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ARTICLE INFO ABSTRACT
Keywords: Introduction: The aim of our study was to evaluate the feasibility of texture analysis of epicardial
Epicardial fat fat (EF) and thoracic subcutaneous fat (TSF) in patients undergoing cardiac CT (CCT).

Texture analysis
Cardiac computed tomography
Cardiovascular risk

Materials and methods: We compared a consecutive population of 30 patients with BMI <25 kg/m?
(Group A, 60.6 + 13.7 years) with a control population of 30 patients with BMI >25 kg/m?
(Group B, 63.3 £ 11 years). A dedicated computer application for quantification of EF and a
texture analysis application for the study of EF and TSF were employed.

Results: The volume of EF was higher in group B (mean 116.1 cm® vs. 86.3 cm3, p = 0.014),
despite no differences were found neither in terms of mean density (—69.5 = 5 HU vs. —68 + 5
HU, p = 0.28), nor in terms of quartiles distribution (Q1, p = 0.83; Q2, p = 0.22, Q3, p = 0.83,
Q4, p = 0.34). The discriminating parameters of the histogram class were mean (p = 0.02), 0,1st
(p = 0.001), 104, (p = 0.002), and 50y, percentiles (p = 0.02). DifVarnc was the discriminating
parameter of the co-occurrence matrix class (p = 0.007).

The TSF thickness was 15 &+ 6 mm in group A and 19.5 + 5 mm in group B (p = 0.003). The TSF
had a mean density of —97 + 19 HU in group A and —95.8 & 19 HU in group B (p = 0.75). The
discriminating parameters of texture analysis were 10y, (p = 0.03), 50y, (p = 0.01), 90y, per-
centiles (p = 0.04), S(0,1)SumAverg (p = 0.02), S(1,-1)SumOfSqgs (p = 0.02), S(3,0)Contrast (p =
0.03), S(3,0)SumAverg (p = 0.02), S(4,0)SumAverg (p = 0.04), Horzl RLNonUni (p = 0.02), and
Vertl LngREmph (p = 0.0005).

Conclusions: Texture analysis provides distinctive radiomic parameters of EF and TSF. EF and TSF
had different radiomic features as the BMI varies.
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1. Introduction

Nomenclature

EF epicardial fat

TSF thoracic subcutaneous fat
CCT cardiac computer tomography
BMI body mass index

ROI region of interest

Epicardial fat (EF) is the adipose tissue between the epicardium and the myocardium. The EF constitutes the subepicardial layer,
where the coronary vessels run [1]. It is more represented in men than in women [2] increasing with age [3]. EF is more represented
along the right acute edge of the heart, compared to the left acute edge, on the anterior surface, and in the cardiac apex. Furthermore,
EF encloses the coronary arteries in the atrioventricular groove and along the anterior and posterior interventricular grooves [2,3]. EF
performs relevant physiological functions: mechanical support, preventing the torsion of the coronary arteries during the cardiac
contraction; homeostasis of fatty acid in the coronary microcirculation; local energy source for the heart muscle, especially during
exercise; thermogenic role, protecting the myocardium from hypothermia.

An increase of EF is considered a novel cardiovascular risk factor of coronary artery disease (CAD), similarly to the visceral fat
[4-6]. The increase of EF thickness is associated with an increase in visceral fat [7] and diabetes [8]. Furthermore, EF produces
interleukin-6 (IL-6), tumor necrosis factor o (TNF o), chemokines, and adipokines with inflammatory activity [9].

EF can be assessed in-vivo with radiological techniques including echocardiography, MRI or CT scans [10]. CT can provide accurate
quantification of EF with computer assisted tools based on HU attenuation [11], but still no radiomic texture analysis was applied in
this field [8].

In our study, we assessed the characteristics of EF analysed with a dedicated computer application and a texture analysis radiomic
application in a population of patients who underwent Cardiac CT (CCT). Secondly, we evaluated the characteristics and the radiomic
features of TSF.

2. Materials and Methods
2.1. Study population

We analysed a population of 60 patients who underwent CCT for suspected CAD between January 2020 and March 2020 at our
university medical institution. We excluded from the present analysis patients with history of known CAD. We compared a consecutive

Fig. 1. Quantification of EF with semiautomatic dedicated software. A plane obtained at a four-chamber cardiac view was selected to detect EF
displayed in red colour. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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population of 30 patients with BMI <25 kg/m? (defined as Group A) with a consecutive population of 30 patients with BMI >25 kg/m?
(defined as Group B). Cardiovascular risk factors (family history, smoking, diabetes, hypertension and hypercholesterolemia) were
recorded.

Institutional review board approval was not required since retrospective data of CCT obtained for clinical purposes were employed.
All patients signed written informed consent for the administration of ionizing radiation from CCT.

2.2. Epicardial fat and thoracic subcutaneous analysis

All patients were scanned with a 128 slice CT scanner (Definition AS, Siemens Healthcare, Forchheim, Germany). Coronary artery
calcium score was performed with the following parameters: 3 mm thickness, 1.5 reconstruction interval, prospective triggering. CCT
angiography protocol employed the following parameters: detectors/collimation 64 x 2/0,6 mm with z-flying focal spot technique;
gantry rotation time 300 ms (effective temporal resolution 150 ms); 100-120 kV according to patients body habitus; 160 mAs per
rotation; pitch 0,22; table feed 28,2 mm/s; ECG-based tube current modulation. Patients with a heart rate >65 bpm (without known
contraindications to b-blockers) were given a dose of 20-40 mg of propranolol orally 1 h prior to the scan or a 5 mg i.v. dose of atenolol
prior to the examinations to lower the heart rate. A bolus of 80 ml of nonionic iodinated contrast material (Iomeprol 400 mI/ml,
Iomeron, Bracco, Italy) at an injection rate of 5 ml/s, followed by 40 ml of saline solution at the same injection rate, was administered
through the antecubital vein of the right arm using a dual-head automatic injector (Stellant, MedRAD, Pittsburgh, PA, USA).
Reconstruction parameters of CCT angiography were as follows: effective slice thickness 0,75 mm; increment 0,4 mm; standard smooth
convolution filters.

We analysed EF both in terms of volume (cm®) and mean density (HU) using a dedicated computer application recently developed

Fig. 2. Maps comparing quartiles density distribution: Q1 (—175 HU, —136 HU), red (a); Q2 (—135 HU, —96 HU), blue (b); Q3 (—95 HU, —56 HU),
yellow (c); Q4 (—55 HU, —15 HU), green (d). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)
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at our department (Fig. 1), which allows the segmentation and the quantification of the volume, and quartile density distribution
(Fig. 2, a-d) [11]. The Agatston coronary calcium score was calculated in both groups [12]. The thoracic subcutaneous fat (TSF) was
analysed in each patient. The TSF thickness was measured in terms of mm at the level of carina. The mean attenuation was measured in
terms of HU in a region of interest (ROI) of 8 mm?2.

2.3. Radiomics texture analysis

A plane obtained at a four-chamber cardiac view was selected in each patient and each CCT image dataset to detect EF in three
representative anatomical landmarks (right atrio-ventricular, anterior interventricular, and left atrioventricular grooves). The images
were downloaded from our Picture Archiving and Communication System directly in the bitmap format. Texture analysis was carried
out using a free available software (MaZda 4.6, Institute of Electronics, Technical University of Lodz, Lodz, Poland) [13], placing three
ROIs in each of the three anatomical landmarks. All ROIs were drawn of identical size with 16 pixels (equivalent to 8 mm?): the first
ROI was placed in the right atrio-ventricular groove (adjacent to the right coronary artery, displayed with a red colour); the second, in
the anterior interventricular groove (adjacent to the left anterior descending artery, displayed with a green colour); the third, in the left
atrioventricular groove (adjacent to the circumflex branch, displayed with a dark blue colour). We also placed a ROI of identical size in
the TSF of each patient (displayed in light blue colour) (Fig. 3a).

The texture analysis software calculated a series of descriptors (n = 294), called radiomic features, for each ROI. Histograms were
drawn to represent the intensity values of pixels within the ROIs. The pixel intensity range (Min-Max Brightness) was 0-255 in our
study (Fig. 3b).

2.4. Statistical analysis
Continuous variables are expressed as mean + standard deviation (SD) and categorical variables as percentage. Comparisons

between variables were performed with Students t-test or ANOVA test for continuous variables and chi-square test for categorical
variables. Statistical analysis was performed with SPSS (version 12.0, SPSS Inc., Chicago, IL, United States). Statistical significance was

Fig. 3. Radiomic analysis: ROIs in the right atrioventricular groove (red), in the anterior interventricular groove (green), in the left atrioventricular
groove (dark blue), and in the thoracic subcutaneous fat (light blue) (a). Histograms representing the intensity values of pixels within the four ROIs:
each histogram has the same colour of the relative ROI (b). (For interpretation of the references to colour in this figure legend, the reader is referred
to the Web version of this article.)
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set at a p value < 0.05.
3. Results

The group A had a BMI <25 kg/m? (mean 22.78 + 1.60 kg/m?, mean age 60.6 + 13.7 years, men n = 20), the group B had a BMI
>25 kg/m? (mean 28.6 + 2.89 kg/m?, mean age 63.3 + 11 years, men n = 20). No significant differences were found between pa-
tients’ characteristics (Table 1).

The average volume of EF was 86.3 + 41.8 cm® in the group A and 116.1 + 49.58 cm? in the group B (p = 0.01). The average
attenuation of EF was —68 + 5.46 HU in group A and —69.5 + 4.9 HU in group B (p = 0.28). No differences were found in terms of
quartiles distribution (Q1, p = 0.83; Q2, p = 0.22, Q3, p = 0.83, Q4, p = 0.34). The Agatston coronary calcium score was 97 + 167 in
the group A and 468 + 1410 in the group B (p = 0.15). The TSF had a mean density of —97.3 +19.1 HU in group A and —95.8 =+ 19 HU
in group B (p = 0.75); the thickness of TSF was 15 + 6.2 mm in group A and 19.5 + 5.3 mm in group B (p = 0.003). The results are
summarized in Table 2.

Texture analysis of EF provided five radiomic features with statistically significant differences between the two populations. The
discriminating parameters for the histogram class were mean (p = 0.02), 0,1st (p = 0.001), 10y, (p = 0.002) and 50y, percentiles (p =
0.02). DifVarnc (difference of variance) was the discriminating parameter (p = 0.007) for the co-occurrence matrix class. All the other
radiomic features showed no statistically significant differences between the two populations, i.e. skewness (p = 0.25); kurtosis (p =
0.96); S (1, —1) Entropy (p = 0.09); S (1, —1) Contrast (p = 0.058). Results are summarized in Table 3 and plotted in Fig. 4.

In the group A, the discriminating parameters of texture between the ROIs were S(2,0)Correlat (p = 0.04), S(3,0)Correlat (p =
0.04), and S(4,0)Correlat (p = 0.03) in the right atrio-ventricular groove. In the group B the discriminating parameter of texture
between the ROIs was S(0,3)Correlat (p = 0.04) in the anterior interventricular groove. Results are summarized in Table 4. We also
checked for differences between radiomic features comparing red, green and blue ROIs of group A with corresponding red, green and
blue ROIs of group B and we didn’t find any significant difference in any of the 294 features.

Texture analysis of TSF provided ten radiomic features with significant differences between the two populations. The discrimi-
nating parameters for the histogram class were 10g, (p = 0.03), 50, (p = 0.01), and 90y, percentiles (p = 0.04), with higher average
values in the group A. The discriminating parameters for the co-occurrence matrix class were S(0,1)SumAverg (p = 0.02), S(1,-1)
SumOfSgs (p = 0.02), S(3,0)Contrast (p = 0.03), S(3,0)SumAverg (p = 0.02), and S(4,0)SumAverg (p = 0.04), with higher average
values in the group A. The discriminating parameters for the run-length matrix were Horzl RLNonUni (p = 0.02), with higher average
value in the group A, and Vertl LngREmph (p = 0.0005), with higher average value in the group B. Results are summarized in Table 5
and plotted in Fig. 5.

4. Discussion

The EF recently aroused great interest, because it produces substances, such as adipokines and cytokines, with proinflammatory
activity [6]. Similarly to visceral fat, EF may promote the progression of atherosclerosis and it is associated with acute and chronic
cardiovascular events [4,9]. According to literature, the volume of EF is larger in overweight patients and in these patients it is
characterized by lower attenuation values (i.e. more negative in terms of HU) [8]. Therefore, we obtained a map of quartile density
distribution, but we cannot find any significant variation in terms of attenuation values between groups. The Agatston coronary
calcium score was higher in overweight population, although not significant [14]. TSF was thicker in overweight patients, while the
attenuation value presented no difference between groups.

Given the limitations of attenuation variations in terms of HU, we proposed a radiomic quantitative approach from images using a
free available computer application [15]. Among the 294 radiomics features examined in our study we found some discriminating
parameters showing that the texture analysis software can discover different characteristics of EF and TSF if compared to a conven-
tional quantification software (Figs. 4 and 5). In particular, EF showed in the two groups different distribution of attenuation values
especially within the 50th percentile, with discriminating first-order radiomics features of the histogram class (i.e. mean, 0,1st, 10th,
and 50th percentiles), and presented higher heterogeneity of grey-levels in extreme values deviating from the mean, with a
discriminating second-order radiomic feature of co-occurrence matrix class (DifVarnc). We also checked for regional differences of EF
and found some discriminating parameters depending on BMI at certain landmarks (i.e. in the right atrio-ventricular groove and in the
anterior interventricular groove) with a potential correlation between grey-level values of matrix depending on the anatomical

Table 1

Patients characteristics.
Characteristics Group A Group B P
Familiarity, n (%) 13 (43%) 13 (43%) 1
Smoke, n (%) 15 (50%) 18 (60%) 0.43
Diabetes, n (%) 3 (10%) 6 (20%) 0.57
Hypertension, n (%) 14 (46%) 18 (60%) 0.43
Hypercholesterolemia, n (%) 14 (46%) 19 (63%) 0.29
Mean age, years 60.6 63.3 0.07
Male/female, n 20/10 20/10 1
Agatston calcium score 97 £ 167 468 + 1410 0.15
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Table 2
Epicardial fat and subcutaneous thoracic fat characteristics detected with a dedicated software.
Characteristics Group A mean + SD Group B mean + SD P
Epicardial fat volume (cm3) 86.3 = 41.8 116.1 &+ 49 0.014
Q1 (%) 37+t14 3.8+1.9 0.83
Q2 (%) 159 + 4.8 17.2 £ 3.9 0.22
Q3 (%) 39.8 £4.7 40 + 3.2 0.83
Q4 (%) 40.7 £ 7.9 38.7 £ 5.5 0.34
Epicardial fat attenuation (HU) —68+5 —69.5 + 4.9 0.28
Subcutaneous thoracic fat attenuation (HU) —97.3+19 —95.8 £ 19 0.75
Subcutaneous thoracic fat thickness (mm) 15+ 6.2 19.5 £ 5.3 0.003
Table 3
Main radiomic features of epicardial fat between populations.
Radiomic features Average values of group A Average values of group B p Population with higher average values
Mean 54927 29900 0.02 A
Perc. 01% 3.766 1.355 0.001 A
Perc. 10% 4.322 1.722 0.002 A
Perc. 50% 6.844 4.366 0.02 A
S(2,2)DifVarnc 882 4270 0.007 B
Skewness 5985240 8702155 0.25 B
Kurtosis 4741204 4271721 0.96 A
S(1,-1)Entropy 260984 620525 0.09 B
S(1,-1) Contrast 0.02 0.25 0.058 B
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Fig. 4. Plot describing the p values of radiomic features in epicardial fat with bar of significance set at p < 0.05.

position. EF could have different metabolic characteristics depending on the anatomical position and coronary artery location [16].

Texture analysis of TSF showed that patients with BMI <25 kg/m? have different radiomic features compared to patients with BMI
>25 kg/m?, similarly to EF. TSF of group A showed specific attenuation values distribution, with discriminating parameters of the
histogram class (10th, 50th, and 90th percentiles), and co-occurrence matrix characteristics, with discriminating parameters such as S
(0,1)SumAverg, S(1,-1)SumOfSgs, S(3,0)Contrast, S(3,0)SumAverg, and S(4,0)SumAverg.

With reference to the grey-level run-length matrix TSF of group A had a rather not-uniform and disarranged texture (higher
Horzl RLNonUni), while TSF of group B presented a coarser structural texture (higher Vertl LngREmph). In this regard, the compo-
sition of TSF varies as the BMI varies; the differences can be better discovered by texture analysis software.

Our study provided also some potential insights regarding different characteristics of EF and TSF [17]. The EF originates from
splanchnopleuric mesoderm [18] and expresses uncoupling protein-1 (UCP-1, OMIM 113730) in their membranes suggesting that it
could function similarly to the brown adipose tissue (i.e. heat production), despite being phenotypically similar to white adipose tissue
[19,20]. TSF is a typical white adipose tissue deriving from mesodermal stem cells; it is considered responsible for fat storage and
energy reservoir [21]. EF may protect the myocardium with transformation of white cells to the so called “beige” adipose cells in case
of prolonged exposure to cold weather and p-adrenergic agonist [22], avoiding the development of ventricular arrhythmias [19].
Nonetheless, EF is associated with coronary events [23], BMI, obesity [24] and metabolic syndrome [25], with changes after statins
administration [26]. Density characteristics can be assessed with CT and may provide the theoretical substrate of adipose cells
transition and biological changes of EF like brown-white fat transformation and fibrosis, as opposed to mere quantification of volume
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Significant features between different ROIs landmarks calculated with Anova test in group A and in group B.

GROUP A S(2,0)Correlat (p = 0.04)

ROIs Mean SD Standard error
Red —0.1975 0.2245 0.041
Green —0.0678 0.3837 0.07
Blue 0.0202 0.3768 0.0688
GROUP A S(3,0)Correlat (p = 0.04)
ROIs Mean SD Standard error
Red —0.4219 0.4266 0.0779
Green —0.3012 0.374 0.0683
Blue —0.1699 0.3296 0.0602
GROUP A S(4,0)Correlat (p = 0.03)
ROIs Mean SD Standard error
Red —0.5254 0.4217 0.077
Green —0.3057 0.4672 0.0853
Blue —0.2048 0.5551 0.1013
GROUP B $(0,3)Correlat (p = 0.04)
ROIs Mean SD Standard error
Red ~0.2535 0.516 0.0942
Green -0.3717 0.351 0.0641
Blue —0.0807 0.4702 0.0858
Table 5
Radiomic features of thoracic subcutaneous fat tissue.
Radiomic features Group A Group B p Population with higher average values
Perc.10% 3.633 1 0.03 A
Perc.50% 5.566 1.7 0.01 A
Perc.90% 10 6.233 0.04 A
S(0,1)SumAverg 31590909 19545455 0.02 A
S(1,-1)SumOfSqs 2339 0 0.02 A
S(3,0)Contrast 0.1 0 0.03 A
S(3,0)SumAverg 1.533 1.166 0.02 A
S(4,0)SumAverg 3.1 1.733 0.04 A
Horzl RLNonUni 20344290 7835979 0.02 A
Vertl_ LngREmph 9505920 29831169 0.0005 B
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Fig. 5. Plot describing the p values of radiomic features in thoracic subcutaneous fat with bar of significance set at p < 0.05.

[27,28]. In this regard a radiomic texture analysis of EF density may provide a better understanding of this undiscovered phenomenon.

However, there are some aspects that do not allow easy use of radiomics in this field because of poor reproducibility and lack of
standardization with different CT protocols and scanners [29]. The radiomic features show the spatial distribution of numerical values
corresponding to grey values in the images for a defined tissue [30]. The texture analysis is the result of some steps: image acquisition,
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image segmentation (manual, semiautomatic or automatic), and features extraction [31].

Texture analysis could be used not only in oncology but also in cardiovascular radiology to study the EF or TSF [32]. Recent data
showed that patients with acute myocardial infarction have a distinct EF radiomic phenotype compared with patients with stable or no
coronary artery disease [33]. The lack of standardization of image acquisition including patient position, pixel size, slice thickness,
reconstruction algorithms has led to great variability of radiomic features [34]. This makes it difficult to standardize the results ob-
tained with different CT equipments especially in absence of a reproducible segmentation technique [35]. In this regard our data
cannot be generalised to other equipments. This study is also limited by its retrospective nature and by the small number of patients of
the two populations. It could be interesting to monitor the features of EF and TSF over time with correlation to major cardiac events [6,
29].

5. Conclusions

Texture analysis provides detailed evaluation of EF and TSF. EF and TSF had different radiomic features as the BMI varies.
Radiomics may provide relevant information over EF and TSF texture analysis for cardiovascular risk prediction beyond conventional
images. Reproducibility and standardization of radiomics application are mandatory to support the clinical use in this field.
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