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SUMMARY - Histologic and radiologic studies describe intramyocardial fat tissue as a normal
finding or as part of cardiac pathology. The role of fat cells within the myocardium is not fully under-
stood. The aim of this study was to assess fat tissue distribution in the myocardium of right atrium
(RA) and right ventricle (RV ) and age differences in subjects free from cardiac disease. The study in-
cluded 10 males without cardiac disease divided into two groups according to age (below/above 50
years). Three cross sections were performed (RV free wall and apex and RA free wall) with histomor-
phological analysis on digital photographs. The shares of total myocardial fat (TMF), perivascular fat
(PVF) and non-perivascular (nPVF) fat were calculated. Samples from the older group had larger
amounts of fat in the epicardium and myocardium, without statistically significant difference (TMF
p=0.847, PVF p=0.4 and nPVF p=0.4). The largest quantities of fat tissue were found in the RV apex
samples (14.9%), followed by RV free wall (7.5%) and RA (4.5%), where total apical RV fat share was
significantly larger than in RA sample (p=0.044). Intramyocardial fat cells were present within the
non-diseased RA and RV in all samples, mostly in the apex. Further investigations on age difference,

effect of visceral obesity and sex differences are needed.

Key words: Myocardium—pathology; Pericardium—pathology; Heart atria; Heart ventricles; Heart
diseases; Adipose tissue — pathology; Body fat distribution — epidemiology

Introduction

In addition to normal adipose tissue that surrounds
the heart and the great blood vessels (epicardial and
pericardial adipose tissue, paracardial or mediastinal
adipose tissue and pericoronary or perivascular epicar-
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dial fat), fat is also stored within the cardiomyocytes,
mostly in the form of triglyceride droplets'?. This
myocardial fat constitutes less than 1% of the total or-
gan mass'. Myocardial triglyceride stores are known to
be increased in certain conditions, such as obesity, im-
paired glucose tolerance, and type 2 diabetes®. How-
ever, observations also indicate that damaged myocar-
dium, such as in myocardial infarction, can be infil-
trated by adipose cells, which is often identified under
the term lipomatous metaplasia®. Lipomatous meta-
plasia is a remodeling process characterized by replace-
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ment of collagen by interstitial adipocytes and contin-
ues for several months to years after myocardial infarc-
tion*. Fatty infiltration of the myocardium can be pres-
ent in isolation or in association with fibrous tissue>®.
It has been observed in histologic studies of samples
from endocardial biopsies and autopsies, as well as in
radiological imaging studies’. Although it is correlated
with various cardiomyopathies, it also exists to a cer-
tain degree in normal myocardium®’. The physiologi-
cal and pathophysiological roles of these clusters of fat
cells or individual fat cells within the myocardium are
not fully understood®’.

Physiologically, intramyocardial fat tissue is pre-
dominantly located in the right ventricle, while only a
small amount is found in the left ventricular wall, in its
apical part’. Adipose tissue infiltration in the right
ventricle starts in the epicardium and expands gradu-
ally to the endocardium, depending on the level of in-
filtration. In cases of slight fatty infiltration, it is typi-
cally located in perivascular connective tissue, whereas
a larger amount of intramyocardial fat is present in
persons with increased amount of epicardial adipose
tissue. Fat cells within the myocardium are usually in-
terspersed among myocardial fibers without cardio-
myocyte replacement, fibrosis, or signs of inflamma-
tion’. Intramyocardial fat as a pathophysiological find-
ing, in addition to the previously mentioned myocar-
dial infarction, is connected to other conditions
including arrhythmogenic right ventricular dysplasia,
lipomatous hypertrophy of the interatrial septum, dila-
tive cardiomyopathy, cardiac lipoma, tuberous sclerosis
complex, and muscular dystrophies’. While cardiac fat
and intramyocardial triglyceride accumulation might
be connected with the pathophysiology of arrhythmias
(and sudden cardiac death), potentially interfering
with the conduction system of the heart, there is insuf-
ficient knowledge about its exact role and its possible
involvement in the pathogenesis of left ventricular
dysfunction'*.

The aim of this study was to assess fat cell and fat
tissue occurrence in the right atrium and right ventri-
cle of subjects who did not have evident heart disease.
Furthermore, we aimed to determine if there was any
apparent difference in intramyocardial fat tissue pres-
ence in the right heart between young and old adults,
which could give us some important clues about the
physiological roles of intramyocardial fat and its
changes during aging.
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Materials and Methods

The study was conducted at the Department of Pa-
thology and Forensic Medicine, Osijek University
Hospital Centre, upon approval from the institutional
Ethics Committee. The study included 10 males di-
vided into two groups according to age. The first group
consisted of males less than 50 years of age and the
second group comprised males older than 50 years. The
inclusion criteria were male gender, no known cardiac
disease, or any specific findings on autopsy. Both groups
of patients died from non-cardiac causes (accidental
deaths in the younger group). During autopsy, three
cross sections of the right heart were performed. The
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Fig.1.(A) Digital photographofahistologic section of
RA openin the open-source imaging software GIMP
during the tissue selection process. Only the myocardial
layer is selected, and larger artifacts are being subtracted
fromtheselection; (B)acolor ‘mask’isappliedin GIMP
order to prepare the image for measurement in FIJI.

123



Kristina Selthofer-Relati¢ et al.

Human right cardiac fat tissue

Fig.2. Preparation ofimages for measurement: (A) digital photographofasection of RV stained with hematoxylin
and eosin. Scalebar:1mm; (B) thesame imageafter application ofacolor mask over the myocardial layer (red), while
other tissues and empty space were filled with white color; (C) the same image after selecting the fat tissue

and application of color masks over perivascular fat tissue area (black) and non-perivascular fat tissue area (green).
Everything else was filled with white color; (D) a control image with partially transparent masks where the selection
can be checked for major inconsistencies and masks can be adjusted accordingly.

first two samples were obtained from the right ventric-
ular (RV) and right atrial (RA) free lateral wall, and the
third sample was obtained from the RV apex. All 30
specimens were prepared in similar fashion: after fixa-
tion in 10% buffered formalin overnight, they were
processed and embedded in paraffin wax, cut at 4 pum,
and stained with hematoxylin and eosin. Slides were
photographed using an Olympus C-5050 camera on
Olympus BX-50 light microscope (Olympus, Tokyo,
Japan) and QuickPHOTO Pro imaging software (Pro-
micra s.r.o., Prague, CzechRepublic).

Thickness of the thickest and thinnest visible parts
of the epicardium was measured using FIJI, a distribu-
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tion of ImagelJ software®®. Mean epicardium thickness
was calculated and used on statistical analysis. Digital
photographs of the myocardium were taken in a way
to encompass the largest visible fat deposits on the
slide. Digital photographs were processed in open-
source and free imaging software GIMP (GNU Image
Manipulation Program, The GIMP team, GIMP
2.8.10, www.gimp.org) in order to create colored
‘masks’ of certain tissue areas (red for myocardial layer,
black for perivascular fat tissue, and green for non-
perivascular fat tissue) (Figs. 1 and 2). Digitally created
mask images were then opened in FIJI, converted to
8-bit images and areas of myocardial layer and fattis-
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Fig.3.Image shown in Figure 1 open in FIJ1. The image
was converted to8-bit typeimageand thresholdingwas
enabled for thewand tool, which was used to select the
mask area, corresponding to the area of myocardial layer
on the original image (yellow lining around the black
mask denotes selection).

sue deposits were measured with the help of a thresh-
olding-enabled wand tool (Fig. 3). This method was
modified from the one used by Egan ef al. for bone
histomorphometry'. The shares of total myocardial fat
(total myocardial fat area/myocardial layer area), peri-
vascular fat (perivascular myocardial fat area/myocar-
dial layer area) and non-perivascular fat (non-perivas-
cular myocardial fat area/myocardial layer area) were
calculated.

The mean epicardial thickness and fat to myocar-
dium area ratios were statistically evaluated for differ-
ences between younger and older subjects, as well as
with regard to sampling localization. The calculated
values were analyzed using Statistica software ver. 13
(Dell Inc., Round Rock, USA). Mann-Whitney U test
was used for testing differences between groups. All
results were expressed as median and interquartile
range; p values were two-tailed with difference consid-
ered significant at p<0.05.

Results

Overall 30 samples were obtained and one atrial
sample was excluded from analysis due to inappropri-
ate sampling. Therefore, 9 samples from the lateral wall
of RA, 10 from the lateral free wall of RV and 10 from
the RV apex were analyzed.

Acta Clin Croat, Vol. 57, No. 1, 2018

Fig.4. Arepresentativesectionofasampletaken from the
RV apex of a 68-year-old subject. Areas of fat tissue
(arrows)protruding from theepicardium (asterisk)into
the myocardium (arrow head). Fat tissue takes up a
significant areain this particular region of myocardial
layer. Scale bar: 700 um.

Histologic sections revealed all three cardiac layers
(epicardium, myocardium and endocardium). Fat de-
posits of different thickness were visible in the epicar-
dium, and areas of fat tissue spanned into the myocar-
dium in all samples, in both groups of subjects. These
areas were partly perivascular fat that followed and
encapsulated blood vessels entering the myocardium.
Apart from that, fat deposits of various sizes not re-
lated to blood vessels were present in the myocardium
of both RA and RV (Fig. 4).

Measurements showed that epicardial thickness
was greater in older subjects and in ventricular sam-
ples; however, these differences were not statistically
significant (Tables 1 and 2).

With regard to age, although the older group had
somewhat larger amounts of fat in myocardium, there
was no statistical difference between the groups (share
of total myocardial fat p=0.847, share of perivascular
fat p=0.4, and share of non-perivascular fat p=0.4)
(Table 1). There were no significant differences be-
tween the share of perivascular myocardial fat of RA
and RV (p=0.167) and the share of non-perivascular
myocardial fat of RA and RV either (p=0.069) (Table
2). With regard to age, although the older group had
larger amounts of fat both in epicardium and myocar-
dium, no statistical difference was found between the
groups (Table 1).
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Table 1. Analysis of the measured values according to age

Average epicardium
thickness (um)

Share of total
myocardial fat

Share of perivascular
myocardial fat

Share of non-perivascular
myocardial fat

Age group (yrs)

Median
(interquartile range)

Median
(interquartile range)

Median
(interquartile range)

Median
(interquartile range)

<50 520.5 (243.3-1001.9) {0.062 (0.018-0.21)
>50 656.1 (407.4-1076.7) |0.083 (0.046-0.17)
p value* 0.747 0.847

0.025 (0.008-0.049)
0.052 (0.005-0.068)
0.4

0.034 (0.005-0.112)
0.014 (0.008-0.041)
0.4

*Mann-Whitney U test

Table 2. Analysis of the measured values according to sample localization

Average epicardium | Share of total Share of perivascular | Share of non-perivascular
thickness (um) myocardial fat myocardial fat myocardial fat
Location Median . Median ’ Median ' Median ‘
(interquartile range) | (interquartile range) | (interquartile range) | (interquartile range)
Atrium 198.7 (141.9-1206.0) |0.046 (0.014-0.108) | 0.015 (0.004-0.046) |0.008 (0.003-0.041)
Ventricle 662.1 (513.1-980.2) |0.09 (0.051-0.215) 0.048 (0.010-0.068) |0.03 (0.011-0.143)
p value* 0.140 0.044 0.167 0.069
*Mann-Whitney U test
Table 3. Comparison of total myocardial fat area share among localizations
Location Share of to.tal myocardial fat, median | p value* p value* p value*
(interquartile range) (A vs. V) (Vvs. VA) (A vs. VA)
Atrial free wall (A) 0.046 (0.014-0.108)
Ventricular free wall (V) | 0.075 (0.0506-0.209) 0.156 0.684 0.044
Ventricular apex (VA) 0.15 (0.0583-0.2204)

*Mann-Whitney U test

According to sample localization, RV samples had
a significantly larger quantity of total fat deposited in-
side myocardium (Table 2). Since this fat was not
evenly distributed between perivascular and non-peri-
vascular areas, these particular subgroups did not differ
significantly between locations. Looking at median
values of total fat area share, the largest quantities of
fat tissue inside myocardial layer were found in the
samples from the RV apex (14.99%), followed by RV
free wall values (7.5%) and then RA free wall values
(4.56%). Hence, further analysis showed that total
myocardial fat share from the RV apex sample was sig-
nificantly larger than that of RA sample (p=0.044), but
no statistical difference existed between RA and RV
free lateral wall (p=0.156) or between two RV samples
(p=0.684).Nevertheless, a clear tendency of increase in
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total fat tissue area within the myocardium from the
atrium towards the apex is shown in Table 3.

Discussion

Histologic assessment performed in this study
confirmed and characterized the presence of intra-
myocardial fat tissue in the RA and RV of subjects
without apparent heart disease. While there was no
statistically significant difference in the occurrence of
intramyocardial fat tissue between younger and older
subjects, there was a tendency towards a somewhat
larger amount of fat observed in the group of older
subjects. Additionally, we found an increase in total fat
tissue area within the myocardium from the atrium to-
wards the apex, with a significantly larger quantity of

Acta Clin Croat, Vol. 57, No. 1, 2018
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total intramyocardial fat deposited in the RV com-
pared to the RA. Increased fat tissue deposit in the
apical RV part can present a locus minoris for morpho-
logical and hemodynamic changes!''.

There is no consensus yet about the exact physio-
logical and pathophysiological significance of intra-
myocardial fat tissue. Although fibrofatty replacement
of the right ventricle wall, which is often associated
with inflammation, is a main characteristic of arrhyth-
mogenic right ventricular cardiomyopathy and associ-
ated with sudden cardiac death, research conducted in
the past years points to the possible occurrence of fat
infiltration without fibrosis also in the normal heart'?.
Tansey et al. found variable amounts of intramyocar-
dial fat (with up to 85% of hearts containing at least
some intramyocardial fat) in subjects dying of non-
cardiac related causes. This simple fatty infiltration was
not associated with arrhythmogenic right ventricular
cardiomyopathy'?. It is therefore open to discussion
how to interpret the role of this intramyocardial fat
tissue in health and/or disease; among other questions,
does it exert any paracrine/endocrine effects, contrib-
ute to normal development of the heart and to physi-
ological changes and adaptation during aging, have
any contributive effect on pathophysiological processes
in disease states, increase the risks of adverse outcomes,
etc. Another issue is if and how is this intramyocardial
adipose tissue functionally related to fat inside cardio-
myocytes (triglyceride droplets) and myocardial ste-
atosis. Interestingly, epicardial adipose tissue has gar-
nered wide interest in studies over years and data have
been collected to point to its extensive metabolic and
endocrine functions although it has once been consid-
ered only as a storage compartment'3. It actually serves
as an endocrine and paracrine organ, contributing to
the homeostasis of body energy, lipid and carbohydrate
metabolism, having vasocrine regulative functions in
the heart, being a major source of anti-inflammatory
and proinflammatory adipokines, and considered a po-
tential risk factor for cardiovascular diseases such as
coronary syndromes'®. On the other hand, such poten-
tial key roles of intramyocardial fat tissue are less clear
and studies are fewer in numbers.

Advances in imaging studies have made it possible
to detect intramyocardial fat with a high degree of
confidence. Noninvasive approaches including com-
puted tomography (CT) and magnetic resonance im-
aging enable observation of fibrofatty infiltration of
the myocardium in healthy subjects and in conditions

Acta Clin Croat, Vol. 57, No. 1, 2018

of cardiomyoptahy, states after myocardial infarction,
arrhythmogenic right ventricular dysplasia, and oth-
ers*'*'7. Fat and water-separated imaging techniques
are sensitive for detection of intramyocardial fat and
they also may be combined with late-enhancement
imaging to provide positive correlation between fibro-
sis and fat. Such methods have the potential for quan-
titative measurement of fat in the heart and could be
used for assessment of its prognostic value in various
conditions’. An interesting study by Matsuo et al. cor-
related CT features of myocardial fat with clinical
background in patients without cardiac disease. They
observed myocardial fat in 68.5% of patients, most
commonly in the RV outflow tract (64.1%), followed
by the base (42.3%) and middle (28.9%) of the RV free
wall, RV trabeculations (22.5%), and the left ventricu-
lar apex (11.4%)'®. In addition to being most often ob-
served in the RV outflow tract, it was more frequent in
female patients, those older than 65 years, those with
body mass index >25, and those with hypertension'®.
These results are somewhat different from the histo-
logic results presented in this study where the intra-
myocardial fat was most pronounced in samples from
the RV apex, but the methodology, of course, was not
equivalent.

There have been some histopathologic studies
seeking to explore fatty infiltration of the heart. Ex-
amples of studies determining fatty infiltration in ven-
tricular scarring include the work by Baroldi et al., who
conducted a retrospective analysis of left ventricular
scars on autopsies'. Lipomatous metaplasia of myo-
cardial scar was observed in 68% of ischemic heart dis-
ease, 37% of chronic valvulopathy, 26% of idiopathic
dilated cardiomyopathy, 15% of chagasic patients, and
55% of aneurysm walls. Based on available data, the
authors conclude that lipomatous metaplasia of scars is
often associated with severe heart failure, is more fre-
quent and extensive in ischemic heart disease, and that
transformation of a compact scar into compressible
adipose tissue worsens ventricular wall function, thus
facilitating and/or aggravating aneurysm formation'.
Su et al. reviewed medical records on 91 hearts from
patients undergoing heart transplantation for ischemic
heart disease to determine the extent of adipose tissue
within healed myocardial infarction. Of the 91 hearts
examined, 168 healed myocardial infarctions were
identified with 141 (84%) containing some mature fat.
Adipose tissue increased with age, in males, and in
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those patients who had undergone coronary bypass
graft surgery. The amount of adipose tissue was not re-
lated to the location or age of the healed myocardial
infarction®®. This is an interesting finding compared
with our results on subjects without heart disease,
where we found a significant difference in intramyo-
cardial adipose tissue according to location, but no
clear and significant difference between age groups, at
least as defined by our study design. This contrasts the
apparent nature of the adipose tissue that forms in
scars compared to the ‘physiologically’ present adipose
tissue within the myocardium. Caruso ef al. conducted
a histologic comparative study between endomyocar-
dial biopsies obtained from 138 patients with various
cardiac pathologies and 42 autopsy heart samples,
measuring the amount of adipose tissue in isolation or
associated with fibrous tissue. Fibro-adipose tissue was
found in 7 of 42 hearts from autopsy (which did not
have right ventricular dysplasia), with different distri-
bution in the two ventricles, but to a maximum amount
of 20% of the section. The right side of the ventricular
septum was affected in five cases®. They observed a
quantitative difference between this fibro-adipose tis-
sue in normal hearts and the fibro-adipose tissue found
in right ventricular endomyocardial biopsies in cases
with right ventricular dysplasia, where the fibro-adi-
pose tissue presence was more prevalent®. This is also a
surprising difference compared with our data, as we
found intramyocardial adipose tissue in all sampled
subjects with normal hearts, whereas the older study
by Caruso ef al. found it in 7 of 42 normal heart sam-
ples from autopsy (5 cases on the right side of the ven-
tricular septum)®.

Since the exact functional implications of intra-
myocardial fat tissue remain to be elucidated, an im-
portant prerequisite and foundation for further func-
tional analyses is good characterization of morphology,
quantity and location of this tissue in the myocardium
in both healthy and diseased states. Such morphologi-
cal information, when taken together with other infor-
mation such as age and clinical characteristics of the
subjects, can provide key hints to its function and clin-
ical implications. In this regard, the presented results
are helpful in broadening our insights into the pres-
ence and distribution of myocardial fat tissue in the
right atrium and ventricle, thereby providing reference
for further research. The precise and well defined com-
puterized histologic quantification methods enable
comparisons with data of similar studies in the future.
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The limitations of our study included a relatively
small sample size, although it is noteworthy that it was
performed with valuable human heart samples of sub-
jects with no evident heart disease on autopsy and no
other specific autopsy findings, which are relatively
rare. A more detailed age stratification, which would be
possible with larger subject sample groups, could pro-
vide more information on changes during aging. Fur-
thermore, inclusion of female subjects could contribute
to assessment of gender and hormonal influences on
intramyocardial fat tissue in subsequentstudies.

Conclusion

Currently available data in the discussed subject
area are very limited, especially those obtained from
histopathologic analyses in humans. The findings of
intramoycardial/epicardial fat tissue are interesting as
observed from several points of view, i.e. the origin and
embryogenic development within the right heart, the
physiologic role of triglyceride droplets in cardiomyo-
cyte metabolism, the impact of epicardial adipose tis-
sue on the myocardium with possible paracrine/auto-
crine effects on coronary microcirculation and cardio-
myocytes, changes in RA and RV morphology with
consequential effects on intracardiac pressure and he-
modynamics, changes in the structure of the conduc-
tion system, which could serve as pro-arrhythmogenic
substrates, the aging process as part of physiology, and
gender differences.

According to our results, we conclude that intra-
myocardial fat and epicardial fat tissue are present in
all samples, predominantly in RV apex without age
difference with this sample size. Further investigation
in this area is needed to elucidate RA and RV fat tissue
physiology and pathophysiology.
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Sazetak

POJAVNOSTINTRAMIOKARDIJALNIHMASNIHSTANICAUSTIJENCIDESNEPRETKLIJETKE
I DESNE KLIJETKE — POSTMORTALNA HUMANA ANALIZA

K. Selthofer-Relati¢, T. Belovari, N. Bijeli¢, A. Kibel i ]. Rajc

Dosadasnja histoloska i radioloSka istrazivanja opisuju pojavnost intramiokardijalnog masnog tkiva kao dio normalnog
nalaza ili kao dio patoloskog nalaza srca. Uloga intramiokardijalnih masnih stanica nije jos razjasnjena. Cilj ovoga istrazivanja
bio je utvrditi raspodjelu masnog tkiva u miokardu desne pretklijetke (DP) i desne klijetke (DK) ovisno o dobi i lokalizaciji
kod ispitanika bez kardijalnog morbiditeta. Patohistoloska postmortalna studija ukljucila je 10 muskaraca bez kardijalnih
bolesti podijeljenih u dvije skupine prema dobi (ispod/iznad 50 godina). Uzorci su uzeti u tri presjeka (projekcija slobodnog
zida DK, slobodni zid vrha DK te stijenka DP) s histomorfoloskom analizom na digitalnim fotografijama. Izracunati su
udjeli ukupnog masnog tkiva unutar sr¢anog misica (UMT), perivaskularnog masnog tkiva (PMT) i ne-perivaskularnog
masnog tkiva (nPMT). U uzorcima starijih ispitanika prisutna je veca koli¢ina masnog tkiva u epikardu i miokardu, bez
statisticki znacajne razlike (UMT p=0,847, PMT p=0,4, nPMT p=0,4). Najvece koli¢ine masnog tkiva pronadene su u uzor-
cima vrha DK (14,9%), nakon Cega slijedi stijenka slobodnog zida DK (7,5%) i DP (4,5%), gdje je ukupni udio masnog
tkiva DK bio znatno veéi nego kod uzorka DP (p=0,044). Intramiokardijalne masne stanice sastavni su dio histoloskog
nalaza DP i DK u svim uzorcima bez prisutnih kardijalnih bolesti, dominantno u vrhu DK. Neophodna su daljnja istraziva-
nja utjecaja dobi, spola i visceralne pretilosti na pojavnost intramiokardijalnih masnih stanica unutar stijenke desnog srca.

Kljuénerijeci: Miokard —patologija; Perikard —patologija; Sréane pretklijetke; Srcaneklijetke; Srcane bolesti; Adipozno tkivo
— patologija; Masno tkivo, distribucija — epidemiologija
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