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Abstract Thoracic fat includes extra-pericardial (outside
the visceral pericardium) and intra-pericardial (inside the
visceral pericardium) adipose tissue. It is called ectopic
adipose tissue although it is a normal anatomical structure.
Intra-pericardial adipose tissue, which is predominantly
composed of epicardial and pericoronary adipose tissue,
has a significant role in cardiovascular system function.
It provides metabolic-mechanical support to the heart and
blood vessels in physiological conditions, while it repre-
sents metabolic-cardiovascular risk in case of qualitative
and quantitative structural changes in the tissue: it corre-
lates with coronary atherosclerotic disease, left ventricular
mass, left atrium enlargement and atrial fibrillation pres-
ence. In the last decade there has been mounting evidence
of fat cells presence in the myocardium of healthy (non-
diseased) persons as well as in persons with both cardiovas-
cular and non-cardiovascular diseases. Thus, it is necessary
to clarify the incidence, aetiology, physiological role of fat
cells in the myocardium, as well as the clinical significance
of pathological fatty infiltration of the myocardium.
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Introduction
Thoracic fat: extra/intra-pericardial adipose tissue

Adipose tissue within the thoracic cavity is divided into
extra-pericardial and intra-pericardial adipose tissue (AT)
(Fig. 1). Extra-pericardial AT is found outside the visceral
pericardium [1]. It has no direct contact with the myocar-
dium and it consists of mediastinal adipose tissue [2] and
thoracic periaortic adipose tissue [3]. Intra-pericardial AT
is located between the myocardium and the visceral peri-
cardium [4-7]. The fat located on the outer surface of the
fibrous pericardium differs from the intra-pericardial fat in
biochemical, molecular and vascular nutrition properties [4].
Total amount of extra-pericardial and intra-pericardial fat in
healthy eutrophic persons is about 100 g, while in type 2 dia-
betic patients it is about 400 g, in some persons even up to
800-900 g, and have weak correlation to body mass index
(BMI) but strong correlation with waist circumference [8, 9].

Intra-pericardial fat: cardiac visceral adipose tissue

Cardiac visceral adipose tissue (CVAT) represents fat inside
of the visceral pericardium:

(a) Epicardial adipose tissue (EAT) A fat tissue accumu-
lated between visceral pericardium and the myocar-
dium, without structure or fascia separating it from the
myocardium and the epicardial vessels [4];

(b) Pericoronary adipose tissue (PCAT) A part of epicar-
dial fat tissue which surrounds coronary arteries and
arterioles [5, 10];

(¢) Myocardial fat (MF) Individual or clusters of fat cells
or fatty infiltration within the myocardium, appearing
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Fig. 1 Algorithm of intra-pericardial and extra-pericardial adipose tissue. EAT epicardial adipose tissue, MF myocardial fat, CV cardiovascular

in physiological condition and as a part of cardiovascu-
lar (CV) and non-CV diseases [6, 7].

CVAT is composed of adipocytes, stromal cells, mac-
rophages and neuronal network, all nourished by a rich
microcirculation. It plays an important role in maintain-
ing intra-thoracic homeostasis: preserves contractile
function of the heart and blood vessels by providing
mechanical support; energy storage with ability to retain/
release fatty acids as required, simultaneously avoiding
lipotoxicity; protective vasocrine function since there is
no muscular fascia, which enables both migration of fat
cells and diffusion of synthesised molecules [8]. In case
of CVAT expansion (up to now due to unknown trigger
factors and mechanisms), local hypoxia develops caus-
ing dysfunction of adipose tissue endocrine mechanisms,
which is expressed by reduced numbers of protective
cells and increased numbers of detrimental adipocy-
tokines. This promotes inflammation, macrophages infil-
tration, vasoconstriction, plaque neoangiogenesis and
prothrombotic effects via local paracrine effect [11-14].
From clinical point of view, CVAT is linked, not inde-
pendently, with increased cardiac mass and remodel-
ling, left atrium (LA) enlargement, left ventricle (LV)
diastolic dysfunction development, lower ejection frac-
tion (EF), vascular ageing, increased peripheral vascular
resistance and subclinical atherosclerosis [15-17]. CVAT
in diseased and non-diseased heart represents additional
cardiovascular risk factor regardless of conventional risk
factors [18].

@ Springer

Epicardial adipose tissue (EAT)

EAT evolves from brown adipose tissue during embryogen-
esis [19], as a regular anatomical structure in all persons
regardless of their body weight. Its total amount is linked
with the level of obesity, race, gender and age [20, 21]. It
has direct contact with the myocardium and coronary blood
vessels, providing support and protecting them mechani-
cally from tension and torsion, metabolically is a source
and storage of energy, provides thermogenic protection,
represents a source of antiatherogenic and anti-inflamma-
tory adipokines in normal condition [19]. Physiology of
EAT is different than subcutaneous adipose tissue, it has
a higher rate of lipolysis and insulin-induced lipogenesis,
richer in saturated fatty acids, higher rates of free fatty
acids synthesis, incorporation and breakdown, act as a buff-
ering system against toxic levels of fatty acids [22].

In the adult heart, EAT is found in the atrioventricular
and interventricular grooves extending to the apex along
the coronary arteries and surrounding them, while their
branches bring blood supply [23-25]. EAT is located over
both ventricles and it constitutes around 20 % of the total
ventricular weight in the human heart. The absolute amount
of EAT is similar between the right and left ventricle, while
the ratio of fat to myocardium weight for the right side of
the heart is more than three times that of the left side [26].

From clinical point of view, EAT exerts local effect on
the atrial mechanical and electrical remodelling [27] due
to mechanical infiltration of conductive system and car-
diomyocytes degeneration, which leads to separation of
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intracellular cardiomyocytes communication [6]. Thus, it
is associated with paroxysmal/persistent atrial fibrillation
(AF) and poorer outcome after AF ablation; LA enlarge-
ment and remodelling [28, 29], cardiac hypertrophy,
increased LV mass [30]. In persons with reduced systolic
function of LV, EAT thickness is reduced, which can be a
part of complex pathogenetic mechanisms in development
of cardiac cachexia (cardioprotective role of EAT) [31].

Pericoronary adipose tissue (PCAT)

PCAT, as EAT, evolves from brown adipose tissue during
embryogenesis [19] and have the same blood supply from
coronary arteries [4]. In normal human heart PCAT (part of
EAT) follows the adventitia of coronary arteries [4, 5, 22].
PCAT thickness, volume distribution and structure depend
on a blood vessel type and also on the location on blood
vessel [20, 32, 33]. Local pathogenic effect of PCAT is
achieved either by a direct compression on a blood vessel
or by changes within the tissue that are linked with obesity,
hypertension, hyperglycaemia and metabolic syndrome
via pathways that includes numbers of adipokines. Their
metabolic, vascular, immunologic and inflammatory effects
[19, 34] has influence on vascular function, smooth mus-
cle cell and immune cell migration into the vascular wall,
modulation of insulin effect on the vasculature, alterations
in nitric oxide signalling and lower microvascular coronary
response [35-38], with direct relation to coronary athero-
sclerotic plaque thickness and severity of coronary artery
disease [39].

Myocardial fat (MF)

According to recent findings, incidence and role of MF
can no longer be considered a random autopsy finding and
needs to be further investigated [40, 41]. Development of
modern cardio-imaging techniques (echocardiography,
computed tomography and magnetic resonance) made it
possible to identify MF ante mortem. It has been recog-
nised that the incidence of fat cells within the myocardium
plays a significant role, not only as a part of regular heart
structure in healthy persons, in obese/non-obese, but also
as a part of heart ageing process as well as a part of patho-
histological findings in both, CV and non-CV diseases [6,
7]. There are many issues regarding MF that need to be
explained: incidence, aetiology, localisation, amount and
distribution of fat, as well as its clinical significance and
influence on the function of the myocardium [42].

Myocardial fat in physiologic condition

Most adults with non-diseased hearts contain varying
amounts of physiologic MF, more often elderly people,

woman and persons with more visceral adipose tissue inde-
pendently of BMI [43].

MF is predominantly found in the right ventricle (RV),
especially in the anterolateral and apical walls, RV outflow
tract and trabeculae, while only a small amount is found in
LV wall, in its apical part [29, 40, 41]. MF infiltration in the
RV starts in the epicardium (external part of the myocar-
dium) gradually expanding to the endocardium, depending
on the infiltration level. In cases of slight fatty infiltration,
MF is typically located in perivascular connective tissue [7,
41, 44]. Increased amount of MF is noticed in persons with
increased amount of EAT [42]. Fat cells within the myocar-
dium are usually interspersed among myocardial fibres with-
out cardiomyocytes replacement, fibrosis or signs of inflam-
mation [40, 41, 44-46], RV walls remain equally thick or
become even thinner, while RV size stays normal [29].

Myocardial fat in pathophysiological conditions

The differentiation of pathologic from physiologic myocar-
dial fat is very important for diagnosis and prognosis. MF
within the myocardium is a regular pathohistological find-
ing in primary diseases of myocardium and coronary blood
vessels, as well as secondary finding in some systemic dis-
eases and diseases of other organ system [7]. CV and non-
CV diseases with myocardial fat infiltration are:

(a) MF in healed myocardium a regular finding in persons
with history of myocardial infarction (MI). MF occurs
in the area surrounding the infarcted coronary artery,
correlates with infarcted area volume and extends
into the sub-endocardium. There is no difference in
amounts of fat according to location of MI [5]. LV wall
thickness does not change, while LV dilation depends
on the percentage of affected myocardium area and the
scar size [7]. Percentage of MF within the LV increases
with time elapsed since MI [6, 47], but does not corre-
late with gender, age and standard risk factors for coro-
nary artery disease [48, 49].

(b) Arrhythmogenic right ventricular dysplasia (ARVD)
hereditary progressive disease affecting the myocar-
dium that is characterised first by segmental and then
by diffuse fibro-fatty replacement (FFR) in the myocar-
dium. It develops predominantly in the RV free wall,
but its incidence is also reported in LV wall as well as
in interventricular septum [50, 51]. The nature of clini-
cal manifestation of the disease depend on anatomical
location and the extent of the disease, which influences
myocardium function and electrical excitability, often
resulting in development of malignant arrhythmias that
cause sudden cardiac death [52].

(¢c) Lipomatous hypertrophy of the interatrial septum
(LHIS) is benign, excessive fat deposition in the intera-
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trial septum, histologically characterised by mature
fat with varying quantity of foetal fat, inflammation
and fibrosis. It correlates with age and level of obesity
and develops more often in women, increases the risk
of mostly benign arrhythmias that can rarely become
malignant [6, 53].

Dilatative cardiomyopathy (DCM) is characterised by
linear accumulations of MF in the middle layer of the
LV myocardium with myocardial fibrosis, dilated LV
and reduced LV EF [7, 48].

Cardiac lipoma is a benign, encapsulated neoplasm,
composed of mature adipose tissue. It can occur within
any heart cavity or pericardial space at any age, but
without myocardial fatty infiltration [54].

Tuberous sclerosis complex is a high variable, multisys-
tem, genetic disorder that causes non-malignant tumours
to form in many organs including the heart. It is charac-
terised by numerous well-circumscribed fatty deposits,
mostly within the interventricular septum and LV wall,
as well as by multiple intra-myocardial lipomas [55].
Muscular dystrophies are X-linked recessive disorders
that lead to degeneration of both skeletal muscles and
myocardium, with fibrosis, degeneration and fatty infil-
tration of the myocardium [56] and development of
DCM with reduced EF [57].

Myocardial fat: role and aetiology

Despite the growing number of publications in the field
of modern imaging methods on the incidence of fat cells
within the myocardium, there is still question why fat
cells exist in the myocardium, except its developmental/
physiological role. According to research, these are the
mechanisms that lead to the presence of myocardial fat
infiltration.

(a)

(b)

©

Embryonic basis/physiologic role Fat cells possess an
important physiologic role as a source of energy [8], as
connective [58] and supportive tissue [36] in homeo-
stasis of myocardium and associated cardiac structures,
according to available data embryonic development
leads to connective tissue development [59].

Storage of triglyceride droplets If energy exchange in
the heart muscle is disturbed (unhealthy myocardium,
disturbed metabolic processes, diabetes mellitus type
2, obesity) free fatty acids are excessively released and
form endogenous triglyceride depots [60] that depend-
ing on infiltration level progress into cardiac steatosis
with potential cardiotoxic effect [9] and functional dam-
age to the heart, especially diastolic dysfunction [8].
Over-accumulation Surplus fat cells migrate from EAT
to the myocardium (especially to the RV) due to absence

@ Springer
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of muscular fascia towards myocardium, while visceral
pericardium is a barrier for intra-thoracic spread of adi-
pose tissue. This confirms positive correlation between
the macroscopic grading of EAT and the microscopic
myocardial fatty infiltrative degree [61, 62].

Healing process Numerous studies on both humans
and animals have proven that acute post-infarction car-
diomyocytes apoptosis occurs resulting in scarring as
a part of a healing process, but continues in post-acute
phase in the border area to the viable myocardium [63].
Pathogenesis of fat formation is unclear, it may result
from: (a) inability of ischaemic myocytes to metabo-
lise free fatty acids [64]; (b) reperfusion therapy for
coronary artery disease which promotes cells trans-
differentiation [45]; (c) consequence of adipose tis-
sue deposition in infarcted area where myocytes have
been replaced by fibrous tissue (active inflammatory
response, angiogenesis, fibroblast proliferation and
collagen deposition) [7, 64].

Pluripotent cells migration There is very little data on
potential hypothesis. Hypothesis is based on the fact
that the heart is of mesenchymal origin, while car-
diac outflow tract cells originate from neural crest, an
ectoderm-derived structure that produces connective-
supportive tissue, also containing stem cells. During
migration pluripotent possibilities become limited,
cells stay behind and their potential depends on growth
factor and they can influence heart development. It is
not clear when and where cells development potential
will be realised [65, 66].

Trans-differentiation of cardiac myocytes into adipo-
cytes ARVD is an example of genetic autosomal domi-
nant disease in which fibrofatty replacement of cardio-
myocytes takes place, primarily in the RV [67, 68].

(g) Ageing process Cardiac biology is characterised by little

capacity for self-regeneration [68]. Process of regenera-
tion and degeneration of the myocardium has not been
completely explained yet, but it is known that number
and functional ability of cardiomyocytes decreases with
ageing, while percentage of MF increases [41, 69, 70].
The changes are based on necrosis and apoptosis with
reduced regenerative possibilities of cardiac progenitor
cells [71, 72] or accumulated lipids influence cardiomy-
ocytes metabolism causing hypoxia with activation of a
series of proinflammatory and proatherogenic cytokines
with increased oxidative stress resulting in interstitial
and perivascular fibrosis [73].

Conclusion

According to data from post/ante mortal analysis, molec-
ular and clinical researches, it can be concluded that: (a)
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MF is essential for maintaining myocardial physiological
homeostasis in metabolic and thermogenic processes, as
a mechanical support; (b) it is still unclear which mecha-
nisms lead to accumulation of fat cells that results in acti-
vation of pathophysiologic mechanisms and subsequent
changes in the structure and function of up to then non-
diseased myocardium; (c) depending on the degree of infil-
tration and the presence of CV/non-CV diseases, MF can
affect diastolic and/or systolic function of the myocardium
with cardiomyopathy development; (d) MF represents an
important structural part and significant diagnostic and
prognostic factor.
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