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Background: Several studies have focused on the role of epicardial fat in the pathogenesis of cardiovascular 
disease (CVD). The main purpose of the study was to evaluate a computerized method for the quantitative 
analysis of epicardial fat volume (EFV) by non-contrast cardiac CT (NCT) for coronary calcium scan and 
coronary CT angiography (coronary CTA). 
Methods: Thirty  patients (61±12.5 years, 73% male, body mass index (BMI) =25.9±6.3 kg/m2) referred to 
our Institution for suspected coronary artery disease (CAD) underwent NCT and coronary CTA. Epicardial 
boundaries were traced by 2 experienced operators (operator 1, operators 2) on 3 and 6 short-axis (SA) slices. 
EFV was computed with a semi-automatic method using an in-house developed software based on spherical 
harmonic representation of the epicardial surface. In order to analyze the inter-observer variability both the 
Coefficient of Repeatability (CR) and Intra Class Correlation (ICC) were computed. 
Results: The total EFV was 103.62±50.97 and 94.96±67.91 cc in NCT and coronary CTA with non-
significant difference (P=0.292). CR error was 10.22 cc for operator 1 and 11.31 cc for operator 2 in NCT 
and 7.99 cc for operator 1 and 7.75 cc for operator 2 in coronary CTA. To analyze the inter-observer 
variability CR and ICC were computed. CR was 8.17 and 8.39 cc with NCT and 7.07 and 7.21 cc with CTA 
for 6 and 3 SA  slices respectively. ICC values >0.99 were obtained in all cases. The right ventricular EFV 
was 67.23±31.4 and 57.41±34.3 cc for NCT and coronary CTA respectively; the corresponding values for 
left ventricular EFV were 38.01±19.1 and 35.27±25.9 cc. 
Conclusions: Both NCT and coronary CTA can be used with low intra- and inter-observer variability for 
computer-assisted measurements of EFV. Cardiac CT may allow a fast and reliable computation of EFV in 
clinical setting.
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Introduction

Several studies have focused on the role of the mediastinal 
(intra- and extra-pericardial) fat in the pathogenesis of 
cardiovascular disease (CVD), due to the direct contact 
with the coronary vessels (1,2). Indeed, in case of excess of 
cardiac fat deposits the delivery of free fatty acids increases 
expression of the molecules promoting inflammation, which 
may, in turn, accelerate the atherosclerosis process (3). 
Although measurements of abdominal visceral fat would 
be the real effective CVD risk predictor, a standardized 
quantitative method of measurement is not used in clinical 
practice. In a recent study it was reported that epicardial 
fat volume (EFV) was the best predictor for angiographic 
disease severity compared to waist circumference or 
visceral abdominal fat volume (4). Furthermore, it has 
been demonstrated that vascular aging and subclinical 
atherosclerosis, as revealed by carotid stiffness and intima-
media thickness, are related to epicardial fat thickness 
better than waist circumference in hypertensive patients (5).  
Even in non-obese patients epicardial fat may be more 
related to the development of coronary atherosclerosis than 
the traditional cardiovascular risk factors and abdominal 
visceral adipose tissue (6). Several imaging techniques 
such as echocardiography, computed tomography (CT) 
and magnetic resonance (MR) (7-9) have been used to 
measure intra- and extra-pericardial fat. The high spatial 
resolution of the CT may allow an accurate measurement 
and quantification of EFV, but specific applications have not 
been developed until now.

The purposes of the study were to evaluate the performance 
and inter- and intra-observer variability of a computerized 
method for the quantitative analysis of EFV and epicardial 
fat density (EFD) from images obtained by coronary 
calcium scan or non-contrast cardiac CT (NCT) and 
coronary CT angiography (coronary CTA).

Methods 

Patient population 

Our study was a retrospective analysis and included a 
set of 30 patients (mean age =61±12.5 years, 73% male, 
mean body mass index (BMI) =25.9±6.3 kg/m2) referred 
to our Institution for suspected CAD between April 2010 
and February 2011 (Table 1), who underwent NCT scan 
for calcium score evaluation followed by coronary CTA 
for assessment of coronary arteries patency. Clinical and 
biochemical analysis were collected. All patients gave 

written informed consent for retrospective use of their data.

Cardiac CT

The images were acquired using a multidetector row CT 
(MDCT, LightSpeed VCT 64, GE Healthcare, Milwaukee, 
WI, USA). The following parameters were used for 
coronary calcium scan: detector collimation =2.5 mm, 
reconstruction interval =2.5 mm, detector coverage =20 mm,  
(8 detectors × 2.5 mm), gantry rotation time =0.35 ms, tube 
current =300 mA (automated modulated), and voltage =100 kV,  
retrospective ECG gating.

For coronary CTA the following parameters and 
techniques were used: retrospective ECG gating with 
spiral technique, 64 channel detectors along the z-axis, 
scan FOV 15–21 cm (depend on the patient size) from 
the ascending aorta to the level of the diaphragm, matrix 
512×512, detector collimation 0.625 mm; reconstruction 
0.6×0.6 mm, range of helical pitch 0.18–0.24, gantry 
rotation time 0.35 ms, tube current range =250–600 mA, 
depending on patient size and with automated modulation 
of the kV based on the BMI, 100 or 120 kV. Nonionic 
iodinated contrast medium (Iomeprol 400, Bracco Imaging 
Italia s.r.l.) was injected via a peripheral vein with a triphasic 
protocol using a programmable injector (Nemoto Dual 
Shot Injector, Nemoto Kyorindo Co. Ltd., Japan) with a 
two-way syringe system. In the first phase, a rapid injection 
of contrast medium (8 mL/sec) was performed. In the 
second phase, 10 mL of contrast at 1 mL/sec were injected 

Table 1 Patients characteristics

Characters Values

Male 24

Female 6

Age (years) 61±12.5

Hypertension 20

Diabetes 7

Smokers 9

Family history of coronary artery disease 13

Hypercholesterolemia 19

BMI (kg/m2) 25.9±6.3

Angina 19

Other symptoms (dyspnea) 2
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simultaneously with 25 mL of saline at 2.5 mL/sec; and 
in the third phase 35 mL saline flush was administered 
at 4 mL/sec (maximal total volume of contrast medium 
110 mL). At the time of the scan, a region of interest was 
placed in the right ventricular cavity to detect the pre-
assigned peak of contrast enhancement, typically 150 
Hounsfield Unit (HU). Scans were performed during 
breath-hold; patients were monitored continuously through 
single-lead electrocardiography. As clinically indicated, 
patients were pre-treated with a β-blocker (metoprolol) 
up to 5 mg intravenously to lower the heart rate to a 
value below 65 beats per minute (bpm), and with a nitrate 
(isosorbide dinitrate) up to 1 mg intravenously to determine 
vasodilatation just prior to CT imaging. 

EFV  measurement

The images acquired for NCT and coronary CTA were 

reconstructed with a slice thickness of 2.5 mm and slice 
distance of 2.5 mm without overlap. DICOM images were 
transferred to a research workstation for fat quantification. 
Users were asked to trace the pericardial contours (15 
points at least per boundary) in multi-planar reformat (MPR) 
planes, corresponding to 2- and 4-chamber views, and short 
axis (SA) views placed at the ventricular base, at the level 
of the papillary muscles (mid-ventricular region) and at the 
level of the apex. Boundaries of the computed surface were 
shown superimposed on the CT images (Figure 1). During 
the operation, a spline-interpolated curve was shown 
allowing the user to evaluate the adherence of provided 
data with the anatomical boundary. In this way, tracing 
complete curves was avoided which resulted in time saving 
without significant loss of accuracy. It was possible to draw 
additional contours in intermediate slices. It was possible 
to draw additional contours in intermediate slices. In this 
study, 3 and 6 SA slices were utilized. Furthermore, the 

Short axis Four chambers

SegmentationTwo chambers

Figure 1 Epicardial fat volume (EFV) measurement: segmentation method. The boundaries of the pericardium were traced in 2 multiplanar 
reformat (MPR) planes, corresponding to 4- and 2-chamber views, and in 3 or 6 slices in short axis view (red lines with green dots). 
Segmented boundaries of pericardium were shown to the user as superimposed yellow line on short axis slices. Then the user was asked to 
split the cardiac region into left and right zones by tracing an interventricular plane in two short axis slices.
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procedure allowed the user to split the cardiac region into 
left and right zones by tracing an inter-ventricular plane in 
2 SA views. The superior portion of the pericardial space 
above the atrioventricular sulcus that included atria and 
mediastinal vessels was excluded because the computation 
was very complex and would have required strong manual 
intervention. 

Epicardial surface was computed by using a method 
previously developed at our Institution (10) that relies on 
the properties of spherical harmonics (11), which are able 
to represent any continuous surface of the sphere. Smooth 
surfaces, such as the epicardial one, can be represented by 
a reduced number of the terms in the series, resulting in 
a light computational load. The combination coefficients 
were estimated by minimizing the distance between the 
points of the traced contours and the surface itself. 

Local manual editing/refinement and re-drawing the 
boundaries were possible however it was required only in a 
few cases. EFV was computed from the segmented regions by 
counting the voxels with a gray level in the range of (−30, −190) 
HU. This has been validated by previous investigators (12).  
Results were provided in cubic centimeters (cc). The 
average gray level and the related standard deviation were 
also computed.

Experiments were focused to assess the effect of different 
numbers of SA slices along with the observer variability. 
Two trained technologists (O1 and O2) having >5 years of 
experience in cardiac CT and coronary CTA procedures 
analyzed the images of all patients twice with a time interval 
between the measurements of at least 2 weeks and with a 
random order in the presentation of images, with a total of 
120 examinations for each operator. The observers were 
pre-trained to the use of program. In addition, in order to 
ensure a uniform consensus-based operation, during the 
training phase, the observers were asked to analyze the 
traced boundary and the resulting surface. 

Statistical analysis

Statistical analyses were performed using Statplus® software. 
Observer variability was analyzed by Bland-Altman 
(BA) method (13). Intra-class correlation (ICC) was also 
evaluated. Statistical correlations were analyzed by Pearson 
correlation coefficient.

All continuous variables were expressed as median ± 
inter-quartile range. Differences between samples were 
tested by the Wilcoxon test. A P value <0.05 was considered 
statistically significant.

Results

To test the performance of the EFV software, we used CT 
images from a set of 30 patients referred to our institution 
for suspected CAD. For each scan, post-processing time 
took around 2–3 minutes and average computation time 
was about 10 seconds. The total EFV was 103.62±50.97 
and 94.96±67.91 cc in NCT and coronary CTA images 
respectively, with non-significant difference (P=0.292). 
Non-significant difference was also observed between 
EFV computed using 3 and 6 SA slices. A close correlation 
between EFV measured in NCT and coronary CTA images 
was found in both operators. EFV measured in coronary 
CTA was slightly lower than in NCT, the behavior was 
virtually the same using 3 and 6 SA slices (Figure 2).

According to Bland and Altman (13), we quantified 
the intra-observer variability through the Coefficient of 
Repeatability (CR), which is defined as 1.96 times the 
standard deviation of the differences between 2 reiterations 
of measurement. Therefore, difference between 2 
observations lies within the range of (−CR, CR) with a 
probability of 95%. The lower values indicated better 
repeatability.

When using 3 SA slices, CR error was 10.22 cc for 
operator-1 and 11.31 cc for operator-2 in NCT, and 7.99 cc  
for operator-1 and 7.75 cc for operator-2 in coronary 
CTA (Figure 3). In case of 6 SA slices, CR was 6.33 cc for 
operator-1 and 6.93 cc for operator-2 in NCT, whereas 
was 6.07 cc for operator-1 and 6.14 cc for operator-2 in 
coronary CTA scan (Figure 4).

To analyze the inter-observer variability CR and ICC 
were computed. CR was 8.17 and 8.39 cc in NCT and 
7.07 and 7.21 cc in CTA for 6 and 3 SA slices respectively  
(Table 2). ICC values >0.99 were obtained in all cases (Table 3).

The right ventricular EFV was 67.23±31.4 and 
57.41±34.3 cc, in NCT and coronary CTA respectively; 
the corresponding values for left ventricular EFV were 
38.01±19.1 and 35.27±25.9 cc. The average fat density was 
−86.6±6.8 HU in NCT vs. −85.4±6.2 HU in CTA, (P<0.04). 
The range of fat density was (−99.56, −74.1) HU in NCT 
vs. (−94, −75.82) HU in coronary CTA.

Furthermore, EFV showed a very close correlation with 
BMI (rho =0.783, P<0.0001), more influenced by the body 
weight than by the height (Table 4). 

Discussion

A positive correlation between EFV and coronary plaque 
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Figure 2 Regression analysis shows excellent correlations of epicardial fat volume (EFV) measured in cubic centimeters (cc) in non-
contrasted cardiac CT (NCT) and coronary CT angiography (CTA) scans in operator O1 and O2, using 3 and 6 short axis slices. Non-
significant difference between EFV measured in NCT and coronary CTA was found.
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burden has been reported in the literature. Also the 
negative consequences of increased fat deposits in the extra- 
or intra-pericardial regions and inside the heart (intra- 
and inter-myocyte cells) on the coronary circulation and 
on the cardiac function have been reported by previous 
researchers (14-16). Epicardial and mediastinal adipose 
tissue can mechanically and functionally compromise the 
systolic and diastolic function of the cardiac ventricles (17). 
These evidences explain the importance of a quantitative 
measurement of the fat volume and the efforts in obtaining 
tools for diagnostic interpretation and monitoring the 
relationship between visceral fat and atherosclerotic process.

In this paper, we used a method for semi-automatic EFV 
measurements, aiming to improve the accuracy of the non-
standardized methods generally reported in literature. The 

latter were limited to manually outlined regions of interest 
(ROI) and preset density thresholds range for fat tissue, 
which was subject to inter- and intra-observer and inter-
scan variability (6).

The total EFV was 64.38±46.04 and 103.62±50.97 cc 
(P<10−6) in coronary CTA and NCT, respectively. Those 
results are similar to those published in the literature, 
which range from 68±34 to 124±50 mL in population-based 
studies (18,19) and 110±41 mL in women and 137±53 mL 
in men in a study including patients from the Framingham 
cohorts (20).

The average computation time of EFV with our 
software was about 10-15 seconds after tracing pericardial 
boundaries, and the overall time needed to complete 
the measurement was about 2 minutes, while others 
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described procedures that required more time and were 
thus considered to be excessively time and labor intensive 
(15,21,22).

To our knowledge, a comparison between measurements 
of EFV and epicardial fat density (EFD) in cardiac CT with 
and without CM was not done previously. The results of 
our study showed a low intra- and inter-observer variability 
of computer-assisted measurements of EFV in both NCT 
and coronary CTA, which was similarly found in previous 
studies (ICC of 0.95) (23,24). 

Moreover intra- and inter-observer variability of the 
computer-assisted measurement of EFV slightly improved 
with CM. This may be explained by the fact that the 

contrasted cavities and enhanced vessels allowed a better 
visualization of the pericardial boundaries (Figure 5). 
Moreover, in NCT, there may be difficulties to identify the 
pericardium in lean individuals with less pericardial fat (19).

In addition, by increasing the number of SA slices from 3 
to 6, it was possible to slightly decrease observer variability.

The average fat density was slightly lower in the series 
without CM than with CM. Furthermore, fat density 
range was larger in the series without CM than with CM. 
Partial volume effect may account for the slight observed 
differences between measurement done in scan with and 
without CM. It occurs whenever a structure is only partly 
within the imaging section (voxel), thereby the densities of 

Figure 3 Using 3 short-axis slices, the intra-observer repeatability coefficient (CR) error in non-contrasted cardiac CT (NCT) was 10.22 cc 
in operator O1 and 11.31 cc in operator O2, whereas it was 7.99 cc in O1 and 7.75 cc in O2 in coronary CT angiography (CTA).
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Figure 4 Using 6 short-axis slices, the intra-observer repeatability coefficient (CR) error in non-contrasted cardiac CT (NCT) was 6.33 cc 
in operator O1 and 6.93 cc in operator O2, whereas it was 6.07 cc in operator O1 and 6.14 cc in operator O2 in coronary CTA (CTA).

Table 2 Inter-observer coefficients of repeatability (CR)

Method CR 95% CI

NCT 6 SA slices 8.17 (7.627, 8.632)

NCT 3 SA slices 8.39 (7.833, 8.865)

CTA 6 SA slices 7.07 (6.60, 7.47)

CTA 3 SA slices 7.21 (6.731, 7.618)

SA, short-axis. 

Table 3 Intra class correlation (ICC)

Method ICC 95% CI

NCT 6 SA slices 0.9980 (0.9958, 0.9990)

NCT 3 SA slices 0.9979 (0.9956, 0.9990)

CTA 6 SA slices 0.9995 (0.9992, 0.9998)

CTA 3 SA slices 0.9994 (0.9978, 0.9995)

SA, short-axis.
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Table 4 Statistical analysis univariate correlation

Variables Pearson rho P

Left EFV versus BMI 0.787 8.38×10−6

Right EFV versus BMI 0.60133 2.41×10−6

EFV versus BMI 0.785 2.81×10−7

EFV versus weight 0.7503 1.81×10−6

EFV versus height 0.3675 0.0457

The significant values of “P” are in bold. A close correlation was found between epicardial fat volume (EFV) and body mass index (BMI), 
maintained both in the right EFV and left EFV, a relation more influenced by weight than by height.

Figure 5 The presence of the contrasted cavities and especially of enhanced vessels (left image) might allow a better visualization of the 
pericardial boundaries with respect to non-contrast CT scan (right image).

the structure and the adjacent or surrounding structures are 
averaged. 

Furthermore, the software for epicardial fat analysis 
permits a systematic evaluation of total epicardial fat 
burden, and the segmentation between right and left 
ventricle. As expected, the EFV values corresponding to 
the right ventricle were larger than the left one, which is as 
expected according to the anatomical features.

The analysis of the data showed a close correlation 
between EFV and BMI, a relationship more influenced by 
weight than by height, linking EFV with other visceral fat 
depots. Moreover, the association between EFV and BMI 
was maintained in both the right EFV and left EFV, which 
indicate a non-selective accumulation of epicardial fat 
between the ventricles with the increase in body weight.

The limitation of the study is that population was small 
(30 patients), with a majority of males (73%) generally 
overweight (BMI 25.9±6.3). 

Conclusions

CT may allow a fast and reliable quantification of EFV in 
clinical setting, a potential additional predictor of prognosis 
in patients with CVD. Both NCT and coronary CTA can 
be used to measure EFV with low intra- and inter-observer 
variability.
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