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Abstract

Objectives To study the change in brown and white adipose tissue (BAT and WAT), as well as fat content in the liver and
pancreas, in patients with morbid obesity before and after bariatric surgery.

Methods Twelve patients with morbid obesity (F=8, M=4, age: 45.4 years (38.4-51.2), BMI: 35.2 kg/m? (32.5-38.6)) underwent
pre-op MRI at baseline and two post-op scans at 6-month and 12-month intervals after bariatric surgery. Co-registered water, fat,
fat-fraction and T2* image series were acquired. Supraclavicular BAT and abdominal WAT were measured using in-house
algorithms. Intrahepatic triglyceride (IHTG) was measured using MR spectroscopy and pancreatic fat was measured using a
region-of-interest approach. Fat contents were compared between baseline and the first and second 6-month intervals using non-
parametric analysis of Friedman’s test and Wilcoxon’s signed-rank test. Level of significance was selected at p=0.017 (0.05/3).
Threshold of non-alcoholic fatty liver disease was set at 5.56%.

Results Results indicated that BMI (p=0.005), IHTG (p=0.005), and subcutaneous (p=0.005) and visceral adipose tissues
(p=0.005) were significantly reduced 6 months after surgery. Pancreatic fat (p=0.009) was significantly reduced at 12 months.
Most reduction became stable between the 6-month and 12-month interval. No significant difference was observed in BAT
volume, fat-fraction and T2* values.

Conclusion The results of this study suggest that bariatric surgery effectively reduced weight, mainly as a result of the reduction
of abdominal WAT. Liver and pancreatic fat were deceased below the threshold possibly due to the reduction of free fatty acid.
BAT volume, fat-fraction and T2* showed no significant changes, probably because surgery itself might not have altered the
metabolic profile of the patients.

Key Points

* No significant changes were observed in fat-fraction, T2* and volume of brown adipose tissue after bariatric surgery.

* Non-alcoholic fatty liver disease was resolved afier surgery.

» Abdominal white fat and liver fat were significantly reduced 6 months afier surgery and become stable between 6 and 12 months
while pancreatic fat was significantly reduced between 0 and 12 months.

Keywords Magnetic resonance imaging - Magnetic resonance spectroscopy - Brown adipose tissue - White adipose tissue -
Bariatric surgery
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VAT Visceral adipose tissues
WAT White adipose tissue
Introduction

Obesity is associated with diabetes mellitus type 2,
dyslipidemia, hypertension and insulin resistance [1] It is gen-
erally caused by the imbalance in intake and expenditure of
energy. Excessive energy is mainly stored in fat cells in the
form of white adipose tissue (WAT) in the abdominal region
beneath the skin as subcutaneous adipose tissue (SAT) or sur-
rounding the internal organs as visceral adipose tissue (VAT).
An imbalance in hepatic fatty acid uptake also causes the
accumulation of intrahepatic triglyceride IHTG), which leads
to hepatic steatosis [2]. Brown adipose tissue (BAT) is a spe-
cial type of lipid that has the capacity to induce thermogenesis
[3]. The majority of BAT is located at the supraclavicular fat
depot in the interscapular and cervical regions [4]. It was
thought to be minimal or that it disappeared after infancy until
recent studies re-discovered its existence in adults using FDG
PET-CT scans [4, 5]. It is highly specialized for non-shivering
thermogenesis due to its unique characteristic of uncoupling
protein 1 (UCP1). Activated UCP1 stimulates respiratory
chain activity and heat release from the combustion of avail-
able substrates [3, 6]. With the ability for heat production and
energy regulation, activation of BAT becomes a potential ther-
apy against obesity.

Obesity involves adverse body effects, and many clinical
interventions have been proposed to reduce body weight.
Research studies have demonstrated promising results on the
efficacy of lifestyle modification to achieve weight loss and
improve general fitness [7, 8]. Such intensive lifestyle modi-
fications have successfully accomplished the goals during the
course of intervention but weight regain commonly occurs
years after therapy [9]. Surgical treatment is an alternative
option for individuals with severe obesity. Research studies
have reported that participants who have undergone bariatric
surgery are able to sustain long-term weight loss and show
improvements in health perceptions, social interaction and
other obesity-related problems [10, 11]. Laparoscopic sleeve
gastrectomy (LSG) and laparoscopic Roux-en-Y gastric by-
pass (RYGB) are common procedures, while greater curvature
plication (LGCP) is a relatively recent one [12].

Bariatric surgery is known to be an effective intervention in
controlling weight and its efficacy is mainly assessed by the
reduction of subcutaneous and visceral adipose tissue, but has
rarely been focused on ectopic fat in the liver and pancreas and
the metabolically active BAT. The purpose of this study was to
measure the change in BAT and WAT at the supraclavicular fat
depot, abdominal SAT and VAT, IHTG and pancreatic fat in a
group of patients with severe obesity before and after bariatric

surgery.
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Materials and methods

The research protocol was approved by the institutional clin-
ical research ethics committee and conducted in compliance
with the Declaration of Helsinki. Written informed consent
was obtained from all volunteers.

Selection of participants

Patients with morbid obesity were prospectively recruited
from the out-patient clinic at the institutional hospital.
Inclusion criteria were patients between the age of 18 and 65
years, BMI > 30 kg/m? with metabolic syndrome or BMI > 35
kg/m?, and pending bariatric surgery. Exclusion criteria in-
cluded weight > 250 kg, waist circumference > 150 cm and
alcohol ingestion of more than 30 g/day for males and 20 g/
day for females. The maximum weight and waist circumfer-
ence were set according to the tolerance of the scanner and the
bore size. Baseline MRIs were done before the scheduled
surgeries and two post-operative scans were done at 6-
month and 12-month intervals. Fourteen participants (fe-
male=8, male=4, age: 45.4 years (38.4-51.2), BMI: 35.2
(32.5-38.6)) were recruited to undergo MRI. Twelve of them
(seven with co-morbidities of hypertension, dyslipidemia and
diabetes and the rest with at least one metabolic condition)
successfully completed their surgeries (eight LSG, two
RYGB and two LGCP) and two were excluded due to with-
drawal from their operations. Ten of them completed MRI at
all three time points and two missed their 6-month post-op
MRI (M6) scans. Their anthropometries and other MR-
based measurements are shown in Table 1.

Image acquisition

All volunteers underwent MRI using a 3.0 T whole-body
scanner (Achieva X-series, Philips Healthcare, Best,
The Netherlands) with a 16-channel SENSE-XL-Torso array
coil. 3D spoiled chemical-shift water-fat mDixon sequence
(TR = 5.7 ms, first TE/echo spacing = 1.2—1.4 (ms)/1.0-1.2
(ms), number of echoes = 6, flip angle = 3°, SENSE acceler-
ation = 2, reconstructed slice thickness/number of slices = 1.5
mm/100 (for the non-breath-hold scan at the upper trunk) and
3.0 mm/50 (for the breath-hold scan at the abdominal region))
was employed to acquire co-registered water, fat, fat-fraction
and T2* image series. Non-breath-hold acquisition was per-
formed from the base of the skull to the base of the thoracic
cavity for BAT measurement and breath-hold acquisition was
performed from the dome of the diaphragm to the pubic sym-
physis for abdominal SAT and VAT measurements. Image
reconstruction was completed online using Philips mDixon
product implementation with the multi-peak spectral model
of fat to increase accuracy and sensitivity.



Eur Radiol (2019) 29:849-856 851
Table 1 Results of variables measured at different time points

MO M6 M12 p-value
Body weight (kg) 96.1 (80.5-103.6) 78.0 (65.2-89.8) 67.9 (61.6-83.0) <0.0017
BMI (kg/m?) 35.2(32.5-38.6) 27.9 (26.7-32.8) 26.3 (25.4-28.5) <0.0017
Waist circumference (cm) 111.0 (102.8-122.0) 105.3 (90.5-115.4) 90.5 (84.5-104.0) <0.0017
Time between surgery and MRI (days)  17.0 (8.25-36.25) 179.0 (154.5-203.5) 371.5 (359.25-431.0) N/A
Pancreatic fat-fraction (%) 6.71 (4.29-10.57)) 5.05 (3.65-6.80) 2.19 (0.68-3.97) 0.027"
Pancreatic T2* (ms) 42.92 (40.52-47.60) 50.86 (45.11-60.57) 51.77 (45.03-69.49) 0.122
Intrahepatic triglyceride (%) 14.66 (3.72-22.35) 2.09 (0.79-3.39) 0.87 (0.24-2.04) <0.0017
Subcutaneous adipose tissue (ml) & 14,671.9 (12,821.4-16,794.7)  10,335.1 (6,806.9-11,174.0)  9,613.5 (7,293.9-10,555.2) <0.0017
Visceral adipose tissue (ml) * 7,963.1 (5,786.8-8,813.4) 4,270.6 (3,467.2-6,514.6) 3,885.8 (2,218.2-4,566.0) <0.001"
BAT volume (ml) # 840.37 (602.00-1228.52) 813.86 (679.27-913.57) 690.22 (530.47-1,114.19) 0.285
BAT fat-fraction (%) * 65.62 (60.14-68.95) 65.21 (56.97-67.54) 65.55 (62.49-67.33) 0.836
BAT T2* (ms) P 11.94 (11.09-14.04) 11.20 (10.87-12.07) 11.37 (10.91-12.00) 0.500
WAT volume (ml) ? 2,680.56 (2,290.51-3,542.19)  1,900.40 (948.23-2,951.76)  1,828.52 (1,186.34-2,070.82)  0.001"
WAT fat-fraction (%) P 84.41 (82.30-85.69) 79.91 (66.27-81.66) 77.17 (71.11-80.34) <0.0017
WAT T2* (ms) P 59.28 (50.84-65.29) 50.21 (39.64-61.07) 48.23 (31.98-55.91) <0.0017

Continuous variables are expressed in median (interquartile range) for non-parametric analysis

MO pre-op MRI, M6 6-month post-op MRI, M12 12-month post-op MRI

+ Indicates at least one group of significant differences using Friedman’s test and post-hoc analysis will be carried out

“Indicates measurements at the abdominal level

# Indicates measurements at the interscapular, supraclavicular and cervical regions

Proton MR spectroscopy with STEAM sequence (TE =
15 ms, TR = 5,000 ms, NSA = 24, data points = 2,048,
spectral width = 2,000 Hz) was performed in the same scan
with the torso coil to acquire a spectrum of IHTG. A 30 x 30
x 30 mm® voxel was placed in the right liver lobe (e.g.
Couinaud segment V—VIII). A survey was performed to help
in positioning the voxel and avoiding major vessels. Short
TE and long TR were selected to minimize T2 and T1 ef-
fects. Non-breath-hold scan was performed and the acquisi-
tion time was approximately 2 min. Data were exported for
oftline spectral analysis.

Measurement of brown and white adipose tissues

In this study, BAT was segmented and measured using an
algorithm based on a Gaussian mixture model in co-
registered fat-faction and T2* images [13]. This algorithm
differentiated BAT from WAT using their intrinsic properties
of fat-fraction and T2* signals [13—15]. BAT was highly spe-
cialized for non-shivering thermogenesis due to its unique
characteristic of uncoupling protein 1 (UCP1). The abundance
of iron-rich mitochondria with UCP 1 in brown adipocytes
accelerated dephasing of transverse magnetization, which
caused a lower T2* signal from BAT, and its heat production
function also reduced fat-fraction content [16]. This algorithm
first extracted fat tissues in the fat-only images followed by
using Gaussian mixture model and EM algorithm to cluster

different groups of voxels, e.g. BAT, WAT and background
using their corresponding T2* and fat-fraction values.
Distributions with moderate fat-fraction and low T2* are in-
dicative of BAT while those with high fat-fraction and high
T2* favour the presence of WAT. This algorithm also mea-
sured the MR properties and volume of supraclavicular WAT
in the same region of BAT. Full details are shown in the pub-
lication by Hui et al [13]. Figure 1a and b show the anatomical
location and 3D rendering of BAT.

For abdominal WAT, SAT and VAT were segmented and
measured using an algorithm that automatically detected and
removed the narrow connecting regions between them [17].
This algorithm utilized Bresenham’s Line method and
Midpoint Circle method to construct a spoke-like template,
and this template was applied to the scan over the adipose
tissue to separate SAT and VAT. Figure 2a illustrates the ana-
tomical locations of subcutaneous and visceral adipose tissues
at the abdominal level, liver and pancreas. Figure 2b and ¢
show 3D renderings of SAT and VAT respectively.

Measurement of intrahepatic triglyceride (IHTG)
and pancreas fat-fraction

A 1H MR spectroscopy was performed to measure IHTG. A
30 x 30 x 30 mm® (27 ml) voxel was positioned in the right
liver lobe and major vessels were avoided based on the survey
scan. Data were exported for spectral analysis using the
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JMRUI software package [18]. Lipid peaks were measured for
relative fat signal integrals in terms of a percentage of the total
signal amplitude. IHTG content was calculated as [Ig/(Lgc+
Lyater)] X 100, where I¢,; and Iy, represented peak amplitudes
of fat and water, respectively [19]. NAFLD was defined as an
IHTG content of more than the threshold of 5.56%, alcohol
consumption of no more than 30 g/day for males and 20g/day
for females, no known liver diseases including hepatitis B- or
C-positive test, and no ingestion of medications known to
produce hepatic steatosis [20-23].

Pancreatic fat-fraction and T2* were measured using the fat-
fraction images. Three operator-defined regions of interest
(ROIs) were drawn on the caput, corpus and cauda of the pan-
creas by an experience radiologist. The area of the ROIs was set
at around 1.0 cm? for most measurements. Major blood vessels
including the superior mesenteric artery and superior mesenter-
ic vein near the caput and pancreatic duct were carefully
avoided to prevent signal contamination. Signal intensities from
the three ROIs were averaged as the final result. T2* values
were captured simultaneously in the co-registered T2* images.
The pancreatic measurements were performed twice indepen-
dently, one by a radiologist and one by a PhD fellow with a
medical degree. Results from the radiologist were used for
analysis and the second measure was used to measure the
inter-observer variation. Unlike NAFLD, there is no well-
recognized threshold to determine the upper bound of pancre-
atic fat for healthy individuals. In this study, 10.4% was adopted
as the upper limit for normal based on a study of 685 healthy
volunteers from the general population [24].

Data analysis

For non-parametric analysis, Friedman’s test was performed
to compare differences between groups for repeated measures
variables acquired from three different time points, i.e. pre-op
MRI (MO0), 6-month post-op MRI (M6) and 12-month post-op
MRI (M12) using SPSS (SPSS Statistics version 24, IBM,
Armonk, NY, USA). A 2-sided p-value of <0.05 was taken
as statistically significant and follow-up post-hoc analyses
were carried out. All continuous variables are expressed as
median (interquartile range). Wilcoxon’s signed-rank test with
Bonferroni correction was performed for pairwise compari-
sons. Bonferroni-adjusted significance level was set at
p<0.017 (0.05/3). Intraclass correlation coefficient (ICC)
was used to test the inter-observer variation for pancreatic
fat measurements between the two observers.

Results
Friedman’s tests indicated that weight, BMI, waist circumfer-

ence, pancreatic fat-fraction, IHTG, abdominal SAT and VAT,
and the volume, fat-fraction and T2* of supraclavicular WAT
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Fig. 1 (a) Segmentation of brown adipose tissue at the level of the
supraclavicular fossa and (b) 3D volumetric rendering of brown adipose
tissue

were significantly different in at least one pairwise group. Full
details and p-values are shown in Table 1. Nine out of 12
(75%) participants were diagnosed with NAFLD using MRS
at baseline before surgery and only one remained NAFLD at
M6 and all resolved by M12. Figure 3a—d show the percentage
of change in IHTG content, pancreatic fat-fraction, abdominal
SAT and VAT, respectively, from baseline to M6 and M12. No
significant changes were observed in the volume of BAT, as
shown in Fig. 3e.

Post-hoc analysis was performed using Wilcoxon’s signed-
rank test. Pairwise comparisons indicated significant decreases
in weight (p=0.005) and BMI (p=0.005) among all three pair
groups. For waist circumference, significant decreases were ob-
served between MO and M12 (p=0.005) and M6 and M12
(p=0.007). Body weight was reduced by 18.8% (96.1 kg to
78.0 kg) and 12.9% (78.0 kg to 67.9 kg) between baseline and
M6 and M6 and M12, respectively, while waist circumference
was reduced by 14.1% (105.3 cm to 90.5 cm) between M6 and
MI12.

For other MRI-based variables, pancreatic fat-fraction was
significantly (»p=0.009) reduced by 67.3% (6.71% to 2.19%)
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Fig. 2 (a) Fat-fraction image showing the anatomical view of abdominal
white adipose tissue (red) including subcutaneous and visceral fat, liver
(blue) and pancreas (white arrow). (b) 3D volumetric renderings of
subcutaneous adipose tissue and (¢) visceral adipose tissue

between MO and M12. The median was 6.71% (IQR: 4.29—
10.57%) at baseline. Using 10.4% as the upper bound for
normal, two out of 12 (16.7%) participants had pancreatic
fat-fraction above the limit and one at a marginal level with
10.2% fat-fraction. Despite the small sample size, the rate of
fatty pancreas in this study was similar to the population-
based study with a prevalence of 16.1% [24]. For the rest of
the variables including IHTG, abdominal SAT and VAT, and
supraclavicular WAT (volume/fat-fraction/T2*), similar pat-
terns were observed with significant decreases between MO
and M6 and MO and M12 (all p<0.01), but no differences
between M6 and M12. Full details are shown in Table 2.

Inter-observer variation for pancreatic fat measurement
showed good reliability as the ICC was 0.732 on average
measure with absolute agreement [25].

Discussion

This study measured the change in fat content and other major
indicators of obesity in a group of volunteers before and after
bariatric surgery. The volume of abdominal WAT and fat-
fractions of the liver and pancreas were significantly reduced
after bariatric surgery as well as weight and waist circumference.
The reduction in weight and waist circumference was mostly
contributed by a decrease in abdominal WAT due to the reduction
of food intake and energy absorption. Food intake was reduced
due to a large portion of the greater curvature being excised or
restricted. Furthermore, fasting ghrelin level was believed to play
a role in the stimulation of food intake and research studies re-
ported that it was significantly suppressed in patients after bariat-
ric surgery [26, 27], which could be an additional factor contrib-
uting to weight loss in this study. Liver fat content was reduced
below the threshold in all patients with NAFLD 1 year after
surgery while a similar change was observed in pancreatic fat.
Fat-fraction, T2* and volume of BAT remained unchanged, but
those of WAT at the supraclavicular fat depot were significantly
reduced 6 months after surgery. The composition and volume of
BAT may not be affected by the surgery itself but the underlying
change in BAT activity could not be ruled out.

Hepatic steatosis and non-alcoholic fatty liver disease
(NAFLD) are commonly seen in obese individuals. In this study,
75% of participants were diagnosed with NAFLD at baseline. In
those with NAFLD, 89% of them were resolved at 6 months and
all resolved below the threshold of 5.56% 1 year after the surgery,
which was in agreement with some other studies [28, 29]. A
recent study also reported similar results as 84% of patients with
NAFLD achieved resolution in 6 months as liver fat-fraction was
reduced from 16.6% to 4.4%, which was also comparable to the
results from this study [30]. Our results suggest that bariatric
surgery helped to reverse the condition of NAFLD likely due
to the reduction of serum free fatty acid circulating to the liver
and intrahepatic fatty acids used for oxidation to provide energy,
resulting in a positive correlation between free fatty acid and
NAFLD [31, 32]. Three other participants (BMI 32, 33 and 38
kg/m?, respectively) showed normal IHTG at baseline. The exact
mechanism for why some obese participants did not accumulate
excessive liver fat remained uncertain.

For pancreatic fat-fraction, significant reduction was observed
between MO and M12, which could possibly be due to the de-
crease in adipocyte infiltration in pancreatic exocrine tissue due
to the reduced dietary fatty acid from food intake. The reduction
of pancreatic fat was also associated with improved 3-cell func-
tion and glucose control [33]. Pancreatic T2* was increased but
not significantly from 42.92 ms to 50.86 ms between MO and
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M6, and became stable thereafter. One possible explanation  weight reduction and fat loss. A less active pancreas might re-
would be the reduction of insulin production due to the increased ~ quire lower blood consumption, which led to the decrease of iron
insulin sensitivity from the improved hyperinsulinemia state after =~ concentration detected by MRI.

Table 2 p-values in the

Wilcoxon signed-rank test with MO vs. MO vs. M6 vs.

Bonferroni correction for post- Mo MI2 Mi2

hoc analysis MO M6 MI12 p-value p-value p-value
Weight (kg) 96.1 78.0 67.9 0.005" 0.005" 0.005"
BMI (kg/m?) 35.2 279 263 0.005" 0.005" 0.005"
Waist circumference (cm) 111.0 105.3 90.5 0.066 0.005" 0.007"
Pancreatic fat-fraction (%) 6.71 5.05 2.19 0.114 0.009" 0.028
Intrahepatic triglyceride (%) 14.66 2.09 0.87 0.005" 0.005" 0.169
Subcutaneous adipose tissue 1,47619 10335.1 9,6135  0.005 0.005" 0.441

ml) *

Vi:cer)al adipose tissue (ml) * 7,963.1 4,270.6 3,885.8 0.005" 0.005" 0.028
WAT volume (ml) P 2,680.56  1,90040 1,828.52  0.005" 0.005" 0214
WAT fat-fraction (%) P 84.41 79.91 77.17 0.005" 0.005" 0.110
WAT T2# (ms) P 59.28 50.21 48.23 0.009" 0.005" 0.214

T Indicates significant difference with Bonferroni-adjusted level at (0.05/3) 0.017
“Indicates measurements at the abdominal level

P Indicates measurements at the interscapular, supraclavicular and cervical regions
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For abdominal subcutaneous and visceral adipose tissues,
significant decreases were observed between M0 and M6 but
not between M6 and M12. Results indicated that SAT rapidly
reduced only in the first 6 months after surgery and became
stable afterward. For VAT, a strong trend (p=0.028, considered
not significant in Bonferroni-adjusted significance level) of
reduction continued in the second 6-month interval. VAT
was considered more metabolically active as it secretes a fat-
related hormone and cytokine, as internal fat caused more
severe health consequences and the substantial loss of VAT
inferred that VAT required a longer time to be consumed.

Another important objective of this study was to measure the
change in BAT. Unlike other studies using 18F PET-CT, our
method measured the absolute volume of BAT independent
from its activation state using MRI. Our results indicated that
no significant changes were observed in BAT volume as well as
T2* and fat-fraction composition before and after surgery. This
observation suggested that the volume and MR properties of
BAT were not affected by the change of overall adipose tissues.
Small sample size and longer time required for BAT recruitment
could be the underlying explanation for the observed negative
changes of BAT in this cohort. Power analysis was crucial to
validate the findings, as the process of BAT recruitment might
occur as a slow mechanism. In addition, BAT has a physiolog-
ical role in human metabolism and the activity of BAT is
changed in obese individuals after surgery, as shown by the
increased proportion of BAT [34-36], whereas this study mea-
sured the absolute volume of BAT independent of their activa-
tion state. This might explain why the results for BAT remained
unchanged, because both active and inactive BAT were includ-
ed using our proposed method.

Furthermore, we measured the change of supraclavicular
WAT from the same region of BAT. Results indicated that fat-
fraction and T2* were significantly reduced between baseline
and M6, and continued to reduce between M6 and M12 at a
slower rate. The significant changes of these two properties
indicated that the internal properties of WAT or at least part of
them at that region were altered after surgery. A possible ex-
planation would be the process of browning, which refers to
the process of turning white adipose tissue into beige.
Browning is a relatively new term used to describe the change
of white adipocytes to thermogenic beige adipocytes by exog-
enous stimuli such as chronic cold exposure or endogenous
factors such as treatment with (33-adrenergic receptor activa-
tors, thyroid hormone and natriuretic peptides [37-39]. Beige
adipocytes have similar functional characteristics of typical
brown adipocytes but they have a distinct origin of gene ex-
pression [40]. In terms of their MR properties, the reduction of
T2* might be contributed to by the emergence of UCP1 cells
in browning, which triggered the thermogenic function to re-
duce internal fat-fraction. The browning process is partially
supported by the study from Vijgen et al, who concluded that
recruitment of BAT in patients after LSG was possible [35].

Several limitations to this study should be taken into ac-
count. PET-CT is a more representative method for the detec-
tion of BAT. However, it is not ethical to have volunteers un-
dergo additional procedures with high radiation exposure. MRI
is an alternative approach that many concepts and theories has
proposed over the last few years. However, no gold standard
has been achieved yet. Furthermore, the sample size was small
due to the limited number of cases undergoing bariatric surgery
every year.

In conclusion, this study demonstrated that bariatric surgery
effectively reduced patients’ weight, waist circumference, vol-
ume of abdominal SAT and VAT, IHTG and pancreatic fat.
Rapid reduction was observed in the first 6-month interval after
surgery while the progress became more gentle and consistent
in the second 6-month interval. Patients with NAFLD all re-
solved 12 months after surgery and pancreatic fat was also
reduced below the threshold. No significant changes were ob-
served in volume, fat-fraction and T2* of BAT and those of
WAT at the supraclavicular fat depot were significantly
reduced.
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