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Abstract
Background Laparoscopic sleeve gastrectomy (LSG) has become an increasingly popular metabolic surgical procedure.
Alteration in motor gastric function is a fundamental feature following LSG but still remains controversial.
Purpose To determine the gastric emptying time 3 month after LSG, correlations between gastric emptying time and body
weight, weight loss, and glycemia levels, alongside determining predictive factors of weight loss at the 3-month follow-up.
Materials and Methods Twenty-one patients were recruited in this study. Gastric emptying time was measured using a standard
solid-phase gastric emptying scan at both baseline and 3 months after LSG. Paired sample t tests and a general linear model with
repeated measures were applied to investigate the alterations in major parameters after surgery. Univariate analyses were
performed to evaluate the factors predicting weight loss at the 3-month follow-up.
Results Comparedwith baseline levels, gastric emptying time, bodyweight, andHbA1c levels decreased significantly at 3months
after LSG (P < 0.001). Significant positive correlations were detected between HbA1c levels and gastric emptying time at baseline
(P = 0.03). Significant positive correlations were detected between HbA1c levels at baseline and change in gastric emptying time
(P = 0.03). Univariate logistic regression revealed a lower baseline BMI level to be independently associated with %EWL
(P < 0.001).
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Conclusions The rate of gastric emptying increased following LSG. Patients with a higher risk of type 2 diabetes at baseline had
longer gastric emptying times prior to treatment and significantly shortened emptying times following surgery.
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Introduction

Metabolic surgery, as a recommended treatment option for
patients with clinically diagnosed morbid obesity, is gaining
increasing popularity. In addition to substantial weight loss, an
increasing number of studies have highlighted that metabolic
surgery can substantially ameliorate obesity-related metabolic
diseases, including, but not limited to, type 2 diabetes mellitus
(T2DM) [1–3], hypertension, dyslipidemia, obstructive sleep
apnea–hypopnea syndrome (OSAHS) [4], and polycystic ova-
ry syndrome (PCOS) [5] in patients with severe obesity.

According to the 2016 International Federation for the
Surgery of Obesity and Metabolic Disorder (IFSO) survey
[6], sleeve gastrectomy is currently the most frequently per-
formed surgical procedure among metabolic surgeries world-
wide, followed by Roux-en-Y gastric bypass surgery.
Sequential randomized clinical trials (RCTs) indicated a signif-
icant reduction in body weight at 1 year, 3 years, and 5 years of
follow-up after Roux-en-Y gastric bypass surgery compared
with that of sleeve gastrectomy. However, according to evi-
dence from the Swiss Multicenter Bypass Or Sleeve Study
(SM-BOSS) RCTs [7, 8], both laparoscopic sleeve gastrectomy
(LSG) and laparoscopic Roux-en-Y gastric bypass (LRYGB)
were equally efficient in causing loss of excess BMI at 3 years
and 5 years of follow-up after surgery, respectively.

Compared with LRYGB, less alteration of the gastrointes-
tinal anatomy makes LSG a more attractive surgical option.
However, an alteration in motor gastric functional has been
proven to occur after LSG, which may be associated with
major gastric resection. A limited number of studies, which
focused on the alteration of gastric functional features follow-
ing LSG, using a gastric emptying time assessment have been
reported. Furthermore, the results in previous studies were not
comparable as they used different assessment methods, liquid
or solid test meals, and there was variation in the control
groups used. Time-resolved MRI following ingestion of liq-
uids was reported to reveal motility changes after LSG. Based
on dynamic steady-state free precession sequences, liquid test
meals appeared to be the most serious limitation to previous
studies [9]. A radiological upper gastrointestinal series with a
water-soluble contrast medium was applied in another study
[10]. As well as using liquid test meals, this test was not a
measure of gastric function or motility, although the
prolonged retention of barium in the stomach (> 6 h) observed
in this study is suggestive of gastroparesis [11]. The solid-
phase gastric emptying scan, measured using the radionuclide
scintigraphic technique, is considered to be the best test

currently available evaluate gastric emptying feature for gas-
tric motor function assessment [11]. Thus, it would be a prom-
ising method to assess the gastric emptying time both objec-
tively and quantitatively. Given the consideration of homoge-
neity in subjects, a self-controlled study is a superior design
for this type of assessment.

In this study, solid-phase gastric emptying time was mea-
sured using a radionuclide scintigraphic technique and was
performed in our hospital at baseline and the 3-month follow-
up point, after LSG, for each patient. Additionally, changes in
body weight and metabolic parameters were also recorded. The
aims of this study were to prove our hypotheses that (1) gastric
emptying time at 3-month follow-up after LSG would be dif-
ferent among patients; (2) there were possible correlations be-
tween gastric emptying time and body weight, weight loss, and
glycaemia levels; and (3) gastric emptying time might be a
predictive factor of weight loss at 3-month follow-up. To the
best of our knowledge, this is the first study of gastric motor
function based on a solid-phase gastric emptying scan in
Chinese patients with obesity following LSG. Our study would
increase the understanding of gastric emptying features after
LSG and its underlying mechanisms for metabolic surgery.

Materials and Methods

Study Design and Patients

This was a retrospective, self-controlled, observational study
to analyze gastric emptying features following LSG for pa-
tients with obesity in China. Eligible patients in this study
were 18–65 years of age, with a diagnosis of morbid obesity
according to the World Health Organization (WHO) criteria
for obesity in Asian populations [12], who were receiving
LSG for the first time in our hospital, and who had completed
the solid-phase gastric emptying scan both before and after
surgery. Preoperative (baseline) parameters, including gender,
age, body weight, height, BMI, gastric emptying time, HbA1c,
3-h oral glucose tolerance test (OGTT), C-peptide and insulin
levels to accompany the OGTT, were recorded. All related
clinical data originated from our database, named BBeijing
Friendship Hospital Metabolic Surgery Database (BFH-
MSD)^ (ClinicalTrials.gov ID: NCT03520699), which was
approved by the Ethics Committees of Beijing Friendship
Hospital where the study was conducted (NO.2017-P2-131-
02). Informed consent was obtained from all individual
participants included in this database.
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Operative Procedure

The Bariatric and Metabolic Surgery Center in our hospital is
one of the highest-volume centers in China, with at least 300
surgical procedures performed per year. All procedures of
LSG in this study were conducted by our metabolic surgical
teams, who have personal experience of at least 200 bariatric
interventions. This surgical procedure was performed under
laparoscopy according to international operation standards.
After placement of trocars, a pneumoperitoneum was created
by carbon dioxide gas with a pressure of 12 mmHg. Then,
under a four-port laparoscopy, the greater curvature of the
stomach was dissociated by dissecting the large omentum.
The resection of the stomach started from 6 cm proximal to
the pylorus towards the angle of His, using a linear stapler
with the guidance of an intragastric bougie. Finally, a contin-
uous suture was performed at the edge of the incision (Fig. 1).

Solid-Phase Gastric Emptying Scan

This test uses an externally positioned gamma scintillation
camera to measure emptying of 1 mCi 99mTc-DTPA sulfur
colloid from the stomach. The sulfur colloid is usually added
to scrambled eggs in measured to ensure similarity in size,
weight, and content. After fasting 12 h, patients ate the solid
test meal in 3 min. Gastric emptying time was measured, and
the anteroposterior position static phases were collected at the
time points of 5 min, 30 min, 1 h, 2 h, 3 h, and 4 h. The gastric
emptying curve was obtained by delineating the region of
interest (ROI) area in the stomach. Finally, the time required
for 50% of radioactivity to be excreted from the stomach was
calculated using the ROI technique.

Follow-Up at 3 Months

According to guidelines for the follow-up of patients under-
going metabolic surgery [13], all of the patients were recom-
mended for follow up at 3 months following LSG. Several
previous studies also recommended the 3-month postopera-
tive period as a visiting point for studying changes in gastric
emptying in association with other measures [14, 15].

Moreover, patients were more compliant with a follow up at
3 months. Solid test meals would only be available after LSG
at 3 months, allowing the solid-phase gastric emptying scan to
be performed for patients enrolled in this study. Recorded
clinical parameters were same as those in the baseline.
Statistical analysis was performed following data collection.

Statistical Analysis

SPSS 21.0 software (SPSS, Inc., Chicago, IL) was used for all
statistical analysis. Data were presented as mean (SD) for
quantitative data and median (maximum, minimum) for qual-
itative data. For normally distributed quantitative data, paired
samples t test and independent-samples t test were used to test
the changes in body weight, BMI, gastric emptying time,
HbA1c, plasma glucose levels, and other parameters. For
non-parametric data, the Wilcoxon signed rank test was ap-
plied. Qualitative data were analyzed using chi-square
(Fisher’s exact test). Pearson bivariate correlations were per-
formed for correlation analysis of normally distributed quan-
titative data, while spearman bivariate correlations were used
for non-normal distributions.

To evaluate the differences in predictive factors based on
weight loss control, we divided the samples into two groups
according to the %EWL (percent of excess weight loss). The
cutoff point of %EWL was determined by clinical observa-
tion. Predictive factors of %EWL were than analyzed by uni-
variate logistic regression analyses.

To analyze the variations of plasma glucose, C-peptide,
and insulin levels with time in the OGTT, a general linear
model with repeated measures was performed. All tests
were two-tailed, and the level of significance was set at
0.05 (P < 0.05).

Results

Patients

From April 2016 to September 2017, 21 patients were recruit-
ed to participate in this study. In the baseline demographic

Fig. 1 A diagram of the
procedures of LSG. a Entire
fundus resection, partial corpus
resection, and partial antrum
resection. b A biological sample
of resected gastric tissue from an
operation of LSG. (This patient
was a 45 years old man, BMI =
37.8 kg/m2)
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data, 62% of the patients were women. The mean (SD) age
was 32 (7.26) years old, and the mean BMI was 38.89
(7.55) kg/m2. Before surgery, the mean gastric emptying time
was 67.10 (33.43) min. Additionally, the baseline characteris-
tics for metabolic parameters (the levels of glucose, insulin,
and C-peptide in OGTT) are shown below (Table 1).

Gastric Emptying Time

Twenty-one patients (100%) completed the self-
comparison in terms of solid-phase gastric emptying scan.
Compared with baseline levels, gastric emptying time was
significantly decreased at 3 months following LSG
(Table 1; Fig. 2a; P < 0.01). Gastric emptying time at

baseline and change in gastric emptying time were not
significantly correlated with baseline body weight,
%EWL, %TWL (percent of total weight loss), or well as
weight loss (Figure S1 in the Supplementary Appendix;
P > 0.05) but were significantly correlated with HbA1c at
baseline level (Fig. 3; P = 0.03, r = 0.474; P = 0.03, r =
0.470, respectively). However, in terms of fasting glucose,
fasting insulin, and fasting C-peptide levels, there were no
significant correlations shown with gastric emptying time
at baseline (Figure S2 a–c in the Supplementary Appendix;
P > 0.05). In terms of peak and time to peak levels of C-
peptide and insulin, there were no significant correlations
with gastric emptying time at 3 months (Figure S2 d–g in
the Supplementary Appendix; P > 0.05).

Table 1 Changes in body weight, gastric emptying time, and metabolic parameters of LSG from baseline to 3-month follow-up

At baseline At 3 months Mean changes (SD) P value

Number of cases 21 21 – –

Male 8 8

Female 13 13

Age (years old) 32 (7.26) 32 (7.26) – –

Height (m) 1.68 (0.082) 1.68 (0.082) – –

Body weight (kg) 110.45 (27.41) 87.74 (22.05) 22.71 (7.51) 0.000*a

BMI (kg/m2) 38.89 (7.55) 30.89 (6.25) 8.00 (2.23) 0.000*a

Obesity degree# 2 (1.3) 1 (0.3) – 0.000*b

Gastric emptying time (min) 67.10 (33.43) 20.71 (13.81) 46.38 (39.34) 0.000*a

HbA1c (%) 5.91 (1.00) 5.29 (0.46) 1.06 (1.04) 0.007*a

Fasting blood glucose (mmol/L) 4.83 (1.60) 3.55 (0.67) 1.50 (1.81) 0.011*a

Postprandial blood glucose 0.5 h (mmol/L) 9.72 (2.34) 8.62 (2.68) 1.28 (3.69) 0.235a

Postprandial blood glucose 1 h (mmol/L) 10.76 (3.37) 9.21 (3.43) 2.18 (4.17) 0.083a

Postprandial blood glucose 2 h (mmol/L) 9.33 (4.43) 5.58 (2.51) 4.72 (3.57) 0.000*a

Postprandial blood glucose 3 h (mmol/L) 7.02 (4.28) 4.11 (1.48) 4.05 (3.81) 0.002*a

Fasting C peptide (ng/ml) 4.15 (1.58) 2.05 (0.80) – 0.001*b

Postprandial C peptide 0.5 h (ng/ml) 14.85 (18.16) 11.39 (4.64) – 0.972b

Postprandial C peptide 1 h (ng/ml) 17.08 (19.48) 15.35 (7.85) – 0.158b

Postprandial C peptide 2 h (ng/ml) 18.01 (27.19) 9.48 (5.44) – 0.311b

Postprandial C peptide 3 h (ng/ml) 11.37 (15.17) 4.46 (2.68) 4.49 (5.06) 0.008*a

C peptide max (ng/ml) 20.76 (26.43) 15.83 (7.62) – 0.753b

C peptide-time to peak (h) 1.60 (0.87) 1.077 (0.45) – 0.016*b

Fasting insulin (uIU/ml) 20.36 (14.63) 5.70 (3.17) 15.21 (14.86) 0.003*a

Postprandial insulin 0.5 h (uIU/ml) 139.76 (104.53) 132.85 (112.01) 12.41 (123.70) 0.724a

Postprandial insulin 1 h (uIU/ml) 159.10 (125.59) 198.03 (233.58) −69.12 (240.04) 0.320a

Postprandial insulin 2 h (uIU/ml) 152.22 (208.09) 50.57 (60.83) 73.41 (138.95) 0.081a

Postprandial insulin 3 h (uIU/ml) 86.89 (131.99) 11.02 (11.23) – 0.001*b

HOMA-IR 4.34 (3.35) 0.97 (0.61) 3.80 (3.73) 0.003*a

Data are mean (SD) or median (minimum, maximum)

*P < 0.05
# Obese class I = 1, obese class II = 2, obese class III = 3
a Paired samples t tests
bWilcoxon signed ranks tests
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Weight Loss

At 3 months, reductions in body weight, BMI, and degree
of obesity were statistically significant (Table 1; Fig. 2b–d;
P < 0.01 for all self-comparisons). To evaluate predictive
factors of body weight loss, a logistic regression analysis
was conducted. Instead of gastric emptying time at base-
line and change in gastric emptying time, BMI at baseline
could be used as a predictive factor of %EWL within a 3-
month follow-up. According to the univariate analysis,
body weight and BMI at baseline were significant predic-
tive factors for postoperative weight loss (Table 2; both
P < 0.01).

Glycemic Control

In self-comparison, a significant change from baseline to
3 months after LSG showed that HbA1c was decreased by
1.06% (Table 1; P < 0.05), with 11 patients represented in
the data after LSG. As for OGTT, reductions were ob-
served in fasting plasma glucose levels, 2- and 3-h post-
prandial plasma glucose levels, fasting and 3-h postpran-
dial C peptide levels, C peptide-time to peak, and fasting
and 3-h postprandial insulin levels (Table 1; P < 0.05). In
addition, the result of HOMA-IR in self-comparison
showed a significant decrease at 3 months after LSG
(Table 1; P < 0.05).

Fig. 2 Gastric emptying time,
body weight, BMI, and obesity
degree from baseline to 3 months.
a The difference in gastric
emptying time between baseline
and 3 months was statistically
significant (P < 0.01). b The
difference in body weight
between baseline and 3 months
was statistically significant
(P < 0.01). c The difference in
BMI between baseline and
3 months was statistically
significant (P < 0.01). d The
difference in the degree of obesity
between baseline and 3 months
was statistically significant
(P < 0.01)

Fig. 3 Correlation analyses
between gastric emptying time at
baseline, change in gastric
emptying time and HbA1c at
baseline. a The correlation
between gastric emptying time at
baseline and HbA1c at baseline
was statistically significant (P =
0.03, r = 0.474). b The correlation
between change in gastric
emptying time and HbA1c at
baseline was statistically
significant (P = 0.03, r = 0.470)

OBES SURG (2019) 29:617–625 621



Furthermore, we analyzed the shape of the glucose, insulin,
and C-peptide curves during OGTT. In terms of shape of glu-
cose level, C-peptide and insulin levels, there were significant
differences between levels at baseline and 3 months after sur-
gery (Fig. 4; P < 0.001, respectively).

Discussion

Gastric Emptying Time Alteration Features After LSG

The results of this 3-month follow-up self-controlled observa-
tional study showed that the rate of gastric emptying was
accelerated for solids following LSG. This result is in agree-
ment with previous studies using scintigraphic evaluation of
gastric emptying for solids after LSG [14, 16, 17]. However,
in a previously published study evaluating gastric emptying
with semi-solid meal, it was demonstrated that the rate of
gastric emptying was not affected by LSG with antrum pres-
ervation [15]. The residual gastric volume would be relatively
larger without removal of the gastric antrum, and this was
probably the main reason for the difference in results.

The reasons for accelerated gastric emptying may be rele-
vant to specific procedures. These include firstly entire fundus
resection. The gastric fundus reflexively relaxes to comply
and accommodate ingested food, which plays an important
role in the physiology gastric emptying. The fundus has little
phasic activity (with reference to the contractile activity of the

smooth muscle); rather, it has elevated tone (with reference to
resting pressure of the smooth muscle fibers), which contrib-
utes to the movement of ingested food motion from upper to
lower stomach as a result of the pressure tone gradient [11].
After entire fundus resection, the function of the gastric reser-
voir is substantially reduced because initial receptive relaxa-
tion of the proximal stomach and its’ subsequent state of adap-
tive relaxation are eliminated by this procedure. Meanwhile,
the tone of upper stomach might be further elevated, resulting
in an increased pressure gradient, and whichmight account for
the dysphagia and belching after a meal in postoperative pa-
tients. The second procedure this is relevant to is partial corpus
resection. Pacemaker cells, also known as interstitial cells of
Cajal (ICCs), are situated within the Auerbach plexus on the
greater curvature of the stomach, where they generate contrac-
tions within the antrum and pylorus at a rate of three cycles per
minute (cpm). The antrum can contract at a maximum fre-
quency of 3 cpm, and this can be modulated by vagal splanch-
nic and hormonal input at the same time [18]. Following par-
tial corpus resection, the pacesetter potential (also called gas-
tric slow wave) activity is deeply modified leading to the
alteration of maximum frequency. Meanwhile, the neural
and hormonal stimulations remain. If appropriate stimulation
is present (either neural or humoral), then the strength and
amplitude of the gastric slow wave are increased and can be
greatly influenced by these factors [11, 19]. The third proce-
dure this is relevant to is partial antrum resection. The propul-
sion function of the antrum depends upon antral innervation

Table 2 Body weight loss
predictive factors at 3 months
after surgery

Valuables at baseline %EWL ≥ 50% %EWL<50% Univariate logistic
regression analysis

N = 14 N = 7 P Value

Gender 0.346a

Male 4 4

Female 10 3

Age (years) 32.64 (8.62) 30.71 (3.45) 0.579b

Weight (kg) 96.86 (18.12) 137.63 (22.38) 0.000*b

BMI (kg/m2) 34.80 (4.16) 47.06 (5.97) 0.000*b

Gastric emptying (min) 60.93 (25.30) 79.43 (45.51) 0.346b

Change in gastric emptying (min) 40.64 (32.05) 58.00 (52.18) 0.442b

HbA1c (%) 5.76 (0.57) 6.20 (1.57) 0.500b

Fasting C peptide (ng/ml) 5.25 (4.08) 4.05 (1.66) 0.468b

Peak C peptide (ng/ml) 22.79 (32.16) 16.70 (7.68) 0.631b

Peak time of C peptide (h) 1.64 (0.91) 1.50 (0.87) 0.734b

HOMA-IR 3.60 (3.07) 5.82 (3.63) 0.156b

Data are mean (SD)

*P<0.05. Percent excess weight loss (%EWL), %EWL= [(initial weight) − (post-op weight)]/[(initial weight)
− (ideal weight)] (in which Bideal weight^ is defined by the weight corresponding to a BMI of 25 kg/m2 )
a Chi-square tests (Fisher’s exact test)
b Independent-samples t tests
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through the Latarjet’s nerve, which remains almost intact dur-
ing this surgical procedure. This ensures that antropyloric

coordination remains intact, which plays a critical role in the
timing of gastric emptying. Nevertheless, after partial antrum
resection, the volume of lower stomach is visibly decreased.
The process of trituration takes place in lower stomach, and
this depends upon the size of the meal, the caloric content, the
amount of liquid ingested, and the relative amounts of fat,
fiber, protein, and carbohydrates [19]. Given the central role
of antral pump and pylorus, tight dietary management pro-
vides a fundamental therapy for postoperative patients with
obesity.

Correlations Between Glycaemia Levels and Gastric
Emptying Time after LSG

In this study, HbA1c, fasting, and 2-h and 3-h postprandial
glucose levels were significantly decreased. Meanwhile, C-
peptide and insulin levels were substantially ameliorated at
corresponding time points. Prior to the surgical procedure,
the mean (± SD) HbA1c level was 5.91% (± 1.00), with post-
prandial glycemic excursions accounting for about 70% of
variability when HbA1c is < 7.3% [20]. Furthermore, positive
correlations between gastric emptying time/change in gastric
emptying time and HbA1c at baseline were found in this study.
A complex bidirectional relationship exists between gastric
emptying and glycaemia [21]. Persuasive evidence exists that
gastric emptying is a major determinant of postprandial
glycaemia in health, as well as patients with diabetes
[22–24]. The variability in glycaemia following intake of food
is largely attributable to differences in the rate of gastric emp-
tying [25]. This process determines the absolute and relative
rates of release of the incretin hormones, glucagon-like pep-
tide 1 (GLP-1), and gastric inhibitory polypeptide (GIP) from
L cells (in the distal small intestine and colon) and K cells
(locals in the duodenum and jejunum), respectively [19, 21,
26]. This process means that more rapid gastric emptying
increases both GLP-1 and GIP secretion. GLP-1 and GIP
stimulate beta cells in the pancreatic islets to secrete insulin
and GLP-1 suppresses secretion of glucagon from alpha cells;
as a result, postprandial glycaemia is decreased. Even relative-
ly minor variations in gastric emptying can have a substantial
impact on the postprandial glycaemia [22, 23, 27, 28]. This
might account for the curative efficacy of metabolic surgery in
control of glycaemia for diabetes. In addition, we found that
there were no significant correlations between gastric empty-
ing time and fasting C-peptide, fasting insulin, peak, and time

a

b

c

Fig. 4 Glucose, C-peptide, and insulin curve during the OGTT (means
shown). a The difference in the shape of glucose level between baseline
and 3 months was statistically significant (P < 0.001). b The difference in
the shape of C-peptide levels between baseline and 3 months was statis-
tically significant (P < 0.001). c The difference in the shape of insulin
level between baseline and 3 months was statistically significant
(P < 0.001)

R
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to peak levels of C-peptide and insulin. Studies are needed to
establish the mechanisms associated with islet cell function.

Predictive Factors of Weight Loss After LSG

%EWL allows for comparison of individuals with varying
initial weights and varying excess weights, making it useful
as a standard measure of commonly reported weight loss in
metabolic surgery literature [29]. In this study, the %EWL
cutoff is set at 50% at 3 months after LSG. In univariate
logistic regression analysis, it seems that BMI (weight) is a
significant, valuable predictor of weight loss. Furthermore,
lower weight at baseline predicted increased effects of surgery
on weight loss. However, such statistical differences were not
found in terms of baseline gastric emptying time (change in
gastric emptying time). The following reasons for this should
be taken into consideration: firstly, although %EWL has been
the standard metric for reporting weight loss in general, the
disadvantage of using %EWL is that it may not reflect suc-
cessful weight loss in very high BMI patients. In fact, patients
with super-obesity often have lower %EWL than lower BMI
groups despite achieving greater absolute weight loss [29].
Therefore, %EWL has limitations when used as the sole mea-
sure of success following metabolic surgery. Secondly, al-
though the mean level of gastric emptying time (change in
gastric emptying time) is visibly lower in %EWL ≥ 50%
group, the standard deviation (SD) were slightly wider mean-
ing that our sample size was not large.

Limitations

The following limitations to our study should be considered
when interpreting the results. Firstly, the sample size was not
large, albeit similar to or greater than that of previous studies
[14, 16, 17]. Investigation with a larger patient cohort is def-
initely necessary, but the fact that we could already identify
statistically significant changes in this study was encouraging.
Secondly, some clinical data was missed in follow-ups. For
postoperative patients, although intensive follow-ups were
performed according to the guidelines [13], we missed some
data in follow-ups due to the lack of compliance of some
patients. Further investigations with a larger sample size and
increased compliance are still needed to further clarify the
correlation between gastric emptying time and metabolic
surgery.

Conclusions

In conclusion, the rate of gastric emptying was accelerated
following LSG in Chinese patients with obesity. Interestingly,
patients with higher risk of type 2 diabetes at baseline were
observed to have a longer gastric emptying time before

treatment and a significantly shortened emptying time after
surgery. Increased understanding of gastric emptying features
fundamental to gastric motor function might provide opportu-
nities for demonstrating the underlying mechanisms of meta-
bolic surgery on diabetes remission. The alterations of gastric
emptying features after LSG render it an attractive surgical
therapy and research area for individuals with morbid obesity.
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