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 Introduction

Epicardial fat (EAT) is a measurable risk factor 
and marker of visceral adiposity. It can be easily 
and not invasively measured with echocardiogra-
phy, as proposed by Iacobellis et  al. [1, 2]. 
However this method has some limitations, such 
as the operator dependency and the linear mea-
surement. The echocardiographic measurement 

of EAT has been validated with magnetic reso-
nance imaging (MRI) and actually showed a 
good agreement. MRI is considered the gold 
standard technique to measure the adipose tissue 
[3]. MRI is noninvasive and does not use ionizing 
radiation, and therefore it is well suitable to mea-
sure EAT in both research and clinical setting.

 Cardiac MRI of the Epicardial Fat

A dedicated cardiac magnetic resonance (CMR) 
imaging has been developed to assess EAT vol-
ume. Flüchter et al. were the first to develop a pro-
tocol to measure EAT using CMR [4]. EAT was 
measured using a dark blood prepared 
T1-weighted multislice turbo spin-echo pulse 
sequence with a water suppression prepulse to 
obtain a transversal four-chamber view and short- 
axis images in the same orientations used for the 
cine short-axis images. Both EAT thickness and 
volume were measured using CMR by Flüchter 
and colleagues. Following the anatomical find-
ings and the method previously described by 
Iacobellis et  al. [1, 2], EAT thickness was mea-
sured on the right ventricular free wall. Maximum 
epicardial fat thickness at the right ventricular free 
wall was measured in different views: in a trans-
versal four-chamber view (Fig. 7.1a) and in con-
secutive short-axis views (EFT-SAX) covering 
the whole ventricle (Fig. 7.1b) [4]. Epicardial fat 
in and near the atrioventricular and  interventricular 

Key Points
• Cardiac magnetic resonance (CMR) 

imaging provides a precise and noninva-
sive assessment of both epicardial adi-
pose tissue (EAT) thickness and 
volume.

• Steady-state free precession (SSFP) 
CMR can measure EAT filling in differ-
ent and deeper heart areas.

• Proton magnetic resonance spectros-
copy (1H-MRS) is the gold standard 
technique to measure myocardial tri-
glyceride content that is independently 
correlated with EAT thickness
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grooves was not considered. While EAT thickness 
measured with CMR well correlated with autopsy 
[5], results were different from the EAT thickness 
values, measured according to the ultrasound 
methodology proposed by Iacobellis [1, 2]. This 
discrepancy could be attributed to the measure-
ment of EAT thickness from the four- chamber 
view with the CMR rather than from the long-axis 
view as described in the echocardiographic 
method. The population studies by Flüchter and 
Iacobellis were also quite different, as some of the 
patients assessed with CMR presented with con-
gestive heart failure. The left ventricular remodel-
ing could have therefore influenced EAT 
measurements from the four- chamber view.

In the CMR study, EAT volume was calcu-
lated by using the modified Simpson’s rule with 
integration over the image slices: EAT contours 
were outlined at end-diastole in the short-axis 
views covering the entire left and right ventricle 
[4]. The area subtended by the manual tracings 
was determined in each slice and multiplied by 
the slice thickness to yield the fat volume. Total 
EAT volume was obtained after the summation of 
data of all slices (Fig. 7.2). CMR-measured EAT 
volume showed excellent agreements with 
autopsy results [6].

Overall, CMR provides a precise and non-
invasive assessment of both EAT thickness 
and volume. However, the method used by 
Flüchter may have some limitations. A recent 
study raised up the concern and need of detect-
ing the diverse EAT anatomy and distribution 
[7]. EAT is not equally distributed through the 
heart. EAT is located at the interatrial groove, 
the atrioventricular septum, and the inferior 
pyramidal space, the left lateral ridge, the 
atrioventricular grooves, and the transverse 
pericardial sinus. Leo et al. recently proposed 
to use balanced steady-state free precession 
(SSFP) sequences of CMR to measure the dif-
ferent EAT locations [7]. SSFP sequences have 
the ability to distinguish the fat from the blood 
and the muscle, so providing a great quality 
imaging of EAT distribution. The authors nicely 
underline that EAT, particularly when abun-
dant, should not be considered as accumulation 
of layers covering the surface of the heart, but 
rather fat deeply penetrating into the heart and 
filling any possible folding. SSFP CMR can 
catch and detect the folding appearance of 
human EAT.

Regional fat distribution of EAT plays an 
important role in the development and potentially 

a b

Fig. 7.1 Epicardial fat thickness of the right ventricular free wall measured in the four-chamber view (a) and in a rep-
resentative short-axis view (b). (From Flüchter et al. [4], with permission from John Wiley & Sons)
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stratification of different conditions. For exam-
ple, peri-atrial EAT has shown to be strongly cor-
related with atrial fibrillation. Hence, clinical 
assessment of peri-atrial EAT could be instru-
mental in the prognosis of patients with atrial 
fibrillation. One study validated the use of a 
semiautomated three-dimensional atrial PAT 
model utilizing standard (clinical) CMR 

sequences for accurate and reproducible assess-
ment of atrial PAT [8].

Nelson et  al. also criticized the method pro-
posed by Flüchter [9]. They used an ovine model, 
to validate a CMR-derived paracardial adipose 
tissue volume assessment [9]. The measurement 
was not limited to the adipose thickness over the 
RV free wall, but included epicardial,  paracardial, 

Fig. 7.2 Volumetric measurement of epicardial fat mass. 
The contours of epicardial adipose tissue were outlined in 
end-diastolic images of short-axis views covering the 

whole left and right ventricle. (From Flüchter et al. [4], 
with permission from John Wiley & Sons)
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and pericardial adipose depots. Starting at the 
mitral annulus, consecutive end-diastolic ven-
tricular images were used to determine the area 
and volume of epicardial, paracardial, and peri-
cardial adipose tissue included paracardial adi-
pose tissue mass. Unquestionably this method 
allows the measurement of the entire cardiac adi-
posity. Nevertheless, this approach is argumenta-
tive, as EAT, pericardial, and paracardial adipose 
tissue are embryologically, anatomically, and 
functionally very different. The inclusion of the 
three fat depots as one single entity may not 
reflect the separate functions and clinical impli-
cations of each single adipose tissue.

CMR has been used in several studies to eval-
uate EAT in patients with different cardiac dis-
eases, such as CAD, HF, and dilated 
cardiomyopathy [10–12]. CMR imaging can not 
only measure EAT but also detect myocardial fat 
infiltration [13–15]. In patients with aortic steno-
sis, CMR imaging myocardial steatosis corre-
lated with the degree of left ventricular strain 
impairment [14]. CMR study using variable pro-
jection water/fat separation showed a relation 
between left ventricular function and fat accumu-
lation within the septal myocardium in patients 
with dilated cardiomyopathy [15]. Additionally, 
multiparametric CMR provides imaging of car-
diac function and myocardial fibrosis by late 
gadolinium enhancement.

 Advantages of CMR Imaging 
of Epicardial Fat

CMR allows a clear visualization of EAT. CMR 
imaging using SSFP allows a clear distinction 
between muscular and adipose tissue. This 
sequence provides a high signal/noise ratio and 
an optimal blood/myocardial contrast, which 
allows a precise definition of the endocardial bor-
ders. When using SSFP CMR, the strength of the 
signal comes from different tissues and depends 
on T1/T2 ratio. Water (blood) and fat have the 
same high T1/T2 ratio; then both tissues produce 
a very high signal. On the contrary, the muscular 
tissue has a low T1/T2 ratio and produces weak 
signal. SSFP CMR can distinguish the different 

EAT locations better than any other noninvasive 
imaging technique.

 Limitations of CMR Imaging 
of Epicardial Fat

When abundant, EAT not only covers the entire 
epicardial surface but also invades spaces and 
folds that usually are almost virtual [7]. Some 
CMR protocols may be not able and reliable in 
depicting the exact and deeper EAT distribution. 
CMR images side by side with corresponding 
anatomic specimens should be used. CMR is 
more expensive than echocardiography and 
requires different skills and labor in measuring 
EAT. CMR may not be readily available in non-
academic hospitals or non-research centers.

 Proton Magnetic Resonance 
Spectroscopy and Epicardial Fat

Myocardial fat accumulation has gained growing 
attention as independent and direct cause of car-
diac diseases. The presence of myocardial fat 
deposition, otherwise called cardiac steatosis, 
could represent an additional CMR imaging fea-
ture of prognostic importance in high-risk 
patients. The significance of cardiac steatosis in 
normal hearts remains to be determined. Proton 
magnetic resonance spectroscopy (1H-MRS) is 
the gold standard technique to measure myocar-
dial triglyceride content [16, 17]. 1H-MRS is used 
as a noninvasive, non-radiation exposure tech-
nique for the clinical assessment of myocardial 
lipid content. The recent use of high-field scan-
ners (3.0 T) has improved the chemical shift reso-
lution and signal-to-noise ratio of cardiac 
1H-MRS. This feature allows the discrimination 
between fatty acid (FA) and unsaturated fatty acid 
(UFA) deposition in the myocardium. Myocardial 
TG signals and the water signal are acquired from 
spectra with water suppression and without water 
suppression, respectively (Fig. 7.3). The spectro-
scopic signals are acquired at end-systole and 
end-expiration with electrocardiographic trigger-
ing and respiratory navigator gating.
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In clinical studies with 1H-MRS, myocardial 
triglyceride content is correlated with left ven-
tricular mass and systolic function in patients 
with heart failure and left ventricular hypertrophy 
[18, 19]. Ultrasound measured EAT thickness has 
shown to independently correlate with 1H-MRS 
myocardial triglyceride content (R  =  0.79, 
p < 0.01) in subjects with a wide range of obesity 
and body fat distribution [20]. EAT, as measured 
by standard cardiac ultrasound, may serve a pre-
dictor of triglyceride fat content better than waist 
circumference and other more traditional bio-
chemical risk factors. This statistical correlation 
is based on the lack of barrier separating EAT 
from the underlying myocardium. Hence, EAT 
excessive free fatty acid influx can reach directly 
the myocardium via paracrine or vasocrine path-
ways. It is plausible to speculate that the consen-
sual increase in EAT and myocardial fat might 
affect the heart morphology and function.
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Fig. 7.3 (Left) Proton MR spectroscopic image of septal 
myocardial fat. (Right) Example of nonwater-suppressed 
proton MR spectrum of interventricular septal fat in an 
obese study patient. Amplitude is expressed in arbitrary 
units and with two different scales (left of images). 

(Center) Two-chamber plane (top), short-axis plane (mid-
dle), and four-chamber plane (bottom) MR images show 
voxel positioning in the septum. (From Malazavos et al. 
[20], with permission from Elsevier)
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