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The epicardial adipose tissue (EAT) is a metabolically active organ recently associated with heart failure and atrial

fibrillation and classified as an independent risk factor for subclinical coronary artery disease. Some evidence

suggests as the assessment of EAT using coronary artery calcium (CAC) might represent an additional tool to

quantify patients’ cardiovascular risk.
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1. Anatomy and Functions of Epicardial Adipose Tissue

The intrathoracic adipose tissue surrounding the heart can be divided into epicardial adipose tissue (EAT) and

pericardial fat (PF). The PF is located between the pericardial visceral and parietal layers; it derives from the

primitive thoracic mesenchyme and is supplied by branches of the internal thoracic artery . On the other hand,

EAT is placed between the pericardial visceral layer and the myocardial muscle covering about 80% of the cardiac

surface; it originates from the splanchnopleuric mesoderm and is vascularized by branches of coronary arteries.

Lastly, the portion of the EAT immediately contiguous with the adventitial layer of coronary arteries is called

pericoronary adipose tissue (PCAT) .

The EAT is microscopically composed of different cells, including adipocytes, resident monocytes, immune cells,

and nerve cells . Interestingly, no muscle fascia between EAT and myocardium is present, allowing direct

communication between these two organs through paracrine and vasocrine mechanisms . Physiologically, EAT

plays a protective role for the heart. It acts as a local energy store and provides free fatty acids to the myocardial

tissue in times of high demand . It also releases adipokines with anti-inflammatory, antioxidant, and vasodilator

functions (adiponectin and adrenomedullin) . In addition, the EAT offers mechanical support preventing coronary

artery torsion during cardiac contraction, exerts a thermoregulatory function  and acts as an immune organ .

However, in pathological conditions, EAT becomes pro-arrhythmogenic and pro-atherogenic. Indeed, in patients

who have CAD, EAT shows pro-inflammatory features with an increased concentration of inflammatory M1

macrophages than anti-inflammatory M2 macrophages , higher production of interleukin-6 (IL-6), interleukin-1 (IL-

1), and tumor necrosis factor-alpha (TNF-a) associated with reduced production of adiponectin and

adrenomedullin, and an elevated concentration of reactive oxygen species (ROS) .
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The mechanisms of EAT dysfunction might translate into atherosclerotic plaque development are not entirely

known. However, it has been proposed that macrophages, together with T- and B-lymphocytes, are triggered by

the Toll-like receptor (TLR) binding that stimulates nuclear factor-κB (NF-κΒ) and JUNN-terminal kinase (JNK) 

. The activation of these two molecules leads to increased interleukin production, such as IL-6, facilitating

endothelial cell permeability and monocyte adhesion . The entire process is powered by the increased ROS

levels that further favor endothelial dysfunction and interleukin secretion .

2. Quantification of Epicardial Adipose Tissue Using CCTA

A trustworthy quantification of EAT can be obtained using different non-invasive techniques. EAT thickness could

be measured by transthoracic echocardiography on the free wall of the right ventricle . However, CCTA is

considered the most validated and reproducible technique for its quantification, given the higher spatial resolution

compared to magnetic resonance (MR) and allowing for simultaneous evaluation of CAD .

In detail, quantification of EAT by CCTA envisages the measure of density (Hounsfield units), volume (cm ), and

thickness (mm). Epicardial fat density ranges from −190 to −30 Hounsfield units (HU) . Measurements of

thickness may be achieved in the horizontal long-axis plane, in the basal short-axis plane, and over the right

ventricular free wall . Regarding volume quantification, manual segmentation of EAT is the most widespread

method. The operator manually draws EAT contours every 15 mm within a region of interest that usually includes

the anterosuperior mediastinum at the pulmonary trunk level, the left main trunk, the left anterior descending and

circumflex arteries in proximal segments, the posterior mediastinum, and the inferior diaphragmatic surface.

(Figure 1a–c) Different software can be used to optimize and speed up this process . The advantages of CT

volumetric quantification are the high definition and reproducibility, whereas the main limitation is the need for a

long segmentation time for an accurate measurement . EAT can also be measured during coronary CT in the

interval between contrast administration and angiographic acquisition and does not require specific acquisition .
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Figure 1. Cardiac computed tomography angiography (CCTA) assessment of epicardial adipose tissue (EAT) and

peri-coronary adipose tissue (PCAT): (a) EAT in short-axis view; (b) EAT in four-chamber view; (c) EAT in two-

chamber view (dashed line); (d) peri-coronary adipose tissue (PCAT) radiodensity (−44 HU) compared with

radiodensity of EAT surrounding free left ventricle wall (−89 HU).

3. Epicardial Fat Volume and Atherosclerosis Progression

Recent studies have demonstrated that EAT volume is associated with the development and progression of

atherosclerotic plaques. Therefore, previous studies reported greater EAT volumes in patients with angiographic

evidence of coronary stenoses than those without . Similarly, Gitsioudis et al., enrolling patients with

intermediate CAD risk undergoing cardiac CT with contextual EAT volume quantification, showed a higher EAT

volume in patients with coronary stenosis >50% compared with those with <50%. Moreover, the multivariate

regression analysis revealed an independent association between coronary stenosis severity, plaque burden, and

EAT volume .

Notably, EAT volume is also associated with atherosclerosis progression and, more specifically, with the

development of high-risk plaques. In this regard, Alexopoulos et al. demonstrated that EAT was higher in patients

with mixed/non-calcified plaques than those with calcified lesions . The same evidence was reported by

Tsuyoshi et al., that quantified epicardial fat volume in 1308 patients with symptomatic CAD and a zero-calcium
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score. EAT was greater in patients with obstructive atherosclerotic plaques than no plaque and even more in those

with vulnerable plaque than no plaque . Similarly, a recent meta-analysis by Nerlekar et al. confirmed the

association between EAT volume and high-risk plaques . Otsuka et al. found that EAT volume in ACS patients

was significantly higher than in those suffering from CCS . Finally, Yamashita et al. demonstrated a significant

positive correlation between EAT volume and necrotic plaque detected using intravascular ultrasound imaging

(IVUS) and a negative correlation between EAT volume and fibrous plaque .

Several studies also reported a direct relationship between EAT and CAC score. Iwasaki et al. demonstrated

increased CAC in patients with EAT volume >100 cm  than in those with EAT volume <100 cm , with a higher

incidence of CAD in the same group . These results were confirmed in the study conducted by Cosson et al.,

where EAT volume was independently associated with CAC ≥ 100 AU (per 10 cm  increase: OR 1.11 (1.02–1.20))

.

Another measurable parameter derived from EAT assessment and associated with a worse prognosis is fat

radiodensity. Franssens et al. demonstrated in 140 patients undergoing CT-scan that one standard deviation lower

EAT attenuation (5 HU) was associated with 1.9 and 1.07 higher odds (for men and women respectively) of being

in higher CAC class (0, 1 to 100, 101 to 400, and >400) . Similarly, Goeller et al. quantified both EAT volume and

density in 456 asymptomatic patients; EAT volume resulted lowest in patients without coronary calcium and higher

in patients with severe atherosclerosis, while EAT density resulted lower in patients with high coronary calcium and

increased occurrence of adverse clinical events .

Finally, all this evidence allows identifying EAT volume as a predictor of MACEs. For example, Eisenberg et al.

quantify EAT volume in asymptomatic patients from the EISNER (Early Identification of Subclinical Atherosclerosis

by Noninvasive Imaging Research) trial, showing its association with increased risk of MACE after 14 ± 3 years of

follow-up. It was also demonstrated that MACE risk progressively increased with EAT volume ≥ 113 cm  and CAC

≥ 100 AU . Thus, Fuller et al. revealed that patients with CAD who died from sudden cardiac death had

significantly higher EAT thickness . Moreover, in the Heinz Nixdorf Recall Study, the incidence of coronary

events increased directly with EAT quartiles, with a doubling of EAT volume associated with a 1.5-fold risk of

coronary events independently from other traditional CV risk factors .

4. Pericoronary Fat: Marker of Coronary Artery Stenosis
Severity

Another CT-measurable parameter associated with CAD severity is the pericoronary fat (Figure 1d). In this regard,

a study conducted by Gorter et al. evaluated in 128 symptomatic patients undergoing percutaneous coronary

intervention (PCI) the EAT volume and the pericoronary fat. Patients with low BMI and multivessel coronary

disease had increased values of both CT parameters compared to patients without CAD . Likewise, Balcer et al.

analyzed PCAT volume in 46 patients with acute MI undergoing coronary-CT angiography, demonstrating higher

values around culprit lesions than non-culprit ones . Furthermore, Ma et al. reported a raised pericoronary

adipose tissue mean attenuation (PCATMA) in arteries with CT-measured plaques, particularly in non-
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calcified/mixed plaques . Interestingly, PCATMA was also associated with in-stent restenosis. Thus, Nogic et al.

enrolled 151 patients undergoing CT-scan for suspected CAD, treated with stent implantation within three months

and that repeated coronary angiography after a maximum of five years for any reason. The study demonstrated

that patients with ISR had a significantly increased lesion-specific PCATMA at baseline compared with patients

without stent hyperplasia .

5. Effective Therapies in the Reduction of Epicardial Fat

Recent studies have shown several drugs' efficacy in reducing EAT thickness and volume. Thanks to their

pleiotropic effects, statins have been reported to reduce epicardial fat metabolic activity, thickness, and attenuation

. In this setting, atorvastatin provided better results than pravastatin . Furthermore, metformin also reduced

EAT thickness after three months of treatment in diabetic patients ; similar results were reported for liraglutide,

semaglutide, and dulaglutide . Correspondingly, sodium-glucose cotransporter 2 (SGLT-2) inhibitors

(dapagliflozin and empagliflozin) demonstrated a reduced EAT volume in CAD patients after six months of

treatment . Notwithstanding, further studies are needed to evaluate how the well-known cardiovascular benefit

of all these drugs might be related to the attenuation of EAT thickness and volume.
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