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ABSTRACT

Background: Epicardial adipose tissue (EAT) is a layer of visceral fat located between the myocardium and the visceral pericardium. 
Increased EAT functions as a metabolically active organ and has been linked to heart failure with preserved ejection fraction (HF-
pEF). 
Objective: The aim of this study was to assess EAT thickness measured by echocardiography in a group of patients with type 2 dia-
betes mellitus (T2DM) and to evaluate its relationship with parameters of diastolic dysfunction (DD) as an early marker of HFpEF.
Methods: EAT was evaluated in 86 patients with T2DM and no cardiovascular disease (mean age 56 years; 53% women; 63% obesity; 
67% hypertension). 
Results: Mean EAT thickness was 7.07 ± 3.09 mm; 65% had EAT > 5 mm and 45% > 7 mm. Patients with EAT > 5 mm showed 
significantly > 2 DD criteria (42.9% vs. 6.7%, p = 0.001). Increased EAT was associated with higher left atrial volume and  septal e´ 
velocity < 7 cm/s. A progressive increase in mean EAT thickness was observed with the number of DD criteria (8.56 mm with two 
criteria; 9.8 mm with three criteria).
Conclusion: EAT is associated with subclinical structural and functional cardiac abnormalities and may serve as an early marker of 
DD and HFpEF in patients with T2DM.
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RESUMEN

Introducción: El tejido adiposo epicárdico (TAE), es una capa de grasa visceral que se encuentra entre el miocardio y el pericardio 
visceral. El TAE incrementado funciona como un órgano metabólicamente activo y se ha relacionado insuficiencia cardíaca con fun-
ción preservada (ICFEp). 
Objetivo: El objetivo de este estudio fue evaluar el monto de TAE medido por ecocardiograma en un grupo de pacientes con diabetes 
tipo 2 (DM2) y relacionarlo con la presencia de parámetros de disfunción diastólica (DD) como marcador precoz de ICFEp. 
Material y métodos: El estudio evaluó el TAE en 86 pacientes con DM2 sin enfermedad cardiovascular (edad media 56 años, 53 % 
mujeres, 63 % obesidad y 67 % hipertensión). 
Resultados: El grosor medio del TAE fue 7,07 ± 3,09 mm; el 65 % presentó TAE > 5 mm y el 45 % > 7 mm. Los pacientes con TAE 
> 5 mm mostraron significativamente > 2 criterios de DD (42,9 % vs 6,7 %, p = 0,001). En particular, el TAE incrementado se asoció 
con mayor volumen auricular izquierdo, relación E/A<0,8 y velocidades e´septal <7 cm/s y e´lateral <10 cm/s. Observamos que a 
mayor número de criterios de DD, mayor espesor medio de TAE (8,56 mm con 2 criterios; 9,8 mm con 3 criterios). 
Conclusión: Como conclusión observamos que el TAE se asocia con alteraciones estructurales y funcionales cardíacas subclínicas, y 
podría ser un marcador temprano DD e ICFEp en pacientes con DM2.
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Epicardial adipose tissue (EAT) is a layer of visceral 
fat found between the myocardium and the visceral 
pericardium. EAT is more than just an energy depot. 
It has important paracrine and endocrine activity, and 

its proximity to the myocardium has pathophysiologi-
cal implications. In conditions like obesity, EAT in-
creases and has been identified as a metabolically ac-
tive organ capable of releasing proinflammatory and 



367

proatherogenic molecules including tumor necrosis 
factor-alpha, interleukins 1 and 6, leptin, and angio-
tensinogen. (1) 

Current evidence shows that increased EAT vol-
ume or thickness correlates with a higher prevalence 
of diastolic dysfunction, independent of other fac-
tors of general or visceral adiposity. (2) Patients with 
obesity-related heart failure with preserved ejection 
fraction (HFpEF) often exhibit significant symptoms, 
physical limitations, and a high risk of cardiovascular 
death. (3) In this context, EAT appears to play a rele-
vant pathogenic role, as its expansion and remodeling 
are associated with increased myocardial stiffness, en-
dothelial dysfunction, and fibrosis, which exacerbate 
diastolic dysfunction. (4) Diastolic dysfunction, an 
early and core marker in the pathophysiology of HF-
pEF, is characterized by impaired ventricular relaxa-
tion and filling, usually precedes the development of 
clinical symptoms of HFpEF, and can be detected be-
fore symptomatic heart failure develops. (5) Observa-
tional and cohort studies have demonstrated that the 
presence of diastolic dysfunction, as determined by 
echocardiographic parameters such as the E/e' ratio, 
septal and lateral e' wave velocity, left atrial volume, 
and filling pressure, is associated with an increased 
future risk of developing HFpEF and related cardio-
vascular events. 

EAT can be measured using two-dimensional 
echocardiography, a technique that requires minimal 
operator training (6) and correlates well with meas-
urements obtained by computed tomography (CT) or 
nuclear magnetic resonance imaging (MRI).  The aim 
of this study was to assess EAT thickness by echocar-
diography in a group of patients with type 2 diabetes 
without cardiovascular disease and to examine its as-
sociation with parameters of diastolic dysfunction as a 
potential risk marker for the development of HFpEF.

METHODS
The registry of diastolic dysfunction in patients with type 
2 diabetes (T2DM) of the Council on Cardiometabolism of 
the Argentine Society of Cardiology included 229 patients 
< 65 years without cardiovascular disease and adequate 
ultrasound window, evaluated on an outpatient basis with 
transthoracic color Doppler echocardiography and tis-
sue Doppler echocardiography. Patients with clinically es-
tablished cardiovascular disease, blood pressure >140/90 
mmHg during Doppler echocardiography, atrial fibrillation, 
or kidney disease were excluded from the study. The registry 
had a pre-specified (but non-mandatory) option to measure 
EAT. Therefore, EAT was measured in 86 non-correlative 
patients, with measurements taken at convenience. The 
protocol specified the methodology for assessing epicardial 
fat with images and a training video. Images were obtained 
from standard parasternal long-axis and short-axis 2D views 
to allow for the most accurate measurement of epicardial fat 
thickness in the right ventricle with optimal cursor beam 
orientation in each view. On echocardiography, epicardial 
fat is generally identified as the relatively echo-free space 
between the outer wall of the myocardium and the visceral 
layer of the pericardium. Its thickness was measured per-

pendicularly on the free wall of the right ventricle at end-
systole in three cardiac cycles at the point on the free wall of 
the right ventricle along the midline of the ultrasound beam 
perpendicular to the aortic annulus which was used as an 
anatomic landmark. 

Although there is no cutoff point for defining increased 
EAT, thickness values > 4-5 mm or >7 mm were considered 
abnormal in different epidemiological studies. (7) In our 
study, a value > 5 mm was considered increased EAT thick-
ness. Mean values were compared with the different func-
tional or structural abnormalities related to the possibility 
of diastolic dysfunction according to 6 evaluation criteria 
recommended by the guidelines of the American Society of 
Echocardiography and the European Association of Cardio-
vascular Imaging: left atrium (LA) ≥ 34 mL/m2, E/A ratio 
<0.8, E/e' ratio >14, septal e' <7 and lateral e' <10, tricuspid 
regurgitation velocity >2.8 m/s. (8)

Informed consent was obtained prior to inclusion in the 
protocol. The protocol was submitted to the Computerized 
Registration Platform for Health Research (PRIISA) of the 
City of Buenos Aires and was approved by the Research Area 
of the Argentine Society of Cardiology. The study was con-
ducted following the ethical principles of the Declaration of 
Helsinki. (9)

All the statistical calculations were performed using 
Jamovi 2.6.24.0 software package. Statistical methods in-
cluded univariate descriptive statistics (mean, median, and 
frequency) and chi-square test, Student's t-test, and correla-
tion and linear regression tests. A two-tailed p-value < 0.05 
was considered statistically significant.
 
RESULTS
Of the 229 patients, EAT was measured in 86, who 
were included in this analysis. Mean age was 56 ± 8.8 
years, 53.2% were women, 62.8% were obese, defined 
as body mass index (BMI) ≥ 30, mean BMI was 31.2 
± 5.3 kg/m2 and 67.1% had hypertension. Mean sys-
tolic blood pressure (SBP) and diastolic blood pressure 
(DBP) values were 129 ± 11 and 79.5 ± 7.4 mmHg, re-
spectively. Regarding treatment with cardioprotective 
antidiabetic drugs, 10 patients (11.6%) were taking 
sodium-glucose cotransporter 2 (SGLT2) inhibitors 
and 8 patients (9.3%) were on glucagon-like peptide-1 
receptor agonists (GLP-1RAs). None of the patients 
had wall motion abnormalities, left ventricular hyper-
trophy, or significant valvular heart disease. Table 1 
shows the morphological and functional abnormali-
ties evaluated by echocardiography according to the 
presence of increased EAT thickness Mean EAT was 
7.07 mm ± 3.09 mm; 65.1% (n = 56) presented EAT 
thickness >5 mm and 45.5% (n = 39) had EAT thick-
ness >7 mm.  

In patients with EAT > 5 mm, 42.9% had > 2 cri-
teria for diastolic dysfunction, vs. 6.7% of those with 
EAT ≤ 5 mm (p = 0.001). 

When there were 0 criteria for diastolic dysfunc-
tion, mean EAT was 6.8 mm; with 1 criterion, mean 
EAT was 8.3 mm (p < 0.001 vs. 0 criteria), with 2 cri-
teria mean EAT was 8.5 mm (p < 0.001 vs. 0), and 
with 3 criteria mean EAT was 9.8 mm (p < 0.001 vs. 0) 
(Figure 1). There were no patients with a combination 
of 4, 5, or 6 criteria.
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(mTOR) / nuclear factor kappa B (NFkB) pathways, 
which are related to the development of HFpEF. (10)

EAT tissue assessed by echocardiography has been 
shown to be an early marker of subclinical cardiac 
dysfunction, even in obese subjects without overt car-
diovascular disease. Interstitial fibrosis, myocardial 
stiffness, extracellular matrix expansion, and vascular 
function are key components in the pathogenesis of 
HFpEF. (11) Increased EAT predicts the onset of dias-
tolic dysfunction before advanced clinical or structural 
abnormalities become apparent. (12) Cross-sectional 
studies and meta-analyses have shown that increased 
EAT thickness or volume correlates with echocardio-
graphic parameters of diastolic dysfunction, such as 
decreased mitral annular e' velocity and increased E/e' 
ratio. (13) Furthermore, EAT thickness appears to 
have prognostic value and could be useful for moni-
toring therapeutic response in patients with HFpEF 

DISCUSSION
In our study, we analyzed a group of patients with 
T2DM without cardiovascular disease and observed 
an association between structural and functional ab-
normalities on echocardiography and increased EAT 
thickness. Most of our patients with EAT thickness > 
5 mm had some form of functional or structural ab-
normality on echocardiography.

Like any other fat depot, EAT consists of adipo-
cytes, preadipocytes, stromal-vascular cells, nerve 
cells, and immune cells, with the unique feature of 
sharing microcirculation and being in close contact 
with the myocardium. Dysfunctional EAT releases 
hypoxia-inducible factor-1α (HIF-1α), which increases 
myocardial nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase activity and reactive oxygen 
species (ROS) production. This promotes hypertro-
phy through Akt / mammalian target of rapamycin 

Figure 1. Association of epicardial adipose tissue thickness (in mm) with the criteria for diastolic dysfunction

n % EAT ≤ 5 mm (n=30) EAT > 5 mm (n=56) p-value

LA ≥34 mL/m2 25 29.7 3.3% (1) 42.8% (24) <0.001

E/A < 0.8 56 65.1 60% (18) 67.8% (38) 0.485

E/e'> 14 2 2.3 3.3% (1) 1.8% (1) 1

Septal E' < 7 cm/s 56 65.1 80% (24) 57.1% (32) 0.034

Lateral E' < 10 cm/s 45 52.3 50% (15) 53.6% (30) 0.822

Tricuspid regurgitation velocity > 2.8 m/s 2 2.3 0% (0) 3.6% (2) 0.540

LA: Left atrium

Table 1. Echocardiographic abnormalities by increased epicardial adipose tissue (EAT) thickness

p value

0 criteria 1 criteria 2 criteria 3 criteria
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and obesity. (14) In patients with severe obesity, an 
EAT thickness > 5.4 mm measured by echocardiog-
raphy was independently associated with subclinical 
cardiac dysfunction. This threshold was identified as 
a predictor of early functional dysfunction, even in the 
absence of overt cardiovascular disease. (6) Elevated 
epicardial fat values, especially > 5–7 mm on echocar-
diography, should be considered a marker of increased 
risk for diastolic dysfunction and cardiac functional 
abnormalities, regardless of other risk factors. (15) 
In our study, mean EAT thickness was 7.07 mm, with 
EAT > 5 mm in 65.1% and EAT > 7 mm in 45.5%.  

The association between EAT and diastolic dys-
function is particularly relevant in the population of 
diabetic patients, where it not only functions as a risk 
marker but may also contribute directly to functional 
impairment through inflammation, fibrosis, and myo-
cardial stiffness. (16) In our study, patients with EAT 
>5 mm had a higher prevalence of criteria for dias-
tolic dysfunction. Current clinical evidence demon-
strates a correlation between epicardial adiposity and 
LV diastolic filling or contractility, LV hypertrophy, or 
atrial remodeling. These findings reflect the clinical 
manifestation of increased EAT on cardiac metabo-
lism, oxidative stress, inflammation, and fibrosis and, 
ultimately, the presence of HFpEF.  (17) In our study, 
where the entire population was under 65 years of age 
and had no established CVD, the presence of signifi-
cant diastolic dysfunction with three criteria or great-
er was too rare to draw conclusions in this regard.

Left atrial volume is one of the strongest structural 
markers for determining diastolic dysfunction. There 
is a positive and independent relationship between 
left atrial volume and pericardial fat thickness, and 
it correlates with greater adverse structural remod-
eling. (18) In our study, most patients with increased 
left atrial volume had increased ETT thickness.

CONCLUSIONS
In a group of patients with T2DM without heart dis-
ease or significant medical history, the presence of 
structural or functional abnormalities on echocardi-
ography was associated with increased EAT thickness. 
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Imaging Diagnosis of Posterior Medial Papillary Muscle Infarction    

Infarto de músculo papilar posteromedial, diagnóstico por imagen

DIEGO VÁZQUEZ ALLER1,   , UXUE IDIAZABAL RODRÍGUEZ1,   , NORA GARCÍA IBARROND1

We present the case of a 55-year-old man who consulted 
for episodes of chest pain radiating to his left arm and 
neck of one-week duration. For the past 72 hours, he had 
been experiencing the same pain, with greater intensity, 
associated with general malaise and paleness. Physical 
examination revealed blood pressure of 172/118 mm Hg, 
with symmetrical pulses in the upper and lower limbs. 
Given the persistent chest pain and high blood pressure, 
a computed tomography angiography (CTA) of the aorta 
was initially performed, which ruled out acute aortic 
syndrome, but revealed a hypodense nodular image in 
the left ventricle (Figure A, red arrow). 

The electrocardiogram revealed inferolateral ST-
segment depression with slight troponin T elevation, 
and the echocardiogram only showed an increase in 
the papillary muscle size (Figure B, green arrow), 
with no intracavitary thrombi or valve involvement. 
Emergency catheterization was decided due to persis-

1 Hospital Universitario Basurto: Cardiology Department, Inpatient ward. Osakidetza. Bilbao, Spain

Rev Argent Cardiol 2025;93:370-371. https://doi.org/10.7775.rac.93.i5.20935
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tent pain, revealing a critical distal lesion in the cir-
cumflex artery and posterolateral branch. 

Finally, to complete the study, a cardiac magnetic 
resonance imaging (MRI) scan was performed, con-
firming involvement of the posteromedial papillary 
muscle, which was enlarged due to edema, presenting 
a no-reflow area at the head of the medial zone cor-
responding to the intracavitary hypodense image seen 
on computed tomography (Figure C).

This case shows the finding of an edematous and 
prominent papillary muscle in the context of acute 
coronary syndrome, which can pose an initial diagnos-
tic challenge when making the differential diagnosis 
of an intraventricular mass. (1-3)
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Fig. 1. Column A (CT angiography slices). Column B (apical 2-chamber and short-axis echocardiogram images at mid-level). Column C. (short-axis T1 
and late enhancement sequences).
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