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Surgery, Urumqi, Xinjiang Uygur Autonomous Region, China, 3Research Institute of General and
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Background: The worsening of gastroesophageal reflux disease (GERD) and

“de novo”GERD after laparoscopic sleeve gastrectomy (LSG) is amajor concern

as it affects the patient’s quality of life; the incidence of GERD after LSG is up to

35%. Laparoscopic sleeve gastrectomy with fundoplication (LSGFD) is a new

procedure which is considered to be better for patients with morbid obesity

and GERD, but there is a lack of objective evidence to support this statement.

This study aimed to assess the effectiveness, safety, and results of LSG and

LSGFD on patients who were morbidly obese with or without GERD over an

average of 34 months follow-up.

Methods: Fifty-six patients who were classified as obese underwent surgery

from January 2018 to January 2020. Patients who were obese and did not have

GERD underwent LSG and patients who were obese and did have GERD

underwent LSFGD. The minimum follow-up time was 22 months and there

were 11 cases lost during the follow-up period. We analyzed the short-term

complications and medium-term results in terms of weight loss, incidence of

de novo GERD/resolution of GERD, and remission of co-morbidities with

follow-up.

Results: A total of 45 patients completed the follow-up and a questionnaire-

based evaluation (GERD-Q), of whom 23 patients underwent LSG and 22

patients underwent LSGFD. We had 1 case of leak after LSGFD.No medium

or long- term complications. The patient’s weight decreased from an average

of 111.6 ± 11.8 Kg to 79.8 ± 12.2 Kg (P = 0.000) after LSG and from 104.3 ± 17.0

Kg to 73.7 ± 13.1 Kg (P = 0.000) after LSGFD. The GERD-Q scores increased

from 6.70 ± 0.5 to 7.26 ± 1.7 (P = 0.016) after LSG and decreased from 8.86 ±
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1.3 to 6.45 ± 0.8 (P = 0.0004) after LSGFD. The incidence of de novo GERD

after LSG was 12 (52.2%) at the 12 month follow-up and 7 (30.4%) at the mean

34 (22–48) month follow-up. The remission of reflux symptoms, for patients

who underwent LSGFD, was seen in 19 (86.4%) of 22 patients at 12 months and

20 (90.9%) of 22 patients at the mean 34 (22-48) month follow-up. The two

groups did not have any significant difference in the effect of weight reduction

and comorbidity resolution.

Conclusion: The incidence of de novo GERD after LSG is high,LSG resulted in

the same weight loss and comorbidity resolution as LSGFD, in patients who are

morbidly obese and experience GERD, and LFDSG prevent the occurrence and

development of GERD, combination of LSG with fundoplication (LSGFD) is a

feasible and safe procedure with good postoperative results,which worthy of

further clinical application.
KEYWORDS

gastroesophageal reflux disease (GERD), laparoscopic sleeve gastrectomy (LSG),
laparoscopic sleeve gastrectomy with fundoplication, de novo GERD after sleeve
gastrectomy, GERD after bariatric surgery
Introduction

Obesity has become a serious public health problem (1).

Recent statistics show that overweight/obesity continues to rise

globally, with more than 2 billion people being overweight and

accounting for approximately 30% of the world population (2).

Gastroesophageal reflux disease (GERD), a known obesity-

related complication, is a condition that occurs when reflux of

stomach contents causes troublesome symptoms such as heart

burn, regurgitation and chest pain (3). According to a meta-

ana lys i s , the g loba l pooled preva lence of week ly

gastroesophageal reflux symptoms is roughly 13% (4).

Interestingly, the incidence of GERD in morbidly obese

patient is up to 73% (5).

Bariatric surgery is considered the most effective therapy for

morbid obesity at present and sleeve gastrectomy (SG) is now

the most widely performed bariatric procedure (6). A large

number of studies have reported good overall results with

regards to surgical safety, resolution of obesity-related

morbidities, and medium-term results for SG (7–9). However,

SG is associated with a high incidence of GERD in long-term

follow-up (10). For this reason, SG is not recommended for

morbid obesity with GERD. Roux-en-Y gastric bypass is the best
stroesophageal reflux

questionnaire; LSG,

ic sleeve gastrectomy

ectomy; TWL, total

02
option for patients with obesity and GERD, but the long-term

follow up to gastric Y-bypass outcomes showed that the

treatment efficacy of gastric bypass on reflux symptoms might

have been overestimated (11). Recently, the invention of a new

surgical approach that reduces the incidence of postoperative

GERD has gained good overall short-term results (12, 13). This

study aimed to assess the effectiveness, safety, and results of

laparoscopic SG (LSG) and LSG combined with fundoplication

(LSGFD) on patients who were morbidly obese with or without

GERD over an average of 34 months follow-up.
Materials and methods

Ethics statement

This study involved human participants and was reviewed

and approved by the Independent Ethics Committee of People’s

Hospital of Xinjiang Uygur Autonomous Region December

2017(NO.2017-94-XJS). We have received patients consent for

participation in this study (operation consent, new technology

consent etc.).
Data sources

This retrospective study analyzed data from Fifty-six

patients who either underwent LSG or the modified anti-reflux

fundoplication procedure (LSGFD) from January 2018 to
frontiersin.org
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January 2020. All the patients were classified as morbidly obese

and were suitable candidates for surgery following the

recommendations of the China Society for Bariatric and

Metabolic Surgery. All the procedures were performed at the

same hospital by a single surgeon who has extensive experience

in laparoscopic bariatric and GERD surgery. The minimum

follow-up time was 22 months and there were 11 cases (5

cases of LSG and 6 cases of LSGFD)lost during the follow-up

period. Of the 45 bariatric surgical procedures performed on
Frontiers in Endocrinology 03
patients, 23 were LSG procedures for patients who did not have

GERD (defined as a DeMeester score of <14.7 or GERD

questionnaire [GERD-Q] score of < 8) and 22 were LSGFD

(Figure 1) for patients who experienced GERD. All patients were

examined preoperative for the severity GERD by means of the

GERD-Q, esophageal 24-hour multichannel intraluminal

impedance, a pH monitoring study, and an upper

gastrointestinal scope to detect reflux disease signs, esophagitis

(classified according to the Los Angeles classification), and
A B

DC

FIGURE 1

Laparoscopic sleeve gastrectomy with fundoplication (LSGFD). (A) Sleeve gastrectomy with preserved fin shaped fundus; (B) Sleeve gastrectomy
with Nissen fundoplication; (C) sleeve gastrectomy with Toupet fundoplication; (D) Sleeve gastrectomy with Dor fundoplication.
frontiersin.org
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Barrett’s esophagus. The preoperative characteristics of the study

population are summarized in Table 1. All patients underwent a

multidisciplinary evaluation preoperative by a psychologist,

dietician, and anesthesiologist; instrumental evaluation

included polysomnography, abdominal ultrasound, and upper

endoscopy. Informed consent for surgery was obtained from

each patient preoperatively. The primary outcome of the study

was the weight loss parameters (% excess weight loss [EWL] and

% total weight loss [TWL]) at a mean of 34 (22–48) months after

surgery. The secondary outcomes include changes in the GERD-

Q, the incidence of de novo GERD (defined as a GERD-Q score

of ≥ 8 at 6 months postoperatively), and the incidence of the

resolution of GERD (defined as a GERD-Q score of < 8 at 6

months postoperatively). The percentage of EWL and TWL were

calculated as follows:

%EWL=100%×(initial BMI-followupBMI)/(initialBMI-23)

%TWL=100%×(initial BMI-followupBMI)/(initialBMI-0)
Surgical technique

Laparoscopic techniques were used for both of the

procedures included in this study.

The procedure for LSG was as follows: After effective general

anesthesia was obtained, routine disinfection of the surgical field

was performed, and four trocars were introduced. The surgeon

stood at the patient’s right side. A 10-mm trocar was inserted

3 cm above the umbilicus (this trocar was used for the insertion

of a 30° angled optic that guaranteed complete intraperitoneal

exploration); a second 5 or 10-mm trocar was inserted 4 cm

below the costal margin in the left midclavicular line; a third

trocar of 5-mm was inserted 2 cm below the costal margin in the

right anterior axillary line; and a fourth trocar of 12 mm was

inserted at the umbilical level in the right midclavicular line. A

2 mm skin incision was made under the xiphoid and a self-made

“S”-shaped thick iron wire liver lobe retractor was inserted (this

retractor was used to expose the lesser curvature of the stomach

around the esophageal cardia). The first surgical step was the

dissociation of the greater curvature, fundus, and posterior wall
Frontiers in Endocrinology 04
of the stomach with the ultrasonic scalpel, starting 3 cm from the

pylorus and ending with the dissociation of the fundus. The

esophagus was intubated with a 36-F bougie which was

advanced to the side of the lesser curvature of the stomach. If

a hiatal hernia was present, it was repaired. The next surgical

step was sleeve gastrectomy which started 3 cm from the pylorus

and ended with the resection of most of the greater gastric

curvature and the fundus. After it was confirmed that there was

no air leakage at the gastric incision margin, the anastomotic

margin of the residual stomach was continuously sutured with a

surgical barbed suture to prevent bleeding and leakage.

The procedure for LSGFD was as follows: The difference

between this surgery and LSG was that a small, fin-shaped part

of the fundus was preserved during gastric resection (Figure 1A).

To ensure the reliability of the weight loss effect, the retained

gastric fundus should not be made too large; approximately 3–4

cm in width and 6–8 cm in length, or enough for appropriate

folding (due to individual differences in esophageal thickness),

and the appearance is similar to that of a fin. The residual gastric

cavity was checked for margin leakage via gastric gas injection,

and the residual gastric suture was continuously stitched to

strengthen the absorbable suture and prevent postoperative

bleeding and fistula formation. A Nissen or Toupet or Dor

fundoplication was performed, depending upon the length of

fundus preserved after the SG (Figures 1B–D).
Statistical analysis

Continuous variables with a normal distribution are

expressed as the mean ± standard deviation. Categorical

variables are expressed with the use of frequencies. To

compare the preoperative and postoperative parameters for

each surgery, we used the X2 test for categorical variables and

Student’s paired t test for continuous data. The independent

samples test was used to compare the parameters between LSG

and LSGFD. A P value of 0.05 was considered statistically

significant. Statistical analyses were performed using SPSS

version 26.0 (IBM Corp., Armonk, N.Y., USA).
TABLE 1 Patient’s demographics and preoperative evaluations.

Parameters LSG (n=23) LSGFD (n=22) P

Sex, % of females 73.9 77.3 0.524

Age (yrs), mean ± SD (range) 36.3± 10.7 (20-57) 37.9 ± 9.1 (21-56) 0.592

Hypertension, n (%) 7 (30.4%) 6 (27.3%) 0.815

Sleep apnea syndrome, n (%) 16 (69.6%) 12 (54.5%) 0.299

Diabetes Mellitus Type II, n (%) 7 (30.4%) 6 (27.3%) 0.815

Weight (Kg), mean ± SD (range) 111.6 ± 11.8 (92-135) 104.3 ± 17.0 (79.5-143) 0.098

BMI (Kg/m2), mean ± SD (range) 39.6 ± 4.5 (33.4-50.8) 38.4 ± 5.7 (31.1-50.2) 0.442
frontiersi
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Results

A total of 45 patients completed the preoperative evaluation,

of whom 23 patients underwent LSG while 22 patients

underwent LSGFD. A questionnaire-based evaluation (GERD-

Q) was completed by trained resident physician. The patient’s

basic demographic characteristics and improvement of weight-

related parameters are shown in Table 1. There were no

significant differences in these parameters between the groups.

Table 2 highlights the preoperative and postoperative data.

Only four trocars were used for all the procedures, and

additional trocars were not necessary. No intraoperative

complications were reported. The perioperative and

postoperative mortality rate was 0%. The mean length of

hospital stay was 7.3 ± 2.1 (range 4–11) days for LSG and

6.5 ± 1.7 (range 3–11) days for LSGFD, there was no significant

difference between the groups. There were no reported medium

or long- term complications following LSG and LSGFD. Major

complications (1(4.3%) LSG vs 2(9.0%) LSGFD): There was one

(4.5%) case of leak after LSGFD. Bleeding was diagnosed in one

(4.3%) patient in LSG group versus one (4.5%) patient in

LSGFD. Minor complications (5(21.7%) LSG vs 5(22.7%)

LSGFD: Nausea & vomiting diagnosed in 3 (13.0%) patients in
Frontiers in Endocrinology 05
LSG and 4 (18.2%) in LSGFD. Wound infections diagnosed in 2

(8.7%)patients in LSG and 1 (4.5%) in LSGFD.

Table 3 shows the changes in weight related evaluation after

LSG and LSGFD, reflected as a significant decrease in weight from

111.6 ± 11.8 Kg to 79.8 ± 12.2 Kg after LSG, and from 104.3 ± 17.0

Kg to 73.7 ± 13.1 Kg after LSGFD.

Table 4 shows the changes in GERD symptoms based on

GERD-Q scores. Interestingly, the GERD-Q scores decreased

after LSGFD (from 8.86 ± 1.3 to 6.45 ± 0.8), while there was an

increase after LSG(from 6.70 ± 0.5 to 7.26 ± 1.7). The scores

indicated a statistical significance in both groups when

compared with the preoperative and postoperative status.

Table 5 demonstrates the follow-up results. The EWL

percent (EWL%) at 6, 12, and the mean of 34 (22–48) months

was 55.2 ± 21.3%, 76.6 ± 21.6%, and 70.2 ± 21.8%, respectively,

after LSG and 53.4 ± 27.8%, 83.3 ± 28.5%, and 77.9 ± 31.3%,

respectively, after LSGFD. The TWL percent (TWL%) at 6, 12,

and the mean of 34 (22–48) months was 22.1 ± 7.6%, 31.0 ±

8.2%, and 28.5 ± 8.1%, respectively, after LSG and 20.0 ± 9.3%,

31.2 ± 8.0%, and 29.0 ± 9.2%, respectively, after LSGFD. The two

groups did not have any significant difference in these

parameters, P > 0.05. The incidence of de novo GERD

(defined as a GERD-Q score ≥ 8) after LSG was 12(52.2%) at
TABLE 2 Perioperative and postoperative data.

Surgical procedure LSG (n=23) LSGFD (n=22) P

Perioperative course

Trocars, n, mean ± SD (range) 4 ± 0 (4) 4 ± 0 (4)

Conversion, n (%) 0 (0) 0 (0)

Postoperative course

Length of hospital stay, d, mean ± SD (range) 7.3 ± 2.1 (4-11) 6.5 ± 1.7 (3-11) 0.150

Major complications (%) 1 (4.3%) 2 (9.0%) 0.483

Bleeding (%) 1 (4.3%) 1 (4.5%) 0.744

Leak (X-rays,endoscopy), n (%) 0 (0) 1 (4.5%) 0.489

Minor complications (%) 5 (21.7%) 5 (22.7%) 0.609

Nausea &vomit(%) 3 (13.0%) 4 (18.2%) 0.474

Wound infections (%) 2 (8.7%) 1 (4.5%) 0.517

Reoperation, n (%) 0 (0) 0 (0)

30-d readmission, n (%) 0 (0) 0 (0)

Deaths, n (%) 0 (0) 0 (0)
frontiersi
SD, standard deviation; LSG, Laparoscopic sleeve gastrectomy; LSGFD, Laparoscopic sleeve gastrectomy with fundoplication.
TABLE 3 Comparison of preoperative and postoperative weight related evaluation after LSG and LSGFD.

LSG (n=23) LSGFD (n=22)

Preoperative Postoperative P value Preoperative Postoperative P value

Weight (Kg), mean ± SD 111.6 ± 11.8 79.8 ± 12.2 0.000* 104.3 ± 17.0 73.7 ± 13.1 0.000*

BMI(Kg/m2), mean ± SD 39.6 ± 4.5 28.3 ± 4.2 0.000* 38.4 ± 5.7 27.3 ± 5.2 0.000*
LSG, Laparoscopic sleeve gastrectomy; LSGFD, Laparoscopic sleeve gastrectomy with fundoplication; BMI, body mass index. *Statistically significant.
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the 12 month and 7 ( 30.4% ) at the mean 34 (22–48) month

follow-up. Remission of reflux symptoms (defined as a GERD-Q

score < 8) was seen in 19 (86.4%) of 22 patients at 12 months and

20 (90.9%) of 22 patients at mean 34 (22–48) months

after LSGFD.
Discussion

The incidence of GERD in patients who are obese is higher

than that of the general population. The prevalence of GERD in

patients who are obese and are considered for bariatric surgery

ranges from 50% to 73% (5, 14–16). The most commonly

performed bariatric procedure in the world is LSG and several

studies have already published the medium and long-term

results which demonstrate positive effects with regard to

weight loss and comorbidity resolution (17, 18). However, LSG

plays an adverse role on the outcomes of GERD (19). In a meta-

analysis, Oor et al. (20) reviewed 33 studies, of which 30 studies

reported the effect of LSG on the prevalence of GERD symptoms,

12 reported a decrease in the postoperative prevalence of GERD

symptoms, and a total of 24 studies reported the incidence of
Frontiers in Endocrinology 06
new-onset GERD symptoms, The incidence of de novo GERD

following LSG can be up to 35% and new-onset esophagitis

ranged from 6.3% to 63.3%.These series have raised significant

concern and debate around the effect of LSG on GERD. The

contributive factors to GERD include a decrease in low

esophageal sphincter(LES) pressure (21), esophageal motility

dysfunction, injury to the anti-reflux barrier (disruption of the

angle of His and division of sling fibers) (22), increased number

of transient LES relaxations, reduction in the compliance of the

gastric (5), and increased gastric pressure (23). There are still

concerns regarding the real effects of LSG on GERD, while Roux-

en-Y gastric bypass has demonstrated a postoperative reduction

of GERD. Therefore, to treatment and prevention the occurrence

or aggravation of GERD after surgery, our research team made

an innovative design LSGFD in 2014, which was confirmed by

the animal experiments and achieved significant weight-loss and

anti-reflux effects.

We chose to perform a LSGFD procedure and aimed to

combine the weight loss effect of bariatric surgery with the anti-

reflux effect of fundoplication to relieve GERD, or prevent the

occurrence of de novoGERD, after LSG. Our study examined the

results of 45 patients who underwent LSG or LSGFD and
TABLE 4 (A) Changes in questionnaire scores after LSG and LSGFD.

Questionnaire LSG (n=23) LSGFD (n=22)

Preoperative Postoperative P value Preoperative Postoperative P value

GERD-Q 6.70 ± 0.5 7.26 ± 1.7 0.016* 8.86 ± 1.3 6.45 ± 0.8 0.0004*

LSG, Laparoscopic sleeve gastrectomy; LSGFD, Laparoscopic sleeve gastrectomy with fundoplication; GERD-Q, gastroesophageal reflux disease questionnaire; *Statistically significant.
front
TABLE 4 (B) Comparison of preoperative and postoperative gastroesophageal reflux disease questionnaire (GERD-Q) scores after LSG and LSGFD.

GERD-Q LSG (n=23) LSGFD (n=22) P value

Preoperative 6.70 ± 0.5 8.86 ± 1.3 0.000*

Postoperative 7.26 ± 1.7 6.45 ± 0.8 0.045*

LSG, Laparoscopic sleeve gastrectomy; LSGFD, Laparoscopic sleeve gastrectomy with fundoplication; *Statistically significant.
TABLE 5 Results of follow-up.

Items 6 months 12 months 24+ months

LSG LSGFD p LSG LSGFD p LSG LSGFD p

Weight (Kg), mean ± SD 87.0 ± 12.9 83.0 ± 13.5 0.319 76.9 ± 11.5 71.4 ± 12.1 0.127 79.8 ± 12.2 73.7 ± 13.1 0.113

BMI (Kg/m2), mean ± SD 30.9 ± 5.1 30.8 ± 5.9 0.931 27.3 ± 4.4 23.6 ± 4.2 0.447 28.3 ± 4.2 27.3 ± 5.2 0.470

EWL (%), mean ± SD 55.2 ± 21.3 53.4 ± 27.8 0.815 76.6 ± 21.6 83.3 ± 28.5 0.371 70.2 ± 21.8 77.9 ± 31.3 0.342

TWL (%), mean ± SD 22.1 ± 7.6 20.0 ± 9.3 0.401 31.0 ± 8.2 31.2 ± 8.0 0.925 28.5 ± 8.1 29.0 ± 9.2 0.847

Other comorbidities

Sleep apnea, n (%) 7 (30.4%) 6 (27.3%) 0.815 2 (8.7%) 3 (13.6%) 0.635 2 (8.7%) 3 (13.6%) 0.560

Hypertension, n (%) 3 (13.0%) 4 (18.2%) 0.634 2 (8.7%) 2 (9.1%) 0.936 2 (8.7%) 2 (9.1%) 0.936

Diabetes, n (%) 1 (4.3%) 2 (9.1%) 0.524 0 (0%) 1(4.5%) 0.301 0 (0%) 0 (0%) –
iersi
LSG, Laparoscopic sleeve gastrectomy; LSGFD, Laparoscopic sleeve gastrectomy with fundoplication; GERD, gastroesophageal reflux disease.
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monitored the patients for an average of 34 months

postoperatively to determine their GERD symptoms and body

weight. This study demonstrated that both procedures resulted

in a decrease in body weight and there was no statistically

significant difference between the two procedures. In addition,

this data showed that a significant resolution of GERD after

LSGFD and that there was a higher incidence of de novo GERD

after LSG, based on the GERD-Q score. Several studies have

examined the short-term effects of SG combined with

fundoplication (sleeve-F) surgery (22). Olmi et al. (12)

reported data for 40 patients affected by morbid obesity and

GERD who concurrently underwent LSG - Rossetti

fundoplication (R-sleeve) and showed good results after

follow-up of 12 months. However, one patient experienced

food bolus. The BMI and %EWL were 31.2Kg/m2 and 61.7%,

respectively, and 95% of the patients were without GERD

symptoms. In 2020, 220 patients with obesity underwent LSG

and a modified Rossetti anti-reflux fundoplication procedure

with good postoperative weight loss results and improvement in

GERD (13). Our study the retained gastric fundus should not be

made too large, which may ensure a good weight loss effect by

removing more gastric tissue and we believe that the folded part

may has little or no contact with food and has little effect on the

secretion of ghrelin hormone. LSGFD with good short-term and

medium-term results in weight loss and GERD resolution, while

the longer term follow-up result needs a further observation in

GERD and weight loss outcomes.

Anatomic changes associated with the LSG procedure may

exacerbate GERD symptoms or induce GERD in previously

asymptomatic patients. The LSGFD procedure preserves the

angle of His and fundoplicatian raises the pressure of the LES

to reduce postoperative GERD, thereby treating and/or reducing

GERD in patients with a preoperative diagnosis. Our results

show that LSG and LSGFD are feasible and safe and no

intraoperative complications were reported however, we had

one case of leak following LSGFD who recovered after 2 weeks of

conservative treatment, other minor complications were cured

after symptomatic treatment before discharge. There are several

innovations in our procedure: 1) We used a self-made “S”-

shaped thick iron wire liver lobe retractor to aid in complete

exploration of the lesser curvature of the stomach, especially

around the esophageal cardia; 2) we performed a fundoplication

depending on the length of the preserved fundus after SG, which

may ensure a good weight loss effect by removing more gastric

tissue and avoid resection of gastric fold tissue than R-sleeve

procedure. In our study, postoperative weight loss was

satisfactory with a higher EWL% following LSGFD than LSG.

There is no statistically significant difference in weight loss effect

between these two procedures. The best weight loss effect was

observed at the 12-month follow-up in both procedures. A

resolution of GERD symptoms was reported in 86.4% and
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90.9% of patients, respectively, at 12 months and the mean 34

(22–48) months after LSGFD. The incidence of de novo GERD

after LSG was 52.2% at the 12 month and 30.4% at the mean 34

(22–48) months follow up.

Our study had some limitations. The retrospective single

center study design had a small population of only 45 patients

may be led to selective bias. The postoperative GERD-related

results were only based on the GERD-Q score and there was a

lack of stronger evidence. Future studies may utilize an objective

data assessment with a 24-hour pH-impedance study. It is

considered short term for bariatric surgery, while the longer

term follow-up result needs a further observation in GERD and

weight loss outcomes.

In conclusion, LSG is the most commonly performed

bariatric surgical procedure and has a good impact on

postoperative weight loss and obesity related morbidities. The

effect of LSG on GERD is controversial and LSG is associated

with higher rate of postoperative GERD. Despite several

limitations, this study highlights that the LSGFD is a feasible

and safe procedure in patients who are morbidly obese with

GERD, as it has good postoperative results. The incidence of de

novo GERD after LSG is high and surgeons should evaluate the

GERD cautiously before the surgery. LFDSG has a good clinical

effect in the treatment of obesity combined with GERD, and

LFDSG prevent the occurrence and development of GERD.

Future studies should utilize objective assessments to create

stronger evidence and make use of a prospective design.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding author.
Ethics statement

This study involved human participants and was reviewed

and approved by the Independent Ethics Committee of People's

Hospital of Xinjiang Uygur Autonomous Region December

2017 (NO.2017-94-XJS). We have received patients consent

for participation in this study (operation consent, new

technology consent etc.).
Author contributions

AA and MM drafted the manuscript and revised the final

version. PM, YT, XL and JC contributed to the investigation
frontiersin.org

https://doi.org/10.3389/fendo.2022.1041889
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Aili et al. 10.3389/fendo.2022.1041889
and interpretation of the literature. KA revised the final draft.

All authors contributed to the article and approved the

submitted version.
Funding

This study was funded by the Research Center of the

National Health Commission of Medical and Health Science

and Technology Development of China (No. WA2020RW25).
Acknowledgments

We would like to thank editage (https://www.editage.cn) for

language editing.
Frontiers in Endocrinology 08
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Mayoral LP, Andrade GM, Mayoral EP, Huerta TH, Canseco SP, Rodal
Canales FJ, et al. Obesity subtypes, related biomarkers & heterogeneity. Indian J
Med Res (2020) 151(1):11–21. doi: 10.4103/ijmr.IJMR_1768_17

2. Caballero B. Humans against obesity: Who will win? Adv Nutr (Bethesda Md)
(2019) 10(suppl_1):S4–9. doi: 10.1093/advances/nmy055

3. Vakil N, van Zanten SV, Kahrilas P, Dent J, Jones RGlobal Consensus Group.
The Montreal definition and classification of gastroesophageal reflux disease: a
global evidence-based consensus. Am J Gastroenterol (2006) 101(8):1900–43.
doi: 10.1111/j.1572-0241.2006.00630.x

4. Eusebi LH, Ratnakumaran R, Yuan Y, Solaymani-Dodaran M, Bazzoli F,
Ford AC. Global prevalence of, and risk factors for, gastro-oesophageal reflux
symptoms: A meta-analysis. Gut (2018) 67(3):430–40. doi: 10.1136/gutjnl-
2016-313589

5. Bou Daher H, Sharara AI. Gastroesophageal reflux disease, obesity and
laparoscopic sleeve gastrectomy: The burning questions. World J Gastroenterol
(2019) 25(33):4805–13. doi: 10.3748/wjg.v25.i33.4805

6. Welbourn R, Hollyman M, Kinsman R, Dixon J, Liem R, Ottosson J, et al.
Bariatric surgery worldwide: Baseline demographic description and one-year
outcomes from the fourth IFSO global registry report 2018. Obes Surg (2019) 29
(3):782–95. doi: 10.1007/s11695-018-3593-1

7. Sakran N, Raziel A, Goitein O, Szold A, Goitein D. Laparoscopic sleeve
gastrectomy for morbid obesity in 3003 patients: Results at a high-volume bariatric
center. Obes Surg (2016) 26(9):2045–50. doi: 10.1007/s11695-016-2063-x

8. Wang X, Chang X, Gao L, Zheng CZ, Zhao X, Yin K, et al. Effectiveness of
laparoscopic sleeve gastrectomy for weight loss and obesity-associated co-
morbidities: a 3-year outcome from mainland Chinese patients. Surg Obes
Related Dis (2016) 12(7):1305–11. doi: 10.1016/j.soard.2016.03.004
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laparoscopic sleeve gastrectomy have any influence on gastroesophageal reflux
disease? preliminary results. Surg Endoscopy (2015) 29(7):1760–8. doi: 10.1007/
s00464-014-3902-2

22. Felinska E, Billeter A, Nickel F, Contin P, Berlth F, Chand B, et al. Do we
understand the pathophysiology of GERD after sleeve gastrectomy? Ann New York
Acad Sci (2020) 1482(1):26–35. doi: 10.1111/nyas.14467

23. Aiolfi A, Micheletto G, Marin J, Rausa E, Bona D. Laparoscopic sleeve-
fundoplication for morbidly obese patients with gastroesophageal reflux: Systematic
review and meta-analysis. Obes Surg (2021) 31(4):1714–21. doi: 10.1007/s11695-020-
05189-6
frontiersin.org

https://www.editage.cn
https://doi.org/10.4103/ijmr.IJMR_1768_17
https://doi.org/10.1093/advances/nmy055
https://doi.org/10.1111/j.1572-0241.2006.00630.x
https://doi.org/10.1136/gutjnl-2016-313589
https://doi.org/10.1136/gutjnl-2016-313589
https://doi.org/10.3748/wjg.v25.i33.4805
https://doi.org/10.1007/s11695-018-3593-1
https://doi.org/10.1007/s11695-016-2063-x
https://doi.org/10.1016/j.soard.2016.03.004
https://doi.org/10.1016/j.circir.2015.10.013
https://doi.org/10.1007/s11695-018-3399-1
https://doi.org/10.1111/apt.15274
https://doi.org/10.1016/j.soard.2017.08.017
https://doi.org/10.1016/j.soard.2020.03.029
https://doi.org/10.1001/jamasurg.2013.4323
https://doi.org/10.1016/j.dld.2019.04.010
https://doi.org/10.1007/s11695-007-9166-3
https://doi.org/10.1007/s11695-007-9166-3
https://doi.org/10.1016/j.ijsu.2019.11.013
https://doi.org/10.1001/jama.2017.20897
https://doi.org/10.1007/s11695-019-04218-3
https://doi.org/10.1007/s11695-019-04218-3
https://doi.org/10.1016/j.amjsurg.2015.05.031
https://doi.org/10.1007/s00464-014-3902-2
https://doi.org/10.1007/s00464-014-3902-2
https://doi.org/10.1111/nyas.14467
https://doi.org/10.1007/s11695-020-05189-6
https://doi.org/10.1007/s11695-020-05189-6
https://doi.org/10.3389/fendo.2022.1041889
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Gastroesophageal reflux related changes after sleeve gastrectomy and sleeve gastrectomy with fundoplication: A retrospective single center study
	Introduction
	Materials and methods
	Ethics statement
	Data sources
	Surgical technique
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


