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Featured Application: This study, performed on surgical cardiac biopsies, is important because it
reveals that the epicardial adipose tissue (EAT) thickness measurement, routinely performed by
imaging cardiac diagnosis, cannot be easily interpreted, as the EAT thickness is subject to changes
made by inflammation and angiogenesis.

Abstract: Routinely measuring epicardial fat had become a novel tool for cardiovascular risk
stratification. Structural changes in epicardial adipose tissue (EAT), including fat thickness,
inflammation, and angiogenesis, have been described in coronary artery disease (CAD) patients.
We proposed to measure EAT thickness and characterize inflammatory infiltrate and angiogenesis in
epicardial adipose tissue in CAD patients with and without chronic heart failure (CHF), established
by cardiac dysfunction on echocardiography (left ventricular ejection fraction, LVEF ≤ 50%) and
symptoms of heart failure (New York Heart Association (NYHA) functional class II or III).The study
included 15 patients with CAD (demonstrated by coronary angiography)„ who underwent right atrial
appendages (RAA) excision during coronary artery bypass graft (CABG). The study was performed
by histopathological, immunohistochemical (IHC), and morphometrical analysis. EAT thickness was
assessed by using morphometry applied on routine histological stains. Inflammatory cell infiltration
and angiogenesis were investigated immunohistochemically by using antibodies against CD68 and
CD34 markers. Diminished EAT thickness in the CAD patients with CHF was associated with
increased macrophage infiltration and reduced angiogenesis of the EAT as compared to CAD patients
without CHF. In conclusion, the present study on epicardial fat samples of the RAA suggested that
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high expression of CD68 appeared to be associated with severe deterioration of heart function in
CAD patients who underwent myocardial revascularization consisting of CABG.

Keywords: epicardial adipose tissue; coronary artery disease; chronic heart failure; right atrial
appendages; coronary artery bypass graft

1. Introduction

The epicardium is the inner serous layer of the pericardium located between the mesothelial cell
layer and myocardiumNormally, EAT is localized on the free wall of the right ventricle, on the left
ventricular apex, around the atria, and around the two appendages [1,2].

Histologically, epicardial fat is predominantly composed of adipocytes, nerves, inflammatory,
and stromovascular cells [2,3]. The expansion of epicardial adipocytes is associated with the
upregulation of pro-inflammatory factors and inflammatory cell infiltration including T and B cells
and macrophages [4].

Extensive evidence shows that EAT thickness is closely correlated with coronary artery disease
(CAD) [5], atrial fibrillation [6], and heart failure [7], in particular. Ding J et al. [8] found that the size of
fat depots around the heart is an independent risk predictor for cardiovascular dysfunction in CAD
patients. According to Mahabadi A et al. [9], EAT thickness is increased in patients suffering from
CAD, including those with thoracic obesity [10,11]. Fitzgibbons T et al. [8] found that increased EAT
thickness was the strongest determinant of left ventricular (LV) mass, meanwhile, recent studies have
shown that patients with heart failure (HF) have a reduction in EAT volume compared with normal
controls [11,12].

Other authors [13,14] appreciated that the extension of inflammation and angiogenesis in fat
tissue may be important markers of “abnormal” adipose tissues. They consider that the macrophages
number infiltrating fat tissue increases in obesity-related cardiovascular disease and angiogenesis is
involved in adipose tissue remodeling and expansion.

Our study is focused on the role of EAT as a biomarker of CAD. We obtained EAT biopsies
from CAD patients undergoing cardiac surgery. We proposed to evaluate the relationship between
some cardiovascular (CV) risk factors (diabetes, obesity, and others) and morphological EAT features
represented by histological evidence of EAT thickness, inflammation, and angiogenesis, in patients
diagnosed with CAD with or without concomitant CHF.

2. Materials and Methods

2.1. Patients

The study included 15 patients with CAD (demonstrated by coronary angiography), 9 males, and
6 females, aged between 50 to 66 years old, who underwent right atrial appendages (RAA) excision
during coronary artery bypass graft (CABG) surgery in 2017. Patients with other associated CV
pathologies, inflammatory disease, connective tissue disease, active malignancy, and thyroid disease
were excluded. The initial group was divided into two smaller groups: with or without concomitant
chronic heart failure (CHF), established by cardiac dysfunction on echocardiography (left ventricular
ejection fraction ≤50%) and symptoms of heart failure (NYHA functional class II or III).

All patients gave their consent to participate in the study before cardiopulmonary bypass.
The study was approved by the Ethics Committee of the Institute of Cardiovascular Diseases (Iasi,
Romania, no 974/17.02.2016).
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2.2. Study Procedures

Body mass index (BMI) was determined as the weight (kilograms) divided by the square of the
height (meters) and expressed in units of kg/m2. Obesity was defined as BMI > 30kg/m2. The arterial
hypertension was established using medical-record review combined with the need of antihypertensive
drugs; the presence of dyslipidemia was confirmed by the clinical medical history, by current treatment
with hypolipidemic drugs, or by of plasma low-density lipoprotein (LDL)-cholesterol ≥115 mg/dL or
plasma triglycerides ≥150 mg/dL, the diagnosis of diabetes mellitus was confirmed by clinical history,
or by fasting plasma glucose ≥126 mg/dL; smoking status was defined as a combination of present
smoking or absent if stopped in the last year [15].

The echocardiographic examination included an assessment of the following: LV ejection
fraction (LVEF), left ventricular end-diastolic diameter (LVEDD), and left ventricular end-systolic
diameter (LVESD).

After CABG surgery, EAT samples of the RAA of the CAD patients with CHF were compared
with samples from CAD patients without CHF.

2.3. Risk Factor Analysis

Age, diabetes mellitus, arterial hypertension, history of cigarette smoking, dyslipidemia, as CV
risk factors, were assessed.

The associations between the histological EAT hallmarks, including EAT thickness, inflammation,
and angiogenesis, and the number of CV risk factors were investigated. Results were expressed as
mean values or frequencies.

2.4. EAT Histopathological, Immunohistochemical and Morphometrical Analysis

EAT histology assessment was done with an optical microscope (Olympus CX41, Olympus
Corporation, Tokyo, Japan). We evaluated the RAA epicardial adipose tissue thickness and area by
using usual hematoxylin-eosin staining [16].

The measurements were analyzed with a color image analysis system (Quick PHOTO MICRO
version 3.0, Olympus Corporation, Tokyo, Japan) at a magnification of 200×.

EAT thickness was expressed as a mean value of ten EAT thickness from the entire histological
section area.

Further, epicardial inflammatory foci and angiogenesis required immunohistochemical
(IHC) confirmation.

2.5. EAT Inflammation and Angiogenesis

Immunohistochemistry (IHC) was performed according to standard protocols on formalin-fixed,
paraffin-embedded sections. IHC examination focused on inflammation and angiogenesis assessed
by using CD68 and CD34 markers (3). The endogenous peroxidase of deparaffinized sections was
neutralized by hydrogen peroxide 3% for 10 min. Antigen unmasking was performed by incubating
the slides in a pH 9 buffer at 98 ◦C for 45 min. For immunohistochemical detection, antibodies to CD68
(monoclonal antibodies Clone PG-M1; RTU, DAKO, Glostrup, Denmark, catalog code no. IS609) and
antibodies to CD34 (monoclonal antibodies Class II, Clone QBEnd 10, RTU, DAKO, Glostrup, Denmark,
catalog code no. IS632) were applied for 30 min followed by the streptavidin-horseradish peroxidase
conjugate for 15 min. Peroxidase was developed using the DAB working solution (DAKO, Glostrup,
Denmark) and washed in deionized water. Sections were counterstained using hematoxylin Gill II
(Sigma, Sigma-Aldrich, Darmstadt, Germany). The negative control was obtained by the replacement
of the primary antibody with PBS.

Assessment of immunohistochemistry stained sections was made by the presence of positive
brown staining; CD 34, as cell surface glycoprotein, gives brown membranous staining, allowing to
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determine microvessel density, while CD68, as glycoprotein expressed predominantly on the lysosomal
membrane, gives brown cytoplasmic staining.

Morphometry was performed by the assessment of the macrophages and microvessel density.
Immunohistochemically, we analyzed five histological fields at 200×magnification for each case (one
field corresponded to a manually traced area reported to 100,000 µm2/0.1 mm2). The results were
expressed as percentages or mean values of the number of positive cells or vessels related to the
studied area.

The semi-quantitative evaluation was made by using a manually-driven evaluation method.

2.6. Statistical Analysis

The statistical analysis was performed using IBM SPSS Statistics 21 Software (IBM SPSS, Chicago,
IL, USA). The Mann–Whitney test and Pearson chi-square test were used for parametrical (non-normal
distribution due to small size data) and non-parametrical data, respectively. Numerical data were
presented as means ± SD and categorical data were presented as percentages. Statistical significance
was set at p < 0.05.

3. Results

3.1. CV Risk Factor Analysis

Table 1 shows the demographic, clinical, hemodynamic, and biochemical characteristics of CAD
patients. The mean age in CAD cases without HF (58 years) was lower than in CAD cases with HF
(63 years). All patients showed known CV risk factors for CAD.

Table 1. Demographic, clinical, hemodynamic, and biochemical characteristics of CAD patients

Variable Patients without CHF
(n = 9)

Patients with CHF
(n = 6)

Age (y) 58.3 ± 14.7 63.4 ± 11.2
Male sex (%) 33.3 100 *
Weight (kg) 78.3 ± 14.5 88.0 ± 22.1
BMI (kg/m2) 27.6 ± 5.6 32.3 ± 7.1 *
Obesity (%) 0 100 *

History
Dyslipidemia (%) 33.3 100

Arterial hypertension (%) 66.6 50
DM type 2 (%) 66.6 50
Smoking (%) 33.3 0

Echocardiography
LVEDD (cm) 5.0 ± 0.5 6.9 ± 1.2 *
LVESD (cm) 3.3± 0.6 5.6 ± 1.3 *

LVEF (%) 54.1 ± 3.3 28.5 ± 7.2 *
Biochemical values

Total cholesterol (mg/dL) 212 ± 42 206 ± 38 ∗
Triglycerides (mg/dL) 161 ± 12 175 ±54 *

LDL cholesterol (mg/dL) 124 ± 9 135 ± 11 *
HDL cholesterol (mg/dL) 57 ± 4 45 ± 3 *

* p-value ≤ 0.05 was considered significant; CAD, coronary artery disease; CHF, chronic heart failure, DM,
diabetes mellitus, LVEF, left ventricular ejection fraction, LVEDD, left ventricular end-diastolic diameter, LVESD,
left ventricular end-systolic diameter.

In CAD patients with CHF, the prevalence of male sex, obesity, and dyslipidemia was higher
(p < 0.05) as compared to the ones without CHF.
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3.2. EAT Histopathological, Immunohistochemical and Morphometrical Analysis

EAT thickness, macrophage infiltration (Figure 1a,b), and capillary network (Figure 2a,b) were
identified within RAA specimens.Appl. Sci. 2020, 10, x FOR PEER REVIEW 5 of 8 

 
Figure 1. Immunohistochemical EAT analysis of the macrophages (CD68 200×) in CAD patients 
without CHF (a) and CAD patients with CHF (b). 

 

Figure 2. Immunohistochemical EAT analysis of the vessels (CD34 200×) in CAD patients without 
CHF (a) and CAD patients with CHF (b). 

EAT macrophage infiltration was more extensive in CAD patients with CHF than in those 
without CHF (Figure 1a,b). The mean value of CD68 positive count in CAD patients with CHF 
(325.78/µm2) was significantly higher (p < 0.001) than in CAD patients without CHF (244.9/µm2). EAT 
angiogenesis was less extensive in patients with CHF than in those without CHF (Figure 2a,b). The 
mean value of CD34 positive count in CAD patients with CHF (22.83/µm2) was significantly lower (p 
< 0.001) than in CAD patients without CHF (65.2/µm2). 

The relationship between the accumulative number of risk factors and histological EAT labels is 
shown in Table 2. 

Table 2. Mean EAT thickness and IHC markers of macrophages accumulation and angiogenesis in 
peri-atrial EAT samples from CAD patients. 

Patients EAT thickness 
(μm) 

CD68 
(No/μm2) 

CD34 
(No/μm2) 

Without CHF 217.1 ± 21.3 244.9 ± 5.5 65.2 ± 1.7 
With CHF 185.8 ± 27.9 325.7 ± 16.1 22.7 ± 3.8 

p-value 0.07 <0.001 <0.001 
p-value <0.05 was considered significant, CAD, coronary artery disease; CHF, chronic heart failure. 

4. Discussion 

Identifying the patients with risk of developing cardiac ischemia subsequently to cardiac 
surgery would result in the prevention of undesired clinical consequences associated with CAD (6). 
In this paper, we studied the known CV risk factors in association with EAT on RAA samples 
following open-heart surgery. The commonest risk factors identified in our patients that are likely to 
be significant predictors of CAD progression were male sex, obesity, and dyslipidemia. Previously, 
Nagy et al. [17] and Kitagawa et al. [18] identified EAT thickness as a CV risk factor in patients with 
or without preoperative heart failure, operated with standard CABG technique.  

Figure 1. Immunohistochemical EAT analysis of the macrophages (CD68 200×) in CAD patients
without CHF (a) and CAD patients with CHF (b).

Appl. Sci. 2020, 10, x FOR PEER REVIEW 5 of 8 

 
Figure 1. Immunohistochemical EAT analysis of the macrophages (CD68 200×) in CAD patients 
without CHF (a) and CAD patients with CHF (b). 

 

Figure 2. Immunohistochemical EAT analysis of the vessels (CD34 200×) in CAD patients without 
CHF (a) and CAD patients with CHF (b). 

EAT macrophage infiltration was more extensive in CAD patients with CHF than in those 
without CHF (Figure 1a,b). The mean value of CD68 positive count in CAD patients with CHF 
(325.78/µm2) was significantly higher (p < 0.001) than in CAD patients without CHF (244.9/µm2). EAT 
angiogenesis was less extensive in patients with CHF than in those without CHF (Figure 2a,b). The 
mean value of CD34 positive count in CAD patients with CHF (22.83/µm2) was significantly lower (p 
< 0.001) than in CAD patients without CHF (65.2/µm2). 

The relationship between the accumulative number of risk factors and histological EAT labels is 
shown in Table 2. 

Table 2. Mean EAT thickness and IHC markers of macrophages accumulation and angiogenesis in 
peri-atrial EAT samples from CAD patients. 

Patients EAT thickness 
(μm) 

CD68 
(No/μm2) 

CD34 
(No/μm2) 

Without CHF 217.1 ± 21.3 244.9 ± 5.5 65.2 ± 1.7 
With CHF 185.8 ± 27.9 325.7 ± 16.1 22.7 ± 3.8 

p-value 0.07 <0.001 <0.001 
p-value <0.05 was considered significant, CAD, coronary artery disease; CHF, chronic heart failure. 

4. Discussion 

Identifying the patients with risk of developing cardiac ischemia subsequently to cardiac 
surgery would result in the prevention of undesired clinical consequences associated with CAD (6). 
In this paper, we studied the known CV risk factors in association with EAT on RAA samples 
following open-heart surgery. The commonest risk factors identified in our patients that are likely to 
be significant predictors of CAD progression were male sex, obesity, and dyslipidemia. Previously, 
Nagy et al. [17] and Kitagawa et al. [18] identified EAT thickness as a CV risk factor in patients with 
or without preoperative heart failure, operated with standard CABG technique.  

Figure 2. Immunohistochemical EAT analysis of the vessels (CD34 200×) in CAD patients without CHF
(a) and CAD patients with CHF (b).

The EAT thickness (185.8 µm) was non-significantly lower (p = 0.07) in CAD patients with CHF,
as compared to the ones without CHF (217.2 µm).

EAT macrophage infiltration was more extensive in CAD patients with CHF than in those without
CHF (Figure 1a,b). The mean value of CD68 positive count in CAD patients with CHF (325.78/µm2)
was significantly higher (p < 0.001) than in CAD patients without CHF (244.9/µm2). EAT angiogenesis
was less extensive in patients with CHF than in those without CHF (Figure 2a,b). The mean value of
CD34 positive count in CAD patients with CHF (22.83/µm2) was significantly lower (p < 0.001) than in
CAD patients without CHF (65.2/µm2).

The relationship between the accumulative number of risk factors and histological EAT labels is
shown in Table 2.

Table 2. Mean EAT thickness and IHC markers of macrophages accumulation and angiogenesis in
peri-atrial EAT samples from CAD patients.

Patients EAT thickness
(µm)

CD68
(No/µm2)

CD34
(No/µm2)

Without CHF 217.1 ± 21.3 244.9 ± 5.5 65.2 ± 1.7
With CHF 185.8 ± 27.9 325.7 ± 16.1 22.7 ± 3.8

p-value 0.07 <0.001 <0.001

p-value <0.05 was considered significant, CAD, coronary artery disease; CHF, chronic heart failure.
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4. Discussion

Identifying the patients with risk of developing cardiac ischemia subsequently to cardiac surgery
would result in the prevention of undesired clinical consequences associated with CAD (6). In this
paper, we studied the known CV risk factors in association with EAT on RAA samples following
open-heart surgery. The commonest risk factors identified in our patients that are likely to be significant
predictors of CAD progression were male sex, obesity, and dyslipidemia. Previously, Nagy et al. [17]
and Kitagawa et al. [18] identified EAT thickness as a CV risk factor in patients with or without
preoperative heart failure, operated with standard CABG technique.

Epicardial fat is visceral fat between the myocardial surface and the visceral layer of the pericardium.
Scarce evidence is available on EAT measurement and the association of EAT and the severity of cardiac
ischemia in CAD patients who underwent CABG surgery.

Large evidence showed that the severity of CAD was associated with EAT thickness [19,20].
Mookadam et al. [21] revealed that epicardial fat was associated with lower ejection fraction.
Other studies have suggested that epicardial tissue could serve as a predictor of CAD, and EAT
values >2.4 mm can predict the presence of significant (>50% diameter) CAD [7,22].

In the current study, we noticed a non-significant reduction of EAT thickness in patients with
CHF as compared to those without CHF, associated to EAT fibrous tissue remodeling. According to
Nagy et al. [17], the EAT amount is an independent CAD risk factor and is related to other CV risk
factors. In concordance with previous studies [23,24], we consider that EAT thickness, measured by
imaging techniques, may serve as a tool in the follow-up assessment of the CAD patients.

In our previous study [6], we noticed extracellular matrix alterations in EAT of CAD patients due
to a great number of collagen deposits. By assessing the adipocyte size in EAT, we noticed that fibrosis
could limit the adipocyte expandability [25]. We [3] showed that the adipocyte size in EAT had no
significant difference between non-CAD individuals and CAD patients. According to Aitken-Buck
et al. [26], these data indicated that the increased EAT thickness in CAD patients may not be due to
adipocyte hypertrophy because fibrosis might restrict the extension of EAT by limiting adipocyte
hypertrophy. A notable finding of this study was the presence of the EAT inflammatory foci, including
macrophages, which may act to stimulate angiogenesis in the adipose tissue. Both Hirata et al. [27]
and Matloch et al. [14], consider that epicardial fat is a source of inflammatory cells in CAD.

The particularity of our CABG patient series is that patients with CHF were obese. Our histologic
analysis suggests that in obese cardiac patients with CHF, epicardial adipose tissue changes
were increased inflammation and decreased thickness as compared to non-obese patients without
CHF. Several studies reported that EAT thickness measured post-mortem [28] or clinically by
echocardiography, computed tomography (CT), or magnetic resonance imaging (MRI) was lower in
patients with CHF [11,12,24]. The diminished epicardial fat could explain the increased inflammation
by a reduction in the local secretion of protective anti-inflammatory adipokines [24,29].

The current results, which are consistent with previous studies [1,30], revealed angiogenesis as
another morphological hallmark of the EAT in CAD patients. Angiogenesis was of about three times
greater in our CAD patients without CHF (of about 65 microvessels/µm2) than in CAD patients with
CHF (23 microvessels/µm2) on coronary arteries [3,23,31].

The reduced number of participants was a limitation of our study. Another limitation is that
immunohistochemistry can only measure one or two markers per sample, and it may not completely
reflect the complex mechanisms involved in epicardial adipose tissue thickening.

5. Conclusions

In conclusion, the present study on epicardial fat samples of the RAA demonstrated that
the abundance of CD68-macrophages appeared to be associated with CHF in CAD patients.
Also, the individuals referred for CABG, in whom systolic heart dysfunction was confirmed by
echocardiography, had decreased angiogenesis. Histologically, the increased EAT thickness in CAD
patients was related to the connective tissue repair process.
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