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Epicardial Adipose Tissue Measured by
Multidetector Computed Tomography: Practical
Tips and Clinical Implications
Tzung-Dau Wang,1 Wen-Jeng Lee2 and Ming-Fong Chen1

Epicardial adipose tissue (EAT) is the fat depot surrounding the heart and confined within the pericardial sac. It
accounts for approximately 20% of total heart weight and covers 80% of the cardiac surfaces, mostly in the grooved
segments along the paths of coronary arteries. To clearly delineate the asymmetric distribution of EAT and explore
its pathophysiologic significance, EAT should be measured by multidetector computed tomography (MDCT) in
three dimensions: regional thickness, cross-sectional areas, and total volume. Details regarding MDCT measurements
of EAT are introduced herein. Regardless of differences in ethnicity and body habitus, EAT thickness in the grooved
segments is greater than that in the non-grooved segments. Among the grooved segments, the right atrio-ventricular
groove has the thickest fat where the right coronary artery is located, followed by the left atrio-ventricular groove
where both the left circumflex artery and great cardiac vein are present. The average volume of EAT is generally
between 110-125 cm3. Although EAT constitutes only 1% of total fat mass, studies have shown that the amount of
EAT is dose-dependently associated with obesity, intra-abdominal adiposity, cardio-metabolic risk factors (including
hypertension, atherogenic dyslipidemia, insulin resistance, and diabetes mellitus), cardiac structural changes,
coronary atherosclerosis, and the prevalence and incidence of coronary heart disease events. It is still a matter of
debate as to whether these associations to EAT are direct or indirect. Our observation that EAT thickness in the left
atrio-ventricular groove bests total EAT volume as an indicator of its metabolic and atherogenic risks merits further
verification.
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INTRODUCTION

cially around the epicardial coronary vessels and confined within the pericardial sac. Paracardial adipose tissue is located on the external surface of the parietal
pericardium within the mediastinum and has alternatively been termed mediastinal fat. Pericardial adipose
tissue is defined as EAT plus paracardial adipose tissue
(Figure 1).
Epicardial and paracardial adipose tissues have different embryological origins. 3 EAT shares a common
embryological origin, the splanchnopleuric mesoderm,
with intra-abdominal visceral fat depots (mesenteric and
omental fat depots). Paracardial adipose tissue originates
from the primitive thoracic mesenchyme, which then
forms the parietal pericardium and the outer thoracic
wall. The vascular supplies of both depots are also dif-

Fat surrounding the heart resides in two distinct depots separated by the parietal pericardium: epicardial
and paracardial adipose tissues.1,2 Epicardial adipose tissue (EAT) is situated on the surface of the heart, espe-
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Figure 1. (A) Three-dimensional volume-rendered computed tomographic image demonstrates the distribution of epicardial adipose tissue (yellow
colored) around the heart. Epicardial adipose tissue is primarily concentrated in the atrio-ventricular and inter-ventricular grooves and along the
major branches of the coronary arteries. (B) Epicardial and paracardial adipose tissues are separated by the parietal pericardium. Single asterisk
mark (*) denotes epicardial adipose tissue and double asterisk mark (**) denotes paracardial adipose tissue.

tions of EAT with anthropometric indexes, the amount of
intra-abdominal fat, cardio-metabolic risk factors, and
coronary atherosclerosis.9-16 Measurements of EAT examined in most of these studies are either local EAT
thickness over the right ventricular free wall by echocardiography or total EAT volume by multidetector computed tomography (MDCT). Because the distribution of
EAT is asymmetric and mostly localized in the perivascular atrio-ventricular and inter-ventricular grooves,15,17,18
it is reasonable to question whether global or focal EAT
measurements will be more appropriate to assess the
clinical significance of EAT. Furthermore, how many
and which focal EAT measurements should be obtained
is still controversial. Among the three imaging modalities (echocardiography, magnetic resonance imaging,
and MDCT) able to assess EAT, MDCT offers a novel
opportunity to assess in vivo distribution of EAT in
high-resolution three-dimensional views. Echocardiogram is dependent on acoustic windows and cannot provide an adequate window to assess all cardiac segments,
whereas magnetic resonance imaging has limitations in
spatial resolution in the through-plane dimension.
In this review, we first introduce the anatomic and
physiological characteristics of EAT. Second, we describe
how to measure EAT and which measurements should be
made by MDCT in detail, together with various EAT
topographic data reported in subjects of different eth-

ferent. EAT obtains its vascular supply from the coronary arteries, which together with the epicardium (visceral pericardium) originate from mesothelial cells migrating from the septum transversum (the embryological
source of the diaphragm). Paracardial adipose tissue derives its blood supply from non-coronary vessels like the
pericardiacophrenic branch of the internal mammary artery.
Unlike paracardial adipose tissue being isolated
from the heart by the parietal pericardium, there are no
fascia-like structures separating EAT and the underlying
myocardium. 4 It is commonly observed that a small
amount of EAT extends from the epicardial surface into
the myocardium, often following the adventitia of the
coronary arteries. The close anatomic relationship between EAT and the myocardium suggests that it may
play a role in the development of coronary atherosclerosis and functional alterations of cardiac structures.
Moreover, a growing body of evidence indicates that
EAT is also a metabolically active visceral fat depot, like
intra-abdominal visceral fat. Recent studies have shown
that the rate of fatty acid breakdown and the capability
of pro-inflammatory cytokine secretion are even higher
in EAT compared with subcutaneous and omental fats.5-8
These observations have evoked the resurgence of interest in EAT and its pathophysiologic significance.
Several clinical studies have explored the associaActa Cardiol Sin 2010;26:55-68
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nic background. Third, we discuss the clinical signifi-

tricular and interventricular grooves and along the major
branches of the coronary arteries, and, to a lesser extent,
around the atria, over the free wall of the right ventricle,
and over the apex of the left ventricle (Figure 1).
The putative physiological functions of EAT are
listed in Table 1. First, because the coronary arteries and
their major branches are embedded in EAT, it has been
proposed to function as a cushion to buffer the coronary
artery against the torsion induced by the arterial pulse
wave and cardiac contraction. Second, high circulating
levels of fatty acids in the coronary microcirculation can
interfere with the generation and propagation of the contractile cycle of the heart, causing ventricular arrhythmias and alterations in repolarization. In young adult
guinea pigs, the rate of fatty acid synthesis, release, and
breakdown in response to catecholamine by EAT is
markedly higher than in other adipose depots.8 Therefore, the second putative function of EAT is that it may
act as a buffering system against toxic levels of fatty
acids between the myocardium and the local vascular
bed by its ability to rapidly scavenge excess fatty acids.
Third, the increased lipolytic activity of EAT suggests
that this fat depot may serve as a local energy source by
providing free fatty acids to meet increased myocardial
demands, especially under ischemic conditions. Fourth,
EAT is the anatomic site where the intrinsic cardiac nervous system, including numerous ganglia and interconnecting plexuses, is located. Stimuli such as transient

cance of EAT by describing the associations of various
MDCT measurements of EAT with anthropometric indexes, metabolic risk factors, coronary atherosclerosis,
the prevalence and incidence of cardiovascular diseases,
and cardiac structural changes. Finally, we delineate the
future perspectives of EAT topographic measurements
with regard to different medical research fields.

ANATOMIC AND PHYSIOLOGICAL
CHARACTERISTICS OF EPICARDIAL
ADIPOSE TISSUE
Autopsy studies have shown that EAT accounts for
approximately 20% of total heart weight.19 Although left
ventricular mass far exceeds that of the right ventricle,
the amount of EAT is distributed equally on the surface
of the right and left ventricles. As a result, the ratio of
EAT to the weight of myocardium for the right ventricle
is more than 3 times that of the left ventricle: 0.54 for
the right ventricle and 0.16 for the left ventricle.
The low specific gravity of adipose tissue compared
with myocardium indicates that EAT comprises an even
higher percentage of the mass volume of the heart. It
covers approximately 80% of the cardiac surface area
and is present primarily in the grooved segments.20 In
normal adults, EAT is concentrated in the atrioven-

Table 1. Key features of epicardial adipose tissue
1. EAT is the fat surrounding the heart and within the pericardial sac.
2. EAT accounts for approximately 20% of total heart weight and covers 80% of the cardiac surfaces, mostly in the grooved
segments along the paths of coronary arteries.
3. The volume of EAT (~120 cm3) accounts for approximately 20% of total cardiac volume, including chambers.
4. EAT often extends from the epicardial surface into the myocardium and the adventitia of coronary arteries since there are no
fascia-like structures separating EAT and the underlying myocardium.
5. EAT constitutes only 1% of total fat mass.
6. EAT shares a common embryological origin, the splanchnopleuric mesoderm, with intra-abdominal fat depots (mesenteric and
omental fat) and is also a metabolically active visceral fat depot.
7. The putative physiological functions of EAT include:
a) as a cushion to buffer the coronary artery against the torsion induced by the arterial pulse wave and cardiac contraction
b) as a buffering system against toxic levels of fatty acids between the myocardium and the local vascular bed by its ability to
rapidly scavenge excess fatty acids
c) as a local energy source by providing free fatty acids to meet increased myocardial demands, especially under ischemic
conditions
d) protecting the ganglia of intrinsic cardiac nervous system residing in EAT
EAT, epicardial adipose tissue.
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grooves, rather than on the non-grooved cardiac surfaces. 1,17 It is obvious that measurement of total EAT
volume alone could not provide relevant information in
this regard. To clearly delineate the asymmetric distribution of EAT and explore its pathophysiologic significance, we propose that EAT should be measured in three
dimensions: regional thickness, cross-sectional areas,
and total volume. 15 Details regarding how to measure
EAT in these three dimensions are described accordingly.

coronary artery occlusion can modify the activity generated by the intrinsic cardiac nervous system and thereby
mediate the pain of angina pectoris. EAT may serve a
protective role for these ganglia.2

PRACTICAL METHODS AND TECHNIQUES:
MEASUREMENTS OF EPICARDIAL
ADIPOSE TISSUE BY MULTIDETECTOR
COMPUTED TOMOGRAPHY

Regional thickness of epicardial adipose tissue
In order to measure regional thickness of EAT, the
first step is to obtain multiplanar reconstructions of the
MDCT data in the standardized ventricular short-axis
planes at the basal, mid-cavity, and apical levels as well
as the horizontal long-axis plane, as defined by the Cardiac Imaging Committee of the Council on Clinical Cardiology of the American Heart Association (Figure 2).21

Before introducing how to measure EAT by MDCT,
the geographic characteristics of EAT should be reiterated. The distribution of EAT is characterized by the following two features: first, the distribution of EAT is
asymmetric in nature; second, EAT is primarily accumulated around the base of both ventricles and especially in
the perivascular atrio-ventricular and inter-ventricular

A

B

C

D

Figure 2. Multiplanar reconstructions of the multidetector computed tomographic images in the horizontal long-axis (A) and short-axis (B-D)
planes. Anatomic landmarks for selection of the basal (B, tips of the mitral valve leaflets), mid-cavity (C, papillary muscles), and apical (D, beyond
papillary muscles but before cavity ends) short-axis slices are shown. Both the horizontal long-axis and short-axis planes are at 90º relative to the
long-axis of the left ventricle.
Acta Cardiol Sin 2010;26:55-68
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gin, right ventricular anterior free wall inferior, right
ventricular anterior free wall superior, and right ventricular superior wall. In the horizontal long-axis plane,
5 segments including LV apex, left atrio-ventricular
groove, right atrio-ventricular groove, right ventricular
apex, and anterior inter-ventricular groove were obtained. This segmentation system is comprehensive but
relatively complex and may exceed practical clinical application. To simplify the segmentation system without
sacrificing essential information of EAT distribution, we
designed a modified segmentation system as shown below (Figure 4). 15 Because EAT is distributed mostly
around the base of both ventricles, only the basal shortaxis plane, rather than all 3 short-axis levels, is used for
regional EAT measurement. Segmentation is simplified
to include only right ventricular free wall and 2 grooved
segments (superior inter-ventricular groove and inferior
inter-ventricular groove), where EAT is primarily accumulated. Likewise, 3 grooved segments (right atrio-ventricular groove, left atrio-ventricular groove, and anterior inter-ventricular groove), rather than non-grooved
cardiac surfaces, in the horizontal long-axis plane are
chosen. Overall, 6 segments (5 grooved segments and
right ventricular free wall) are measured in our system.
The segment of right ventricular free wall is selected because this is the only EAT segment that can be assessed

Both the short-axis and horizontal long-axis planes are at
90° relative to the long axis of the left ventricle that
transects the apex and the center of the mitral valve
plane. The MDCT short-axis plane corresponds to the
parasternal short-axis plane traditionally used in the
echocardiographic system, whereas the horizontal longaxis plane corresponds to the echocardiographic apical
4-chamber plane. The basal level of the short-axis plane
is acquired in the midst between the mitral annulus and
the tips of the papillary muscles at end diastole. The
mid-cavity level is selected in the middle of the entire
length of the papillary muscles. The apical level is selected from the area beyond the papillary muscles to just
before the cavity ends. The slice thickness is set to be 3
mm in our protocol. Image reconstructions are performed at 75% RR intervals.15,22
The second step is to divide cardiac surfaces shown
in the abovementioned reconstructed MDCT images into
segments. Abbara et al. first reported their segmentation
system for mapping EAT to facilitate transepicardial arrhythmia ablation (Figure 3).17 In their system, 9 segments were made at each level of the short-axis slices
(27 segments overall), including superior inter-ventricular groove, left ventricular superior lateral wall, left ventricular inferior lateral wall, inferior inter-ventricular
groove, right ventricular diaphragmatic wall, acute mar-

A

B

Figure 3. Segmentation system, proposed by Abbara et al, for the measurement of regional thickness of epicardial adipose tissue in the short-axis
(A) and horizontal long-axis (B) planes. The nine short-axis segments are: 1, superior inter-ventricular groove; 2, left ventricular superior lateral
wall; 3, left ventricular inferior lateral wall; 4, inferior inter-ventricular groove; 5, right ventricular diaphragmatic wall; 6, acute margin; 7, right
ventricular free wall inferior; 8, right ventricular free wall superior; and 9, right ventricular superior wall. The 5 segments in the horizontal
long-axis plane are: 1, left ventricular apex; 2, left atrio-ventricular groove; 3, right atrio-ventricular groove; 4, right ventricular apex; and 5,
anterior inter-ventricular groove.
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Figure 4. Simplified segmentation system for the measurement of regional thickness of epicardial adipose tissue (A, B) and cross-sectional areas of
intra-thoracic adipose tissues (C, D). (A) Epicardial adipose tissue thickness in the grooved segments is measured at 3 sites in the horizontal
long-axis plane (right atrio-ventricular groove, left atrio-ventricular groove, and anterior inter-ventricular groove). (B) Epicardial adipose tissue
thickness in the superior interventricular groove and the inferior interventricular groove and over the right ventricular free wall is measured in the
basal short-axis plane. Epicardial fat over the right ventricular free wall is measured at 3 equally spaced points along the right ventricular free wall
(25%, 50%, and 75% of the full length). (C) Measurement of cross-sectional area of pericardial (paracardial plus epicardial) adipose tissue is made
by tracing the mediastinum boundary in the short-axis plane. A density range between -30 and -190 Hounsfield Units is employed to identify adipose
tissue. (D) Measurement of cross-sectional area of epicardial adipose tissue is made by tracing the pericardium.

around the left circumflex artery approximates the thickness measured in the left atrio-ventricular groove in the
horizontal long-axis plane, and maximal EAT thickness
around the right coronary artery is close to the thickness
measured in the right atrio-ventricular groove in the horizontal long-axis plane, 15,17 thus further assuring the
clinical applicability of our simplified segmentation system. In the report of de Vos et al, maximal EAT thickness surrounding each individual coronary artery was
measured in the axial cut, which is not perpendicular to
the long-axis of left ventricle and may therefore overestimate EAT thickness by obliquity.10

reliably by echocardiography and all previous echocardiographic assessments of EAT were made in this
specific location.16,23 Given that all coronary vessels are
present in the grooved segments and EAT is primarily
accumulated in the base of both ventricles, “maximal”
pericoronary EAT thickness can be obtained from measurements in the 5 grooved segments selected in our simplified segmentation system (Figure 5). According to
MDCT findings of our and Abbara et al.’s studies, maximal EAT thickness around the left anterior descending
artery resides in the superior inter-ventricular groove in
the basal short-axis plane, maximal EAT thickness
Acta Cardiol Sin 2010;26:55-68
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The third step is to measure EAT thickness in the
pre-defined segments. In grooved segments, maximal
EAT thickness perpendicular to the pericardium is recorded. In the only non-grooved segment chosen in our
system (the right ventricular free wall), averaged thickness orthogonal to the myocardial surface at three
equally spaced points is recorded (Figure 4).
Regardless of differences in ethnicity and body habitus, it is consistently observed that EAT thickness in
the grooved segments is greater than that in the nongrooved segments, including the right ventricular free
wall (Table 2). Among the grooved segments, the right
atrio-ventricular groove has the thickest fat where the
right coronary artery is located, followed by the left
atrio-ventricular groove where both the left circumflex
artery and great cardiac vein are present. The maximal
EAT thickness surrounding the left anterior descending
coronary artery, measured in the superior inter-ventricular groove in the basal short-axis plane, is less than
that surrounding the right coronary artery or the left circumflex artery.

A

Cross-sectional areas of epicardial adipose
tissue
Measurements of abdominal fat depots usually take
the form of cross-sectional areas. Likewise, measurements of EAT cross-sectional areas could be of clinical
value. We proposed that cross-sectional areas of EAT
should be measured in all 4 MDCT planes (the shortaxis planes at the basal, mid-cavity, and apical levels as
well as the horizontal long-axis plane) reconstructed for
regional EAT thickness measurements.
To obtain EAT cross-sectional areas, measurements
of thin-slab volume of EAT from two contiguous images
are made by tracing the pericardium. A density range between -30 and -190 Hounsfield Units is employed to
identify adipose tissue. The cross-sectional area is determined by dividing the thin-slab volume by the slab
thickness (4 mm in our protocol).
Aside from EAT cross-sectional areas, cross-sectional areas of pericardial and paracardial adipose tissues
could be obtained in the same way (Figure 4). Measurement of thin-slab volume of pericardial (epicardial and
paracardial) adipose tissue from two contiguous images
could be done by tracing the mediastinum boundary. The
thin-slab volume of paracardial adipose tissue is ob-

B

C
Figure 5. Thickness of epicardial adipose tissue surrounding the left
anterior descending (A), left circumflex (B), and right (C) coronary
arteries at arbitrarily defined proximal (1), mid (2), and distal (3)
segments. The maximal epicardial adipose tissue thickness around the
left anterior descending artery is in the proximal segment located within
the superior inter-ventricular groove in the basal short-axis plane (A).
The maximal epicardial adipose tissue thickness around the left
circumflex artery is also in the proximal segment, approximating the
thickness measured in the left atrio-ventricular groove in the horizontal
long-axis plane (B). The maximal epicardial adipose tissue thickness
around the right coronary artery is in the proximal segment, close to the
thickness measured in the right atrio-ventricular groove in the
horizontal long-axis plane (C).
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EAT in the parasternal short-axis plane (Table 2).

tained by subtracting the volume of EAT from that of
pericardial adipose tissue. Dividing the thin-slab volume
by the slab thickness produces the cross-sectional area.
The cross-sectional areas of epicardial, paracardial,
and pericardial adipose tissues have only been reported
by our group in the literature. We demonstrated that the
distribution of EAT is primarily located at the base of
both ventricles, with the greatest area obtained in the
basal short-axis plane. The distribution of paracardial
adipose tissue is similar to that of EAT. The amount of
paracardial adipose tissue is slightly greater than that of

Total volume of epicardial adipose tissue
To calculate the entire volume of EAT as well as
other intra-thoracic adipose tissues, all the axial images
should be loaded into a workstation, with the pericardium manually traced in these images. For measurement of EAT volume, the top boundary selected is somewhat different between studies. We set 1 cm above the
superior extent of left coronary artery to be the top
boundary and others chose the level of the right pulmo-

Table 2. Regional thickness and cross-sectional areas of epicardial adipose tissue in different studies
Author
Number of cases
Age (yr)
Men (%)
Ethnicity
BMI (kg/m2)
Waist circumference (cm)
Hypertension (%)
Diabetes mellitus (%)
Previous myocardial infarction (%)
Adipose tissue parameters
Epicardial adipose tissue thickness (mm)
Right ventricular free wall
Horizontal long-axis plane
Left atrio-ventricular groove
Right atrio-ventricular groove
Anterior inter-ventricular groove
Basal short-axis plane
Superior inter-ventricular groove
Inferior inter-ventricular groove
Mean grooved segments
Epicardial adipose tissue cross-sectional area (cm2)
Horizontal long-axis plane
Short-axis plane
Basal
Mid-cavity
Apical
Mean
Paracardial adipose tissue cross-sectional area (cm2)
Horizontal long-axis plane
Short-axis plane
Basal
Mid-cavity
Apical
Mean

Wang TD et al.15 Abbara S et al.17
148
59 ± 9
85
Chinese
26 ± 3
92 ± 8
61
30
7

59
58 ± 13
69
American
-

573
67 ± 6
0
European
27 ± 4
086 ± 10
51
5
4

04.3 ± 1.8

06.6 ± 3.1

-

12.7 ± 3.2
13.9 ± 4.0
06.9 ± 2.5

12.7 ± 3.3
14.8 ± 4.6
07.7 ± 2.5

10.8 ± 3.0
16.5 ± 4.3
-

10.0 ± 2.2
15.9 ± 3.1
-

10.1 ± 2.3
06.7 ± 2.9
10.1 ± 2.0

11.2 ± 3.3
09.2 ± 3.5
-

06.4 ± 2.2
11.2 ± 2.2

05.2 ± 1.9
10.4 ± 2.0

10.7 ± 4.4

-

-

-

12.2 ± 4.9
07.8 ± 3.5
07.5 ± 3.2
09.2 ± 3.7

-

-

-

08.5 ± 5.3

-

-

-

20.5 ± 9.5
05.9 ± 3.3
06.7 ± 3.8
11.0 ± 4.8

-

-

-

Values are mean ± SD for quantitative variables and n or % for qualitative variables.
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the left coronary artery as the top boundary to simplify
the measurement procedures and retain their accuracy.
The diaphragm is generally set to be the lower boundary.
To measure the pericardial adipose tissue volume,
the anterior border is defined by the sternum and ribs,
whereas the posterior border is by the esophagus and
descending aorta. The volume of paracardial adipose
tissue is then derived by subtracting the volume of EAT
from that of pericardial adipose tissue.
Among different studies assessing the clinical significance of EAT, the average volume of EAT is generally between 110-125 cm3 (ml), despite a great heterogeneity in ethnic background, anthropometric features,
and underlying medical conditions associated (Table 3).

nary artery or bifurcation of the main pulmonary artery.24,25 In fact, the level we set is just about the “level”
of the right pulmonary artery (Figure 6). On the other
hand, the exact “level” of the right pulmonary artery or
bifurcation of the main pulmonary artery is ambiguous
and may vary within the width of the pulmonary artery
(~2 cm). The visceral pericardium reflects back near the
origins of the great vessels and at the level a few centimeters proximal to the junctions of the caval vessels
with the right atrium. Therefore, the top boundary we
choose is close to the uppermost level of pericardium. In
areas above our top boundary, the volume of EAT between great arteries is minimal and almost negligible.
We thus suggest using 1 cm above the superior extent of

A

B

Figure 6. Selection of the top boundary for the measurement of total epicardial adipose tissue volume. (A) The top boundary is set at 1 cm above
the superior extent of the left coronary artery (dotted line). (B) The axial cut of the top boundary shows the presence of the right pulmonary artery.
The surrounding pericardium is identified by 4 white arrows.

Table 3. Total volume of epicardial adipose tissue in different studies
Author
Number of cases
Age (yr)
Men (%)
Ethnicity
BMI (kg/m2)
Waist circumference (cm)
Hypertension (%)
Diabetes mellitus (%)
Previous myocardial infarction (%)
Epicardial adipose tissue volume (cm3)

Wang TD et al.15 Wang CP et al.14 Mahabadi AA et al.24 Sarin S et al.12 Gorter PM et al.11
148
59 ± 9
85
Chinese
26 ± 3
92 ± 8
61
30
7
107 ± 43

127
55 ± 8
80
Chinese
26 ± 3
086 ± 12
61
39
0
140 ± 49

1267
60 ± 9
46
American
28 ± 5
094 ± 14
29
10
3
124 ± 50

151
51 ± 12
55
American
32 ± 7
54
11
121 ± 47

128
61 ± 6
70
European
28 ± 3
90
19
23
110 ± 44

Values are mean ± SD for quantitative variables and n or % for qualitative variables.
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Despite the low specific gravity of adipose tissue and a
widespread coverage (~80%) of the cardiac surface, the
volume of EAT accounts for approximately 15-20% of
total cardiac volume, including chambers.12 Intriguingly,
this number is just close to the ratio of total EAT weight
over total heart weight (~20%).
Based on a random sample of 60 images evaluated
by two investigators, our previous study demonstrated
that intraobserver and interobserver reproducibility for
all adipose tissue measurements were > 0.95.15
It is worth mentioning that, although total volume is
an overall measure of EAT, the EAT volume is only
moderately correlated with various regional EAT thicknesses. This phenomenon is consistent with the fact that
EAT is asymmetrically distributed. Moreover, it indicates that the measurement of regional thickness could
not be replaced by total EAT volume since it reflects region-specific characteristics of EAT, which might have
particular clinical significance.

Compared to BMI, total EAT volume is more closely related to waist circumference. These observations are in
line with the fact that both EAT and intra-abdominal visceral fat depots, but not subcutaneous fat, share a common embryological origin, and thereby a closer quantitative relation. Among all MDCT measurements of EAT,
total EAT volume is most closely related to various obesity measures and is therefore the best indicator of visceral obesity.

Association with cardio-metabolic risk factors
Obesity often coexists with a number of cardiometabolic risk factors including hypertension, atherogenic dyslipidemia, insulin resistance, and impaired glucose tolerance which together are referred to as the
metabolic syndrome. Adipocytes and surrounding adipose tissue, especially intra-abdominal visceral fat depots, have been ascribed to be the underlying pathogenic
factor mediating the links between obesity, insulin resistance, and other components of the metabolic syndrome.26 Given the shared embryological origin between
EAT and intra-abdominal visceral fat, several recent
studies have demonstrated that the amount of EAT is
dose-dependently associated with various cardio-metabolic risk factors (including hypertension, hypertriglyceridemia, low high-density lipoprotein cholesterol, impaired insulin sensitivity, and diabetes mellitus), even
after adjustment for intra-abdominal visceral adiposity.10,13-15,18,23 However, the optimal cut-off point for total EAT volume to predict the presence of cardio-metabolic risk factors was not reported in any of these studies.
It is noteworthy that the strengths of associations
between peri-coronary EAT thickness (averaged EAT
thickness in the grooved segments) and total EAT volume with three different components (blood pressure,
lipid, and glucose parameters) of the metabolic syndrome are varied. For peri-coronary EAT thickness, the
correlation is strongest with glucose parameters, then
with lipid parameters, and less strongly with blood pressure parameters.10,15 For total EAT volume, the strongest
association is with lipid parameters.13 In line with these
observations, previous research has shown a stronger
correlation between peri-coronary EAT thickness and
clustering of metabolic syndrome components than total
EAT volume.18 We further clarified this by demonstrating that the association between increasing number of

APPLICATIONS TO OTHER AREAS OF
HEALTH AND DISEASE
Although EAT constitutes only 1% of total fat mass,2
several clinical studies have shown that the amount of
EAT is associated with obesity (generalized and abdominal), cardio-metabolic risk factors, cardiac structural
changes, coronary atherosclerosis, prevalent cardiovascular diseases, and even incident coronary heart disease
events. However, whether these clinical associations of
EAT are direct or indirect is still under debate. Each of
these associations is discussed in this section.

Association with obesity (generalized and
abdominal)
It has been consistently observed that the volume of
EAT is positively related to the extent of obesity. However, the strengths of associations of total EAT volume
with different measures of obesity are varied. Most
MDCT studies show that total EAT volume is highly
correlated with the amount of intra-abdominal visceral
fat (correlation coefficient 0.6-0.8) and is moderately
correlated with body-mass index (BMI), the index of
general adiposity, and waist circumference, the index of
abdominal adiposity (correlation coefficient 0.4-0.6).10,13,15
Acta Cardiol Sin 2010;26:55-68
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Association with coronary artery disease
A number of clinical studies have shown that the
amount of EAT, measured by either echocardiography or
MDCT, is correlated with coronary atherosclerosis and
the prevalence of cardiovascular diseases, including
myocardial infarction.9-14,16,24,25 One study even showed
that patients with unstable angina had thicker echocardiographic EAT thickness than those with stable angina.16 However, in studies showing a positive association between total EAT volume and the “presence” of
coronary artery calcification or atherosclerotic plaques,
the EAT volume was paradoxically not related to the severity of coronary atherosclerosis or plaque burden in a
dose-dependent manner.11,13,25 Additionally, it has been
shown that the positive association between averaged
peri-coronary EAT thickness and coronary artery calcification is not significant after adjustment for waist circumference in healthy post-menopausal women.10 Just
like the relation between EAT and the metabolic syndrome, we found that the quantitative association between EAT and coronary atherosclerosis also primarily
stems from EAT thickness in the left atrio-ventricular
groove, which is the only EAT measurement unanimously associated with all different measurements and
definitions of coronary atherosclerosis (correlation coefficient ~0.3). This association remains significant even
after adjustments for conventional risk factors, bodymass index, waist circumference, C-reactive protein, and
intra-abdominal visceral adiposity. Therefore, it is conceivable why only modest associations are observed between “global” EAT measurements (total EAT volume
and averaged peri-coronary EAT thickness) and coronary atherosclerosis. The consistent region-specific associations of EAT thickness in the left atrio-ventricular
groove with the metabolic syndrome, inflammatory
markers, and coronary atherosclerosis further reassure
the reliability of this intriguing finding. Moreover, there
is a preferential association between EAT thickness in
the left atrio-ventricular groove and atherosclerosis in
the embedded left circumflex artery, indicating a local
atherogenic role of EAT accumulated in the left atrioventricular groove. Using receiver-operating-characteristic analysis, 12.2 mm was the optimal cutoff point for
left atrio-ventricular groove thickness to predict the
presence of significant coronary stenosis (³ 50% diameter stenosis) for both men and women of Chinese

metabolic syndrome components and EAT is primarily
related to regional EAT thickness in the left atrio-ventricular groove, with the magnitude of correlation about
moderate (correlation coefficient ~0.4).15 The underlying
mechanisms for this region-specific association of EAT
and cardio-metabolic risk factors remain elusive. However, it has been speculated that the region-specific association might be related to the well-developed venous
drainage system and great cardiac vein traversing the left
atrio-ventricular groove and serving as an arena for communications between EAT and systemic circulation.
Moreover, although echocardiographic EAT thickness
over the right ventricular free wall has been shown to
correlate with circulating levels of C-reactive protein
and several adipokines, 23,27 we demonstrated that the
correlations between EAT and inflammatory markers as
well as adipokines are also specifically related to the
thickness of EAT in the left atrio-ventricular groove,
thereby providing a mechanistic link. By using receiveroperating-characteristic analysis, the optimal cutoff
point for left atrio-ventricular groove thickness to predict the metabolic syndrome is 12.4 mm for both men
and women of Chinese ethnic origin. 15 Whether this
cut-off point could be applied to other ethnic groups still
awaits confirmation.
In summary, the total volume of EAT is dose-dependently associated with various cardio-metabolic risk
factors. The observation that EAT thickness in the left
atrio-ventricular groove bests total EAT volume as an
indicator of its metabolic risk still awaits further
validation.

Association with cardiac structural changes
Several echocardiographic studies have shown that
the thickness of EAT over the right ventricular free wall
was associated with measures of left ventricular mass,
left atrial size, and impaired right and left ventricular
diastolic filling.28 However, these associations are not
independent of other ectopic fat stores. The only exception is left atrial size. Likewise, in the Framingham Offspring Study, total EAT volume was independently associated with increased left atrial dimension, measured in
the anteroposterior direction from an axially oriented
image, in white men.29 Generally speaking, for cardiac
structures and functions, the effects of EAT are mostly
outweighed by the systemic effects of obesity.
65

Acta Cardiol Sin 2010;26:55-68

Tzung-Dau Wang et al.

metabolic risk factors, and local coronary atherogenesis.
Although a number of cross-sectional association
studies demonstrated that EAT, either regional or global
measurement, is correlated with measures of obesity,
cardio-metabolic risk factors, and coronary atherosclerosis, it is still premature to recommend that clinicians
assess EAT as a well-established metabolic and atherogenic risk factor. More larger-sized studies are needed to
verify these findings and further examine (1) whether
these EAT measurements provide incremental predictive
values for atherosclerotic cardiovascular diseases compared to conventional risk factors, other anthropometric
indexes, and ectopic fat measurements, (2) the threshold
values of EAT measurements to predict the presence of
various pathological conditions, and (3) whether there is
any ethnic and gender difference in the clinical significance and threshold values of EAT. More importantly,
information regarding the prognostic significance of
various EAT measurements is still lacking and greatly
needed.
After obtaining the above mentioned information
regarding EAT, it would then be worthwhile to examine
the amount of EAT in patients at low or intermediate risk
for coronary artery disease and to evaluate the effects of
non-pharmacological (weight reduction, caloric restriction, exercise training, etc.) and pharmacological interventions on EAT measurements. Moreover, it would be
interesting to assess whether local treatment for specific
EAT regions may provide any benefits in stabilizing the
progression of coronary artery disease.

ethnic origin. To our knowledge, there are still no studies reporting the optimal cut-off point for total EAT
volume to predict the presence of coronary artery disease, either defined angiographically or clinically.
Apart from the cross-sectional association between
EAT and coronary atherosclerosis, it has been shown
that “pericardial” adipose tissue volume predicts the occurrence of coronary heart disease in white adults participating in the Multi-Ethnic Study of Atherosclerosis.30
However, whether this association is independent of
other ectopic fat depots is still not certain. Moreover, it
is not known whether EAT thickness in the left atrioventricular groove provides better predictability for
coronary heart disease than pericardial or epicardial fat
volume. Up to now, it seems that thickness of EAT in the
left atrio-ventricular groove, compared to total EAT
volume, is more closely associated with the extent of
coronary atherosclerosis. Whether EAT thickness in the
left atrio-ventricular groove provides more accurate assessment of its atherogenic risk and is therefore a better
coronary risk factor than total EAT or pericardial adipose tissue volume merits further verification.

FUTURE PERSPECTIVES
In recent years, EAT has drawn more attention from
clinicians to medical researchers and has no longer been
regarded as an indolent bystander of the human body.
EAT as a whole has generally been viewed as an integral
ectopic fat depot and assumed to behave similarly, although the distribution of EAT around the heart is obviously asymmetric and mostly concentrated in the
grooved segments around the epicardial vessels. However, our recent cross-sectional association studies point
out that there are substantial variations in the metabolic
and atherogenic risks of EAT in different locations.
Therefore, it is mandatory to examine whether there is
indeed regional variation in molecular characteristics
(adipokine secretions, inflammatory activities, brown/
white adipose tissue distributions, etc.) of EAT in various locations, whether this regional variation is a primary or secondary (responsive to coronary atherosclerosis) event, and whether this regional variation confers any clinical significance, like contributing to systemic levels of inflammatory markers, clustering of
Acta Cardiol Sin 2010;26:55-68

SUMMARY POINTS
1. EAT is situated on the surface of the heart and confined within the pericardial sac.
2. The distribution of EAT is characterized by the following two features: first, the distribution of EAT is
asymmetric; second, EAT is mainly accumulated
around the base of both ventricles and especially in
the perivascular atrio-ventricular and inter-ventricular grooves, rather than in the non-grooved cardiac
surfaces.
3. To clearly delineate the asymmetric distribution of
EAT and explore its pathophysiologic significance,
EAT should be measured by MDCT in three dimen66
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4.

5.

6.

7.

8.

9.

10. Our observation that EAT thickness in the left atrioventricular groove provides a more accurate assessment of its metabolic and atherogenic risks and is
therefore a better indicator of its metabolic risk and a
better coronary risk factor than total EAT volume
merits further verification.
11. Future studies are greatly needed to elucidate whether there is indeed regional variation in molecular
characteristics (adipokine secretions, inflammatory
activities, brown/white adipose tissue distributions,
etc.) of EAT in different locations around the heart
and whether this regional variation confers any clinical, prognostic, and therapeutic implications.

sions: regional thickness, cross-sectional areas, and
total volume.
The first step of regional EAT thickness measurement is to obtain multiplanar reconstructions of the
MDCT data in the standardized ventricular shortaxis planes at the basal, mid-cavity, and apical levels
as well as the horizontal long-axis plane. The second
step is to divide cardiac surfaces in the reconstructed
MDCT images into segments. The final step is to
measure EAT thickness in the pre-defined segments.
In grooved segments, maximal EAT thickness perpendicular to the pericardium is recorded, whereas in
non-grooved segments, EAT thickness orthogonal to
the myocardial surface is recorded.
Regardless of differences in ethnicity and body habitus, EAT thickness in the grooved segments is
greater than that in the non-grooved segments, including the right ventricular free wall.
Among the grooved segments, the right atrio-ventricular groove has the thickest fat where the right
coronary artery is located, followed by the left atrioventricular groove where both the left circumflex artery and great cardiac vein are present. The maximal
EAT thickness surrounding the left anterior descending coronary artery, measured in the superior interventricular groove in the basal short-axis plane, is
less than that surrounding the right coronary artery
or the left circumflex artery.
In different studies assessing the clinical significance
of EAT, the average volume of EAT is generally between 110 and 125 cm3 (ml), despite a great heterogeneity in ethnic background, anthropometric features, and underlying medical conditions associated.
Although EAT constitutes only 1% of total fat mass,
several clinical studies have shown that the amount
of EAT is dose-dependently associated with obesity,
the amount of intra-abdominal visceral fat, cardiometabolic risk factors, cardiac structural changes,
coronary atherosclerosis, and the prevalence and incidence of coronary heart disease events. However,
whether these associations of EAT are direct or indirect and which EAT measurement is the best correlate are still under debate.
Among all MDCT measurements of EAT, total EAT
volume is most closely related to various obesity
measures and is the best indicator of visceral obesity.
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