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Background: The purpose of our study was to analyse the relationship between
fatty foci within the heart and the accompanying changes in the coronary arteries
supplying the relevant heart chambers in a large group of patients referred to
multi-slice computed tomography with electrocardiogram-gating examinations
(ECG-MSCT) for various clinical reasons.
Materials and methods: The ECG-MSCT examinations of 1,830 consecutive
patients were analysed. The examinations were performed using 8-row (1,015
patients) and 64-row (815 patients) MSCT, in pre- and postcontrast scanning. In
the group of patients with fatty foci within the heart the concomitant changes
in the coronary arteries were assessed. It was analysed: the type of changes in
the arteries; the relationship between the locations of the fatty deposits and the
occurrence and type of changes in the coronary arteries.
Results: In 200 (10.9%) subjects fatty foci within the heart (112 men; 88 women;
mean age 57.8) were detected. The distribution of the fat was as follows: right
ventricle (RV) — 32.5%, left ventricle (LV) — 22.0%, biventricular — 45.5%. One
hundred and seventy-two patients had concomitant changes in the coronary
arteries. In patients with normal coronary arteries, significantly more often fatty
deposits were localised within RV. Fat was primarily located subendocardially in the
LV in patients with atherosclerosis in the left anterior descending artery (p < 0.001),
in the right coronary artery (RCA) (p = 0.003), and in the left circumflex artery
(LCX) (p < 0.001). Subpericardial locations of fatty deposits in RV significantly
correlated with RCA bridging (p < 0.02); the subpericardial location of fat in LV
significantly correlated with LCX bridging (p = 0.001).
Conclusions: Fatty replacement of the myocardium is common, occurring in up to
10% of diagnosed patients and the majority of this group had concomitant changes in the coronary arteries. However, in the group of patients without changes
in the coronary arteries, the fatty deposits locate themselves significantly more
frequently within the RV. (Folia Morphol 2014; 73, 4: 445–461)
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INTRODUCTION

necessary, patients received 25–50 mg of oral metoprolol for heart rate reduction administered 30–60 min
prior to examination. Reconstruction windows were
set manually, depending on heart size, field of view
20–27 cm and a few centimetres above the tracheal bifurcation and below the lower heart border.
The output data were sent to diagnostic console
after scanning (Advantage Workstation 4.2 or 4.3,
GE Medical Systems). Two experienced radiologists
analysed all ECG-MSCT images.
Fatty changes were defined as areas with negative
Hounsfield Unit (HU) values in native or enhanced
phase of examination.
In the group of patients with fatty foci within
the heart were analysed concomitant changes in
the coronary arteries supplying the relevant heart
ventricles (atherosclerotic changes and the presence
of myocardial bridges).
Patients with changes in the coronary arteries
were included in one of the following groups:
(i) atherosclerosis only; (ii) myocardial bridges only;
(iii) atherosclerosis and myocardial bridges.
Atherosclerotic changes in the coronary arteries,
were then qualified as: (i) mild stenosis (luminal diameter stenosis ≤ 50%); (ii) critical stenosis (50% > luminal diameter stenosis < 99%); (iii) occlusion (luminal diameter stenosis ≥ 99%).
The relationship between the locations of the fatty
deposits in the heart, and the occurrence and type of
changes in the coronary arteries was also analysed.
The group of patient who had MI or CAD were
selected in order to assess the distribution of fatty
deposits within the heart and the accompanying
changes in the coronary arteries.
The collected data was statistically analysed using
Statistica 9.0. The c2 test were used to determine the
significance between variables. A value of p < 0.05
was considered statistically significant.

The development of electrocardiogram-gated
multi-slice computed tomography (ECG-MSCT) has
not only enabled diagnosis of changes in the myocardium, but also of coronary artery disease (CAD). The
constantly increasing number of ECG-MSCT examinations poses a challenge for the radiologists when
assessing the changes being identified in the heart
— including the increasingly frequent identification of
fatty deposits. The most commonly reported diseases,
where there is fat infiltration of the myocardium, are
arrhythmogenic right ventricular dysplasia (ARVD),
tuberous sclerosis and scar tissue following myocardial infarction (MI) [1–3, 8, 13, 15]. However, fatty
infiltration of the right ventricle can also be present
in healthy people [9, 10].
There is little available literature regarding the
comprehensive assessment of the relationship between changes in the coronary arteries and fatty foci
within the walls of the heart.
The aim of our study was to analyse the relationship between fatty deposits in the myocardium and
the accompanying changes in the coronary arteries
in patients referred for an ECG-MSCT examination for
various clinical reasons.

MATERIALS AND METHODS
The ECG-MSCT examinations of 1,830 patients
(802 women, 1,028 men), averaging 53.5 years of
age (range 6–90 years of age) were retrospectively
analysed regarding the occurrence fatty foci within
the heart. The patients were referred for ECG-MSCT
examinations for different clinical reasons (the suspicion of CAD, positive exercise test, status after MI,
arrhythmias, status after cardiac surgery, chest pain).
This study was approved by the Bioethical Committee
of the Medical University of Lublin, Poland (number
KE-0254/153/2009) and patient consent was waived.
Examination of 1,015 patients was performed
using an 8-slice scanner (LightSpeed Ultra, GE Medical
Systems), while in the case of 815 patients a 64-slice
scanner was used (LightSpeed VCT GE Medical Systems, Milwaukee, Wisconsin).
The examinations were performed in layers: 2.5 mm
in native scans and 0.625 mm (64-row CT) or 1.25 mm
(8-row CT) after intravenous administration of
contrast medium — a bolus of 70–100 mL of Ultravist
(iopromide) 370 mgI/mL at a rate of 4–5 mL/s, followed by 30 mL of saline at 4–5 mL/s (64-row CT). In all
cases retrospective ECG-gating was employed. When

RESULTS
Presence of fatty foci in the heart muscle was diagnosed in 200 patients (10.9% of the analysed group).
Patients with fatty foci within the heart muscle
included 112 (11.0%) of analysed male group and
88 (11.1%) of female group averaging 57.8 years of
age. The average body mass index in our study group
was elevated (28.0 in females, 27.9 in males).
The distribution of fat in 200 patients was as follows:
right ventricle (RV) — 65 (32.5%) patients, left ventricle
(LV) — 44 (22%) and biventricular — 91 (45.5%).
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Table 1. The location of the fatty foci within the heart according to the accompanying changes in the coronary arteries; p < 0.05
Type of changes in the coronary arteries

The location of the fatty foci

No. of patients

RV (n = 65)

17

Without changes in the coronary arteries (n = 28)

Atherosclerotic changes (n = 58)

Myocardial bridges (n = 32)

Atherosclerotic changes and myocardial bridges (n = 82)

LV (n = 44)

4

RV + LV (n = 91)

7

RV (n = 65)

15

LV (n = 44)

15

RV + LV (n = 91)

28

RV (n = 65)

11

LV (n = 44)

2

RV + LV (n = 91)

19

RV (n = 65)

22

LV (n = 44)

23

RV + LV (n = 91)

37

LV — left ventricle; RV — right ventricle

Significant correlations (p < 0.05) were found between the distribution of fatty deposits in the heart ventricles and the nature of the changes in the coronary
arteries supplying the relevant parts of the heart (Table 1).
It is worth noting that, in patients without changes in the coronary arteries, significantly more often
fatty deposits were localised within the RV (Fig. 1). In
patients with fatty deposits only in the LV, or in both
ventricles, simultaneous occurrence of atherosclerosis
and myocardial bridges was identified most commonly.
Atherosclerosis in the right coronary artery (RCA)
was identified in 103 (50.5%) patients; in the left
anterior descending artery (LAD) in 130 (64.0%) patients; in the left circumflex artery (LCX) in 90 (44.0%)
patients. Myocardial bridges over the RCA was identified in 9 (4.4%) patients, over the LAD in 98 (48%)
patients, and over the LCX in 52 (25.5%) patients.
The study analysed the differences between changes in the coronary arteries supplying their associated
ventricle and the location of fatty deposits within the
heart (Table 2).
Significant differences (p < 0.03) were found
between atherosclerosis in the RCA and the location
of fatty deposits in the heart. In the case of atherosclerosis in the RCA fatty deposits were located
most commonly simultaneously in the both ventricles
(p < 0.03). A similar statistically significant correlation
was found for the biventricular distribution of fatty
deposits and atherosclerosis in the LAD.
In the study it was also analysed the relationship
between the types of changes in the coronary arteries

Figure 1. Linear fatty focus (arrow) localised subendocardially in
the right ventricle in 43-year-old patient with normal coronary arteries.

and the specific localisation of fatty deposits in heart
wall (Table 3).
Analysing the location of fatty deposits in the heart wall, subendocardially located fatty foci in the LV
were significantly more common in patients with atherosclerosis in the LAD (p < 0.001), RCA (p = 0.003),
and LCX (p < 0.001). In addition, significant correlations were observed between the subpericardial
locations of fatty deposits in the RV and myocardial
bridges over the RCA (p < 0.02) and between the
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Table 2. The location of fatty deposits within the heart according to the type of changes in the coronary arteries
RCA
atherosclerosis*

RCA
bridging*

LAD
atherosclerosis*

LAD
bridging*

LCX
atherosclerosis*

LCX
bridging*

RV

24 (23.4%)

2 (22.3%)

36 (27.7%)

29 (29.6%)

27 (30.0%)

2 (3.8%)

LV

31 (30.1%)

1 (11.1%)

37 (28.5%)

21 (21.4%)

28 (31.1%)

10 (19.2%)

RV + LV

48 (46.5%)

6 (66.6%)

57 (43.8%)

48 (49.6%)

35 (38.9%)

30 (77.0%)

< 0.03

0.8

< 0.05

0.1

0.08

0.5

The location
of fatty deposits
within the heart

P

*No. of affected vessels (%); RCA — right coronary artery; LAD — left anterior descending artery; LCX — left circumflex artery; LV — left ventricle; RV — right ventricle

Table 3. Localisation of fatty foci within the heart wall with regards to the type of changes in the coronary arteries
Type of changes
in the coronary
arteries
RCA atherosclerosis

RCA bridging

LAD atherosclerosis

LAD bridging

LCX atherosclerosis

LCX bridging

Table 4. The advance of atherosclerosis in the coronary arteries
and localisation of fatty foci within the heart ventricles
The advance of
atherosclerosis

The localisation
of the fatty foci

No. of affected
vessels

RV

19

LV

18

RV + LV

31

RV

1

LV

8

RV + LV

6

RV

4

LV

5

RV + LV

11

RV

23

LV

20

RV + LV

34

RV

9

The location
of the fatty foci

No. of
affected
vessels

LV subendocardially

47*

LV subpericardially

17

RV subendocardially

20

RV subpericardially

24

LV subendocardially

3

LV subpericardially

2

RV subendocardially

3

RV subpericardially

6*

LV subendocardially

55*

LV subpericardially

23

RV subendocardially

31

RV subpericardially

35

LV subendocardially

40

LV subpericardially

20

RV subendocardially

29

RV subpericardially

26

LV

8

LV subendocardially

44*

RV + LV

18

LV subpericardially

13

RV

4

RV subendocardially

19

LV

8

RV subpericardially

24

RV + LV

6

RV

18

LV

17

RV + LV

23

RV

7

LV

7

RV + LV

8

RV

2

LV

4

RV + LV

4

RCA (n = 103)
Mild stenosis

Critical stenosis

Occlusion

LAD (n = 130)
Mild stenosis

Critical stenosis

Occlusion

LV subendocardially

21

LCX (n = 90)

LV subpericardially

16*

Mild stenosis

RV subendocardially

13

RV subpericardially

15
Critical stenosis

*p < 0.05 — statistically significant; abbreviations as in Table 2

subpericardial location of fatty deposits in the LV and
myocardial bridges over the LCX (p = 0.001).
The study evaluated the advance of atherosclerosis
in the coronary arteries supplying the relevant heart
ventricles (Table 4).

Occlusion

Abbreviations as in Table 2
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Table 5. The localisation of the fatty foci in particular heart
ventricles in patients after myocardial infarction (MI) and with
suspected coronary artery disease (CAD); p < 0.001

In patients with fatty deposits in the RV the most
common mild stenosis of the LAD was observed. In
patients with fatty deposits in the LV also mild stenoses of the RCA, the LAD and the LCX were noted.
Of all the cases of occlusions, in group of patients
with fat within the LV, the highest number of LAD
occlusions was noted. However, for the simultaneous
occurrence of fatty deposits in both ventricles, the
most common changes were mild stenosis in the RCA
and LAD and this group also recorded the highest
number of occlusions (21 cases).
Taking into account clinical diagnosis, the study
group consisted of 42 patients who had MI and 57
with suspected CAD. The locations of the fatty deposits in these patients are shown in Tables 5 and 6.
There were significant differences in the locations
of the fatty deposits depending on clinical diagnosis.
In patients who had MI the fatty deposits occurred
most commonly in the LV, whilst in patients with ischaemia the changes were located primarily in both
ventricles. In patients who had MI, the fatty deposits
were located significantly more often in the subendocardium of the LV (Fig. 2).

Clinical diagnosis
MI

CAD

Location of fatty foci

No. of patients

RV

7

LV

22

RV + LV

13

RV

22

LV

8

RV + LV

27

Abbreviations as in Table 2

Table 6. The localisation of the fatty deposits within the heart
wall in patients after myocardial infarction (MI) and with suspected coronary artery disease (CAD)
Clinical
diagnosis
MI

DISCUSSION

CAD

Fatty deposits within the heart were found in
200 patients (10.9% of the study group). Of these,
172 patients also had changes in their coronary arteries, whilst 28 did not.
There were significant differences between the
distribution of fatty deposits in the heart and accompanying changes in the coronary arteries. In the group
of patients with normal coronary arteries, significantly
more often fatty deposits were localised within the RV.
The most frequently reported disease in which there is fat infiltration into the muscle of the RV is ARVD.
ARVD is a disease characterised by fibro-fatty replacement of the ventricular myocardium [8, 13]. Dysplastic
changes are localised within the RV free wall and are
located in the so-called “triangle of dysplasia” which
is an area between the tip, funnel and RV outflow
tract. As a result, weakening of the ventricular wall
occurs causing RV enlargement and the formation of
aneurysms. In these patients ventricular tachycardia
appears, which leads to premature death [12].
However, adipose tissue within the RV may also
be present in patients without any clinical symptoms.
Already in 1959, Bronzini and Novi [4] following
their histopathological examination of 40 fatty hearts
noticed that the layer of adipose tissue in the epicar-

Location
of fatty foci

No. of patients
(%)

LV subendocardially (n = 42)

31* (74%)

LV subpericardially (n = 14)

8 (57%)

RV subendocardially (n = 23)

10 (43%)

RV subpericardially (n = 26)

9 (35%)

LV subendocardially (n = 42)

12 (26%)

LV subpericardially (n = 14)

6 (43%)

RV subendocardially (n = 23)

13 (57%)

RV subpericardially (n = 26)

17 (65%)

*p < 0.05 — statistically significant; abbreviations as in Table 2

Figure 2. Linear subendocardial fatty focus (arrow) in the left ventricle in 45-year-old patient after myocardial infarction.
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dium was significantly greater on the surface of the
RV. They also showed that fat cells can infiltrate the
myocardium layer.
In the cardiac CT studies it was found that the incidence of fatty changes within the heart increases with
the age of the patients [5, 8, 9, 16]. Physiologic fat is
located in the anterolateral RV free wall, RV outflow
tract, and sometimes in RV trabeculae and the apex of
the heart. In these cases the myocardial wall is either
normal or thick [10]. Kirsch et al. [11] showed that
there is no correlation between the presence of the
fat in the RV and the body mass index of patients.
Of those patients with fatty changes in the RV,
almost 75% of them had associated changes in the
coronary arteries. This data is similar to the results
reported by Imada et al. [6], who so far have been
the only ones who have analysed changes in coronary
arteries in patients with fat infiltration of the anterior
wall of the RV. The authors evaluated 49 patients who
were diagnosed in ECG-gated MSCT examinations —
76% of them had calcified and 24% had non-calcified
atherosclerotic plaques in the coronary arteries.
Of all the assessed types of changes in the coronary arteries, a significant correlation was found between the occurrence of the muscle bridges over the
RCA and the subepicardial location of fatty deposits
in the RV. This may suggest a relationship between
the influence of transitional episodes of myocardial
ischaemia on the initiation of fatty metaplasia.
Fatty foci may be present also within the scar
after a healed MI [18]. The presence of fat in the
post-infarction scar in post mortem material was
described for the first time in 1997 [2].
The presence of myocardial fatty metaplasia in post-MI patients was first diagnosed in vivo in 2004 [17].
The proposed mechanism responsible for this process is
probably related to the presence of multipotential cells
in the myocardium which, in response to an external
stimulus (e.g. the therapeutic process), differentiate
into fat cells [3].The incidence of fatty changes after
MI correlates with increased age, the male sex, and
after placement of a coronary artery by-pass graft [15].
Raney et al. [14] analysed the ECG-MSCT (64-slice
scanner; Toshiba Aquilion, Tustin, CA) examinations of
100 healthy patients and 25 patients after MI. Authors
concluded that RV myocardial fat correlates with increased age in healthy populations, while LV myocardial
fat most commonly was associated with MI. The similar
dependence was found in our study-in the group of
patients after MI most often fatty foci were localised

subendocardially in the LV. A similar dependence was
described by Kimura et al. [10]. In patients without
changes in the coronary arteries, significantly more
often fatty deposits were localised within the RV.
Analysing the fatty deposits in the LV, a significant
relationship was found between the type of changes
in the coronary arteries and the presence of fatty
deposits in the heart; in these group of patients most
commonly both atherosclerosis and muscle bridges
over the path of the arteries supplying the LV were observed. A significant relationship was found between
the subendocardial location of the fatty deposits and
atherosclerosis within the RCA, LAD and LCX arteries.
In addition, in patients in whom the muscle bridge
over the LCX was seen, significantly more fatty deposits were located subepicardially in the LV.
Of those patients with fatty changes in the LV,
only 9% had no associated changes in the coronary
arteries. Raney et al. [14] noticed that fatty foci in
the LV may be also present in healthy populations,
but in these cases the optical density of fatty lesions
is significantly higher compared to infarcted group.
Authors also concluded that healthy men had a lower
risk of fatty lesion within the LV.
Assessing the distribution of fat within the heart it
was found that these deposits most frequently occur
in both ventricles (45.5% of patients). Jacobi et al. [7]
analysed the fatty deposits located in both ventricles.
Authors analysed 1,846 non-contrast chest CT studies
without ECG-gating. Fatty deposits were identified in
26 (1.4%) patients. Fat was detected in the RV in 27%
of patients, in the LV in 46% of patients and biventricularly in 27% of patients. The patients with fatty
metaplasia of the RV were statistically older compared
to the group of patients with fatty deposits in the LV.
Fifty per cent of patients with fatty metaplasia of the
LV had MI in the past. Only 1 patient in the analysed
group had histologically confirmed ARVD. In this case
fat was localised simultaneously in both ventricles.
In our study the fatty foci occurring simultaneously in both ventricles were reported significantly
more often in patients with atherosclerosis in the
RCA and LAD arteries. On the other hand, taking into
account clinical diagnosis, a significant relationship
was found between CAD and biventricular location
of fatty deposits.
Limitations of the study

There are some limitations of this study. First of
all, it includes a retrospective analysis. Secondly, in
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many cases there is the lack of the opportunities to
deepen the clinical analysis. Thirdly, the assessment
of fatty deposits and coronary artery abnormalities
using a 8-row MDCT might have been inadequate and
difficult to compare with the 64-row MDCT scanner.
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CONCLUSIONS
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