a Curve; p value: Probability value; Cl: Confidence Intervals
*Statistically significant at p <0.05

Conclusion

Epicardial fat volume is an independent risk factor for
obstructive coronary artery disease suggesting the neces-
sity for its integration in coronary artery disease risk
stratification.

We recommend widespread developing automatic soft-
ware to facilitate EAT quantification for being a clinically
useful parameter in patients undergoing MSCT for coro-
nary angiography.
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