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Abstract: Epicardial adipose tissue (EAT) exhibits morphological similarities with pericardial adipose
tissue, however, it has different embryological origin and vascularization. EAT is a metabolically
active organ and a major source of anti-inflammatory and proinflammatory adipokines, which have
a significant impact on cardiac function and morphology. Moreover, it can regulate vascular tone by
releasing various molecules. The relationship between EAT and cardiovascular disease and diseases
of other organ systems is now considered a common discussion subject. The present clinical review
article summarizes the epidemiological findings based on imaging techniques in studies conducted so
far. In conclusion, evaluation of the epicardial adipose tissue constitutes a helpful scientific parameter,
which can be assessed by means of different diagnostic imaging examinations.
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1. Introduction

Fatty tissue is a complex organ in the body, that performs numerous functions—local
and systemic. The fact that adipose tissue not only has a thermal insulation function and the
function of an energy store (in the form of triglycerols) has been known for over 30 years.
Many studies have shown that it affects, among others, the immune system, affects the
renin-angiotensin-aldosterone system and the wall of blood vessels and cooperates with the
autonomic nervous system [1,2]. Fatty tissue is very often referred to as an organ, although
it does not meet the classical definition. It is indicated that this is an important endocrine
organ [3]. Adipocytes (the cells that make up fat) release several substances—adipokines
(also called adipocytokines). Each change in the extent of their secretion is associated with
specific consequences, mainly with the development of specific diseases. This applies,
among others, to cardiovascular diseases, insulin resistance, hypertension, heart rhythm
disorders, and heart failure [4-7].

According to the literature, the correct content of adipose tissue in men is 12-20%,
while in women its correct range is slightly higher—it is between 20% and 30%. According
to the definition of the World Health Organization (WHO), obesity is an excess of body
fat—in men >25%, and in women >35%. First, it accumulates in the thighs, hips, and
buttocks in women, while in men, it accumulates mainly in the abdominal area. The
remaining adipose tissue is the visceral deposit, the retroperitoneal deposit, and the deposit
located within the genitals. A positive caloric balance (excessive energy intake with a low
level of energy expenditure) results in an increase in the size of adipocytes. The main reason
for this mechanism is the accumulation of fatty acids in these cells, which also leads to the
structural reconstruction of fat cells and constitutes a signal that triggers an inflammatory
response [8,9].
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Dedicated devices are usually used to calculate body fat. The most popular is bioelec-
trical impedance analysis (BIA). Selected parameters of adipose tissue, especially in specific
parts of the body, can also be analyzed using diagnostic imaging methods [2].

2. Cardiac Adipose Tissue

The correlation of visceral adipose tissue with the development of many diseases
aroused wide interest in scientific circles. The so-called “fattening” of the heart muscle
pathomorphologists was already interested in the 20th century [10]. In 1955, the first data on
the measurement of adipose tissue were published [11]. Initially, the focus was on visceral
adipose tissue (VAT), but over time, the main subject of the analysis was (and remains to
this day) visceral adipose tissue located on the surface of the heart—i.e., epicardial adipose
tissue (EAT). Together with pericardial adipose tissue (PeAT), it forms cardiac adipose
tissue (CAT), Figures 1 and 2.

Figure 1. Cardiac computed tomography. Axial reconstruction. Blue arrows indicate: 1. Pericardial
adipose tissue. 2. Epicardial adipose tissue. 3. Pericardium.
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Figure 2. Cardiac computed tomography in a patient after interventional treatment. Multiplanar
oblique reconstruction. Blue arrows indicate: 1. Pericardial adipose tissue. 2. Epicardial adipose
tissue. 3. Pericardium. 4. Fluid in the pericardium. 5. Cardiac pacemaker electrode in the right
atrium. 6. Right coronary artery stent.

There is a dilemma of different nomenclature used in the literature on heart adipose
tissue. The following types of adipose tissue can be distinguished: Epicardial adipose tissue
(EAT), pericardial adipose tissue (PeAT), and paracardial adipose tissue (PaAT). However,
EAT can be expressed as thickness (EAT-t) and volume (EAT-v) [12]. Many researchers mea-
sure EAT using computed tomography (CT) or transthoracic echocardiography (ECHO),
but magnetic resonance imaging (MRI) remains the gold standard for this purpose due
to its good spatial resolution [13]. ECHO is widely available and relatively costless, but
obtained images are not as reproducible as in CT or MRL

2.1. Distribution of the Epicardial Adipose Tissue

The pericardial adipose tissue, like typical locoregional adipose tissue, develops from
the mesoderm. PeAT is highly vascularized through the arterial branches of the medi-
astinum. The epicardial adipose tissue develops from the visceral leaf of the extramedullary
mesoderm, its cells migrate to the surface of the heart. Coronary artery branches provide
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EAT vascularity. In the literature, it is often possible to find a division of EAT into two
subgroups—muscle and perinodullary. In humans, EAT covers a significant part of the
heart surface. According to various sources, this applies from 56% to 100%, with an average
of 80%. Its clusters are located primarily in the interventricular and atrioventricular grooves.
In addition, it also occurs on the course of coronary vessels, along the right edge of the wall
of the right ventricle, on the anterior wall, and around the tip of the heart. Most often, the
EAT weight is about 20% of the heart weight. Many authors report that in women, EAT
represents a slightly higher percentage of heart weight than in men. Others, on the other
hand, do not see such a dependence depending on gender. There are also reports on the
influence of age on the thickness of this type of adipose tissue, which is also a questionable
issue [1,14,15]. The EAT index proposed by Shmilovich et al. [16] does not consider age or
gender. The volume of adipose tissue is expressed in relation to the body surface area. The
main value of this index is 95 percentiles (68.1 cm®/m?)—each higher value increases the
risk of cardiovascular diseases.

A different ratio of EAT to myocardium is observed depending on the ventricle. In the
case of the right ventricle (RV), it is much larger than for the left ventricle (LV). It is 0.48
for RV and 0.15 for LV in males. However, in females, it is 0.61 for RV and 0.17 for LV. It is
indicated that the mass of EAT, and the mass of myocardium is characterized by a linear
relationship—the proportions between these two elements do not change either because of
hypertrophy or myocardial ischemia [1]. There are also reports that in exceptional cases, the
high thickness of epicardial fat may interfere with the mechanics of the left ventricle [17].

The volume of EAT increases with the amount of intra-abdominal visceral tissue.
Therefore, the measurement of epicardial fat is an important VAT mass index [18].

2.2. Imaging and Measurement Methods of Epicardial Adipose Tissue

The measurement of epicardial adipose tissue is carried out primarily by ECHO. It
is a widely available, fast, and safe method. The thickness of adipose tissue measured by
this technique correlates well with its volume obtained in the measurement using CT [1,19].
The disadvantage of this technique, especially in the case of two-dimensional ECHO, is
the lower quality of the measurement—in the test, the amount of EAT is obtained based
on thickness measurement, not volume, as in the case of MRI or CT. Three-dimensional
ECHO is much better, but its availability is much lower, and sometimes it is a time-
consuming method. In the examination, the right ventricle of the heart is analyzed, and
EAT measurement is performed in cardiac diastole—during three consecutive cycles of
this organ. Thanks to this, it is possible to compare the obtained result with MRI and CT
measurements. Some recommendations allow measurements to be made during cardiac
contraction—however, it is not possible to compare the results obtained with measure-
ments made by other methods. It is also repeatedly pointed out that the measurement in
echocardiography may be unreliable due to the need to identify the pericardium—this is
technically difficult in most cases and additionally complicated in obese people (obstacles
in obtaining superior quality images) [20-22].

Even though EAT measurement is most often performed using ECHO, the “gold
standard” is the cardiac MRI method. In MRI, a particularly good spatial resolution is
obtained. This is the only imaging study that allows ex vivo measurement of the volume
of epicardial fat. Among the advantages, there is no need for radiation and contrast
agents. Defects include prohibitive cost of testing, lower availability, and considerable time
requirements [20,23,24].

CT of the chest also allows for EAT measurement. In general, this technique is charac-
terized by good spatial resolution, repeatability, and the possibility of volume measurement.
The main disadvantage is exposure to ionizing radiation and the use of contrast agents
with iodine [20]. The use of two-dimensional computed tomography to measure epicardial
fat is troublesome and reduces its accuracy. It requires a manual calculation of the area of
fat tissue in each of the analyzed sections. The next step is to multiply the fields by the
thickness of individual scans [25]. Therefore, it is preferable to use automatic analysis of
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three-dimensional images. This method is faster, less labor-intensive, and above all, more
accurate [26].

In the opinion of the authors, the implementation of routine EAT assessment in the
analysis of computed tomography images should be considered analogous to the routine
assessment of, e.g., coronary artery calcium score. It is postulated to encourage physicians
to measure EAT in their cohorts.

3. Epicardial Adipose Tissue in CLINICAL Medicine

Studies to date have shown an association between EAT and cardiovascular diseases,
as well as an association between EAT and non-cardiovascular systemic diseases.

Recently, it has been proposed that cardiovascular fat is a marker of the risk of car-
diovascular disease (CVD) [20,27]. Numerous publications indicate that excess epicardial
fat plays a significant role in the development of this group of diseases, but this issue
remains insufficiently understood, even though it may be an important parameter of risk
assessment [28].

Substantial amounts of EAT correlate with the occurrence of the coronary syndrome,
weakening of atherosclerotic plaques, or atrial fibrillation [29-33]. It was observed that
the increased amount of EAT causes atherosclerotic plaques in the arteries to be of a more
dangerous nature. For this reason, it is believed that the thickness of the epicardial fat
is important for the development of coronary atherosclerosis [34]. This boils down to a
conclusion indicating a higher risk of platelet formation in coronary arteries depending on
EAT thickening [35,36]. It has been shown that the thickness of the epicardial fat is the only
independent factor of slowed coronary flow [37]. The formation of atherosclerotic plaques
is easier when the coronary arteries are in direct contact with the epicardial fat. This is
associated with the continuous adverse effect of pro-inflammatory cytokines. It has also
been proven that the larger the volume of EAT, the smaller the diameter of the coronary
arteries. Atherosclerotic plaque, which is in the vicinity of epicardial fat tissue, is most
often characterized by lower calcification and greater instability. This, in turn, results in
an increased risk of its rupture, which then results in the occurrence of the acute coronary
syndrome [38,39]. In the study by Bertaso et al. [40], an independent relationship was
observed between EAT and cardiovascular risk factors, coronary artery calcification, and
carotid artery stenosis. In addition, it was also shown that the volume of epicardial fat
(especially this parameter in relation to the left atrioventricular sulcus) is an independent
predictor of cardiovascular diseases in patients with diagnosed type 2 diabetes without
a history of coronary artery disease [41]. The literature on the subject indicates that the
volume of epicardial adipose tissue above 300 cm? correlates with a 4-fold higher risk of
developing atherosclerotic changes in coronary vessels. This parameter is currently the
most sensitive one possible in this respect [42].

This is also confirmed by a large study conducted on the German population, where
the study group included 4093 people. So far, the respondents have not suffered from any
cardiovascular diseases. The amount of epicardial fat was assessed by computed tomogra-
phy. A wide range of values (12.99 mL to 390.0 mL) was noted, and the median volume
was 85.9 mL. The whole group was divided into four subgroups, depending on the EAT
volume quartiles. Each subsequent quartile was associated with more classic risk factors
for CVD (hypertension, greater waist circumference, dyslipidemia, diabetes). All subjects
were followed for eight years for coronary events and for the need for hospitalization
(heart disease or death). During this period, they were confirmed in 130 patients, and
their frequency was directly proportional to the subsequent qualifying quartiles. People
who were qualified in the 4th quartile had a five times higher risk of a coronary incident
compared to people in the 1st quartile. At the same time, an increase in the amount of
epicardial fat was observed. Doubling its volume increased the risk of a coronary incident
by 1.5-2.24 times in correlation with the baseline values [43].

Cardiovascular diseases very often coexist with chronic obstructive pulmonary disease
(COPD). The subject of research, although so far few, is also the relationship between COPD
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and epicardial adipose tissue [20,44]. Zagaceta et al. [45] indicate that the presence of
this disease is a statistically significant predictor of EAT volume. The authors assessed
the volume of EAT using CT. Moreover, Demir et al. [46] and Kiraz et al. [47] confirmed
that in people with COPD, the layer of epicardial fat is larger. The measurement was
conducted this time using the echocardiographic method. However, there are also analy-
ses available, e.g., Kaplan et al. [22], which state that in people with COPD, epicardial fat
is thin.

A higher volume of epicardial fat increases the risk of cardiovascular disease in people
with a negative history of cardiovascular problems. This aspect may indicate a strong
correlation between COPD and cardiovascular diseases [48]. Some studies confirm that EAT
is of key importance in systemic inflammation in COPD [49,50]. Fatty tissue dysfunctions,
including severe inflammation, may be a trigger for subclinical systemic inflammation.
This phenomenon is very often observed in patients with obstructive pulmonary disease.
The volume of visceral adipose tissue correlates, among other things, with mortality due to
cardiovascular diseases or high serum levels of interleukin 6 (IL-6). However, it has not
yet been shown whether respiratory impairment, in turn, increases the accumulation of
visceral adipose tissue [23].

An increased amount of epicardial fat was also observed in people with thyroid
disease. This concerned, among others, subclinical hypothyroidism, which negatively
affects the cardiovascular system [51]. Sayin et al. [52] analyzed whether the amount of
EAT can be reduced in this group of patients. They measured twice using ECHO. It has
been shown that treatment with L-thyroxine, resulting in the restoration of euthyreosis,
results in a reduction in the amount of epicardial adipose. This is also confirmed by the
study conducted by Korkmaz et al. [53]. In addition, the authors found a significant
correlation between EAT and TSH [51]. A study conducted by Asik et al. [54] proved that
the thickness of epicardial fat in people with Hashimoto thyroiditis and in patients with
hypothyroidism (subclinical and overt) can be a useful indicator of early atherosclerosis. In
the literature, however, one can find publications that contradict this assumption, including
Yazici et al. [55] or Santos et al. [56].

An increase in fat mass is also observed in patients with non-alcoholic fatty liver
disease (NAFLD) [57]. The relationship between the thickness of EAT and the stage of
NAFLD and the risk of cardiovascular diseases is indicated [58]. In another study [59],
the correlation of epicardial adipose tissue with the severity of steatosis, fibrosis, and the
occurrence of cardiovascular diseases in the group of patients with NAFLD was proven.
Increased EAT volume (measured by echocardiography) is also associated with the stage of
steatosis and fibrosis in the liver [60].

3.1. Epicardial Adipose Tissue and Atrial Fibrillation Recurrence

In the literature, one can come across a publication on the proportional correlation
between the amount of EAT and an increased risk of recurrent atrial fibrillation after catheter
ablation. Atrial fibrillation (AF) is the most common arrhythmia worldwide. Several studies
report that increased EAT volume is associated with a higher risk of recurrence of AF after
catheter ablation due to slowing and disturbance of conduction by an increased amount of
adipose tissue. After analyzing a group of 1840 patients with AF, a significant correlation
was found between the amount of epicardial adipose tissue and an increased risk of
recurrent atrial fibrillation after catheter ablation. It has been shown that patients with an
average age of less than 60 years have a higher risk of AF recurrence due to more EAT.
The results suggest that younger patients are at greater risk of recurring atrial fibrillation
after catheter ablation. The literature summarizes that there are EAT parameters (total
volume, peri-atrial volume, and ratio of the periatrial to total EAT volume) that are of
greater importance in predicting the risk of recurrence of AF following catheter ablation.
The work concluded that the volume of EAT should be included in the risk assessment of
recurrent atrial fibrillation before the patient undergoes catheter ablation [61-65].
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3.2. Epicardial Adipose Tissue and Relation to Metabolism in Old Patients

In a study by Conte et al. [66] has been observed correlation between aging and an in-
crease in EAT volume. The complex phenomenon of aging is accompanied by deterioration
of biological functions, decreased metabolism, and greater susceptibility to inflammation.
Age, especially when it is advanced, is one of the risk factors for major chronic human
diseases. Low-grade inflammation promotes cardiovascular disease in the elderly. It does
so by increasing the risk of insulin resistance and atherosclerosis. The increase in EAT,
i.e., metabolically active tissue, is associated with greater production and secretion of
pro-inflammatory mediators. Increased production of the previously mentioned causes
the progression of cardiovascular diseases by acting on the heart muscle and coronary
vessels [66]. According to the literature, in people over 65 years of age, the mean EAT
volume was 22% higher than in younger subjects, which suggests that the volume of
epicardial adipose tissue increases with age. Interestingly, it was found that the increase
in EAT volume is more strongly related to age than BMI or waist circumference [67]. A
study of 120 people was conducted to investigate the correlation between anthropometric
values and EAT in older and younger people. After analyzing the results, a correlation
was found between the increased volume of EAT and age, waist circumference, and thigh
circumference. A correlation was observed between EAT and fasting insulin and insulin
resistance only in the elderly group. The study highlights the importance of epicardial fat
in estimating cardiometabolic risk in elderly patients, especially the elderly [68]. Other
authors emphasize the relationship between fatty liver, the amount of visceral fat, and the
occurrence of metabolic syndrome in the elderly. Comparing the group of patients with
the metabolic syndrome to the group without the metabolic syndrome, it was concluded
that the amount of EAT is significantly higher in the first group. A correlation between the
increased volume of EAT and the occurrence of the metabolic syndrome has been observed
by Stramaglia et al. [69].

4. Clinical Practice and Studies Focused on Heart Adipose

Measurement of epicardial adipose tissue is non-invasive but provides some informa-
tion about cardiovascular health. To date, various studies about heart adipose tissue have
been conducted. Studies that were mentioned in the current review and original articles
are summarized in Table 1.

Table 1. Studies focused on heart adipose tissue.

Refs.

Context of Analyzing
Adipose Tissue (Most Stud
Imaging System Type of Adipose Tissue Important, Based on the Aim Po ulatiofl Size
of the Study P

and Conclusions)

Metabolic risk factors,

Gaborit et al. [6] MRI EAT-v . 63
coronary artery disease
Shmilovich et al. [16] Non-contrast CT EAT-v Pred1c.t1ng major adverse 516
cardiovascular events
Mahabadi et al. [21] Non-contrast CT EAT-v Left a.trlal SIZ€, p r.eva.alen.t and 3467
incident atrial fibrillation
Chronic obstructive
y pulmonary disease, 138 (included
Kaplan etal. [22] ECHO EAT-t right ventricular 40 control subjects)
systolic dysfunction
Mahajan et al. [23] MRI PeAT Animal, autopsy pericardial 10

adipose measurements

Saremi et al. [25]

Regions of heart adipose
Contrast CT EAT-v pockets, comparison 60
with EAT-t
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Table 1. Cont.

Context of Analyzing
Adipose Tissue (Most

Study

Refs. Imaging System Type of Adipose Tissue Important, Based on the Aim Population Size
of the Study
and Conclusions)
Threshold-based 3D .
Park et al. [26] Contrast CT EAT-v segmentation, coronary 100 (1nclud§d
. 40 control subjects)
CT angiography
Ito et al. [29] Contrast CT EAT-v Coronary plaque vulnerability, 117
acute coronary syndrome
Metabolic syndrome, coronary
Yerramasu et al. [30] Non-contrast CT EAT-v artery calcium burden, 333
diabetes mellitus
Picard et al. [31] Contrast CT EAT-t Coronary artery disease 970
Nakanishi et al. [32] Contrast CT EAT-v Coronary artery disease, acute 517
coronary syndrome
Okada et al. [34] Contrast CT EAT-v Coronary artery disease 140
Demircelik et al. [35] Contrast CT EAT-t Coronary artery disease 131
Yamashita et al. [36] Contrast CT EAT-v Non-culprit coronary lesions, 54
coronary plaque burden
Alexopoulos et al. [39] Contrast CT EAT-v Coronary artery disease 214
Coronary artery disease,
Uygur et al. [41] Contrast CT EAT-v diabetes mollitus 157
. Coronary artery disease,
Greif etal. [42] ct PeAT intermediate pretest likelihood 286
Coronary artery disease,
. ) intermediate pretest
Janik et al. [43] Non-contrast CT EAT-v likelihood, ischemic 97
heart disease
Chronic obstructive
Kalaycioglu et al. [44] ECHO EAT-t pulmonary disease, systolic 129
pulmonary arterial pressure
Chronic obstructive
Zagaceta et al. [45] CT EAT-v pulmonary disease, smoking 241
history, physical activity
Chronic obstructive
Demir et al. [46] ECHO EAT-t pulmonary dlsegse, meFabohC 166 (mcludgd
syndrome, ischemic 84 control subjects)
heart disease
Chronic obstructive .
Kiraz et al. [47] ECHO EAT-t pulmonary disease, 45 i(o)it(;(r)llc l?l?f(its)
BODE iindex )
Ding et al. [48] CT PeAT Coronary artery disease 998
Unubol et al. [51] ECHO EAT-t Subclinical hypothyroidism 62 (included
’ 25 control subjects)
. .. 4 86 (included
Sayin et al. [52] ECHO EAT-t Subclinical hypothyroidism 42 control subjects)
- ‘a1 85 (included
Korkmaz et al. [53] ECHO EAT-t Subclinical hypothyroidism 24 control subjects)
Carotid intima
Asik et al. [54] ECHO EAT-t media thickness, 57

Hashimoto thyroiditis,
subclinical hypothyroidism
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Table 1. Cont.

Refs.

Imaging System

Type of Adipose Tissue

Context of Analyzing
Adipose Tissue (Most
Important, Based on the Aim
of the Study
and Conclusions)

Study
Population Size

Yazici et al. [55]

ECHO

EAT-t

Carotid intima media
thickness, subclinical
hypothyroidism, restoration of
the euthyroid state

73 (included
30 control subjects)

Santos et al. [56]

ECHO

EAT-t

Subclinical hypothyroidism

100 (included
48 control subjects)

Canpolat et al. [62]

ECHO

EAT-t

Atrial fibrillation, ablation

234

Chao et al. [63]

ECHO

EAT-t

Atrial fibrillation, ablation

283

Sanghai et al. [64]

Contrast CT

EAT-v

Indexed left atrial epicardial
adipose tissue (iLAEAT), atrial
fibrillation, ablation

274

Kawasaki et al. [65]

Contrast CT

EAT-v

Atrial fibrillation, ablation,
cardiac sympathetic
nerve activity

64

Guglielmi et al. [67]

MRI

EAT-v

Expansion of intermuscular
adipose tissue,
sedentary subjects

32

Karadag et al. [68]

ECHO

EAT-t

Metabolic syndrome,
visceral adiposity

120

Stramaglia et al. [69]

ECHO

EAT-t

Metabolic syndrome, visceral
adiposity, hepatic steatosis,
risk of malnutrition in the

obese elderly

55

Hell et al. [70]

Non-contrast CT

EAT-v

Epicardial adipose density,
pre-test probability, coronary
artery disease, SPECT

213

Goeller et al. [71]

Non-contrast CT

EAT-v

Epicardial adipose density,
early atherosclerosis, plaque
inflammation, major adverse

cardiac events,
coronary calcium

456

Nerlekar et al. [72]

Contrast CT

EAT-v

Epicardial adipose tissue

density, non-obstructive

coronary artery disease,
statin therapy

90

Kataoka et al. [73]

CT

EAT-v

Coronary artery spasm, total
abdominal adipose tissue area,
abdominal visceral
adipose tissue

110

Chen et al. [74]

ECHO

EAT-t

Hemodialysis patients,
adverse cardiovascular events

189

Nakazato et al. [75]

Non-contrast CT

EAT-v

Weight change, coronary
calcium score

374

Fu et al. [76]

MRI

EAT-t

Weight change, metabolic
syndrome, diabetes mellitus

57 (included
25 control subjects)

Willens et al. [77]

ECHO

EAT-t

Bariatric surgery, metabolic
syndrome, abdominal visceral
adipose tissue

23

Kim et al. [78]

ECHO

EAT-t

Effects of exercise training,
ventricular epicardial
adipose thickness

24
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Table 1. Cont.

Refs.

Context of Analyzing
Adipose Tissue (Most Stud
Imaging System Type of Adipose Tissue Important, Based on the Aim Po ulatioi Size
of the Study P

and Conclusions)

Gaborit et al. [79]

Sleep apnea, bariatric surgery,

MRI EAT-v morbid obesity

23

Parisi et al. [80]

Statin therapy, aortic stenosis,

ECHO EAT-t !
cardiac surgery

193

Raggi et al. [81]

Epicardial adipose tissue
attenuation, statin therapy,
coronary artery calcium score,
postmenopausal women

CT EAT-v 420

Alexopoulos et al. [82]

Electron beam CT scans,

Non-contrast CT EAT-v statin therapy, 420

postmenopausal women

Soucek et al. [83]

Statin therapy, atrial
Contrast CT EAT-v fibrillation, pulmonary 79
vein isolation

Bouchi et al. [84]

Luseogliflozin therapy,

MRI EAT-v diabetes mellitus

19

Cosson et al. [85]

Non-contrast CT EAT-v

Coronary artery calcification,

diabetes mellitus 409

CT, computed tomography; ECHO, echocardiography; EAT-t, epicardial adipose tissue thickness; EAT-v, epicardial
adipose tissue volume; MRI, magnetic resonance imaging; PaAT, paracardial adipose tissue; PeAT, pericardial
adipose tissue.

5. Epicardial Adipose Tissue and COVID-19-Related Cardiac Syndrome

The COVID-19 (disease caused by SARS-CoV-2) pandemic since the fall of 2019 has
been a challenge for modern medicine. The conducted research on the importance of epi-
cardial adipose tissue in patients with COVID-19 has shown so far that higher EAT volume
and lower EAT density may be independent predictors of both an unfavorable course of the
disease, including death, as well as cardiovascular complications COVID-19 [86-88]. For
example, the COVID mortality associated with cardiovascular calcifications in COVID-19
can also be explained by epicardial adipose tissue [88]. Moreover, some cardiovascular
complications are asymptomatic during acute SARS-CoV-2 infection, but emerging data
have reported on post-COVID-19 heart syndrome. It has been suggested that high EAT
volume and low EAT density in computed tomography may indicate myocardial injury in
COVID-19 patients [89]. The importance of EAT in this group of patients may be explained
by the immunomodulatory properties of EAT, because of which EAT may constitute a
tissue reservoir for SARS-CoV-2 [90].

6. Summary

According to numerous scientific studies, epicardial adipose tissue, as a metabolically
active reservoir of visceral adipose tissue, plays a key role in the pathogenesis of many
diseases, Figure 3.

Epicardial adipose tissue can be considered both a risk factor for cardiovascular disease
and a marker of cardiovascular disease. Therefore, measuring the volume of epicardial
adipose tissue is crucial in assessing the relationship between epicardial adipose tissue and
various pathologies. Measurements of the thickness and density of epicardial adipose tissue
are of less importance [33,70-73]. One of the latest studies in this field proves explicitly that
the thickness of epicardial adipose tissue is not helpful in predicting cardiovascular adverse
events. The authors observed this in patients not undergoing hemodialysis. In turn, it
was shown that increased EAT thickness is significantly associated with older age, female
gender, low level of hemoglobin, and low early diastolic velocity of the mitral ring [74].
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Figure 3. Epicardial adipose tissue—resume.

Reducing its volume is, therefore, a prominent issue in the prevention and treatment of
many diseases. One of the most effective therapeutic methods is weight loss, which causes
a parallel decrease in the volume of adipose tissue that is located around the heart. This
method works in all people—in the general population, patients with metabolic syndrome,
and patients with overweight or obesity [75,76]. Another technique, much more invasive,
is surgery. It usually includes bariatric surgery [77,78]. So far, the only group in which
surgery in this area is ineffective has proved to be people with diagnosed obstructive
sleep apnea [79]. However, weight loss for many people is difficult or unsuccessful, which
further discourages them. Therefore, pharmacotherapy is used to reduce the volume of
epicardial fat. Long-term use of statins significantly reduces the volume of EAT [80,81,91].
In one of the studies, a decrease of 16.2% was observed in people who underwent pharma-
cological therapy for a period of 1.2 years. The best known and tested drug in this respect
is atorvastatin, e.g., at a dose of 80 mg/day for a year [92-94]. Its effectiveness has been
demonstrated, among others, in postmenopausal women [82] and patients undergoing pul-
monary venous isolation due to atrial fibrillation [83]. Other pharmacological possibilities,
characterized by effects on endocardial fat tissue, concern the use of metformin, thiazolidine-
dione, SGLT2 inhibitors, GLP-1 agonists, DPP-4 inhibitors, canakinumab, methotrexate,
colchicine [84,95,96]. Multidirectional treatment, as always, turns out to be the most ef-
fective, even in people with diagnosed comorbidities, e.g., diabetes. Hence, a significant
reduction in EAT can be achieved through weight reduction, undertaking physical activity,
diet modification, and pharmacological treatment, and ultimately also through surgical
intervention [85,97].
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