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ABSTRACT 

Background: Obesity is a risk factor for cardiovascular disease and mortality. Significant weight loss has beneficial 
effects on left ventricular structure, in particular on regression of left ventricular hypertrophy (LVH). We therefore 
evaluated the consequences of significant weight loss on left ventricular morphology, hemodynamics and pericardial fat. 
Methods: We performed volumetric cardiac magnetic resonance (CMR) imaging before and after significant weight 
loss due to laparoscopic adjustable gastric banding (LAGB). CMR was used to measure cardiac mass, volume and 
function, as well as to quantify pericardial fat. Results: Eleven patients (age 40.5 ± 10 yrs, body mass index 42.5 ± 3.9 
kg/m2) underwent CMR imaging before and a median 15.4 months after gastric banding. The BMI declined by 9.3 ± 3.3 
kg/m2 (p < 0.001) with an average excess weight loss (EWL) of 54.7% ± 23.6%. The left ventricular mass (LVM) de-
creased from 130.0 g ± 35.4 g to 117.0 g ± 34.9 g (p = 0.003), whereas the left ventricular chamber volumes and sys-
tolic function remained unchanged. After LAGB surgery the pericardial fat volume was reduced by 34.4 ml ± 22.1 ml (p 
< 0.001). There was a significant correlation for change in pericardial fat volume with change in LVM (R = 0.67, p = 
0.024), with no relationship between percentage of EWL and change in LVM (p = 0.49). Discussion: Significant weight 
loss in obesity is accompanied by a marked regression of LVH, with no apparent change in cardiac volume or function. 
The local effect of a diminished amount of pericardiac fat tissue may be more important than absolute weight loss with 
respect to the regression of LVH in obesity. 
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1. Introduction 

Obesity is a global pandemic with significant implica-
tions for public health with respect to chronic illness in-
cluding diseases of the cardiovascular system. Obesity 
increases the risk of adverse cardiac events indirectly by 
mediating risk factors associated with metabolic syn-
drome, thus propagating atherosclerosis with subsequent 
coronary artery disease. [1] However there are many di-
rect effects of obesity on the heart and the cardiovascular 
system which can lead to increased morbidity and mor-
tality. Obesity is associated with hemodynamic overload 
resulting in hyperdynamic circulation with a high stroke 
volume in order to meet the metabolic demands of the 
adipose tissue. [2,3] Several authors have demonstrated 
that obesity has resulted in increased left ventricular  

mass (LVM). [4-6] As a consequence cardiomyopathy of 
obese individuals often develops initially with diastolic 
dysfunction and possibly later in the course with wors-
ening left ventricular systolic function. [7] A strong as-
sociation between obesity and heart failure has also been 
described by the Framingham Heart Study. [8] Moreover 
obesity has been shown to be associated with cardiac 
arrhythmias such as bradyarrhythmias due to fatty re-
placement of the conduction system [9] as well as tach-
yarrhythmias with sudden cardiac death presumably due 
to prolonged QT interval [10]. 

Whilst the impact of obesity on the cardiovascular 
system is clearly apparent, there is also evidence that 
weight loss can be beneficial to the heart. However there 
are conflicting data in the literature relating to prognosis, 
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with some suggestion that cardiovascular disease and heart 
failure when present in obese subjects is associated with a 
more favourable outcome [11], a phenomenon that has 
been labeled as the “obesity paradox”. Therefore under-
standing the ways in which obesity modulates prognosis is 
of crucial importance. Visceral obesity plays a major role 
in the development of an unfavorable cardiovascular risk 
profile and is associated with increased cardiovascular 
morbidity and mortality. [12-15] Pericardial fat as an 
ectopic fat depot correlates with body mass index, visceral 
abdominal tissue, metabolic risk factors and coronary 
artery disease. [16-19] There is now evidence suggesting 
that the metabolic highly active epicardial adipose tissue 
(surrounding the coronary arteries) has a local, paracrine 
effect on the development of atherosclerosis in the epicar- 
dial coronaries with a significant association of epicardial/ 
pericardial fat volume with the prevalence of cardiovas-
cular disease and myocardial infarction [19,20]. 

Cardiac magnetic resonance imaging (CMR) yields 
accurate and highly reproducible assessment of left ven-
tricular mass. [21] It has been shown that the assessment 
of the amount of epicardial fat assessed by a CMR-based 
volumetric approach is superior to conventional imaging 
techniques such as echocardiography [22] and accurately 
reflects pericardial adipose tissue mass [23]. 

We therefore utilized CMR to evaluate the beneficial 
effect on the heart with respect to reduction of left ven-
tricular parameters and pericardial fat following weight 
loss in otherwise healthy morbidly obese patients who 
underwent bariatric surgery. Weight loss was achieved 
with bariatric surgery using laparoscopic adjustable gas-
tric banding (LAGB). This provides a safe and reliable 
method of achieving and sustaining significant weight 
loss in the majority of obese subjects. [24,25] It consists of 
placing an adjustable silicone gastric band around the 
cardia of the stomach. The band is adjustable by injection 
of saline into a peripherally placed reservoir. A correctly 
adjusted band provides early and prolonged satiety fol-
lowing a small meal, thereby reducing energy intake [26]. 

2. Methods 

2.1. Study Population and Assessment 

In this study 11 healthy obese subjects were included 
with the following inclusion criteria: age between 20 and 
50 years, a current body mass index greater than 40 
kg/m2, absolute weight less than 150 kg, normal electro-
cardiogram and no clinical evidence of cardiomyopathy. 
Patients were excluded from participation if they suffered 
from any condition that precluded them from CMR (such 
as non-compatible metallic implant and claustrophobia). 
Subjects were recruited presenting for LAGB at an ac-

credited bariatric clinic in Melbourne and found to fulfill 
the basic entry criteria. The study was approved by the 
local ethics committee and informed written consent was 
obtained from each patient prior to enrolment. 

2.2. Clinical Evaluation 

Clinical assessment included physical examination and 
collection of weight and other parameters, including hip 
and waist diameter before intervention. Body mass index 
(BMI) was calculated as weight in kilograms divided by 
height in meters squared. Excess weight was defined as 
kilograms of weight above a BMI of 25. The percentage 
of excess weight loss (EWL) was amount of weight loss 
divided by excess weight multiplied by 100. 

2.3. CMR Protocol 

CMR was performed pre- and 1 year post-bariatric sur-
gery on a clinical 1.5T-scanner (Signa HD 1.5T, GE 
Healthcare, Waukesha, Wisconsin, USA) using a dedi-
cated 8-element phased-array cardiac coil. All sequences 
were acquired with ECG-triggering during a breath-hold. 
Left ventricular function was assessed by a steady state 
free precession pulse sequence (repetition time [TR] 3.1 
ms, echo time [TE] 1.4 ms, flip angle 45˚, 30 phases, 
slice thickness 8 mm, matrix 224 × 224, FOV 360 mm). 
Standard long axis views and a short axis stack covering 
the whole left and right ventricle were obtained. For 
more distinct tissue differentiation, for example differen-
tiation of pericardial fluid from fat seen on cine imaging, 
additional short axis dark blood prepared T1- and T2- 
weighted images with a multislice turbo spin-echo se-
quences were obtained. Due to time constraints, short-axis 
T1- or T2-weigthed stacks were not acquired. 

2.4. Quantification of Cardiac Volume, Function 
and Pericardial Fat 

The short axis stack was analyzed using the summation 
of disc method by manually tracing the endocardial bor-
ders from the base to the apex at end-diastole and end- 
systole. The epicardial border was traced at end-diastole 
to yield myocardial mass. LVM (g) was calculated as the 
epicardial volume minus the endocardial volume multi-
plied by 1.05 g/cm3 (specific gravity of myocardium). 
Cardiac output (l/min) was calculated as the left ven-
tricular stroke volume (ml) multiplied by the heart rate 
(bpm). Areas of pericardial adipose tissue were assessed 
by tracing the end-diastolic short-axis images beginning 
at the most basal slice at the level of the mitral valve 
proceeding through the short-axis stack to the most api-
cal slice. To assess epicardial fat volume, two lines were 
drawn: the first line was drawn along the outer myocar-
dial border; the second line was drawn at the visceral 
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pericardial layer, subtending an area of epicardial fat 
between the lines. Pericardial fat volume was assessed by 
including all the fat surrounding the heart (Figure 1). 
Epicardial and pericardial fat areas were calculated and 
volumes derived using the summation of disc method. 
Total epi- and pericardial fat mass were obtained by mul-
tiplying epicardial and pericardial fat volumes by the 
specific weight of fat (0.92 g/cm3) [27]. 

2.5. Statistical Analysis 

Demographic and anthropometric data are presented as 
mean values ± standard error (SE). The Student t test for 
paired collectives was used to compare pre- and 
post-surgical epi- and pericardial fat volumes, left ven-
tricular (LV) volumes and LVM. To determine the rela-
tionship between linear variables the Pearson’s correla-
tion coefficient was calculated. A two-tailed p-value of 
<0.05 was considered significant for all comparisons. 

3. Results 

3.1. Patient Demographics 

11 morbidly obese patients were studied. Their charac-
teristics are shown in Table 1. Their mean age was 40.5 
± 3.1 and 72.7% were of female gender (n = 8), all pa-
tients were of Caucasian ancestry. All subjects under-
went successful LAGB. Repeat follow up visits including 
CMR were obtained 15.4 ± 1.3 months after surgery. 

3.2. Clinical Effects of Bariatric Surgery 

Anthropometric parameters and blood pressures with the 
changes after surgery are listed in Table 1. There was a  
 

 

Figure 1. Pericardial adipose tissue. Basal short axis in end 
diastole: tracing the myocardial border, the pericardial bor-
der and the outer paracardial margin, both together repre-
senting the pericardial fat area, convertible to volumes.  

Table 1. Anthropometric measures. 

Variable Before surgery After surgery p-value 

LVEDV (ml) 162.1 ± 11.01 165.5 ± 10.5 0.43 

LVESV (ml) 68.4 ± 4.1 68.4 ± 2.6 0.98 

LVEF (%) 57.3 ± 1.1 57.9 ± 1.6 0.76 

Stroke volume (ml) 93.7 ± 7.4 94.1 ± 9.4 0.93 

Heart rate (bpm) 73.2 ± 3.4 60.2 ± 2.6 0.004 

Blood pressure 
Diastolic (mmHg)

80.0 ± 3.7 72.7 ± 2.4 0.14 

 
highly significant reduction of weight by 26.0 kg ± 2.5 
kg and body mass index which was reduced by 9.3 kg/m2 
± 1.0 kg/m2 with an average excess weight loss of 54.7% 
 7.1% after LAGB. No significant change of systolic or 
diastolic blood pressure was noted between baseline and 
follow up. 

3.3. Effects of Weight Loss on Cardiac Structure 

All baseline and follow up CMR were considered satis-
factory for all measurements. Changes in cardiac struc-
ture and function with weight loss are listed in Table 2. 
The LVM decreased from 130.0 g ± 10.7 g at baseline to 
117.0 g ± 10.5 g after weight loss (p = 0.003) whereas 
the LV enddiastolic and endsystolic chamber volumes 
remained unchanged. The heart rate dropped signifi-
cantly by 17.8%. 

3.4. CMR Assessment of Epicardial and  
Pericardial Fat 

Table 2 shows pre- and post-surgical epi- and pericardial 
fat volume/mass. After gastric banding the overall epi- 
cardial fat volume was significantly reduced by 30.4 ml 
± 10.2 ml and the pericardial fat volume was reduced by 
34.3 ml ± 6.7 ml (p < 0.001). 

To assess inter- and intraobserver reproducibility, a 
second independent blinded observer repeated peri- and 
epicardial fat measurements. Intraobserver variability for 
the assessment of epicardial fat was poor with a non- 
significant correlation coefficient of 0.58 (p = 0.06). In-
terobserver variability for the volumetric assessment of 
epicardial fat was reasonable with a correlation coeffi-
cient of 0.70 (p < 0.05), whereas the correlation of as-
sessment of pericardial fat between two independent ob-
servers was excellent with a coefficient of 0.97 (p < 
0.001). 

3.5. Correlation of Pericardial Fat with  
Clinical Measures and Ventricular  
Structure at Baseline 

Table 3 lists associations of ‘baseline’ pericardial fat vol-  
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Table 2. CMR measurements. 

Variable Before surgery After surgery p-value

LVEDV (ml) 162.1 ± 11.01 165.5 ± 10.5 0.43 

LVESV (ml) 68.4 ± 4.1 68.4 ± 2.6 0.98 

LVEF (%) 57.3 ± 1.1 57.9 ± 1.6 0.76 

Stroke volume (ml) 93.7 ± 7.4 94.1 ± 9.4 0.93 

Heart rate (bpm) 73.2 ± 3.4 60.2 ± 2.6 0.004 

Cardiac output (l/min) 6.8 ± 0.5 5.7 ± 0.4 0.07 

LV mass (g) 130.0 ± 10.7 117.0 ± 10.5 0.003 

Pericardial fat volume 
(ml) 

161.7 ± 19.9 127.3 ± 21.7 <0.001

Pericardial fat mass (g) 148.7 ± 18.2 117.2 ± 20.0 <0.001

Epicardial fat volume 
(ml) 

83.3 ± 10.6 53.0 ± 6.1 0.01 

Epicardial fat mass (g) 76.7 ± 9.8 48.7 ± 5.7 0.01 

 
Table 3. Correlations with pericardial fat. 

Variable r p-value 

Waist to hip ratio 0.62 0.04 

Body mass index –0.07 0.8 

Age –0.13 0.73 

Left ventricular mass 0.77 0.005 

 
ume with ‘baseline’ anthropometric measurements, LVM 
and age. There was a significant linear correlation be-
tween pericardial fat and LVM (Figure 2) as well as 
waste to hip ratio. There was no correlation with BMI or 
age and ventricular geometry. Furthermore there was a 
significant correlation between the change in pericardial 
fat volume and the change in LVM (r = 0.67, p = 0.024). 
There was no correlation between the percentage of 
EWL and the percentage of change in LVM (r = 0.23, p 
= 0.49). 

4. Discussion 

This prospectively conducted study demonstrated a de-
crease in the total amount of peri- and epicardial fat as-
sessed by using CMR imaging in morbidly obese patients 
after bariatric surgery. This was accompanied by a re-
duction in LVM and heart rate in the absence of any sig-
nificant change in ventricular volume, systolic ejection 
fraction, stroke volume or cardiac output. A striking 
finding in our study was that in addition to the correlation 
between baseline pericardial fat and LVM, the reduction 
in pericardial fat also correlated with regression of LVM  
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Figure 2. Correlation graph of pericardial fat volume and 
mass. 
 
suggesting a mechanistic role of pericardial fat in the 
development of obesity-induced left ventricular hyper-
trophy (LVH). Unlike pericardial fat, there was no corre-
lation between EWL and the change in LVM after surgery. 
Taken together these findings imply that reduction in 
pericardial fat, rather than absolute weight loss, may be 
the most important factor in regression of LVM in obesity. 
The amount of epicardial fat in obese patients is associ-
ated with body weight and also possibly with LVM as 
reported in autopsy studies [28,29]. Changes in pericardial 
fat mass could be shown after low calorie diet weight loss 
[30] and bariatric surgery assessed with echocardiography, 
[31] however echocardiographic measurements lack ac-
curacy due to the reduced spatial resolution of echocar-
diography compared with CMR. Furthermore there are 
substantial individual differences in pericardial fat dis-
tribution, therefore single point measurements used in 
echocardiography are unlikely to accurately quantify the 
absolute amount of fat. It was first shown by Fluechter et 
al. that CMR measurement of epicardial fat volume is 
feasible, [22] and CMR has recently been validated in the 
assessment of pericardial adipose tissue volume in an 
ovine model showing a strong correlation between CMR- 
derived paracardial adipose tissue volume and ex vivo 
paracardial fat mass [23]. 

The metabolically active epicardial fat, comparable to 
visceral fat deposits, is associated with cardiovascular 
disease, its risk factors and the metabolic syndrome [14,32] 
as well as with systemic markers of inflammation. [33] 
Paracrine and vasocrine signaling from the epicardial fat 
to the coronary arteries [34], given the short anatomical 
distance and the fact that they share the same microcir-
culation, is hypothesized to be a major contributor to 
coronary atherosclerosis. Therefore a reduced amount of 
epicardial and/or pericardial fat might lower the risk of 
coronary artery disease. It has recently been demonstrated 
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that the volume of pericardial fat, measured by computed 
tomography, is independently associated with calcified 
coronary plaque [35] and it has also been shown in large 
population studies that pericardial fat and visceral adipose 
tissue are associated with cardiovascular disease inde-
pendent of traditional measures of obesity. [19,20] Our 
data support the hypothesis that pericardial fat may play a 
similar paracrine role in the development of LVH in obe-
sity. 

There are however confusing specifications regarding 
measurements and discriminations of peri- and epicardial 
fat in the literature as was recently pointed out by Iaco-
bellis. [36] The embryogenesis and the physiological role 
of the pericardial and epicardial fat are obviously very 
different and must be distinguished. The epicardial fat is 
located between the myocardium and the visceral layer of 
the pericardium, the pericardial fat is anterior to the 
epicardial fat and is located between the visceral and 
parietal pericardium, therefore also defined as any adipose 
tissue located within the pericardial sac. [37] Iacobellis 
and coworkers demonstrated in several publications the 
role of epicardial fat in predicting metabolic syndrome 
[38], insulin resistance [39] and subclinical atherosclero-
sis [40]. However, as it was not distinguished between the 
anatomical separate fat deposits of the heart, the above 
mentioned association has not clearly been shown to date 
for the pericardial fat. Our measurements revealed a poor 
intra- and interobserver variability to accurately assess the 
epicardial fat volume. This is mainly due to the difficulty 
in identifying the visceral pericardial layer, which is only 
clearly visible around the right ventricle at the basal level 
in a short axis cine imaging stack with CMR. 

When interpreting our data a number of limitations 
need to be considered. The small sample size in our study 
may have limited the ability to demonstrate other changes 
and correlations of smaller magnitude. For example, heart 
rate was reduced following weight loss however this was 
not accompanied by a significant reduction in resting 
cardiac output, which may be a consequence of type II 
error reflective of the small numbers in our study. We also 
did not evaluate diastolic dysfunction or myocardial en-
ergetics, and systolic function was normal in our study 
population, therefore we cannot discount an effect of 
weight loss on cardiac function were more sensitive 
methods of assessment to be used. In addition metabolic 
parameters were not evaluated in this study as we focused 
on changes in anthropometric and imaging parameters of 
adiposity during weight loss. Although we demonstrated 
an association between reductions in pericardial fat and 
left ventricular mass, further detailed study in a larger 
group of patients is required to confirm the interplay be-
tween these factors as well as its putative mechanisms. 

We have demonstrated that significant weight loss is 
associated with reduction in epicardial and pericardial fat 
which is accompanied by a reduction in left ventricular 
mass. The correlation between reduction of LVM and 
reduction in pericardial fat, but not total fat loss, implies 
a local effect of pericardial fat in the development of 
LVH in obesity. It could be anticipated that changes in 
pericardial fat, rather than total fat loss, might have 
greater prognostic benefits both with respect to limiting 
the development and progression of atherosclerosis, as 
well reducing the known harmful effects of LV hyper-
trophy. Future prospective studies in larger patient co-
horts are indicated to evaluate the mechanism and effects 
of pericardial fat reduction in obese patients as well as its 
impact on hard clinical endpoints.  
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