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Abstract: 

Background and Purpose: Epicardial fat is the true visceral fat located around the heart, 

particularly around sub-epicardial coronary arteries that may locally interact and modulate the 

coronary arteries and myocardium through paracrine or vasocrine secretion of anti-inflammatory 

and proatherogenic cytokines. Most previous studies have used echocardiography and reported 

controversial results, probably due to differences in measuring techniques and study population.  

Materials and Methods: A review of literature was conducted using the PubMed and Google 

Scholar databases in addition to Google and Yahoo search engines. The purpose was to look for 

articles describing the association between echocardiographically measured EAT and the major 

related outcomes including coronary artery disease, left ventricular systolic, diastolic dysfunction, 

and atrial fibrillation. Finally, 34 articles were included in the results of the present review. 

Result: The potential role of echocardiographic epicardial fat thickness as a marker and predictor 

of cardio metabolic risk has been suggested. 

Conclusion: The potential role of echocardiographic epicardial fat thickness as a marker and 

predictor of cardio metabolic risk, metabolic syndrome, excess visceral fat accumulation, insulin 

resistance, subclinical atherosclerosis, and CAD has been documented in the present study. 
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1. Introduction 

Epicardial fat is the true visceral fat located 

around the heart, particularly around sub 

epicardial coronary arteries (1). Epicardial and 

intra-abdominal fat derive from brown adipose 

tissue within embryogenesis (2). Because of the 

close anatomical relationship to the heart, and 

the absence of fascial boundaries, epicardial 

adipose tissue (EAT) may locally interact and 

modulate the coronary arteries and myocardium 

through paracrine or vasocrine secretion of anti-

inflammatory and proatherogenic cytokines (3).  

 It can secrete a number of bioactive molecules, 

such as adiponectin, resistin and inflammatory 

cytokines (4). Interestingly, inflammatory 

mediators originating outside the coronary 

artery can also induce reciprocal changes in the 

inner layer of intima by diffusion from outside 

to inside (5). Therefore, increased EAT might 

act as an inflammatory organ, which affects 

vascular function (6). More direct 

measurements of visceral fat, including 

magnetic resonance imaging (MRI) and/or CT, 

are certainly accurate, but they are expensive 

and unmanageable, especially if they are 

planned to be performed in clinical practice. At 

the same time, epicardial fat thickness can be 

measured in two-dimensional (2D) 

echocardiography; the first suggested by 

Iacobellis et al. as Standard parasternal long-

axis view, and second, short-axis view from 2D 

images which enables the most precise 

measurement of epicardial fat thickness on the 

right ventricle, with ideal cursor beam direction 

in each view. Echocardiographically, epicardial 

fat is usually determined as the nearly echo-free 

space between the outer wall of the 

myocardium and the visceral layer of 

pericardium; its thickness is measured 

perpendicularly on the free wall of the right 

ventricle at end-systole in 3 cardiac cycles. 

Epicardial fat thickness is also reduced during 

diastole. Therefore, it is preferable to measure 

its thickness at end-systole at the point on the 

free wall of the right ventricle with ultrasound 

beam aligned in a perpendicular style, and 

using the aortic annulus as an anatomic marker 

(7).  

The literature on articles describing the 

association between echocardiographically 

measured EAT and the major related outcomes 

including coronary artery disease, left 

ventricular systolic and diastolic dysfunction 

and atrial fibrillation was reviewed. This survey 

was performed through using the data bases 

Pub Med, Google Scholar, as well as Google 

and Yahoo search engines. For this purpose and 

to find the title and summary of the article, the 

following key words were used: epicardial, 

pericarpdial, sub epicardial, fat, adipose. 

A normal upper-limit value for epicardial fat 

thickness has not been accepted. Epicardial fat 

thickness changes from a minimum of 1 mm to 

a maximum value of almost 23 mm. Iacobellis 

et al. found its median thickness to be 7 mm in 

men and 6.5 mm in women in a large 

population of patients who underwent 

transthoracic echocardiography for standard 

clinical indications. Furthermore, they indicated 

that an epicardial fat thickness of 9.5 mm is 

associated with clinical signs of insulin 

resistance (2). 

 When other cardio metabolic variables are 

separately evaluated, epicardial fat could also 

be independently related to blood pressure (8), 

low-density lipoprotein cholesterol (8), fasting 
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glucose (9), and inflammatory markers (10, 11). 

Echocardiographic epicardial fat thickness is 

particularly higher in persons with impaired 

fasting glucose, a prediabetes condition, than in 

norm glycemic individuals, suggesting its 

potential role as an additional tool for diabetes-

related cardiac risk stratification (9). According 

to the previous research, the majority of 

population-based clinical studies have 

described excellent inter-observer and intra-

observer agreement for epicardial fat thickness 

measurement (3, 7, 12). Intra-class correlation 

coefficients have ranged from 0.90 to 0.98 and 

from 0.93 to 0.98, respectively, indicating good 

reproducibility and reliability. Concordance of 

long-axis and short-axis average epicardial fat 

thickness measurement was also excellent at 

0.98 (95% confidence interval, 0.97-0.98) (3). 

Hence, the aim of present study was a review 

on the value of echocardiographic assessment 

of EAT in the prediction of CAD severity and 

its potential role as a marker and predictor of 

cardio-metabolic risk. 

 

2. Materials and methods 

 A review of literature was conducted using 

PubMed and Google Scholar databases as well 

as Google and Yahoo search engines. The main 

purpose was to describe the association 

between echocardiographically measured EAT 

and major related outcomes including coronary 

artery disease, left ventricular systolic, and 

diastolic dysfunction and atrial fibrillation. 

Accordingly, 34 articles were included in the 

results of the present review. 

In 2007, Ahn et al. measured epicardial fat 

thickness in 527 patients undergoing their first 

coronary angiography. They found that 

epicardial fat was thicker in subjects with CAD 

than in those without it. Ahn et al. also found 

that the patients with unstable angina had 

thicker epicardial fat measurements than those 

with stable angina or atypical chest pain (11). 

In 2008, Eroglu et al. assessed the association 

between epicardial fat thickness and coronary 

atherosclerosis in 150 patients (100 patients 

with CAD and 50 patients with normal 

coronary arteries evaluated by coronary 

angiography). Epicardial fat thickness was 

measured by echocardiography at end-diastole. 

Epicardial fat thickness was documented to be 

significantly higher in patients with CAD as 

compared with those with normal coronary 

arteries. Furthermore, thickness increased with 

the severity of CAD, and the Gensini score was 

significantly correlated with epicardial 

thickness (13).  

In 2013, Nabati et al. conducted a historical 

cohort study on 143 patients, 40 to 87 years old, 

admitted for coronary angiography. The 

patients underwent transthoracic 

echocardiography and measurement of 

epicardial fat thickness in parasternal long-axis 

view at end-systole for 3 cardiac cycles. The 

findings showed that epicardial fat thickness 

was significantly correlated with the existence 

and severity of coronary artery disease 

(P<0.001). There was also a trend toward lower 

plasma high-density lipoprotein in males with 

thicker epicardial fat. Furthermore, Nabati et al. 

concluded that an epicardial fat thickness equal 

to or more than 7 mm may identify an 

individual with higher probability of having 

coronary atherosclerosis (14).  
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Influence of epicardial fat on LV (left 

ventricular) mass and diastolic function: 

 Echo Doppler studies have reported that 

patients with asymptomatic LV diastolic 

dysfunction have a higher incidence rate of all-

cause mortality. Mild diastolic dysfunction and 

moderate-to-severe dysfunction were associated 

with 8.3-fold and 10.2-fold increased risks of 

mortality, respectively. The overall mortality 

rates of symptomatic patients with diastolic or 

systolic heart failure are very similar (15). On 

the other hand, increased LV mass and LV 

hypertrophy are independent cardiovascular 

risk factors. Increased epicardial fat thickness 

has been associated with changes in LV mass 

and diastolic function, as detected by 

echocardiography (16, 17). Echocardiographic 

LV mass is also significantly correlated with 

the amount of epicardial fat thickness in 

persons with a wide spectrum of adiposity, 

independent of body mass index and age (16). 

An increase in epicardial fat thickness is also 

significantly correlated with enlarged atria and 

impaired right ventricular and LV diastolic 

filling in morbidly obese individuals (18). The 

primary abnormality of myocardial relaxation is 

characterized by a decrease in the trans-mitral 

peak early velocity (E wave), an increase in the 

trans-mitral peak late velocity (A-wave), and a 

decrease in the E/A ratio. Additionally, a 

decrease in the early diastolic mitral annular 

motion (e’) is observed to be related to a 

decrease in LV elastic recoil, which is noted as 

an early sign of ischemia and impaired 

relaxation. Using the E/e’ ratio, a ratio < 8 is 

usually associated with normal LV filling 

pressures, whereas a ratio> 15 is associated 

with increased filling pressures. When the E/e’ 

value is between 8 and 15, other 

echocardiographic indices should be used (19). 

In 2013, Lin et al. conducted a cross-sectional 

study on 149 patients with preserved left 

ventricular systolic function who were 

undergoing peritoneal dialysis. LV diastolic 

dysfunction was diagnosed (according to the 

European Society of Cardiology guidelines) 

and epicardial fat thickness was measured by 

echocardiography. The patients without LV 

diastolic dysfunction were used as controls. The 

persons with LV diastolic dysfunction had 

higher levels of hs CRP, more visceral and 

peritoneal fat, and thicker epicardial fat than 

controls. Visceral adipose tissue, hs CRP, and 

epicardial fat all significantly correlated with 

LV diastolic dysfunction. The Multivariate 

regression analysis showed that the relationship 

between visceral adipose tissue and LV 

diastolic dysfunction was insignificant, whereas 

epicardial fat was the most powerful 

determinant of LV diastolic dysfunction. 

Epicardial fat thickness also correlated 

significantly with the ratio of trans-mitral 

Doppler early filling velocity to tissue Doppler 

early diastolic mitral annular velocity (20).  

Correlation with coronary microvascular 

dysfunction (CMVD): 

 Epicardial coronary artery stenosis is usually 

responsible for myocardial ischemia. In the past 

30 years, studies have shown that abnormalities 

in coronary microcirculation may also cause 

myocardial ischemia (21). Coronary 

microvascular dysfunction is often suggested in 

patients with typical chest pain and abnormal 

stress test results indicative of myocardial 

ischemia, in whom also coronary angiography 
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fails to show fixed stenosis in epicardial 

coronary arteries (22).  

Several mechanisms have been proposed for its 

pathophysiology, including smooth muscle cell 

hypertrophy, impairment of smooth muscle cell 

relaxation, and enhanced vasoconstrictor 

activity in coronary microcirculation (21). In 

patients with non-ST-elevation myocardial 

infarction, acute coronary syndrome and normal 

coronary arteries, a one-year rate of death from 

myocardial infarction was 1.2%, and a re-

currence of unstable angina was 8.4% (23).  

Another case-controlled study was conducted 

on 124 patients, aged 40 to 91 years. A matched 

set of 62 symptomatic and 62 asymptomatic 

patients underwent an exercise 

electrocardiogram and transthoracic 

echocardiography. Coronary angiography was 

performed in the patients with abnormal 

exercise test results. The participants of the 

study were patients without coronary artery 

disease. EFT was measured by transthoracic 

echocardiography in all patients. It was 

documented that the epicardial fat thickness 

was significantly higher in patients with 

positive exercise test results (but normal 

epicardial coronary arteries) as compared with 

patients with negative exercise test results. 

They concluded that the patients with increased 

epicardial fat thickness are at an increased risk 

of developing angina, recurrent hospitalisation, 

and adverse outcomes, even with normal 

epicardial coronary arteries (24).  

In another study, Sade Le et al. assessed the 

association between epicardial fat tissue and 

coronary flow reserve on 68 women who 

underwent coronary angiography and had no 

objective CAD. It was found that menopause, 

hypertension, and abnormal stress tests were 

significantly more prevalent. Insulin resistance 

and epicardial fat thickness were also found to 

be significantly increased in women with 

microvascular dysfunction as compared with 

those without it (12).  

Epicardial fat in atrial fibrillation (AF): 

AF is the most common arrhythmia found in 

clinical practice
 
(25). It also accounts for 1/3 of 

hospital admissions for cardiac rhythm 

disturbances
 
that are associated with significant 

morbidity and mortality (26). Obesity 

represents an important risk factor for new-

onset AF. Epidemiological studies have 

reported an association between epicardial fat 

and AF (27-32). At the same time, epicardial fat 

has usually been associated with increased 

expression of numerous inflammatory markers, 

which plays a hazardous role in AF 

pathogenesis (33-35). Cytokines have also been 

shown to activate fibroblasts, with the 

extracellular matrix deposition and fibrosis 

producing electro anatomical remodeling (36). 

In 2014, Iacobellis et al. conducted a cross- 

sectional study in 84 consecutive subjects with 

clinical and ECG-documented history of 

permanent (AF) or paroxysmal AF (PAF) who 

underwent echocardiographic epicardial fat 

thickness measurement. 64 subjects had AF and 

20 showed PAF. AF subjects had also higher 

prevalence of heart failure (HF), defined by 

ejection fraction (EF) < 50 %. Furthermore, 

subjects with AF had a larger amount of 

epicardial fat thickness than PAF subjects (37). 
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3. Discussion 

According to the findings of the present study, 

central obesity (visceral adipose tissue) has a 

powerful correlation with the appearance of 

metabolic syndrome and coronary artery 

disease (38). It has been documented that 

echocardiographic epicardial fat is a measure of 

visceral fat, as measured by gold-standard 

techniques. For the most part, 

echocardiographic epicardial fat highly 

represents the intra-abdominal mass of visceral 

fat as measured on MRI and does much better 

than waist circumference. Therefore, 

echocardiographic epicardial fat thickness is an 

independent predictor of visceral adiposity and 

poorly represents the degree of obesity as 

measured by body mass index. Persons with 

higher waist circumferences usually have 

higher epicardial fat thickness. Until recently, 

magnetic resonance imaging (MRI) had been 

accepted as the gold standard for measuring 

epicardial fat thickness. In 2003, Iacobellis et 

al. reported the echocardiographical 

measurement of epicardial fat for the first time 

(7). They showed an excellent correlation 

among echocardiographical epicardial fat 

thickness, MRI abdominal fat, and epicardial 

fat measurements. Echocardiographically 

measured epicardial fat may provide a highly 

reliable index of true visceral fat content, 

avoiding the possible confounding effect of 

increased subcutaneous abdominal fat (39). 

Whether echocardiographic epicardial fat can 

be associated with intramyocardial and 

intrahepatic fat accumulation is still unknown. 

The potential role of echocardiographic 

epicardial fat thickness as an index and 

predictor of cardiometabolic risk has been 

evaluated. Furthermore, echocardiographic 

epicardial fat has been associated with CAD. 

Epicardial fat thickness > 7 mm has also been 

associated with subclinical atherosclerosis and 

CAD. However, different and lower epicardial 

fat thickness cut-off values (>4.5 mm) have 

shown a good sensitivity and specificity to 

detect low coronary flow reserve in women. 

Epicardial fat thickness seemed to be higher in 

patients with CAD and in those with unstable 

angina than in persons without CAD and in 

those with stable angina or atypical chest pain. 

Also, epicardial fat thickness was significantly 

correlated with the extent and severity of CAD, 

as assessed by the Gensini score. At the same 

time, echocardiographic epicardial fat thickness 

has been shown to predict coronary flow 

reserve in women with angiographically normal 

coronary arteries. The relationship between 

epicardial fat and atherosclerosis was also 

found to be significant. Carotid intima-media 

thickness (C-IMT), as measured by ultrasound, 

is a well-recognized clinical predictor of 

subclinical atherosclerosis. Echocardiographic 

epicardial fat thickness was the best 

independent predictor of C-IMT in persons 

involved in the human immunodeficiency virus 

with associated metabolic syndrome. Indeed, 

echocardiographic epicardial fat thickness may 

be an independent predictor of subclinical 

atherosclerosis in persons with excess visceral 

adiposity. Similar results have recently been 

published in a more general high-risk 

population, which showed interestingly, 

epicardial fat thickness was correlated with C-

IMT and arterial stiffness better than waist 

circumference in hypertensive subjects (2). 
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4. Conclusion 

The potential role of echocardiographic 

epicardial fat thickness has been documented as 

a marker and predictor of cardio metabolic risk, 

metabolic syndrome, excess visceral fat 

accumulation, insulin resistance, subclinical 

atherosclerosis, and CAD. The potential 

limitations of echocardiography also included 

problems in differentiating between epicardial 

fat thickness and pericardial and changes in the 

velocity of sound in adipose tissue. Although 

there has been no current study on how the 

latter might involve the accuracy of epicardial 

fat thickness measurement by 

echocardiography, it would be important to 

know if it is necessary to correct this 

confounding factor when determining the 

amount of epicardial fat (2). 
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