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How much abdominal fat do obese patients lose short term after
laparoscopic sleeve gastrectomy? A quantitative study evaluated
with MRI
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Background: This study aimed to elucidate the changes in the amount of abdominal adipose tissue after
laparoscopic sleeve gastrectomy in obese Chinese patients over a relatively short follow-up period and to
analyze the differences in the effects of surgery between genders.

Methods: Ninety-one patients were enrolled in the study, including 18 males and 73 females. These
patients underwent laparoscopic sleeve gastrectomy between November 2017 and November 2019. Before
and short term after surgery, the areas of subcutaneous/visceral adipose tissue and the liver proton density fat
fraction were calculated with upper abdominal magnetic resonance (MR) examinations.

Results: Approximately 100 days after surgery, the median values of weight loss and body mass index
reduction were 23.1 kg and 8.1 kg/m’, respectively. The patients achieved a greater absolute loss of
subcutaneous adipose tissue index than of visceral adipose tissue index (3.2x107 vs. 1.6x107, P<0.001). The
amount of weight loss, body mass index loss and absolute/relative reduction in visceral adipose tissue index
were much greater in males than in females (31.7 vs. 21.7 kg, P<0.001; 9.8 vs. 7.9 kg/m’, P=0.016; 2.5x10”
vs. 1.3x107, P=0.007; 28.2% vs. 20.9%, P=0.029). There was a correlation between decreased amounts in
subcutaneous and visceral adipose tissue in sum and weight loss (r=0.282, P=0.032). The absolute/relative
reduction in visceral adipose tissue index was also correlated with absolute/relative reduction in liver proton
density fat fraction (r=0.283, P=0.013; r=0.372, P=0.001).

Conclusions: The reductions in body weight and visceral fat were more significant in male patients. The
sum of absolute reduction in subcutaneous and visceral fat deposits was correlated with weight loss, in all
patients enrolled. For severely obese patients, an upper abdominal MR examination could assess the body

tissue composition and how it changes after bariatric surgery.
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Introduction

The worldwide incidence of obesity has been increasing
at a drastic rate in recent years (1). It is estimated that the
prevalence of obesity will increase by 33% in the next
20 years (1). Bariatric surgery, especially laparoscopic sleeve
gastrectomy (LSG), is among several treatment strategies
used for managing obesity. Further, LSG is the mainstream
surgical procedure practiced worldwide and has proven
to be efficient in reducing adiposity and body weight
and improving metabolic abnormalities in severely obese
patients (2-10).

The distribution of excess body fat, specifically visceral
adipose tissue (VAT), is strongly correlated with diverse
metabolic disorders and cardiovascular diseases (8,11,12).
The decline in subcutaneous adipose tissue (SAT) was
markedly different from the decline in VAT after bariatric
surgery. Recently, Kengott er /. (7) used whole-body
magnetic resonance imaging (MRI) to analyze individual
changes in the SAT and VAT compartments after bariatric
surgery. After 1 year, the patients showed a larger relative
decrease in VAT than in SAT, while the opposite was true
of the absolute decrease. The patients enrolled in the study
were Caucasian. It has been established that there are
differences in body tissue composition and changes (13,14)
and differences in the degree and type of obesity between
ethnicities (15). Thus, the results from a Caucasian sample
cannot be directly applied to Chinese people undergoing
similar surgical procedures.

Follow-up at three months after the operation has always
been a common practice in the Department of Bariatric and
Metabolic Surgery in Beijing Friendship Hospital. At this
time, the patients with obesity showed a significant reduction
in abdominal fat, which can be observed physically. The
abdominal fat consists of SAT, VAT, and fat within organs,
among which hepatic fat content is the main indicator of fat
content within organs. Thus, we attempted to quantify the
changes in SAT, VAT, and hepatic fat content three months
after surgery. The liver Proton Density Fat Fraction (PDFF)
image acquired from MRI has been confirmed as an accepted
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alternative to liver biopsy for the accurate estimation of
hepatic fat content (16,17). The Liver Accumulation with
Volume Acceleration-flexible (LAVA-Flex) sequence of MRI
has been shown to be the optimal choice for displaying and
quantifying SAT and VAT (18).

The objective of this study was to investigate the
changes in postoperative visceral and subcutaneous fat and
intrahepatic fat deposits in obese Chinese patients over a
short follow-up period using the Greater China Metabolic
and Bariatric Surgery Database (GC-MBD) launched by
our institution. We also assessed whether the gender of the
patient would influence postoperative changes. In addition,
we aimed to elucidate how changes in the three types of
abdominal fat were correlated with each other and how
changes in abdominal fat were associated with weight loss,
thus assisting in patient management and evaluation of
surgical outcomes.

Methods
Subjects

Beijing Friendship Hospital is one of the largest-volume
centers for bariatric and metabolic surgery in China,
and LSG is the main surgical procedure adopted. As a
retrospective study, we reviewed all patients who underwent
LSG surgery at our institution between November 2017 and
November 2019. The indications for bariatric surgery were
those who met the World Health Organization (WHO)
criteria for morbid obesity in Asian populations, according
to the international operation standards (15). Patients aged
18 years or older with a definite diagnosis of morbid obesity
were included. The patient anthropometric data needed was
extracted from the GC-MBD, ClinicalTrials. gov was NCT
03800160.

The inclusion criteria for this study were as follows: (I)
patients were undergoing LSG surgery for the first time;
(II) patients underwent upper abdominal MR examination
before and short-term after the operation; (III) the precise
time interval between the first and second MR scans was
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Between November 2017 and November 2019: 570
patients, 837 MR examinations (three surgical methods)

!

The patients with at least once postoperative visit
n=219
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y

(The SAT at baseline and SAT after surgery were available
for analysis) or (The VAT at baseline and VAT after surgery
were available for analysis) or (The SAT and VAT at
baseline and after surgery were available for analysis)
n=158

!

Patients who met the follow-up time requirements
n=102

Y

Both SAT and VAT were unavailable for analysis at
baseline or (and) after surgery™
n=61

Y

Eligible for analysis
n=91
18 men and 73 women

*, the L1-L2 intervertebral disc was not included; or MR image artifacts;

or part of SAT/VAT was lost (outside of the screen view)

Y

5 cases of LRYGB, 6 cases of LOAGB

Figure 1 Patient selection for eligible subjects. SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; LRYGB, Laparoscopic Roux-

en-Y gastric bypass; LOAGB, Laparoscopic one-anastomosis gastric bypass; L, lumbar.

100+30 days; (IV) both the preoperative and postoperative
MR scans included the axial level of lumbar 1 and 2 (L1-
L2) intervertebral disc; and (V) there were MR sequences
on which the liver PDFF and SAT/VAT could be quantified
accurately.

This study excluded: (I) patients with anastomotic fistula,
obstruction, stenosis, and other surgical complications
who were unable to carry out physiological digestion and
metabolism; (II) patients who underwent revisional surgery
during the follow-up period; (III) MR image artifacts or
part of SAT/VAT was lost (outside of the screen view)
which restricted measurements; and (V1) patients with MR
contraindications such as claustrophobia, heart pacemakers,
stents, and metal implants. Of note, patients with missing
preoperative or postoperative weight data were excluded
when analyzing the correlation between abdominal fat
changes and weight loss.

A total of 91 patients who underwent LSG and met the
requirements were enrolled in our study, comprising 18
males and 73 females (Figure 1). The minimum MR scan
interval was 86 d, and the maximum was 130 d. The median
value and interquartile range of the time interval were
presented as 100 d (96-108 d).
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MR image acquisition

The upper abdominal MR images were acquired at the
Department of Radiology using an MRI scanner (Discovery
3.0 T, 750 W, General Electric (GE) Medical Systems,
Milwaukee, WI, USA). The participants were instructed to
stay still throughout the scan and hold their breath when
asked during the scanning process.

Each MR scan spanned from the top of the liver to
the hilum of the kidney. An eight-channel phased-array
abdominal coil was applied. The sequences of Liver
Acquisition with Volume Acceleration-flexible (LAVA-Flex)
were collected for quantification of SAT/VAT (TR =4.1 ms;
TE =1.9 ms; FOV =40 cmx32 cm; slice thickness =4 mm,;
matrix =160x160; flip angle =12°; NEX =1; acquisition time
=15 s).

In order to calculate liver PDFF, the sequences for
the iterative decomposition of water and fat with echo
asymmetry and the least-square estimation quantification
(IDEAL IQ) were determined (TR =7.3 ms; TE = six
different echo times between 1.0 and 5.0 ms; FOV =40
cmx40 cm; slice thickness =8 mm; matrix =160x160; flip
angle =4°; NEX =0.5; acquisition time =17 s).
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Figure 2 Outline of SAT area at the L1-L2 intervertebral disc on the LAVA-Flex sequence. (A) SAT in a male patient at baseline; (B) SAT at
113 days after LSG. The SATT at L1-1.2 decreased from 7.7x10” to 3.4x10”. SAT, subcutaneous adipose tissue; SATT, subcutaneous adipose

tissue index; LSG, laparoscopic sleeve gastrectomy; L, lumbar.

Figure 3 Outline of VAT area at the L1-L2 intervertebral disc on the LAVA-Flex sequence. (A) VAT in the same male patient at baseline; (B)
VAT at 113 days after LSG. The VATI at L1-1.2 decreased from 7.7x10™ to 4.9x107. VAT, visceral adipose tissue; VAT, visceral adipose

tissue index; LSG, laparoscopic sleeve gastrectomy; L, lumbar.

MRI image processing

The RadiAnt DICOM Viewer software (version 2020.2)
was used to read the collected LAVA-Flex images. First,
two experienced radiologists manually identified the level of
L1-L2 intervertebral disc on the RadiAnt based on the pre-
scan positioning image and abdominal anatomical markers
(e.g., the level of L1-L2 approximately equals the level of
the kidney hilum). Then, the L1-L2 slices were exported
and collected through the image export function of RadiAnt
(Figures 2,3).

The collected single slices of L1-L2 were imported into
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a medical image-processing software (ITK-SNAP version
3.8.0). Six trained radiologists with 5 years of diagnostic
experience delineated the edge of SAT and VAT on ITK-
SNAP and acquired their volumes. The SAT and VAT was
grouped according to the margin of musculi abdominis and
paravertebral muscles. The measurement of VAT avoids
the internal organs. The L1-L2 SAT, and VAT voxels and
volumes were then recorded. The intraclass correlation
coefficient (ICC) for the measurement of SAT and VAT
between radiologists was 0.998 and 0.989, respectively (both
P<0.001).
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Area =2 cm’
Mean =3.3%

Figure 4 The acquisition of liver PDFF value on the PDFF map. (A) Liver PDFF in the same male patient at baseline; (B) liver PDFF
at 113 days after LSG. The liver PDFF decreased from 11.4% to 3.3%. PDFE, proton density fat fraction; LSG, laparoscopic sleeve

g astrectomy.

The IDEAL IQ sequence patient images were transferred
to a GE Advantage Workstation (ADW4.6) to obtain
PDFF maps. On the PDFF maps, two radiologists with
5 years of experience then outlined eight-round regions
of interest (ROIs) representing hepatic segments [-VIII
correspondingly. The area of each ROI was set to 2 cm’
in the center of the segment, avoiding the hepatic fissures
and blood vessels (Figure 4). The PDFF value for each liver
segment was calculated twice. In the last step, the mean
of eight PDFF values from the corresponding eight liver
segments was recorded as the final individual liver PDFF
result (%). The intraclass correlation coefficient (ICC) for
the measurement of liver PDFF between radiologists was
0.991 (P<0.001).

Data processing

MR images were taken in 4mm slices. The results we
initially measured with ITK-SNAP were the volume of SAT
and VAT found at the level of L1-L2 intervertebral disc.
Thus, in order to eliminate the influence of slice thickness,
we used a conversion formula to convert the SAT/VAT
volume (mm’) into the SAT/VAT area (mm’) in the slice.

The conversion formula was:

area = voxel count x pixel spacing(x)x pixel spacing( y)
(1]
Then, the SAT and VAT area was adjusted for height

squared (x10™), which was subcutaneous adipose tissue
index (SATI) and visceral adipose tissue index (VATT)
respectively. This calculation method has been described
previously (19). The SATT (x10™) was calculated as:

_ SAT area

SATI(x10°) height’ 2]

The VATT (x10°°) was calculated as:

VATI(XIO“"):VAT—aMZG 3]
height

The magnitude of adipose tissue (AT) at baseline
determines the loss of AT with weight loss. Therefore,
we calculated the relative change (reduction rate, %)
to eliminate the effect of baseline values. To make the
reduction degrees in these three types of fat comparable, we
also calculated the relative change of liver PDFFE. The liver
PDFF relative change (%) was calculated as:

Liver PDFF relativechange(%) =

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

preoperativeliver PDFF — postoperativeliver PDFF at3 months ( o )
= 0

preoperativeliver PDFF
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_ preoperative SATI — postoperative SATI at 3 months ( 9% )
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preoperative SATI
The VATT (%) was calculated as:

VATI (%)

_ preoperative VATI — postoperativeVATI at 3 months ( 9% )

preoperativeVATI

(6]

Total weight loss (% TWL), excess weight loss (% EWL), and excess weight were commonly used at the Bariatric and
Metabolic Surgery Department to evaluate weight changes. % TWL was calculated as:

VW TWIL = preoperative weight — postoperative weight at 3 months (% )

preoperative weight

%EWL was calculated as:

Y%EWL =

preoperative weight — postoperative weight at 3 months ( o )
0

(7]

excess weight

The body mass index (BMI) was calculated as:

BMI = body wezghi
body height
Statistical analysis

The statistical analysis was performed by IBM SPSS
Statistics 25. The Kolmogorov-Smirnov test was applied
to determine the normal distribution of the data from
each group. The postoperative changes in all the patients
were compared using the Kruskal-Wallis test, and then the
Bonferroni correction was used for pairwise comparisons.
The effects of bariatric surgery between genders were
compared with the Mann-Whitney U test and independent-
samples #-test. The multivariate linear regression analysis
was then used to determine whether the baseline values
affected the statistical results. The Pearson rank correlation
and the Spearman rank correlation were used to assess the
correlation among three parts of abdominal fat reduction
and the correlation between abdominal fat reduction and
weight loss. The normally distributed data were presented
as mean = standard deviation (SD). The data with a
skewed distribution were presented as median (the lower
quartile, the upper quartile). P value<0.05 (two-tailed) was
considered to be statistically significant.

The study was conducted following the Declaration of
Helsinki (as revised in 2013). The study was approved by
the Medical Ethics Committee of Beijing Friendship

Hospital (No. 2017-P2-131-02) and individual consent
for this retrospective analysis was waived.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

9]

Results

The postoperative weight, BMI, liver PDFF, SATT, and
VATT were all significantly decreased from the baseline
values (Table 1). The median values of weight loss and
BMI reduction were 23.1 and 8.1 kg/m’, respectively. The
absolute loss of SATT was observed to be greater than that
of VATT (3.2x107* vs. 1.6x107, P<0.001). There was no
significant difference between the relative change in SATI
and VATT (25.4% wvs. 22.3%, P=0.706), but the relative
change in liver PDFF was markedly larger than the change
in SATT (62.1% wvs. 25.4%, P<0.001) and VATT (62.1% vs.
22.3%, P<0.001). The results were displayed in Figure 5.

Analysis of differences by gender

The males had higher reductions in weight and BMI and
higher absolute/relative VATT changes, and lower EWL
than females. However, for TWL and absolute/relative
liver PDFF/SATT change, males and females showed no
difference (Table I).

By multivariate linear regression analysis, the influence
of gender on weight loss and BMI loss showed no statistical
significance (P=0.555; P=0.958). The influence of baseline
weight on weight loss between men and women was

statistically significant (B=0.689, P<0.001). The influence of
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Table 1 The parameter values at baseline and short-term after surgery

Characteristic Baseline Short-term follow-up Change P value

Weight (kg) 106.6 (91.5, 127.5) 83.5 (73.3, 100.0) 23.1(17.9, 28.8) <0.001°
Males 141.8+20.4 110.1+16.5 31.7+7.9 <0.001°
Females 99.2 (90.3, 115.9) 81.9+15.9 21.7 (17.2, 25.5)

EWL (%) 58.7 (48.7, 81.3) N/A
Males - - 54.5£14.7 0.037°
Females - - 61.8 (50.3, 83.8)

TWL (%) 20.6 (18.3, 23.5) N/A
Males - - 22.3+4.1 0.313°
Females - - 20.5 (18.1, 23.4)

BMI (kg/m?) 38.4 (34.0, 43.9) 30.9+5.5 8.1(6.7,9.7) <0.001*
Males 43.9+5.6 34.1+4.5 9.8+2.4 0.016°
Females 37.0 (33.9, 42.6) 30.2+5.4 7.9 (6.5, 9.4)

Liver PDFF (%) 13.60 (7.79, 20.34) 3.44 (2.44, 6.60) 6.74 (3.74, 14.42) <0.001°
Males 16.49+8.52 3.31(2.28, 6.68) 11.39+7.75 0.193°
Females 14.02+8.63 3.47 (2.46, 6.65) 6.13 (2.87, 14.06)

Liver PDFF relative (%) 62.1(36.4, 75.8) N/A
Males - - 63.7+20.6 0.352°
Females - - 59.3 (30.3, 76.0)

SATI (x1079) 12.6 (9.3, 15.8) 9.6+3.6 3.2(2.0,4.3) <0.001*
Males 11.7£3.7 9.4+3.6 2.9(2.0,3.9) 0.524°
Females 13.0 (9.5, 16.7) 9.6+3.6 3.3+1.8

SATI (%) 25.4£11.5 N/A
Males - - 26.1x13.4 0.824°
Females - - 25.2+11.1

VATI (x107°) 6.9+2.1 5.3+1.8 1.6 (0.8, 2.0) <0.001*
Males 8.5+2.5 6.1+2.0 2.5+1.5 0.007°
Females 6.5+1.9 51+1.7 1.3+0.8

VATI (%) 22.3+x11.9 N/A
Males - - 28.2+15.9 0.029°
Females - - 20.9+10.4

2 weight/BMl/liver PDFF/SATI/VATI at baseline vs. approximately 100 days after surgery. °, change in weight/BMI/liver PDFF/SATI/VATI and
EWL/TWL/liver PDFF relative/SATI(%)/VATI(%) in males vs. in females. P<0.05 (two-tailed) was considered to be statistically significant.
EWL, excess weight loss; TWL, total weight loss; BMI, body mass index; PDFF, proton density fat fraction; SATI, subcutaneous adipose
tissue index; VATI, visceral adipose tissue index.
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Figure 5 Pairwise comparison of relative loss among three
different types of adipose tissue. The relative reduction in liver
PDFF was higher than that of SATT (P<0.001) and VATT (P<0.001).
There was no difference between the relative change in SATT
and VATT (P=0.706, after Bonferroni correction). PDFF, proton
density fat fraction; SATI, subcutaneous adipose tissue index;

VAT], visceral adipose tissue index.

baseline BMI on BMI loss between males and females was also
statistically significant (B=0.563, P<0.001). Both the gender
and baseline VATT had a statistically significant influence on
VATT reduction (B=-0.249, P=0.007; p=0.479, P<0.001).

Correlation analysis among changes in different types of
abdominal fat

The correlation between the absolute reduction in VATT and
absolute reduction in liver PDFF was statistically significant
(r=0.283, P=0.013). However, there was no correlation either
between absolute reduction in SATT and absolute reduction
in liver PDFF (P=0.162) or between absolute reduction in
SATT and absolute reduction in VATT (P=0.912).

The correlation between the relative reduction in VATT
and relative reduction in liver PDFF was statistically
significant (r=0.372, P=0.001). Additionally, the relative
reduction in SATT was found to be correlated with relative
reduction in VATT statistically (r=0.245, P=0.049). No
statistical correlation was found between relative reduction
in SATT and relative reduction in liver PDFF (P=0.267).

Linear plots showing the Pearson and Spearman rank
correlation results and the correlation coefficients were
provided in Figure 6.

Correlation analysis between abdominal fat reduction and

changes in weight-related parameters

A correlation was found between the absolute VATI

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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reduction and weight loss (r=0.282, P=0.011), while the
absolute SATT reduction was not correlated with weight loss
(P=0.214). The correlation between the absolute reduction
in SATT + VATT and weight loss was statistically significant
(r=0.282, P=0.032). The relative reduction of VATT was
also associated with TWL and EWL (r=0.252, P=0.022;
r=0.274, P=0.013). Nevertheless, there was no correlation
either between absolute liver PDFF reduction and weight
loss (P=0.083) or between relative liver PDFF reduction
and EWL/TWL (P=0.217; P=0.052). The relative SATI
reduction was not correlated with either EWL (P=0.051) or
TWL (P=0.251).

Linear plots showing the Spearman rank correlation
results and the correlation coefficients were provided in
Figure 7.

Discussion

According to the GC-MBD 2019 Annual Report, the
annual number of bariatric surgeries performed in China
was roughly 10,000, while the obese population in China
was estimated to be more than 100 million. Although the
amount of bariatric surgery has increased significantly in
China, large-scale clinical and longitudinal studies on the
postoperative changes in body fat composition are still
lacking. Moreover, abdominal obesity is more common
among obese people in Asia (15). Abdominal obesity
significantly increases the risks of metabolic syndrome and
cardiovascular diseases (20). Therefore, this study aimed to
investigate the changes in abdominal fat composition after
surgery in a Chinese population and the inter-correlation
among its three compartments.

Approximately three months after surgery, the median
values of EWL and TWL were 58.7% and 20.6%,
respectively. For abdominal fat, the absolute reduction in
SATT was much higher than that in VATT, while liver PDFF
had the highest relative reduction among the three types of
fat deposits. This may indicate that intrahepatic fat was more
sensitive to changes in lipometabolism function. We can
reasonably assume that improvement in bodily metabolic
status may be partly reflected in liver PDFF changes.

The median weight before surgery in male patients
was 140.0 kg, and the median weight in female patients
was 99.2 kg. The average BMI at baseline for men was
also far higher than that for women (43.9 vs. 37.0 kg/m’).
According to multivariate linear regression analysis, the
higher body weight and BMI at baseline, rather than
gender alone, explained why there were greater weight loss

Quant Imaging Med Surg 2021;11(11):4569-4582 | https://dx.doi.org/10.21037/qims-20-1380



Quantitative Imaging in Medicine and Surgery, Vol 11, No 11 November 2021 4577
A 2 80.0 B 800 .
S0 " . ot .- g0 C. . '
= . . PR © . .
geo.o - .. e Reoos %60-0 . . R’=0.14
© 50.0 . . : R o 900 : [
w . b S pd R .
5 400 — g o .. a0 R
%‘ 30.0 [..coeeeeeery et - @300 |, R
e . . * . = RET
Z 200 ., . . : <200 . :
o K . o [5 .o
X100, = * . e g100 | . .
& 00 . : * . 0.0 .
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Rank of VATI absolute loss Rank of VATI relative loss
C 600
50.0 :
1]
1%
9 40.0
[}
2
® 30.0
&
E 20.0
<
10.0
0.0
0.0 10.0 20.0 30.0 40.0 50.0 60.0

SATI relative loss

Figure 6 Linear plots showing the correlation among reductions in different types of abdominal fat. (A) The correlation between the

absolute reduction in VATT and absolute reduction in liver PDFF was statistically significant (r=0.283, P=0.013). (B) The correlation

between the relative reduction in VATT and relative reduction in liver PDFF was statistically significant (r=0.372, P=0.001). (C) The

correlation between the relative reduction in SATT and relative reduction in VATT was statistically significant (r=0.245, P=0.049). PDFE,

proton density fat fraction; SATT, subcutaneous adipose tissue index; VATT, visceral adipose tissue index.

and BMI changes in men. However, gender and different
baseline VATT contributed to the difference between men’s
and women’s absolute VATT reduction, as the preoperative
VATT in men reached nearly 1.3 times that of women
(8.5x10™ vs. 6.5x107).

Additionally, our results showed that the females
underwent significantly larger EWL after three months.
Consequently, we could infer that those female patients would
be more likely to reach the target weight loss. This conclusion
differed from a previous study by Kenngott et al. (7),
who found no identifiable difference in EWL between
genders at three months and twelve months.

The correlation between absolute/relative reduction in
VATT and absolute/relative reduction in liver PDFF was
found to be statistically significant (r=0.283, P=0.013; r=0.372,
P=0.001). According to the “portal hypothesis”, increased
lipolysis of visceral fat would lead to deposition of free fatty
acids in the liver (21). However, we observed a reduction
in visceral adiposity, with the decrease in fatty liver grade.
With the changes of metabolism-related gene expression,
the amount and composition of the diet, the actual metabolic

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

status of postoperative patients is complex, while relevant
studies have not been in-depth. Hence, there should be more
attention to the mechanism.

In the present study, we demonstrated that a correlation
existed between the absolute change in VATT and weight
reduction and the absolute change in SATI + VATT and
weight reduction. These findings suggest that the decrease
in abdominal fat deposits, especially the loss in VATI,
correlates with loss of body weight, which is supported by
the finding that the relative reduction in VATT is associated
with EWL/TWL.

Concerning the physiological and biochemical changes
associated with obesity and an increase in the volume of
adipose tissue, understanding the change in the fatty acid
(FA) composition is also worthy of attention. Nemeth ez a/.
(22,23) proposed that chemical-shift-encoded MRI (CSE-
MRI), a non-invasive technique, could be used as an accurate
measurement of FA, and the results were highly consistent
and correlated with magnetic resonance spectroscopy
(MRS) results. With this new protocol, they found changes
in VAT FA composition after 31 days of overfeeding. The
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polyunsaturated fatty acid (PUFA) content decreased,
and the monounsaturated fatty acid (MUFA) content
increased compared with the baseline period (23). This
finding suggested that the molecular composition of fat, as
a significant marker of AT metabolism, could be accurately
analyzed by CSE-MRI and applied in the longitudinal follow-
up of patients undergoing bariatric and metabolic surgery.

Methodological considerations

To evaluate body tissue composition, a considerable number
of researchers choose computed tomography (CT) (24-28).
In Europe, North America, and parts of Asia, people who
make an appointment for an MR examination will wait
longer than those who require a CT examination, possibly
for months (29,30). This lag time will certainly reduce the
compliance of patients with follow-up visits. In contrast
to MRI, the cost of CT examination is lower, and the
image collection method is relatively simple, so it is widely
adopted. Pleasingly, our study was able to follow the actual
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clinical practice in China to conduct the pre- and post-
surgery evaluations using MRI. A conventional abdominal
magnetic resonance scan in China costs approximately $120,
while a CT scan of the abdomen costs approximately $80.
The extra $40 cost is acceptable for patients. In addition,
MR is superior to CT on the high contrast resolution of
soft tissue, and as such, there may be incidental findings that
can be managed without additional imaging such as CT,
endoscopy, and ultrasound (18). The spending on medical
imaging is greatly reduced, and the time duration before
bariatric surgery is shortened because of the efficiencies
of the MR process in China. Repeatable and comparable
measurements on MR also facilitate the curative effect
evaluation. Furthermore, MR, which is free of radiation
exposure, is especially healthier among those patients
requiring frequent follow-up visits. Considering the above
advantages, clinicians in China tend to choose MRI for a
more comprehensive evaluation of postoperative outcomes.
Although the feasibility of analyzing the body
composition by MR examination has already been
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recognized (31-33), there are few reports on the use of
upper abdominal MRI in such studies. Upper abdominal
MRI has several advantages over whole-body MRI: short
image acquisition time (15 s for the acquisition of LAVA-
Flex sequence and 17 s for IDEAL 1Q sequence) and lower
cost. The number of patients enrolled in our study was 91,
and these were exclusively patients receiving LSG surgery.
In the future, we could conduct multiple postoperative
follow-ups on thousands of patients found in the GC-MBD
with obesity. We acknowledge that, when used with many
patients, the systemic assessment approach is obviously not
realistic. The high cost and time-consuming characteristics
of whole-body MR also limit its clinical application (18).

In order to improve efficiency and reduce cost, we
determined to evaluate abdominal fat change from the
change measured within a single level. Whole-body or
regional measurements of fat change are indeed the most
precise method. Single-level evaluation of change is a new
alternative approach that we are exploring. It reflects a
decrease in abdominal fat content, thus to a certain extent,
it meets the clinical needs for evaluation of postoperative fat
reduction. Previous studies have taken a similar approach and
provide support for the approach to our study (18,34,35).

Nevertheless, researchers have yet to reach an agreement
on the single standard slice (36-38) for the quantification
of SAT/VAT. From numerous studies, we found those fat
measurements at the axial level of L1-L2 intervertebral
disc, while not the best, were strongly correlated with total
fat volumes (34,36,38,39). An unpublished meta-analysis
by our group showed that fat measurements at single axial
slices were highly correlated with total body fat volumes at
all slices between L1 and S1 (+**': 0.90-0.97; r**": 0.84-0.98).
Further, the results at the L1-L2 level were only slightly
different from the best results at the L.2-13 level (**" 0.95
vs. 0.97; " 0.96 vs. 0.98).

As one of China’s highest-volume bariatric and metabolic
surgery centers, upper abdominal MRI is the routine
examination used here for preoperative and postoperative
evaluation. In most patients, the upper abdominal MRI
includes the L1-L2 level (93.1%) and is less likely to
include the 1.2-1.3 level and below (43.7%) (18). Therefore,
under the current clinical background, the level of L1-L2
was considered to be the most appropriate and accessible
site for evaluating abdominal fat volumes (18).

Limitations

The unequal gender distribution is a limitation of this
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study. We were performing a retrospective study with
a continuous enrollment approach within a specified
period. In our center, most patients receiving bariatric
and metabolic surgery were females (73.3%), while males
only accounted for 26.7%. The characteristics of patient
distribution included in the study were consistent with
the clinical background. The method of enrolling subjects
needs to be further improved to achieve a basic balance
between genders. The lack of analysis on fatty acid
composition is also a limitation of our study. We did not
acquire magnetic resonance spectrum (MRS), which is used
for the quantification of chemical composition and content
of human tissue metabolites, nor employ the CSE-MRI.

Obesity status is closely linked with an increasing
prevalence of diverse metabolic syndromes such as
hyperlipidemia and hyperglycemia (2). Furthermore,
progressive and irreversible metabolic abnormalities may
contribute to some chronic diseases, including coronary
atherosclerotic heart disease (CAHD), obstructive sleep
apnea-hypopnea syndrome (OSAHS), and polycystic ovary
syndrome (PCOS) (2,40,41). However, how the weight loss
or fat reduction would lead to improvement of laboratory
measurements and reduced prevalence of those clinical
comorbidities is not included in this study. This is because
the available data are of limited value in interpreting
metabolic outcomes. Individual body compartments do not
stand alone; rather, they have to be seen in the context of
body function.

Conclusions

Upper abdominal MRI was used in this study to analyze
and compare the changes in abdominal fat deposits about
three months after bariatric surgery in Chinese patients.
We observed the greatest absolute loss in SAT and the
greatest relative change in liver PDFE. Weight loss, BMI
loss and absolute/relative change in VAT were found to
be more evident in males than in females. For severely
obese patients, an upper abdominal MR examination is
recommended for the assessment of body tissue composition
and how it changes after bariatric surgery.
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