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Introduction

Over the last dozen or so years, the statistics re-
garding bariatric surgeries have changed. At the be-
ginning of this millennium, Roux-en-Y gastric bypass 
(RYGB) was dominant, and 20 years later we have 
the advantage of laparoscopic sleeve gastrectomy 
(SG) [1]. The SG procedure appears to produce excel-
lent long-term results and low risk of complications 
[2–4]. The increase in SG performance is influenced 
by the remission of obesity-related diseases and the 
stability of weight loss. However, the occurrence of 

gastroesophageal reflux (GERD) after SG remains 
controversial and questionable [2, 5, 6].

Typical symptoms of GERD are heartburn, oe-
sophageal chest pain, and regurgitation [7, 8]. Ac-
cording to the Lyon consensus 2.0, endoscopy and/
or 24-hour pH-impedance monitoring should be per-
formed to confirm the diagnosis [7]. The Los Ange-
les (LA) scale is used in gastroscopy [7]. All cases of 
grade B LA can be diagnosed as GERD [9]. LA-A may 
occur in up to 7.5% of the population, and in some 
patients gastroscopy may not show any changes 
(non-erosive GERD – NERD) [10]. Therefore, further 
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A b s t r a c t

Introduction: Sleeve gastrectomy (SG) is currently the most frequently performed bariatric procedure in the world. 
However, the occurrence of gastroesophageal reflux disease (GERD) after SG remains controversial and questionable.
Aim: To determine the occurrence of GERD after SG using a pH-monitoring study.
Material and methods: This is a prospective study involving patients undergoing SG in one surgical centre. Inclusion 
criteria were eligibility for bariatric surgery, no symptoms of GERD, normal gastroscopy, and pH-monitoring before 
the surgery. Postoperative examinations were performed 6 months after surgery.
Results: A total of 38 patients were analysed in the study. The mean age was 44.9 years, and the mean preoperative 
BMI was 42.6 kg/m2. Before surgery, all patients had normal pH values. After surgery, mean acid exposure time (AET), 
number of refluxes, and DeMeester score increased statistically significantly (p < 0.001). 27 (71.1%) patients each 
had AET > 6%, but only 9 (23.7%) reported GERD symptoms and the need for PPIs. The correlation between AET and 
%TWL was moderate positive, and the correlation between DeMeester score and %TWL was low positive (p = 0.011, 
p = 0.014, respectively).
Conclusions: GERD after SG seems to be a significant problem. More than two-thirds of patients had de novo GERD 
after SG in pH-monitoring, but only one-quarter of them required PPIs.
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tests are needed to make a diagnosis. PH-monitor-
ing is an objective method to investigate the actual 
degree of gastric regurgitation. Normal limits include 
acid exposure time less than 4% (AET < 4%) and less 
than 40 reflux episodes [11]. The diagnosis is con-
firmed by pH monitoring above 6% AET and above 
80 reflux in a 24-hour test [7]. Due to reports of the 
occurrence of reflux in patients after SG, we decid-
ed to design an objective study assessing the occur-
rence of reflux de novo. The study included asymp-
tomatic patients with 24-hour pH-monitoring before 
and 6 months after surgery. 

Aim

The aim of the study was to determine the occur-
rence of GERD after SG. The secondary outcome was 
early weight loss after the surgery.

Material and methods

Study design

This is a prospective study of patients undergo-
ing SG at a high-volume centre in a European coun-
try in 2022. Inclusion criteria included meeting the 
eligibility criteria for bariatric surgery, no symptoms 
of GERD, normal gastroscopy, normal pH-monitor-
ing, and no evidence of hiatal hernia during lapa-
roscopy. Exclusion criteria were as follows: unwill-
ingness to participate in the study and follow-up, 
symptoms of GERD, presence of LA oesophagitis 
grade A–D, Barrett’s oesophagus, symptoms of hi-
atal hernia or cardia failure on gastroscopy, more 
than 6% AET and more than 80 episodes of reflux 
during pH-monitoring, or symptoms of hernia hia-
tus intraoperatively.

The group qualified for analysis included 50 pa-
tients. The database included patient demographic 
characteristics (sex, age, maximum weight, preoper-
ative weight, body mass index (BMI)). It also includ-
ed information on preoperative gastroscopy, preop-
erative and postoperative pH monitoring, surgery, 
and the results of bariatric treatment (current body 
weight and BMI, percentage of total body weight 
loss (%TWL)). Preoperative examinations were per-
formed up to 1 month before surgery. Postoperative 
examinations were performed 6 months after sur-
gery. Four patients refused postoperative examina-
tion. The follow-up rate was 92%. The study is in line 
with STROBE guidelines.

Surgical technique

SG was performed according to standard tech-
nique [12]. The sleeve was created using a 36Fr cal-
ibration cart, starting approximately 3–4 cm proxi-
mal to the pylorus and ending approximately 1 cm 
distal to the gastroesophageal junction to maintain 
the angle of His. A Signia stapler (Medtronic) was 
used, starting with the black cartilage, then 2 pur-
ple cartilages and 2-3 gold cartilages. Clips were 
used in the bleeding spots of the staple lines. There 
was no other staple line reinforcement. No repair 
of the diaphragm crura was performed during any 
surgery.

pH-monitoring

24-hour pH-monitoring was performed using 
single-use catheters with electrode and impedance 
(Digitrapper pH Z, Given Imaging). The study was 
performed on an outpatient basis. PPIs were discon-
tinued for at least 14 days before the study. Patients 
were told not to modify their daily habits. After cal-
ibration in buffers of pH 4.0 and 7.0, the catheter 
was introduced transnasally and positioned with 
the pH sensor 5 cm above the gastroesophageal 
junction. 

Statistical analysis

A descriptive statistical analysis was conducted. 
All data were analysed using Statistica software 
13.PL (StatSoft Inc.). The minimum required sam-
ple size of 37 was calculated using Cochran Sample 
size formula based on a margin of error of α = 0.05, 
a confidence level of 95%, and population propor-
tion of 0.1. Continuous values were presented as 
the mean with standard deviation. Qualitative and 
quantitative variables were compared using the c2 
or Kruskal-Wallis test when appropriate. Univariate 
logistic regression was performed to calculate the 
OR with 95% confidence interval (CI). The Pear-
son’s correlation between pH-monitoring values 
and patients characteristics was performed. P-val-
ues at less than 0.05 were considered statistically 
significant.

Ethical considerations

The data were completely anonymised. The study 
was conducted in accordance with the ethical stan-
dards of the 1964 Declaration of Helsinki and its 
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subsequent amendments. The study was approved 
by Bioethics Committee of the Military Chamber of 
Physicians in Poland (20/2022). The study was regis-
tered under the number NCT05486169.

Results

Patients’ characteristic

In total, 50 patients met the preoperative inclu-
sion criteria. Twelve patients were excluded from the 
postoperative pH-monitoring (Figure 1). Five patients 
were excluded from the study due to the intraopera-
tive diagnosis of hiatal hernia requiring cruroplasty. 
Two patients were excluded due to catheter intol-
erance after the surgery. One patient became preg-
nant in the early postoperative period. Four patients  
refused postoperative examination, claiming that it 
was not necessary due to the lack of GERD symp-
toms. Thirty-eight patients were analysed in the 
study. There were 28 (73.9%) females. The mean age 
was 44.9 ±11.0 years. The mean preoperative BMI 
was 42.6 ±5.0 kg/m2. The mean length of hospital 
stay was 1.0 ±0.2 days, and the mean operative time 
was 37.6 ±8.8 min. There were no complications or 
mortality within the first 6 months after surgery.

pH-monitoring outcomes

Before surgery, all patients had normal pH-moni-
toring values. After surgery, the mean AET, the num-
ber of refluxes, and the DeMeester score increased 
statistically significantly (p < 0.001) (Table I). Post-
operatively, mean values reflected the diagnosis of 
GERD. Only 11 (28.9%) patients had AET < 6%. Twen-
ty-seven (71.1%) patients had AET > 6%, which met 
the GERD criteria, but only 9 (23.7%) reported symp-
toms of GERD and the need for PPIs. There were no 
statistically significant differences between the diag-
nosis of GERD and patients’ characteristics (Table II). 

Moreover, all available factors contributing to  
< 6% AET after surgery were analysed in univariate 

Figure 1. Flow chart of the study

50 asymptomatic patients underwent LSG

Exclusion: 
n = 5 Hiatal hernia
n = 1 Pregnancy
n = 2 Catheter intolerance
n = 4 Refusal

38 patients enrolled in the study

Table I. The values of parameters of pH-monitoring before and after the surgery

Variable Before surgery After surgery P-value

Value Min.–max. Value Min.–max.

Acid exposure time 1.73 0–4.5 9.92 1.6–37.1 < 0.001

Number of refluxes 34.6 5–78 131.3 40–508 < 0.001

DeMeester score 7.47 0.4–16.2 39.0 6.1–138.4 < 0.001

Table II. Characteristics of patients. Patients are divided into those whose acid exposure time (AET) after 
the procedure was above 6% and after the procedure below 6%

Variable AET < 6% AET > 6% P-value

N (%) 11 (28.9) 27 (71.1)

Female/male, n (%) 8/3 (72.7) 20/7 (74.1) 0.932

Age [years] mean (SD) 42.8 (8.6) 45.7 (12.5) 0.529

BMI [kg/m2] mean (SD) 44.1 (6.1) 42.0 (4.6) 0.303

Operative time [min] mean (SD) 38.2 (10.3) 37.4 (8.5) 0.841

Length of stay [days] mean (SD) 1.0 (0.0) 1.0 (0.2) 0.009

Actual BMI [kg/m2] mean (SD) 32.1 (7.0) 29.6 (4.6) 0.489

%TWL, % (SD) 27.8 (6.0) 29.4 (9.0) 0.987

%EWL, % (SD) 68.9 (22.3) 74.6 (21.2) 0.711
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logistic regression model. No statistically significant 
results were found (Table III).

A Pearson’s correlation was performed between 
pH-monitoring values and patients’ characteristics 
(Table IV). The correlation between AET and %TWL 
was moderate positive, and the correlation between 
DeMeester score and %TWL was low positive (p = 
0.011, p = 0.014, respectively) (Figures 2 and 3).

Discussion

This prospective observational study aimed to 
assess the real occurrence of de novo GERD in pa-

tients after SG. The study, which involved pre- and 
post-operative pH-monitoring, revealed that over 
two-thirds of patients met the criteria for GERD after 
the surgery.

There is no clear cause of GERD after SG; it is 
a multifactorial disease. Lower oesophageal sphinc-
ter (LES) is one of the most important components 
of the anti-reflux barrier. The occurrence of reflux 
after SG is associated with an increase in transient 
LES relaxations (TLESR) lasting several seconds [13]. 
Some authors attributed this phenomenon to the 
shortening of the LES resulting from the surgical 

Table III. Univariate logistic regression analysis for factors contributing to AET <6% after the surgery. (AET 
acid exposure time, BMI body mass index, %EWL percentage of excess weight loss, %TWL percentage of 
total weight loss)

Variable OR 95% CI P-value

Gender, woman 1.071 0.22–5.21 0.932

Age 0.975 0.91–1.04 0.975

BMI before surgery 1.088 0.95–1.25 0.241

Operative time 1.010 0.93–1.09 0.806

Actual BMI 1.088 0.95–1.23 0.209

%EWL 0.987 0.95–1.02 0.454

%TWL 0.976 0.89–1.07 0.601

Table IV. The Pearson correlation between pH-monitoring values (AET, RFX, DM) and patients’ character-
istic. (AET acid exposure time, RFX refluxes, DM DeMeester score, preBMI preoperative body mass index, 
%EWL percentage of excess weight loss, %TWL percentage of total weight loss). Statically significant, bold

Variable Age P-value preBMI P-value %EWL P-value %TWL P-value

AET –0.061 0.714 0.109 0.515 0.242 0.143 0.409 0.011

RFX –0.059 0.723 0.139 0.405 0.146 0.380 0.287 0.080

DM –0.054 0.746 0.133 0.423 0.220 0.184 0.397 0.014

Figure 2. Correlation chart of AET after the sur-
gery and %TWL

Figure 3. Correlation chart of DeMeester score 
after the surgery and %TWL
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technique used and a neuromediated reflex initiat-
ed by postprandial gastric distension [14]. Others 
look for problems in oesophageal motility disorders. 
Another factor predisposing to the development 
of GERD after surgery is the disruption of another 
point of the anti-reflux barrier, which is the angle of 
His. The closer to the angle of His we move the sta-
pler, the more it will disturb its functions, which will 
result in a  greater risk of GERD after surgery [15]. 
Moreover, the shape of the remaining stomach may 
be responsible for the occurrence of GERD [13]. Any 
narrowing in the sleeve may cause increases in pres-
sure above it, and thus symptoms of reflux. 

In the 10-year follow-up of the SLEEVPASS ran-
domised clinical trial, the incidence of oesophagitis 
after SG was 31% [2]. Moreover, as many as 64% 
of patients must continue to take PPIs after surgery, 
and in almost 50% symptoms worsened after sur-
gery. Yeung et al. prepared a meta-analysis on reflux 
after GERD [16]. According to their study, 23% of pa-
tients experience de novo reflux after surgery, and 
up to 30% experience oesophagitis. These data are 
heterogeneous but do not change the reality that 
GERD after SG is a problem.

Sethi et al. demonstrated on a  small number of 
patients who they examined before surgery using 
pH-monitoring [17] that those with a  positive pre-
operative test had a higher risk of conversion to by-
pass after SG compared with patients who were also 
symptomatic before the procedure but had negative 
pH-monitoring. Soliman et al. came to similar con-
clusions [18]. A  larger study than the previous one 
showed that the correlation of preoperative symp-
toms with a positive pH-metric test is also a risk factor 
for the occurrence of GERD symptoms after surgery.

Few authors published the results of an analysis 
of preoperative and postoperative objective tests in 
patients regardless of symptoms of GERD [19, 20]. 
Poggi et al. performed pH measurements in 60 pa-
tients before and 12–24 months after surgery [19]. 
Before surgery, 35% of patients had an elevated 
DeMeester score, and after surgery it increased to 
83.3% (from 16.71 ±12.78 to 42.88 ±32.08). De novo 
reflux was found in 79.48% of patients. Gemici et al. 
showed a  statistically significant difference in AET 
before and 3 months after SG in 62 patients (5.06 
±4.14 vs. 9.84 ±8.09) [20]. The data provided are 
consistent with ours.

Completely opposite results were presented by 
Castagneto-Gissey et al. [21]. They observed no sig-

nificant statistical differences between preoperative 
and postoperative examinations in patients after SG. 
A trend towards improvement can even be observed 
(AET < 4% 10.7 vs. 4.4; number of refluxes 78.8 vs. 
40.7). However, they observed a significant increase 
in oesophagitis before and after the surgery (10.5% 
vs. 42.1%). According to their study, pH-monitoring 
is not a good test for assessing reflux after SG due to 
differences in its results and those in imaging tests. 
Better postoperative pH-metric results were also 
observed by Chern et al.; however, 20 out of 25 pa-
tients analysed by them had synchronous hiatal her-
nia repair and fixation performed [22]. Nonetheless, 
this is contrary to the results of other studies [23].

A very interesting work was published by There-
aux et al. [24]. They examined patients with normal 
and abnormal pH-monitoring results before and af-
ter surgery. In the group of 21 patients with normal 
pH-metry, AET increased significantly after SG (1.6 
vs. 5.6). However, 19 patients initially diagnosed with 
GERD achieved statistically insignificant improve-
ment (7.7 vs. 5.9). Patients with visible intraopera-
tive hiatal hernia had it repaired at the same time. 
This is consistent with the results of our study that 
in patients initially asymptomatic and with normal 
pH-metry, the parameters significantly deteriorate.

This study has strengths and stands out among 
other works. All patients analysed in this study had no 
subjective or objective symptoms of GERD before sur-
gery. We also excluded patients with anatomical ab-
normalities, such as intraoperative observation of a hi-
atal hernia. The surgeries were performed by a team 
of 2 surgeons working together, performing over 500 
operations a year, which minimises the risk of intra-
operative differences and analysis bias. The person 
performing pH-monitoring also had a few years of ex-
perience in conducting over 100 tests per year.

Our paper also has some limitations. We analysed 
a small group of patients, but the group was homo-
geneous, which can be applied to a broader popula-
tion of patients. Moreover, we did not assess GERD 
preoperatively using a  questionnaire or other tests 
including manometry, nor did we perform endoscopic 
examinations after surgery. In the future, it is worth 
presenting the results of studies in these patients, 
including imaging tests and longer follow-up.

Conclusions

GERD after SG seems to be a significant problem. 
According to our analysis of preoperatively asymp-
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tomatic patients, 71.1% of them had GERD de novo 
after SG in pH-monitoring, but only 23.7% of them 
needed PPI administration. 

Acknowledgments

The research was carried out thanks to funding 
from the “Miniatura 5” grant from the National Sci-
ence Centre.

Ethical approval

The study was approved by Bioethics Commit-
tee of the Military Chamber of Physicians in Poland 
(20/2022).

Conflict of interest

The authors declare no conflict of interest.

References

1.	 Angrisani L, Santonicola A, Iovino P, et al. Bariatric surgery sur-

vey 2018: similarities and disparities among the 5 IFSO Chap-

ters. Obes Surg 2021; 31: 1937-48.

2.	Salminen P, Grönroos S, Helmiö M, et al. Effect of laparoscopic 

sleeve gastrectomy vs Roux-en-Y gastric bypass on weight loss, 

comorbidities, and reflux at 10 years in adult patients with obe-

sity: the SLEEVEPASS randomized clinical trial. JAMA Surg 2022; 

157: 656-66. 

3.	 Peterli R, Wölnerhanssen BK, Peters T, et al. Effect of laparo-

scopic sleeve gastrectomy vs laparoscopic Roux-en-Y gastric 

bypass on weight loss in patients with morbid obesity: the  

SM-BOSS randomized clinical trial. JAMA 2018; 319: 255-65. 

4.	 Janik MR, Jędras K, Golik D, et al. Influence of staple line rein-

forcement on the occurrence of bleeding complications follow-

ing laparoscopic sleeve gastrectomy: a retrospective analysis. 

Videosurgery Miniinv 2023; 18: 665-70.

5.	 Balla A, Meoli F, Palmieri L, et al. Manometric and pH-monitor-

ing changes after laparoscopic sleeve gastrectomy: a systemat-

ic review. Langenbecks Arch Surg 2021; 406: 2591-609. 

6.	Gyawali CP, Yadlapati R, Fass R, et al. Updates to the modern 

diagnosis of GERD: Lyon consensus 2.0. Gut 2024; 73: 361-71. 

7.	 Małczak P, Pisarska-Adamczyk M, Zarzycki P, et al. Hiatal her-

nia repair during laparoscopic sleeve gastrectomy: systematic 

review and meta-analysis on gastroesophageal reflux disease 

symptoms changes. Pol Przegl Chir 2021; 93: 1-5.

8.	Dowgiałło-Gornowicz N, Waczyński K, Waczyńska K, et al. Sin-

gle anastomosis sleeve ileal (SASI) bypass as a  primary and 

revisional procedure: a single-centre experience. Videosurgery 

Miniinv 2023; 18: 510-5. 

9.	Visaggi P, Del Corso G, Gyawali CP, et al. Ambulatory pH-im-

pedance findings confirm that grade B esophagitis provides 

objective diagnosis of gastroesophageal reflux disease. Am  

J Gastroenterol 2023; 118: 794-801. 

10.	 Takashima T, Iwakiri R, Sakata Y, et al. Endoscopic reflux esoph-
agitis and Helicobacter pylori infection in young healthy Japa-
nese volunteers. Digestion 2012; 86: 55-8. 

11.	 Sifrim D, Roman S, Savarino E, et al. Normal values and regional 
differences in oesophageal impedance-pH metrics: a consen-
sus analysis of impedance-pH studies from around the world. 
Gut 2020:gutjnl-2020-322627. 

12.	 Bhandari M, Fobi MAL, Buchwald JN; Bariatric Metabolic Sur-
gery Standardization (BMSS) Working Group: Standardization 
of Bariatric Metabolic Procedures: World Consensus Meeting 
Statement. Obes Surg 2019; 29: 309-45. 

13.	 Felinska E, Billeter A, Nickel F, et al. Do we understand the 
pathophysiology of GERD after sleeve gastrectomy? Ann  
N Y Acad Sci 2020; 1482: 26-35. 

14.	 Bou Daher H, Sharara AI. Gastroesophageal reflux disease, obe-
sity and laparoscopic sleeve gastrectomy: the burning ques-
tions. World J Gastroenterol 2019; 25: 4805-13. 

15.	 Petersen WV, Meile T, Küper MA, et al. Functional importance 
of laparoscopic sleeve gastrectomy for the lower esophageal 
sphincter in patients with morbid obesity. Obes Surg 2012; 22: 
360-6.

16.	 Yeung KTD, Penney N, Ashrafian L, et al. Does sleeve gastrecto-
my expose the distal esophagus to severe reflux? A systematic 
review and meta-analysis. Ann Surg 2020; 271: 257-65. 

17.	 Sethi I, Aicher A, Cheema F, et al. Postoperative outcomes for 
sleeve gastrectomy patients with positive pH-defined GERD. 
Surg Endosc 2023; 37: 6861-6. 

18.	 Soliman H, Coupaye M, Cohen-Sors B, et al. Do preoperative 
esophageal pH monitoring and high-resolution manometry 
predict symptoms of GERD after sleeve gastrectomy? Obes 
Surg 2021; 31: 3490-7. 

19.	 Poggi L, Bernui GM, Romani DA, et al. Persistent and de novo 
GERD after sleeve gastrectomy: manometric and pH-imped-
ance study findings. Obes Surg 2023; 33: 87-93. 

20.	Gemici E, Kones O, Seyit H, et al. Outcomes of laparoscopic 
sleeve gastrectomy by means of esophageal manometry and 
pH-metry, before and after surgery. Videosurgery Miniinv 2020; 
15: 129-35. 

21.	 Castagneto-Gissey L, Genco A, Del Corpo G, et al. Sleeve gas-
trectomy and gastroesophageal reflux: a comprehensive endo-
scopic and pH-manometric prospective study. Surg Obes Relat 
Dis 2020; 16: 1629-37. 

22.	 Balla A, Meoli F, Palmieri L, et al. Manometric and pH-monitor-
ing changes after laparoscopic sleeve gastrectomy: a systemat-
ic review. Langenbecks Arch Surg 2021; 406: 2591-609. 

23.	 Chern TY, Chan DL, Maani J, et al. High-resolution impedance ma-
nometry and 24-hour multichannel intraluminal impedance with 
pH testing before and after sleeve gastrectomy: de novo reflux in 
a prospective series. Surg Obes Relat Dis 2021; 17: 329-37. 

24.	 Thereaux J, Barsamian C, Bretault M, et al. pH monitoring of 
gastro-oesophageal reflux before and after laparoscopic sleeve 
gastrectomy. Br J Surg 2016; 103: 399-406. 

Received: 14.02.2024
Accepted: 24.03.2024
Online publication: 3.04.2024


	_Hlk155036596
	_Hlk155036528
	_Hlk155036875
	_Hlk155037069
	_Hlk155037553

