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Objective: We sought to investigate the association of the EAT with CMR parameters of ventricular

remodelling and left ventricular (LV) dysfunction in patients with non-ischemic dilated cardiomyopathy

(DCM).

Design and Methods: One hundred and fifty subjects (112 consecutive patients with DCM and 48

healthy controls) underwent CMR examination. Function, volumes, dimensions, the LV remodelling index

(LVRI), the presence of late gadolinium enhancement (LGE) and the amount of EAT were assessed.

Results: Compared to healthy controls, patients with DCM revealed a significantly reduced indexed EAT

mass (31.7 6 5.6 g/m2 vs 24.0 6 7.5 g/m2, p<0.0001). There was no difference in the EAT mass

between DCM patients with moderate and severe LV dysfunction (23.5 6 9.8 g/m2 vs 24.2 6 6.6 g/m2, P

¼ 0.7). Linear regression analysis in DCM patients showed that with increasing LV end-diastolic mass

index (LV-EDMI) (r ¼ 0.417, P < 0.0001), increasing LV end-diastolic volume index (r ¼ 0.251, P ¼ 0.01)

and increasing LV end-diastolic diameter (r ¼ 0.220, P ¼ 0.02), there was also a significantly increased

amount of EAT mass. However, there was no correlation between the EAT and the LV ejection fraction (r

¼ 0.0085, P ¼ 0.37), right ventricular ejection fraction (r ¼ 0.049, P ¼ 0.6), LVRI (r ¼ 0.116, P ¼ 0.2) and

the extent of LGE % (r ¼ 0.189, P ¼ 0.1). Among the healthy controls, the amount of EAT only correlated

with increasing age (r ¼ 0.461, P ¼ 0.001), BMI (r ¼ 0.426, P ¼ 0.003) and LV-EDMI (r ¼ 0.346, P ¼
0.02).

Conclusion: In patients with DCM the amount of EAT is decreased compared to healthy controls

irrespective of LV function impairment. However, an increase in LV mass and volumes is associated with

a significantly increase in EAT in patients with DCM.
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Introduction
Non-ischemic dilated cardiomyopathy (DCM) is characterized by

left ventricular (LV) dilatation and a progressive impairment of car-

diac contractility (1). Activation of macrophages and fibroblasts (2)

as well as inflammatory processes seem to play an important role in

the propagation of a diffuse interstitial and perivascular fibrosis (3)

that is supposed to lead to cardiac remodeling in these patients.

Epicardial adipose tissue (EAT) is a metabolically active tissue,

secreting several adipokines with pro- and anti-inflammatory proper-

ties (4–6). So far, the role of EAT has been studied mainly in the

development of coronary artery disease (CAD) (7,8). Additionally,

recent studies showed decreased amounts of EAT in patients with

congestive heart failure irrespective of the underlying cause (9–11).
Furthermore, in consecutive patients undergoing cardiac computed

tomography to rule out significant coronary artery stenosis, analysis

of epicardial fat volume revealed a stepwise decrease in patients

with moderate to severe LV dysfunction compared to controls (11).

However, to date, there are scarce data about the role of EAT in the

development of heart failure in patients with DCM. Therefore, the

aim of our study was to investigate the association of the EAT

amount with the severity of the LV dysfunction and parameters of

ventricular remodeling using CMR.
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Methods
Study population
One hundred twelve consecutive patients with DCM (87 males and 25

females; mean age 59.4613.9 years) who were referred to our hospital

between January 2007 and December 2010 were recruited. The cardiac

magnetic resonance imaging (CMR) study was performed in these

patients as part of the clinical evaluation for patients with known or sus-

pected cardiomyopathy at our institution. In patients with chronic renal

failure and an estimated glomerular filtration rate (GFR) <30 ml/min/

1.73m2, the CMR protocol was performed without the administration of

a contrast agent. The diagnosis of DCM was made according to the

World Health Organization/International Society and Federation of Car-

diology criteria (12). Patients had to exhibit a depressed LV systolic

function, that is, LV ejection fraction (LVF) < 50% on a non-CMR

study in the absence of significant CAD defined as coronary artery sten-

oses � 50% or a history of coronary revascularization or previous myo-

cardial infarction. Patients with valvular heart disease, hypertensive

heart disease, or congenital abnormalities were also not included. None

of the patients showed signs or symptoms of ongoing myocarditis.

Patients with a normal LVF on CMR> 55% were excluded.

Forty-eight age- and sex-matched healthy subjects served as controls

and satisfied the following criteria: normal physical examination, nor-

mal blood pressure (systolic blood pressure <130 mm Hg and diastolic

blood pressure <85 mm Hg), normal ECG findings, no history of chest

pain or dyspnea, no diabetes, no hyperlipidemia, and normal 2D echo-

cardiography and Doppler examination. None of the subjects was on

medication. Any potential subjects with evidence of heart disease,

hypertension, or other systemic disorders were excluded from the study.

All patients and volunteers underwent CMR examination with iden-

tical protocols. Informed consent for the CMR protocol was

obtained from all subjects, and the study was approved by the local

ethics commission.

Image acquisition
All studies were performed using a 1.5 Tesla whole-body imaging sys-

tem (Magnetom Avanto, Siemens Healthcare Sector, Erlangen, Ger-

many). A dedicated six-element, phased-array cardiac coil was used.

Images were acquired during repeated end-expiratory breath-holds.

Scout images (coronal, sagittal, and axial planes) were obtained for

planning of the final double-oblique long-axis and short-axis views. To

evaluate functional parameters, electrocardiogram-gated cine images

were then acquired using a segmented steady-state free precession [fast

imaging with steady-state precession (true-FISP)] sequence (time to

echo/time of repetition 1.6/3.2 ms, temporal resolution 35 ms, in-plane

spatial resolution 1.4�1.8 mm, slice thickness 8 mm, and interslice gap

2 mm). Seven to twelve short-axis views covering the whole left and

right ventricle were obtained. For the assessment of the EAT, we used 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. Imaging parameters were as follows: time of

repetition ¼ 800 ms, time to echo ¼ 24 ms, slice thickness ¼ 6 mm,

interslice gap ¼ 2 mm, and field of view ¼ 30-34 cm.

Late gadolinium enhancement
Late gadolinium enhancement (LGE) images in the same orientation

as the cine images were acquired 10 min after the intravenous

administration of a gadolinium-based contrast agent (Magnevist,

Bayer-Schering Pharma AG, Berlin, Germany), using an inversion

recovery Turbo FLASH 2D sequence: field of view 300-340 mm,

TR 9.56 ms, TE 4.38 ms, flip angle 25�; matrix, 166 � 256, and

slice thickness 6 mm. Inversion time was individually adjusted to

optimally null myocardial signal (200-360 ms). In all patients, imag-

ing was repeated for each short-axis image in two separate phase-

encoding directions to exclude artifacts.

Image analysis and determination of
ventricular parameters
Image analysis and quantitative analysis were performed offline

using the dedicated software (ARGUS, Siemens). Each study was

examined for abnormalities in the morphology of the right and left

ventricle. End-diastolic (EDV) and end-systolic volumes (ESV) and

LV mass were analyzed with the serial short-axis true-FISP cine

loops, using manual segmentation. Stroke volumes and LV and right

ventricular (RV) ejection fractions were calculated. Additionally, LV

and RV diameters were measured.

For the LV ejection fraction (LVF), the most basal section was the

section that at end diastole and end systole still showed a wall thick-

ness that was compatible with the LV myocardium and that

extended over at least 50% of the myocardial circumference. At end

systole, the most basal section could also show a part of the LV out-

flow tract or the mitral valve leaflets. The most basal section could

differ by one section position between end diastole and end systole

(13). For the right ventricle (RV), volumes below the pulmonary

valve were included. From the inflow tract, RV volumes were

excluded if the surrounding muscle was thin and not trabeculated,

suggestive of right atrium (14).

Additionally, the LV remodeling index (LVRI) was calculated as the

ratio of LV mass (LV-EDM) to LV volume (LV-EDV) (15).

Relative wall thickness (RWT) was calculated as follows: [2 � LV

posterior wall thickness/LV end-diastolic diameter (LV-EDD)] (16).

A value 0.45 was defined as abnormal. An LV-EDMI >71.5 g/m2

for men and >66.6 g/m2 for women were used to define the pres-

ence of LV hypertrophy (14). According to the values of LV-EDMI

and RWT, the patients were categorized into four geometric pat-

terns: normal (normal LV-EDMI and normal RWT), concentric

remodeling (normal LV-EDMI and increased RWT), eccentric LV

hypertrophy (LVH) (increased LV-EDMI and normal RWT), and

concentric LVH (increased LV-EDMI and increased RWT) (17).

Volumetric assessment of the absolute
mass of EAT
EAT is located between the outer wall of the myocardium and the vis-

ceral layer of pericardium. Therefore, we draw one line along the

myocardial border and a second one at the visceral layer of the peri-

cardium, subtending the area of EAT between these lines (18). For

EAT mass determination, the area subtended by the manual tracings

was determined on consecutive end-diastolic short-axis slice beginning

with the most basal slice at the level of the mitral valve and moving

apically through the stack until the most inferior margin of EAT was

traced (18). Total EAT volume was obtained after the data summation

of all slices (EAT volume ¼
P

[EAT area � (slice thickness þ inter-

slice gap) using the modified Simpson’s rule (19). To obtain EAT
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mass, the EAT volume was multiplied by the specific weight of fat

(0.92 g/cm3). The observer was blinded to patient details.

Presence of LGE
The presence of LGE was assessed visually by two independent

experienced readers blinded to all patient details. LGE was only

considered to be present if it was also present in the same slice after

swapping phase encoding, thus excluding artifacts. Patients were di-

vided into those with enhancement (LGEþ) and those without

(LGE�). The pattern of LGE was characterized as mid-wall, suben-

docardial extending to epicardial surface, patchy foci, epicardial, or

diffuse (20,21). For quantification of fibrosis, LGE was defined as

areas with a signal intensity > 2 standard deviations (SD) above

mean signal intensity of remote myocardium in the same short-axis

slice (22). Areas were measured by manual planimetry and

expressed as percentage of the myocardial area using the VPT tool

(Siemens Healthcare Systems Erlangen, Germany).

Statistical analysis
Body mass index (BMI) was calculated by the common formula:

BMI (kg/m2) ¼ weight (kg)/height (m)2. Body surface area (BSA)

was assessed by a variation of the DuBois and DuBois formula: BSA

(m2) ¼ [weight (kg)0.425 � height (cm)0.725] � 0.007184 (23). The

Kolmogorow-Smirnow test was used to test for normality. The data

are presented as mean 6 SD for normally distributed quantitative var-

iables and n (%) for qualitative variables. Data that are not normally

distributed are given as medians and interquartile ranges. Continuous

variables between two groups were analyzed by the unpaired, two-

tailed student’s t-test. The Mann-Whitney U test (Chi-square test) was

applied for nonparametric data. A P-value <0.05 was considered stat-

istically significant. Univariate linear regression analysis was per-

formed to correlate the indexed EAT mass with CMR parameters in

patients with DCM and in healthy controls. A multiple regression

analysis adjusted for age and BMI was performed among patients

with DCM to identify independent correlates of EAT.

Analysis was performed using the SPSS statistical software (version

14.0, SPSS, Chicago, Illinois).

Results
Patient characteristics
Patients’ baseline demographic and clinical characteristics are summar-

ized in Table 1. Our patient cohort consisted of 112 patients with DCM

[thereof 87 men (78%)] with a mean 6 SD age of 59.4 6 13.9 years

and 48 sex- and age-matched healthy controls. There were no signifi-

cant differences, regarding body weight, BSA, and BMI between

patients with DCM and healthy controls. The majority of DCM patients

with moderate LV dysfunction had no or only mild symptoms NYHA

(New York Heart Association) class I/II 15/28 (54%), whereas 71/84

(85%) with severe dysfunction were in NYHA class III/IV. In adher-

ence with current treatment guidelines, DCM patients with LVF � 35%

received significantly more ACE/ARB, diuretics, and digoxin than those

with LVF >35% due to standard heart failure treatment (Table 1).

CMR parameters
Table 2 summarizes the CMR characteristics of all DCM patients

and healthy controls. In 35 patients, no LGE study was performed

due to chronic renal failure GFR < 30 ml/min/1.73 m2 (n ¼ 20),

patient’s refusal of contrast agent administration (n ¼ 8), and discon-

tinuation of CMR examination due to dyspnea before performance of

the LGE study (n ¼ 7). Among the 77 DCM patients with a LGE

study, LGE was present in 24/77 (31%) with the following regional

patterns: septal midwall 13/24 (54%), subendocardial extending to

the epicardial surface 3/24 (12.5%), patchy foci 7/24 (29.3%), epicar-

dial 1/24 (4.2%), and diffuse 0/24. Among patients with LGE, the

median extent of fibrosis was 8.3% of LV mass (range 5.6-11.5 %).

The presence of LGE and the extent of LGE % were not significantly

different in patients with moderate [3/21 (14%), 4.8% (2.8-6.9 %)]

and severe LV dysfunction [21/56 (38%), P ¼ 0.09, 8.3% (6.9-12.5

%), P ¼ 0.2)]. However, the EAT mass in DCM patients with LGE

was slightly but not statistically significant higher compared to those

without LGE (26.4 6 8.8 g/m2 vs. 23.3 6 8.1 g/m2, P ¼ 0.1). Com-

pared to healthy controls, the EAT mass was significantly reduced in

all patients with DCM (31.7 6 5.6 g/m2 vs. 24.0 6 7.5 g/m2, P <
0.0001) as well as in the subgroup analysis of DCM patients with

moderate DCM (31.7 6 5.6 g/m2 vs. 23.5 6 9.8 g/m2, P < 0.0001)

and severe LVF impairment (31.7 6 5.6 g/m2 vs. 24.2 6 6.6 g/m2, P
< 0.0001). Although functional and volumetric parameters revealed

an association with the degree of LV dysfunction, the EAT mass did

not differ between DCM patients with moderate and severe LV dys-

function (23.5 6 9.8 g/m2 vs. 24.2 6 6.6 g/m2, P ¼ 0.7).

Correlation between EAT mass and
parameters of LV remodeling
In DCM patients, the EAT mass /LV mass ratio as well as the EAT

mass /LV volume ratio were significantly reduced compared to

healthy controls, and the reduction was most pronounced in patients

with severe LV dysfunction (Table 2, Figure 1). According to the

values of LV-EDMI and RWT, 13 of the 112 patients with DCM

(11.6%) showed a non-hypertrophied geometric pattern. The other

99/112 (88.4%) showed eccentric LV hypertrophy (LVH) with

increased LV-EDMI and normal RWT. 47/99, (47.5%) of DCM

patients with an eccentric LVH had concomitant arterial hyperten-

sion. Looking at the EAT mass in the patients with eccentric LVH,

we found that it was significantly elevated compared to the DCM

patients without LVH (24.4 6 7.1 g/m2 vs. 18.5 6 6.4 g/m2, P ¼
0.01), however, significantly less than that in healthy controls (24.4

6 7.1 g/m2 vs. 31.7 6 5.6 g/m2, P < 0.0001). Compared to the

EAT mass in the 54/112 DCM patients with arterial hypertension

and the 58/122 DCM patients without arterial hypertension, we did

not find a difference (24.0 6 6.8 vs. 24.0 6 8.1, P ¼ 0.97).

Association between the indexed EAT
and CMR parameter
By univariate regression analysis (Table 3), increasing indexed EAT

mass in all 112 patients with DCM correlated with increasing LV

end-diastolic mass index (LV-EDMI) (P < 0.0001), increasing LV

end-diastolic volume index (LV-EDVI) (P ¼ 0.01), increasing

LV end-systolic volume index (LV-ESVI) (P ¼ 0.01), increasing LV

end-diastolic diameter (LV-EDD) (P ¼ 0.02) as illustrated in Figure 2.

Among these parameters, multiple regression analysis adjusted for age

and BMI revealed that LV-EDMI (P ¼ 0.001) was the only independ-

ent correlate with EAT. Besides, male DCM patients showed more

indexed EAT mass than women (P ¼ 0.04). However, no correlation

was found between indexed EAT mass and LVF (P ¼ 0.37), LVRI

(P ¼ 0.2), RV-EDD (P ¼ 0.3), RVF (P ¼ 0.6), RV-EDVI (P ¼
0.05), RV-ESVI (P ¼ 0.1), or presence of LGE (P ¼ 0.1).
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In the healthy controls, increasing EAT was significantly correlated

with increasing age (P ¼ 0.001), increasing BMI (P ¼ 0.003), and

increasing LV-EDMI (P ¼ 0.02) as shown in Figure 3.

Discussion
The main findings of the study are as follows: (1) in patients with

DCM, the amount of EAT is significantly reduced compared to

healthy controls; (2) in patients with DCM, LV remodeling reflected

by an increase in LV diameter, volumes, and mass significantly cor-

relates with the EAT mass; and (3) the EAT amount in patients with

DCM is irrespective of the LV function impairment.

EAT is a metabolically active tissue and a source of various bioac-

tive molecules (4,6,24). Due to its close anatomic relationship to

the adjacent myocardium, it is suggested to affect and modulate

cardiac function and morphology (24–26). Both unfavorable and

protective effects have been attributed to EAT (27,28). In patients

with CAD, the amount of EAT has shown to be significantly corre-

lated with the extent and the severity of CAD (7,29–31). However,
little is known about the role of EAT in patients with DCM. In

previous studies of our group (9,10), we compared patients with

HF and severely reduced LVF (<35%) due to ICM or DCM and

healthy controls. We could show that in patients with HF, EAT

mass was significantly reduced, compared to healthy controls. This

reduction was irrespective of the underlying etiology of HF. How-

ever, in this study, we only included patients with severely LVF

impairment.

In the present study, we investigated the association between the

amount of EAT and CMR parameters of ventricular remodeling

solely in patients with DCM and different degrees of LV function

impairment compared to age-matched controls. All patients with

TABLE 1 Demographic and baseline clinical characteristics: Healthy controls and patients with DCM

Patients with DCM

P¥

LVF >35%

(n ¼ 28)

LVF �35%

(n ¼ 84) P*

All patients

with DCM (n ¼ 112)

Healthy controls

n ¼ 48

Age (years) 57.2 6 13.4 60.1 6 14.0 0.3 59.4 6 13.9 60.9 6 9.8 0.5

Male sex, n (%) 22 (79) 65 (77) 0.99 87 (78) 37 (77) 0.99

Body weight (kg) 82.4 6 15.2 82.5 6 17.1 0.98 82.5 6 16.6 81.9 6 14.5 0.8

BSA (m2) 2.0 6 0.2 2.0 6 0.2 0.6 2.0 6 0.2 2.0 6 0.2 0.9

BMI (kg/m2) 26.6 6 4.6 27.3 6 4.8 0.5 27.2 6 4.7 27.3 6 6.0 0.9

Systolic BP (mm Hg) 111.5 6 9.3 108.0 6 14.3 0.2 108.9 6 13.2 124.0 6 6.0 <0.0001

Diastolic BP (mm Hg) 74.6 6 5.8 71.9 6 7.1 0.07 72.6 6 6.9 80.9 6 8.0 <0.0001

Heart rate (beats/min) 83.9 6 9.7 78.1 6 17.9 0.1 79.6 6 16.3 70.2 6 11.4 0.0004

Atrial fibrillation, n (%) 8 (29) 28 (33) 0.9 36 (32) 0 –

Hypertension, n (%) 13 (46) 41 (49) 0.9 54 (48) 0 –

Diabetes, n (%) 2 (7) 27 (32) 0.02 29 (32) 0 –

Smoking, n (%) 2 (7) 18 (21) 0.2 20 (18) 0 –

Family history of DCM , n (%) 3 (11) 5 (6) 0.7 8 (7) 0 –

Time since diagnosis (years) 2.4 6 3.4 4.6 6 3.3 0.004 4.0 6 3.4 – –

NYHA functional class, n (%)

I 11 (39) 2 (2) <0.0001 13 (12) 48 (100) <0.0001

II 4 (14) 11 (13) 0.7 15 (13) 0 –

III 13 (46) 38 (45) 0.9 51 (46) 0 –

IV 0 33 (39) - 33 (29) 0 –

Medications

ACEI /ATII, n (%) 11 (39) 69 (82) <0.0001 80 (71) 0 –

Beta blockers, n (%) 5 (18) 11 (13) 0.8 16 (14) 0 –

Spironolactone, n (%) 3 (11) 24 (29) 0.4 97 (87) 0 –

Diuretics, n (%) 8 (20) 69 (82) <0.0001 77 (69) 0 –

Angicoagulation, n (%) 13 (46) 56 (67) 0.1 69 (62) 0 –

Digoxine, n (%) 2 (7) 28 (33) 0.01 30 (27) 0 –

Amiodarone, n (%) 2 (7) 2 (2) 0.6 4 (4) 0 –

Statins, n (%) 14 (50) 51 (61) 0.4 65 (58) 0 –

P*-value comparing DCM patients with moderate and severe LV dysfunction, P¥-value comparing all patients with DCM and healthy controls. The data are presented as
mean 6 standard deviation (SD) for normally distributed quantitative variables and n (%) for qualitative variables.
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DCM irrespective of LV function impairment showed significantly

increased LV mass, volume, and dimensions, compared to healthy

controls.

Patients with DCM revealed significantly decreased EAT mass com-

pared to healthy controls. There was a significant correlation

between EAT mass and LV volume, LV diameter, and LV mass in

patients with DCM. However, the EAT mass did not correlate with

the degree of LV function impairment. Previous studies (32,33)

have shown that the development of LVH appears to have protective

and beneficial effects in patients with DCM by reducing systemic

wall stress and protecting against further dilatation of the LV. In our

study cohort, patients with eccentric LVH showed significantly ele-

vated EAT mass compared to DCM patients without LVH. How-

ever, compared to healthy controls, the EAT mass was less even in

patients with LVH. The fact that the EAT mass in patients with

DCM was unaffected of the presence of arterial hypertension makes

a direct influence of arterial hypertension on the EAT mass unlikely.

Nevertheless, whether the increased EAT mass is solely explained

by the increase of EAT in line with the increase in LV mass as dis-

cussed in previous studies (34,35) cannot be distinguished.

Since the presence of LGE has a prognostic implication in patients

with DCM (22,36), we analyzed the presence of LGE with regard to

EAT mass. In our study cohort, 24/77 (31%) exhibited LGE. In the

DCM patients with LGE, the EAT mass was slightly but not statisti-

cally significant higher compared to those without LGE. However,

due to the small number of patients in the subgroup analysis, our

study might be underpowered for this analysis.

Interestingly, EAT mass did not correlate with the degree of LV

function impairment. Subgroup analysis in DCM patients according

to LV function showed an indexed EAT mass of 24.2 6 6.6 g/m2 in

the 84 DCM patients with severely reduced LVF (�35%). This

result was comparable to the previously reported EAT mass in these

patients (9,10). In the 28 DCM patients with only moderate LV dys-

function (LVF >35%), indexed EAT mass was equally diminished

(23.5 6 9.8 g/m2). In addition to that, linear regression analysis

revealed no correlation between EAT mass and LV function impair-

ment. In this context, Khawaja et al. (11) using cardiac CT exam-

ined the relation of EAT volume in patients with normal and

impaired LV function referred to myocardial perfusion scanning for

assessment of CAD. The patients with normal LVF served as a con-

trol group. Heart failure was defined by LVF <55%. Similarly to

our findings, a significantly reduced EAT volume was found in

patients with reduced LVF (LVF <55%) compared to patients with

normal LVF. However, in the subgroup analysis, EAT volume

showed a statistically significant stepwise decrease in EAT volume

in the moderate heart failure (EF 35-55%), which decreased further

in the severe heart failure group (EF <35%). Thus, contrary to our

TABLE 2 CMR characteristics: Healthy controls and patients with DCM

Patients with DCM

P¥

LVF >35%

(n ¼ 28)

LVF �35%

(n ¼ 84) P*

All patients with

DCM (n ¼ 112)

Healthy controls

n ¼ 48

LVF (%) 43.6 6 6.9 23.0 6 6.7 <0.0001 28.2 6 11.2 58.7 6 5.2 <0.0001

LV-EDMI (g/m2) 84.2 6 26.9 110.3 6 8.2 <0.0001 104.1 6 29.7 65.1 6 11.4 <0.0001

LV-EDVI (ml/m2) 102.8 6 34.2 156.9 6 44.9 <0.0001 143.9 6 48.5 73.7 6 14.7 <0.0001

LV-ESVI (ml/m2) 58.1 6 17.4 122.9 6 40.4 <0.0001 107.2 6 45.7 30.5 6 8.0 <0.0001

LV-SVI (ml/m2) 48.3 6 18.4 35.2 6 11.2 <0.0001 38.5 6 14.5 42.8 6 9.5 0.08

CI (l/min/m2) 2.9 6 0.8 2.7 6 1.0 0.2 2.7 6 0.9 2.9 6 0.6 0.3

LV-EDD (mm) 63.6 6 7.4 70.5 6 7.7 0.0001 68.8 6 8.2 50.8 6 5.4 <0.0001

LVRI (g/ml) 0.8 6 0.2 0.7 6 0.2 0.05 0.7 6 0.2 0.9 6 0.2 <0.0001

RV-EDD (ml) 46.6 6 6.2 43.5 6 8.1 0.06 44.3 6 7.7 43.2 6 5.6 0.4

RAD (mm) 48.6 6 8.9 48.4 6 8.1 0.9 48.4 6 8.3 43.8 6 5.9 0.001

RVF (%) 49.1 6 11.8 31.9 6 16.8 <0.0001 36.2 6 17.4 56.4 6 6.3 <0.0001

RV-EDVI (ml/m2) 85.4 6 13.2 110.8 6 41.1 0.002 104.4 6 37.8 85.1 6 9.4 0.001

RV-ESVI (ml/m2) 40.6 6 15.9 78.3 6 44.4 <0.0001 68.9 6 42.5 40.8 6 11.7 <0.0001

RV-SVI (ml/m2) 44.5 6 9.7 34.6 6 10.5 <0.0001 37.1 6 11.2 42.5 6 5.9 0.004

Presence of LGE 3/21 (14%) 21/56 (38%) 0.09 24/77 (31%) – –

% LGE Extent 4.8% (2.8–6.9 %) 8.3% (6.9–12.5 %) 0.2 8.3% (5.6–11.5 %) – –

EAT volume (ml) 50.0 6 21.9 50.2 6 13.9 0.9 50.2 6 16.2 66.0 6 15.3 <0.0001

indexed EAT volume (ml/m2) 25.0 6 10.4 25.7 6 7.0 0.7 25.5 6 8.0 33.5 6 6.4 <0.0001

EAT mass (g) 47.0 6 20.6 47.2 6 13.1 0.9 47.2 6 15.2 62.1 6 14.4 <0.0001

indexed EAT mass (g/m2) 23.5 6 9.8 24.2 6 6.6 0.7 24.0 6 7.5 31.7 6 5.6 <0.0001

EAT/LV mass ratio 0.3 6 0.1 0.23 6 0.1 0.001 0.24 6 0.1 0.5 6 0.1 <0.0001

EAT/LV volume ratio 0.3 6 0.5 0.16 6 0.1 0.005 0.20 6 0.3 0.45 6 0.1 <0.0001

P¥-value comparing all patients with DCM and healthy controls, P*-value comparing DCM patients with moderate and severe LV dysfunction
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findings, the results by Khawaja et al. (11) indicate a correlation of

smaller EAT volumes with the degree of LVF impairment. These

discrepant results are due to the difference in the examined study

population and control group. In the present study, the cohort con-

sisted solely of patients with DCM, and only healthy subjects served

as a control group. Whereas the study population and the controls of

Khawaja et al. (11) were heterogeneous and included mainly

patients with HF due to ischemic cardiomyopathy (ICM). Since

patients with ICM and DCM show a different course of LV remod-

eling, one could assume that the relation of EAT amount and the

LVF is yet not irrespective of the underlying etiology. In patients

with heart failure, severely reduced LVF (<35%) and significant LV

cavity dilation, representing the end stage of the disease course, the

amount of EAT seems to be reduced irrespective of the underlying

etiology as we already showed (9,10). However, we suspect that this

does not hold true for the whole spectrum of LV function

impairment.

We found that in patients with DCM, the amount of EAT is signifi-

cantly reduced compared to healthy controls irrespective of the LV

function impairment. LV remodeling coming along with an increase

in LV diameter and volumes as well as LV mass seems to play a

major role in the EAT changes in patients with DCM.

We speculate that with increasing LV dilatation, there is a suppres-

sion of EAT. The decrease of the EAT mass coming along with LV

remodeling may result in a discontinuation of its protective effects

on the heart. This may contribute in an undernourishment of the ad-

jacent myocytes, especially under conditions of special energy

demand inducing a vicious circle with a further progressive EAT

reduction.

FIGURE 1 The upper panel shows the four chamber view of a healthy control (A1) and patients with moderately reduced LVF (B1) and
severely reduced LVF (C1). The epicardial adipose tissue (EAT) is indicated by the white arrows. The lower panel shows the respec-
tive short-axis views. Compared to healthy controls (A1/2), patients with DCM and moderately (B1/2) and severely (C1/2) reduced left
ventricular ejection fraction showed equally diminished indexed EAT mass.

TABLE 3 Correlation of patient characteristics and CMR
parameters with indexed EAT

All patients with

DCM (n ¼ 112)

Healthy controls

(n ¼ 48)

r/z P r/z P

Age (years) 0.166 0.08 0.461 0.001

Male Sex -2.093 0.04 �0.932 0.4

BMI (kg/m2) 0.003 0.98 0.426 0.003

LVF (%) 0.085 0.37 0.069 0.6

LV-EDMI (g/m2) 0.417 <0.0001 0.346 0.02

LV-EDVI (ml/m2) 0.251 0.01 0.007 0.96

LV-ESVI (ml/m2) 0.239 0.01 0.0001 0.99

LV-SVI (ml/m2) 0.141 0.1 0.018 0.9

CI (l/min/m2) 0.123 0.2 0.259 0.08

LV-EDD (mm) 0.220 0.02 0.014 0.9

LVRI (g/ml) 0.116 0.2 0.204 0.2

RVF (%) 0.049 0.6 0.169 0.3

RV-EDVI (ml/m2) 0.186 0.05 0.153 0.3

RV-ESVI (ml/m2) 0.156 0.1 0.171 0.2

RV-EDD (ml) 0.093 0.3 0.127 0.4

RAD (mm) 0.080 0.4 0.136 0.4

Presence of LGEa -1.501 0.1 – –

LGEa extent % 0.189 0.1 – –

aPresence of LGE studied in 77 DCM patientsCI: cardiac index,
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Although our DCM patients with severely impaired LVF � 35%

received, due to standard heart failure treatment, significantly more

ACE/ARB, diuretics, and digoxin than those with LVF >35%, we

do not believe that the medication has a direct effect on EAT. This

assumption is supported by the fact that the EAT mass 24.2 6 6.6

g/m2 in the 84 patients with severely reduced LVF (�35%) was

comparable to those in the 28 patients with only moderate

(LVF>35) 23.5 6 9.8 g/m2. However, we believe that medication

has an indirect effect on EAT in patients with DCM. Since in

patients with DCM, EAT mass showed a significant correlation with

LV volume, LV diameter, and LV mass, medications influencing

cardiac remodeling consequently may also have an indirect effect on

EAT.

Larger study cohorts with homogeneous study populations are

needed to further prove the potential different interactions between

LVF and EAT in different causes of HF.

Study limitations
The diagnosis of DCM was based solely on clinical history and ex-

amination accompanied by echocardiography and normal findings at

CA. In line with the current guidelines (37), none of the patients

underwent myocardial biopsy for the diagnosis of DCM, since myo-

cardial biopsy is limited by the possibility of false-negative results

and is associated with a significant clinical risk (38,39).

To date, there is no accepted method for the calculation of EAT

with either CT or CMR. Magnetic resonance imaging is recognized

as the ‘‘gold standard’’ modality for imaging adipose tissue

(18,40,41). However, CMR has only recently evolved to assess adi-

posity around the heart (19). In a previous study of our group, we

introduced a new volumetric method for the assessment of EAT

(19), tracing the EAT from the level of the mitral valve to its most

inferior margin. However, this methodology hasn’t been verified

against actual measurement of ex vivo mass. In the study by Nelson

et al. (18), this method was applied to measure the paracardial adi-

pose tissue with CMR and to correlate these results with ex vivo

paracardial adipose tissue mass in 11 merino sheep. The authors

could show that the CMR-derived paracardial adipose tissue accu-

rately reflected ex vivo paracardial adipose tissue mass. One could

assume that these results also hold true for EAT measurements.

Furthermore, using this approach, we do not include EAT surround-

ing the atria and the whole perivascular EAT amount. However, it is

known that only minor foci of EAT are found around the atria, and

therefore, their contribution to total EAT is known to be minor

(24).O

FIGURE 2 Regression plots illustrating the relationship between indexed EAT (g/m2) and LV-EDMI (g/m2) (2A), LV-EDVI (ml/m2) (2B), LV-ESVI (ml/m2)
(2C), and LV-EDD (mm) (2D) in patients with DCM.
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Conclusion
This is the first study to evaluate the association between the

amount of EAT and CMR parameters of ventricular remodeling in

patients with different degrees of LV function impairment compared

to age-matched controls. We found that in patients with DCM the

amount of EAT is significantly reduced compared to healthy con-

trols irrespective of the LV function impairment. LV remodeling

coming along with an increase in LV diameter and volumes as well

as LV mass seems to play a major role in the EAT changes in

patients with DCM.

VC 2012 The Obesity Society

References
1. Richardson PJ. Assessment of myocardial damage in dilated cardiomyopathy. Eur

Heart J 1996;17:489–490.

2. Schaper J, Mollnau H, Hein S, et al. Interactions between cardiomyocytes and
extracellular matrix in the failing human heart. Z Kardiol 1995;84 Suppl 4:33–38.

3. Gunja-Smith Z, Morales AR, Romanelli R, et al. Remodeling of human myocardial
collagen in idiopathic dilated cardiomyopathy. Role of metalloproteinases and pyri-
dinoline cross-links. Am J Pathol 1996;148:1639–1648.

4. Iacobellis G, Pistilli D, Gucciardo M, et al. Adiponectin expression in human epi-
cardial adipose tissue in vivo is lower in patients with coronary artery disease. Cyto-
kine 2005;29:251–255.

5. Kremen J, Dolinkova M, Krajickova J, et al. Increased subcutaneous and epicardial
adipose tissue production of proinflammatory cytokines in cardiac surgery patients:
possible role in postoperative insulin resistance. J Clin Endocrinol Metab 2006;91:
4620–4627.

6. Mazurek T, Zhang L, Zalewski A, et al. Human epicardial adipose tissue is a source
of inflammatory mediators. Circulation 2003;108:2460–2466.

7. Alexopoulos N, McLean DS, Janik M, et al. Epicardial adipose tissue and coronary
artery plaque characteristics. Atherosclerosis 2010;210:150–154.

8. Fantuzzi G, Mazzone T. Adipose tissue and atherosclerosis: exploring the connec-
tion. Arterioscler Thromb Vasc Biol 2007;27:996–1003.

9. Doesch C, Haghi D, Fluchter S, et al. Epicardial adipose tissue in patients with
heart failure. J Cardiovasc Magn Reson 2010;12:40.

10. Doesch C, Suselbeck T, Leweling H, et al. Bioimpedance analysis parameters and
epicardial adipose tissue assessed by cardiac magnetic resonance imaging in patients
with heart failure. Obesity (Silver Spring) 2010;18:2326–2332.

11. Khawaja T, Greer C, Chokshi A, et al. Epicardial fat volume in patients with left
ventricular systolic dysfunction. Am J Cardiol 2011;108:397–401.

12. Richardson P, McKenna W, Bristow M, et al. Report of the 1995 World Health
Organization/International Society and Federation of Cardiology Task Force on
the Definition and Classification of cardiomyopathies. Circulation 1996;93:
841–42.

13. Papavassiliu T, Kuhl HP, Schroder M, et al. Effect of endocardial trabeculae on left
ventricular measurements and measurement reproducibility at cardiovascular MR
imaging. Radiology 2005;236:57–64.

14. Hudsmith LE, Petersen SE, Francis JM, et al. Normal human left and right ventricu-
lar and left atrial dimensions using steady state free precession magnetic resonance
imaging. J Cardiovasc Magn Reson 2005;7:775–782.

15. De Castro S, Caselli S, Maron M, et al. Left ventricular remodelling index (LVRI)
in various pathophysiological conditions: a real-time three-dimensional echocardio-
graphic study. Heart 2007;93:205–209.

16. Ghali JK, Liao Y, Cooper RS. Influence of left ventricular geometric patterns on
prognosis in patients with or without coronary artery disease. J Am Coll Cardiol
1998;31:1635–1640.

17. Ganau A, Devereux RB, Roman MJ, et al. Patterns of left ventricular hypertrophy
and geometric remodeling in essential hypertension. J Am Coll Cardiol 1992;19:
1550–1558.

18. Nelson AJ, Worthley MI, Psaltis PJ, et al. Validation of cardiovascular magnetic
resonance assessment of pericardial adipose tissue volume. J Cardiovasc Magn
Reson 2009;11:15.

19. Fluchter S, Haghi D, Dinter D et al. Volumetric assessment of epicardial adipose
tissue with cardiovascular magnetic resonance imaging. Obesity (Silver Spring)
2007;15:870–878.

20. Lehrke S, Lossnitzer D, Schob M, et al. Use of cardiovascular magnetic resonance
for risk stratification in chronic heart failure: prognostic value of late gadolinium
enhancement in patients with non-ischaemic dilated cardiomyopathy. Heart 2011;
97:727–732.

21. Wu KC, Weiss RG, Thiemann DR, et al. Late gadolinium enhancement by cardio-
vascular magnetic resonance heralds an adverse prognosis in nonischemic cardiomy-
opathy. J Am Coll Cardiol 2008;51:2414–2421.

22. Assomull RG, Prasad SK, Lyne J, et al. Cardiovascular magnetic resonance, fibro-
sis, and prognosis in dilated cardiomyopathy. J Am Coll Cardiol 2006;48:
1977–1985.

23. Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet 1986;1:307–310.

24. Iacobellis G, Corradi D, Sharma AM. Epicardial adipose tissue: anatomic, biomo-
lecular and clinical relationships with the heart. Nat Clin Pract Cardiovasc Med
2005;2:536–543.

25. Fruhbeck, G. The adipose tissue as a source of vasoactive factors. Curr Med Chem
Cardiovasc Hematol Agents 2004;2:197–208.

26. Yudkin JS, Eringa E, Stehouwer CD. "Vasocrine" signalling from perivascular fat: a
mechanism linking insulin resistance to vascular disease. Lancet 2005;365:1817–1820.

FIGURE 3 Regression plots showing the relationship between indexed EAT (g/m2)
and age (years) (3A), BMI (kg/m2) (3B), and LV-EDMI (g/m2) (3C) in healthy
controls.

Obesity EAT in Heart Failure Due to DCM Doesch et al.

E260 Obesity | VOLUME 21 | NUMBER 3 | MARCH 2013 www.obesityjournal.org



27. Iacobellis G, Barbaro, G. The double role of epicardial adipose tissue as pro- and
anti-inflammatory organ. Horm Metab Res 2008;40:442–445.

28. Iacobellis G, Sharma AM. Obesity and the heart: redefinition of the relationship.
Obes Rev 2007;8:35–39.

29. Ahn SG, Lim HS, Joe DY, et al. Relationship of epicardial adipose tissue by echo-
cardiography to coronary artery disease. Heart 2008;94:e7.

30. Eroglu S, Sade LE, Yildirir A, et al. Epicardial adipose tissue thickness by echocar-
diography is a marker for the presence and severity of coronary artery disease. Nutr
Metab Cardiovasc Dis 2009;19:211–217.

31. Gorter PM, de Vos AM, van der Graaf Y, et al. Relation of epicardial and pericoro-
nary fat to coronary atherosclerosis and coronary artery calcium in patients under-
going coronary angiography. Am J Cardiol 2008;102:380–385.

32. Benjamin IJ, Schuster EH, Bulkley BH. Cardiac hypertrophy in idiopathic dilated
congestive cardiomyopathy: a clinicopathologic study. Circulation 1981;64:
442–447.

33. Grossman W, Jones D, McLaurin LP. Wall stress and patterns of hypertrophy in the
human left ventricle. J Clin Invest 1975;56:56–64.

34. Corradi D, Maestri R, Callegari S, et al. The ventricular epicardial fat is related to
the myocardial mass in normal, ischemic and hypertrophic hearts. Cardiovasc
Pathol 2004;13:313–316.

35. Iacobellis G, Ribaudo MC, Zappaterreno A, et al. Relation between epicardial adi-
pose tissue and left ventricular mass. Am J Cardiol 2004;94:1084–1087.

36. Hombach V, Merkle N, Torzewski J, et al. Electrocardiographic and cardiac mag-
netic resonance imaging parameters as predictors of a worse outcome in patients
with idiopathic dilated cardiomyopathy. Eur Heart J 2009;30:2011–2018.

37. Hunt SA. ACC/AHA 2005 guideline update for the diagnosis and management of
chronic heart failure in the adult: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (Writing Committee
to Update the 2001 Guidelines for the Evaluation and Management of Heart Fail-
ure). J Am Coll Cardiol 2005;46:e1–e82.

38. Deckers JW, Hare JM, Baughman KL. Complications of transvenous right ventricu-
lar endomyocardial biopsy in adult patients with cardiomyopathy: a seven-year sur-
vey of 546 consecutive diagnostic procedures in a tertiary referral center. J Am Coll
Cardiol 1992;19:43–47.

39. Kubo N, Morimoto S, Hiramitsu S, et al. Feasibility of diagnosing chronic myocar-
ditis by endomyocardial biopsy. Heart Vessels 1997;12:167–170.

40. Gronemeyer SA, Steen RG, Kauffman WM, et al. Fast adipose tissue (FAT) assess-
ment by MRI. Magn Reson Imaging, 2000;18:815–818.

41. Machann J, Thamer C, Schnoedt B, et al. Standardized assessment of whole body
adipose tissue topography by MRI. J Magn Reson Imaging 2005;21:455–462.

Original Article Obesity
OBESITY BIOLOGY AND INTEGRATED PHYSIOLOGY

www.obesityjournal.org Obesity | VOLUME 21 | NUMBER 3 | MARCH 2013 E261




