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ABSTRACT
Purpose: Epicardial fat thickness is an interesting parameter of early atherosclerosis. We pro-
spectively assessed whether weight loss following laparoscopic sleeve gastrectomy (LSG) leads
to a significant reduction in the epicardial fat thickness (EFT) and the correlation between the
decline in the epicardial fat thickness with other clinical parameters.
Methods: A prospective analysis of 98 cases that were scheduled to undergo LSG and followed
up for 12months was conducted. EFT was assessed using two-dimensional (2D) echocardiography.
Results: A total of 98 cases and 70 controls were enrolled. EFT demonstrated a significant
reduction at follow-up in the whole group (median 8.9 (1.95) versus 7.65 (1.67) mm, respect-
ively). The degree of reduction was higher in the LSG cohort compared to control cohort 1.3
(0.4) versus 1 (0.4), respectively; p< .001). The univariate regression analysis demonstrated a not-
able correlation of the EFT with the weight, body mass index (BMI), fasting blood glucose (FBG),
and creatinine with a p-value of <.0001, .001, .022, and .018, respectively while the multivariate
analysis showed a strong correlation between EFT and weight and creatinine with a p-value of
<.0001 and .033 respectively.
Conclusion: LSG can have a favourable impact on metabolic syndrome aspects, namely EFT, as
it can decrease it considerably.
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Introduction

Obesity is a global epidemic whose incidence has
tripled in the past few decades; according to recent
global figures by World Health Organisation (WHO),
up to 650 adults suffer from obesity worldwide [1].
Morbid obesity is a severe form of the disease that is
defined by a body mass index of more than 40Kg/m2

with a progressive increase in the hazard of mortality
and morbidities [2]. Cases with morbid obesity are at
an elevated risk of cardiovascular disorders (CVDs),
thromboembolic events, diabetes mellitus (DM), non-
alcoholic fatty liver disease, gastroesophageal reflux,
chronic kidney disease, sleep apnoea, and carcino-
genic events [2–4]. Additionally, morbid obesity is
associated with a significant impairment in physical
function, leading to limited daily activities, disability,
and reduced quality of life [5].

Although diet modifications, lifestyle changes, and
pharmacological interventions represent the first-line
management approaches in the setting of obesity, the
current body of evidence shows limited improvement
and unsatisfactory results of these approaches in mor-
bidly obese patients [6,7]. Metabolic procedures are
the gold standard strategy for obese cases that are
refractory to non-surgical management; laparoscopic
sleeve gastrectomy (LSG) is a widespread restrictive,
simple surgery that exhibited high efficacy and well-
tolerable safety profile in the management of morbid
obesity [8]. Previous reports demonstrated superior
outcomes of LSG over non-surgical approaches regard-
ing weight loss, survival, CVD mortality, and compo-
nents of metabolic syndrome [9]. Moreover, patients
who underwent LSG demonstrated a significant reduc-
tion in the parameters of the inflammatory response,
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such as C-reactive protein (CRP), cytokines, and adipo-
cytokines [10].

On the other hand, regional fat distribution is a
quite novel and independent parameter of increased
risk of hypertension, dyslipidemia, and other CVDs risk
factors in obese patients and the general population
[11,12]. Epicardial fat is a visceral adipose tissue, which
actively secretes free fatty acids, adipocytokines, and
other pro-inflammatory cytokines [13]. According to
recent reports, the progression of epicardial fat thick-
ness is substantially linked to early atherosclerosis, cor-
onary artery diseases, left ventricular hypertrophy, and
metabolic syndrome [14,15]. Thus, the epicardial fat
estimation can be viewed as an accurate indicator of
CVDs in obese cases. Nonetheless, the impact of meta-
bolic operations on the epicardial fat is understudied.
Thus, we prospectively assessed whether weight loss
following LSG leads to a significant reduction in the
epicardial fat thickness and the correlation between
the decline in the epicardial fat thickness with other
clinical parameters.

Materials and methods

A prospective cohort analysis was carried out on mor-
bid obese cases (BMI �40kg/m2)that underwent LSG,
after the failure of non-surgical approaches, in the
period from March 2013 to February 2017. The deci-
sion for LSG was based on the criteria of the
European guidelines on metabolic and bariatric sur-
gery [16]. In addition, matched obese patients on a
conservative management strategy were included as a
control group. Patients with poorly controlled DM, a
high-risk profile of CVDs, history of thromboembolic
events, advanced heart failure, bleeding disorders,
CKD, organ failure, malignancy, psychiatric disorders,
mental illness, and/or active infection were excluded.
In addition, we excluded patients who refused to sign
the written informed consent.

Data collection

After initial screening, all eligible patients were sub-
jected to history taking and full physical examination.
In addition, the following laboratory parameters were
collected: lipid profile, blood glucose profile, glycated
haemoglobin (HbA1c), homeostasis model assessment
index for insulin resistance (HOMA-IR), liver function
tests, and serum creatinine. A standard two-dimen-
sional (2 D) echocardiographic evaluation was per-
formed in all eligible patients as well. Cases were
followed-up for twelve months after the operation.

Laparoscopic sleeve gastrectomy surgery

The operation was performed through four trocar-
port. We employed a Ligasure to split the greater
omentum from the stomach. We placed a gastric cali-
bration tube (36-Fr boggie) into the gastric lumen.
Ultimately, we used a Covidien 3-0 V-Loc suture with
seromuscular suturing to strengthen the whole sta-
ple line.

2D echocardiography and epicardial fat
thickness (EFT)

The assessment was done by an expert physician who
was blinded to the patient’s information. Using Vivid
S5 ultrasound machine (GE, Healthcare, Horten,
Norway), we were able to get the apical and the con-
ventional parasternal aspects. Also, this ultrasound
was supplied by the transducer with 3SRS broadband.
All the included patients underwent standard 2D and
Doppler echocardiography. All procedures were
encountered in compliance with the American Society
of Echocardiography and the European Association of
Cardiovascular Imaging (EACVI) guidelines [17]. The
estimation of ejection fraction was based on the modi-
fied Simpson’s method. The echo-free zone noticed
between the myocardial free wall and pericardium vis-
ceral wall was considered the EFT (Figure 1).

EFT was assessed by standard 2D echocardiography
in the parasternal aspect for three continuous cardiac
cycles. Also, it was measured perpendicular to the
right ventricular free wall [18].

Study’s outcomes

The primary objective of this prospective work was to
assess the changes in the epicardial fat thickness
twelve months after LSG. At the same time, the sec-
ondary endpoints included the correlation between
the changes in the epicardial fat thickness and the
extent of weight reduction.

Statistical methods

Statistical analysis was carried out using SPSS version
22. Categorical data were summarised using numbers
and percentages. Continuous data were tested for nor-
mality using the Kolmogorov–Smirnov test. Normally
distributed data were expressed in mean and standard
deviations, while variables that were not normally dis-
tributed were expressed in median and interquartile
range. A chi-squared test was used to compare the
categorical variables. Hypothesis testing in the same

2 A. A. SALMAN ET AL.



group was conducted using Wilcoxon signed ranks;
however, testing between separate groups was done
using the Mann–Whitney U test. A p-value of less than
.05 was considered significant, and the null hypothesis
was rejected.

Results

At the study’s enrolment, 165 patients were screened;
of them, 40 patients were excluded due to poor

imaging quality, and 27 patients were lost during the
follow-up period. Thus, a total of 98 subjects and 70
controls were enrolled in the final dataset analysis
(Figure 2).

The median age of the included cases was 43 (11)
years, compared to 41 (11) years in the control arm
(p¼ .42). Both cases and control groups had compar-
able demographic, clinical, and laboratory parameters.
However, the LSG group had significantly low LDL lev-
els (p¼ .017) and higher HOMA-IR levels than the

Figure 1. Epicardial fat thickness measurement.

Figure 2. Patients who were enrolled in the final dataset analysis.
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control groups (p< .001). In terms of echocardiographic
findings at the baseline, both study groups had similar
findings, except for septum thickness, which was higher
in the control arm (p¼ .0.26; Table 1). There were some
post-operative complications that included five staple
line bleeding, two pulmonary embolisms, and one
developed surgical site contamination. All of them were
managed conservatively. There were no encountered
mortalities within the study period.

In the 12th month after the operation, the LSG
group had significantly lower values of body weight,

BMI, mean arterial blood pressure, fasting blood glu-
cose, fasting insulin, HbA1c, LDL, liver enzymes, and
HOMA-IR (p> .05; Table 2). All patients had a significant
drop in the left atrial diameter, end-systolic diameter,
end-diastolic diameter, septum thickness, and post wall
thickness. On comparing the echocardiographic param-
eters at the end of follow-up, patients in the LSG group
had significantly lower septum thickness and ejection
fraction than the control arm (p> .05; Table 2).

In terms of the main perspective of the present
work, the epicardial fat thickness demonstrated a

Table 1. Characteristics of the both groups prior to intervention.
Group 1
(LSG¼ 98)

Group 2
(Conservative¼ 70) p Value

Age (years)
Median (IQR) 43 (11) 41 (11) .425

Gender (Number, %)
Male 48 (49%) 42 (60%) .158
Female 50 (51%) 28 (40%)

Smoking (Number, %) 28 (28.6%) 17 (24.3%) .539
FH of CAD (Number, %) 19 (19.4%) 14 (20%) .922
Diabetes (Number, %) 28 (28.6%) 19 (27.1%) .839
Hypertension (Number, %) 37 (37.8%) 21 (30%) .297
Hyperlipidemia (Number, %) 21 (21.4%) 16 (22.9%) .826
Antidiabetic agents (Number, %) 32 (32.7%) 25 (35.7%) .679
Antihypertensive Agents (Number, %) 28 (28.6%) 23 (32.9%) .551
Lipid lowering Agents (Number, %) 17 (17.3%) 14 (20%) .662
mABP (mmHg, Median/IQR) 102 (18) 100.6 (15) .190
FBG (mg/dl, Median/IQR) 117 (89) 138 (74) .517
FBI (mIU/ml, Median/IQR) 21 (9.5) 23 (12) .518
HBA1C (Median/IQR) 5.9 (1.3) 5.9 (1.3) .518
Triglycerides (mg/dl, Median/IQR) 185 (47) 178 (68) .322
T-Cholesterol (mg/dl, Median/IQR) 195 (85) 189.5 (76) .582
LDL-C (mg/dl, Median/IQR) 101 (56) 122 (70) .017
ALT (U/L, Mean/SD) 38.3 (6.6) 30.02 (5) <.0001
AST (U/L, Median/IQR) 32 (7) 32 (5.8) .158
Creatinine (mg/dl, Median/IQR) 0.9 (0.25) 1 (0.2) .198
HOMA-IR (Mean /SD) 6.6 (1.5) 5.4 (1.6) <.0001
Body Weight (kg, Mean /SD) 136.74 (11) 136.72 (11) .993
BMI (kg/m2, Mean /SD) 44.7 (3.2) 44.4 (2.7) .72
LAD (cm)
Range 3–4.3 3–4.3 .621
Median (IQR) 3.6 (0.3) 3.6 (0.32)

RAD (cm)
Range 2.7–4.2 2.6–3.7 .269
Median (IQR) 3.2 (0.3) 3.2 (0.35)

ESD (cm)
Range 2.5–3.6 2.4–3.9 .253
Median (IQR) 3.2 (0.4) 3 (0.7)

EDD (cm)
Range 4.2–5.8 4–5.6 .286
Median (IQR) 5 (0.4) 4.9 (0.3)

Septum Thickness (cm)
Range 1–1.4 1–1.4 .026
Median (IQR) 1.2 (0.1) 1.2 (0.2)

Post wall Thickness (cm)
Range 1–1.33 1–1.3 .222
Median (IQR) 1.2 (0.1) 1.2 (0.1)

EF (%)
Range 51–69 53–70 .930
Median (IQR) 61 (7) 61 (7)

EFT (mm)
Range 6.6–10.9 6.9–10.6 .340
Median (IQR) 8.9 (1.95) 8.7 (1.9)

mABP: mean arterial blood pressure; FBG: fasting blood sugar; FPI: fasting plasma insulin; LDL: low density lipoproteins;
ALT: alanine transaminase; AST: aspartate transaminase BMI: body mass index, HOMA, LAD: left atrial diameter; RAD:
right atrial diameter; ESD: end systolic diameter; EDD: end diastolic diameter; EF: ejection fraction; EFT: epicardial
fat thickness.
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significant reduction at the end of follow-up in the
whole group (median 8.9 (1.95) versus 7.65 (1.67) mm,
respectively). The degree of epicardial fat thickness
reduction was higher in the LSG cohort compared to
control cohort1.3 (0.4) versus 1 (0.4), respectively;
p< .001; Figure 3).

The univariate regression analysis revealed a consid-
erable correlation of the epicardial fat thickness with
the weight, BMI, FBG, and creatinine with a p-value of
<.0001, .001, .022, and .018 respectively while the
multivariate analysis showed a strong correlation
between epicardial fat thickness and weight and cre-
atinine with a p-value of <.0001 and .033 respectively
(Table 3).

Discussion

To date, only a few reports assessed the changes in
the regional fat distribution following bariatric surgery
and the correlation between these changes and other
clinical parameters. Thus, we aimed to determine
whether weight loss following LSG leads to a decrease
in the epicardial fat thickness. We demonstrated that
LSG led to a statistically significant reduction in the
epicardial fat thickness twelve months after the oper-
ation. The extent of the decrease in the epicardial fat
thickness was more notable following LSG than the
conservative approach. In addition, the reduction in
epicardial fat thickness correlated strongly with the

Table 2. Follow up of the metabolic status and echocardiographic findings of both groups post
intervention.

Group 1
(LSG¼ 98)

Group 2
(Conservative¼ 70) p Value

Diabetes cured (Number, %) 16 (16.3%) 11 (15.7%) .861
Hypertension cured (Number, %) 25 (25.5%) 11 (15.7%) .127
Hyperlipidemia cured (Number, %) 13 (13.3%) 8 (11.4%) .723
mABP (mmHg, Median/IQR) 89.8 (12) 94.3 (6.9) <.0001
FBG (mg/dl, Median/IQR) 90 (19) 132 (76) <.0001
FBI (mIU/ml, Median/IQR) 10 (6) 15 (7.5) <.0001
HBA1C (Median/IQR) 5.3 (0.65) 5.7 (0.7) .001
Triglycerides (mg/dl, Median/IQR) 145 (36) 152 (34) .586
T-Cholesterol (mg/dl, Median/IQR) 157 (22) 89 (49) .106
LDL-C (mg/dl, Median/IQR) 78 (17) 122 (70) <.0001
ALT (U/L, Mean/SD) 23 (6) 28 (7.3) <.0001
AST (U/L, Median/IQR) 26 (8) 30 (9) <.0001
Creatinine (mg/dl, Median/IQR) 0.9 (0.2) 0.9 (0.1) .133
HOMA-IR (Mean /SD) 2.7 (1.25) 4.3 (2) <.0001
Body Weight (kg, Mean /SD) 98.9 (8.7) 122.4 (12.4) <.0001
BMI (kg/m2, Mean /SD) 32.4 (3.4) 38.9 (3.2) <.0001
Lost Weight (Kg, Median, IQR) 37.5 (16) 12.5 (5.4) <.0001
LAD (cm)
Range 3.1–4.1 3–4.37 .797
Median (IQR) 3.6 (0.3) 3.5 (0.3)

RAD (cm)
Range 2.7–4.2 2.7–3.6 .370
Median (IQR) 3.1 (0.3) 3.2 (0.4)

ESD (cm)
Range 2.6–3.5 2.4–3.9 .864
Median (IQR) 3 (0.35) 3 (0.52)

EDD (cm)
Range 4–5.7 4.1–5.5 .130
Median (IQR) 5 (0.3) 4.9 (0.33)

Septum Thickness (cm)
Range 1–1.4 1–1.4 <.0001
Median (IQR) 1.2 (0.2) 1.1 (0.1)

Post wall Thickness (cm)
Range 1–1.4 1–1.4 .194
Median (IQR) 1.1 (0.1) 1.1 (0.1)

EF (%)
Range 52–70 53–69 .005
Median (IQR) 62 (6) 60 (6.25)

EFT (mm)
Range 5–9.6 5.8–9.7 .390
Median (IQR) 7.7 (1.65) 7.65 (1.8)

EFT Lost (mm)
Range 0.1–1.8 0.6–1.6 <.0001
Median 1.3 (0.4) 1 (0.4)

mABP: mean arterial blood pressure; FBG: fasting blood sugar; FPI: fasting plasma insulin; LDL: low density lipopro-
teins; ALT: alanine transaminase; AST: aspartate transaminase BMI: body mass index; HOMA, LAD: left atrial diameter;
RAD: right atrial diameter; ESD: end systolic diameter; EDD: end diastolic diameter; EF: ejection fraction; EFT: epicar-
dial fat thickness.
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degree of weight reduction at 12 months of follow-up
and to a lesser degree with serum creatinine (inci-
dence of coronary artery disease may increase with
chronic kidney disease).

BMI is the universally accepted indicator of the
degree and severity of obesity. However, it has been
recently recognised that obesity is a heterogeneous dis-
order that exhibited variable degrees of adverse meta-
bolic abnormalities, even in individuals with similar BMI
[17]. Owing to these findings, a growing body of pub-
lished literature aimed to characterise the critical role of
visceral fat deposition in the development of obesity
comorbidities [18]. Epicardial fat thickness is a quite
novel marker for visceral fat deposition that is simply
measured by routine 2D echocardiography; the assess-
ment of epicardial fat thickness depends on measuring
the accumulated fat between the pericardium and the

myocardium [14]. Previous reports showed that an
increase in epicardial fat is linked to a higher risk of
dyslipidemia, atherosclerosis, insulin resistance, coronary
artery disease, and structural abnormalities of the heart
[19,20]. The release of inflammatory cytokines and
impaired adipogenesis are thought to be the primary
mechanisms for the link between epicardial fat and
CVDs risk factors [21]. Therefore, a significant reduction
in epicardial fat seems to be a logical goal for any
obesity control approach. Emerging evidence high-
lighted that weight reduction is an effective approach
for epicardial fat thickness reduction [22]. In the present
study, we found that LSG led to a statistically significant
reduction in the epicardial fat thickness twelve months
after the operation. The extent of decrease in the epi-
cardial fat thickness was more notable following LSG
than conservative management.

Figure 3. Box Plot demonstrating the weight and EFT change in both groups pre & post intervention.

Table 3. Univariate and multivariate regression model of EFT.
Univariate Multivariate

Variable Beta coefficient sig

95% confidence interval 95% confidence interval

Lower bound Upper bound Beta coefficient sig Lower bound Upper bound

Weight 0.422 <0.0001 0.021 0.042 0.887 <0.0001 0.041 0.079
BMI 0.257 0.001 0.027 0.102
FBG 0.177 0.022 0.001 0.009
Creatinine 0.183 0.018 0.03 0.319 0.132 0.033 0.01 0.241
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In line with our findings, a previous retrospective
study demonstrated a substantial decrease in the epi-
cardial fat thickness following bariatric surgery; this
reduction was linked to the degree of weight reduc-
tion [23]. A similar finding was noted in a more recent
study byGaborit et al. [24]. In a meta-analysis reported
by Rabkin and Campbell [25], patients who underwent
bariatric surgery exhibited a considerable decline in
epicardial fat thickness; this reduction was more prom-
inent than the reduction achieved by diet alone. In
addition, other studies showed the same find-
ings [26–28].

The main limitation of the study is the lack of
usage of magnetic resonance heart that may be more
sensitive for assessing EFT. Nevertheless, a large sam-
ple size, prospective study design, with easier accessi-
bility of use of echo are definite points of strength.
Also, other studies are needed to compare if a particu-
lar type of bariatric surgery would be more efficient in
this area. Besides, future carefully designed more
extensive randomized-controlled studies with a more
extended follow-up period are warranted to validate
our results.

In conclusion, this work adds momentum to a
growing literature by suggesting that LSG has a
favourable impact on metabolic syndrome aspects,
namely EFT, as it can decrease it considerably.

Novelty of the study

To our knowledge, only a few studies addressed the
topic of epicardial fat thickness after LSG. In addition,
among the strengths of this study is the reasonable
number of cases and the control group with a quite
acceptable follow-up period. This point may make our
work fairly unique as it is often difficult to get patients
back for a second follow-up after such an interval.

Furthermore, this work points novel horizons into
this field of research; and possibly attracts attention
for this understudied issue, and this may provide new
additions to armamentarium of the impact of bariat-
ric surgery.

In other words, it is sensible to say that the current
work could serve as a seminal study in the future,
given the originality of the contribution and its clinic-
ally relevant nature. Most importantly, given the statis-
tical results, the study underlines the fact that LSG has
a measurable impact on epicardial fat thickness.
Consequently, this shall reinforce the concept that the
effects of LSG are primarily metabolic and physio-
logical rather than merely anatomical/mechanistic.
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