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Abstract
Introduction The impact of laparoscopic sleeve gastrectomy (LSG) on gastroesophageal reflux disease (GERD) has not 
been widely quantified, and the data in the literature remain controversial.
Materials and Methods Candidates for LSG underwent barium swallow, esophageal manometry, ambulatory 24-h esopha-
geal pH monitoring (APM), and gastric emptying scintigraphy before and after surgery (1 and 18 months). Symptoms were 
evaluated using a gastroesophageal reflux disease questionnaire (GERDq). Esophagogastroduodenoscopy was performed 
preoperatively in all patients and at 18 months postoperatively in patients who had suffered from preoperative esophagitis.
Results Fifty-two patients were included in the study (64.4% women and 34.6% men) with a median age of 46 years (25–
63 years) and BMI of 45.0 ± 5.6 kg/m2. The follow-up rates at 1 and 18 months were 82.7% and 80.8%. At 18 months, the 
percentage of weight loss (%TWL) was 33.6 ± 10.4% and the percentage of excess BMI loss (%EBMIL) was 77.6 ± 25%. 
Postoperatively, a significant increase in accelerated gastric emptying and impaired esophageal body motility occurred at 1 
and 18 months. A significant worsening of all the values obtained at both 1 and 18 months postoperatively becomes evident 
when comparing the results of the APM. After surgery, 76.4% of patients had developed “de novo” GERD at 1 month and 
41% at 18 months. No improvement was found in patients with symptomatic GERD.
Conclusion Based on the results of this study, LSG led to a considerable rate of postoperative “de novo” GERD. In addition, 
no improvement was found in patients with symptomatic GERD.

Keywords Morbid obesity · Laparoscopic sleeve gastrectomy · Gastroesophageal reflux disease · 24-h pH monitoring · 
Esophageal intraluminal manometry · Gastric emptying scintigraphy

Introduction

Laparoscopic sleeve gastrectomy (LSG) has become a popu-
lar technique as a definitive operation for morbid obesity and 
has proven to be safe with excellent results in weight loss 
and long-term resolution of comorbidities [1, 2].

However, despite being a widely implemented surgery, 
one of the technique’s limitations is the postoperative pres-
ence of gastroesophageal reflux disease (GERD). Many 
studies have evaluated the effects of LSG in GERD, with 
controversial findings, but few studies have been conducted 
with an objective analysis. The Bariatric Outcomes Longi-
tudinal Database, which has the highest published casuistry, 
quantifies the prevalence of GERD as 44.5% for preoperative 
GERD-related symptoms, 37.4% for postoperative GERD-
related symptoms, and 8.6% for “de novo” GERD [3, 4]. 

Key Points  
• LSG led to a considerable rate of postoperative “de novo” GERD. 
• The clearance of acid in the distal esophagus is decreased after sleeve  
   gastrectomy.
• Patients with symptomatic GERD do not experience an improvement  
   after LSG.
• Preoperative study of GERD symptomatology and EGD seems appropriate.
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The latter percentage is as high as 20% in a recent meta-
analysis that discusses the effect of LSG on the prevalence 
of GERD [5].

Neither the true impact of GERD post-LSG nor the mech-
anisms affecting the occurrence of reflux after the technique 
[6, 7] have been discovered. However, there seem to be alter-
ations in the anatomy and physiology of the esophagogastric 
junction [8–10], changes in intragastric pressure [11], and 
alterations in gastric emptying [12].

The aim of this study was to discover the prevalence of 
GERD in patients with morbid obesity who underwent LSG, 
assess the anatomical and functional changes that may occur 
in the esophagogastric junction postoperatively, and analyze 
their influence on the physiopathology of GERD.

Materials and Methods

Quasi-experimental study with a within-subject design, pre- 
and postoperatively, on a 52-patient sample with morbid 
obesity who met the National Institutes of Health criteria 
[13] and who underwent LSG surgery between January 2016 
and June 2019.

The Ethics Committee of the hospital approved the study, 
and informed consent was obtained from all patients.

Inclusion and Exclusion Criteria

This study includes morbidly obese patients with or without 
mild GERD symptoms according to the gastroesophageal 
reflux disease questionnaire (GERDq) [14].

Patients with severe GERD symptoms, large hiatus her-
nia, severe esophagitis or Barrett’s esophagus, and/or a his-
tory of upper gastrointestinal surgery were excluded.

GERD Assessment

GERD assessment focuses on three pillars: symptoms, 
endoscopy, and functional testing, and the definition of the 
clinical phenotype variable of GERD is based on the three 
main consensuses currently used to define GERD: the Mon-
treal classification that defines the disease by means of its 
symptoms and its complications [15], the Lyon Consensus 
that facilitates the interpretation of reflux studies that estab-
lish or refute the diagnosis [16], and the Rome IV criteria 
on functional digestive disorders [17]. Objective evidence 
of GERD has been defined as esophageal acid exposure time 
(AET) > 6% or AET 4–6% and adjunctive findings: reflux 
episodes > 80 and/or endoscopic esophagitis and/or motility 
findings in GERD.

The clinical phenotypes of GERD have therefore been 
defined as follows: symptomatic GERD, silent GERD, func-
tional esophageal disorder, and absence of GERD.

Asymptomatic patients without objective evidence of 
GERD were considered non-GERD cases; asymptomatic 
patients with objective evidence of GERD were consid-
ered silent GERD cases; symptomatic patients with objec-
tive evidence of GERD were considered symptomatic 
GERD cases; and symptomatic patients without objective 
evidence of GERD were considered cases of functional 
esophageal disorder.

The presence of symptomatic GERD, silent GERD, or 
functional esophageal disorder in patients who had not 
previously suffered from GERD was considered “de novo” 
GERD cases.

Assessment of GERD was conducted preoperatively 
and at 1 and 18 months postoperatively by means of the 
GERDq questionnaire, barium swallow examination, 
gastric emptying scintigraphy, standard manometry, and 
ambulatory esophageal pH monitoring (APM). An esoph-
agogastroduodenoscopy with esophageal biopsy was per-
formed preoperatively on all patients included in the study 
and was repeated at 18 months postoperatively for patients 
who presented esophagitis before surgery. The presence 
of esophagitis was determined according to Los Angeles 
classification [18].

The GERDq questionnaire, designed according to the 
Montreal definition and based on typical symptoms, was 
used to establish a quantitative analysis of the symptoms 
associated with GERD, giving a total GERD score ranging 
from 0 to 18. The cut-off point was established at 8 [14, 19]. 
The severity of symptoms was scored as “no symptoms,” 
“mild symptoms,” or “severe symptoms.”

For APM, the reference values followed were those of 
the DeMeester score [20], and for manometry, those of the 
Spanish Group for the study of Digestive Motility [21]. 
Length and resting pressure of the lower esophageal sphinc-
ter (LES) and mean amplitude of the waves in the distal third 
of the esophagus were analyzed.

All patients with “severe symptoms” (based on the 
GERDq questionnaire) showed pathological pH-metry 
results and met the exclusion criterion for sleeve gastrectomy 
according to the center’s therapeutic protocol; these patients 
underwent a gastric bypass.

The presence of hiatus hernia and gastric volume were 
evaluated by means of a barium swallow examination 
according to a previously described technique using geo-
metric formulas for the gastric body (cylinder) and antrum 
(truncated cone) [22].

Gastric emptying scintigraphy was conducted after inges-
tion of  TC99m sulfur colloid labeled solid food. Images were 
obtained using a gamma camera at 0, 30, 60, 120, 180, and 
240 min. Calculations were made to determine the gastric 
emptying half time  (T½) and the percent gastric retention at 
2 h and 4 h. Gastric emptying rate was classified as normal, 
delayed, or accelerated according to whether the percentage 
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retained was ≤ 60% in 2 h, > 60% in 2 h, or < 30% in 1 h, 
respectively.

Surgical Technique

LSG comprises a standardized technique performed by 
four surgeons from the same facility. A 36 Fr bougie was 
employed to configure the gastric tract, initiating a transec-
tion at 4 cm from the pylorus to the angle of His with an 
endo-linear stapler and no reinforcement. Crural repair was 
performed in patients with a preoperative radiological diag-
nosis of hiatus hernia and at the surgeon’s discretion.

Thirty-day surgical complications were detailed accord-
ing to the Clavien-Dindo surgical classification [23].

Statistical Analysis

The SPSS Statistics v.22 software was used to calculate 
the mean and standard deviation, as well as the median 
with the interquartile range if it did not adhere to a normal 
distribution.

The results of all tests were compared before and after 
surgery (at 1 and 18 months). Statistical analysis was carried 
out by applying McNemar’s test for qualitative variables and 
the comparison of means in paired quantitative variables 
with Student’s t-test or the Wilcoxon test as a non-paramet-
ric test. Pearson’s correlation test was used for correlations 
between variables. A p value of < 0.05 was considered sta-
tistically significant.

Results

Descriptive Study of the Series

Fifty-two patients (64.4% women and 34.6% men) with a 
median age of 46 years (25–63 years) were included in the 
study. Table 1 shows the patients’ clinical characteristics.

One month after the intervention, 43 of the 52 patients 
(82.7%) completed the study, and at 18 months 42 of the 
52 patients (80.8%) remained in the study. Ten patients did 
not complete the follow-up: six patients dropped out of the 
study, and four patients left due to postoperative complica-
tions that prevented them from completing the study (Fig. 1).

There were six cases of postoperative complications, 
all of which were classed as major (grade 3b) (leakage and 
hemoperitoneum), and there was one case of a late compli-
cation (stenosis of the gastroplasty that required conversion 
to bypass at 12 months postoperatively). No deaths were 
reported.

Tables 2 and 3 show the progression of anthropometric 
data and comorbidities [24] in the different stages of the 
study.

Prevalence and Evolution of GERD

Figure 2 shows the changes in the prevalence of GERD 
according to the different clinical phenotypes.

Among the patients with non-GERD status in the preop-
erative study (26/52), 76.4% (13/17) were worse at 1 month: 
seven cases of silent GERD, three cases of symptomatic 
GERD, and three cases of functional disorder. Fifty-two 
percent of those who showed worsening symptoms in the 
first month (7/13) improved after 18 months. A total of nine 
patients did not complete the follow-up.

None of the patients with symptomatic GERD in the pre-
operative study (6/52) improved at either 1 or 18 months. 
At 1 month, five cases presented with silent GERD and the 
remaining case suffered from symptomatic GERD. Their 
progression remained unchanged at 18 months. A negative 
correlation is observed between symptoms (average GERDq 
score) and BMI (r =  − 0.34; p = 0.016) and waist circumfer-
ence (r =  − 0.3; p = 0.03) at 18 months postoperatively.

Only two of the patients with silent GERD in the pre-
operative study (20/52) improved after 1 month. All the 

Table 1  Characteristics of the study population (preoperative data)

BMI, body mass index; PPI, proton pump inhibitor; GERD, gastroe-
sophageal reflux disease; SD, standard deviation

Characteristics N = 52

Age, years (range) 46 (25–63)
Sex, n (%)

  Male 18 (34.6)
  Female 34 (65.4)

Smoking, n (%) 10 (19.2)
Comorbidities, n (%) 37 (71.2)

  AHT 22 (42.3)
  DM 14 (26.9)
  DL 17 (32.7)
  OSA 23 (44.2)

PPI therapy, n (%) 16 (30.8)
BMI, kg/m2 (SD) 45 (5.6)
Waist circumference, cm (SD) 125 (12)
Waist-hip ratio (SD) 0.9 (0.9)
Phenotypes of GERD, n (%)

  No GERD 26 (50)
  Silent GERD 20 (38.5)
  Symptomatic GERD 6 (11.5)
  Functional esophageal disorder 0 (0)

Hiatus hernia, n (%) 18 (34.6)
Gastric emptying rate, n (%)

  Accelerated 8 (15.4)
  Delayed 7 (13.5)
  Normal 37 (71.1)

Esophagitis grade A or B, n (%) 4 (7.7)
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others failed to improve (eleven with silent GERD, five 
with symptomatic GERD, and two with functional disor-
der). At 18 months, only six patients had improved.

The percentage of “de novo” GERD was 76.4% 
(13/17) at 1 month. After 18 months, 54% of the cases 
had improved. The percentage of “de novo” GERD was 
41% (7/17) at 18 months. Five cases suffered from silent 
GERD, one case from symptomatic GERD, and one case 
from functional esophageal disorder.

Symptom Assessment (GERDq Questionnaire)

The symptom score is described before and after LSG in 
Table 4.

The results showed a significant worsening of the 
symptom score obtained both at 1 and at 18  months 
postoperatively.

Proton Pump Inhibitor (PPI) Therapy

In the preoperative study, 30.8% of patients were receiving 
PPI therapy, while these figures were 17.4% at 1 month 
after surgery and 20.4% at 18 months after surgery, with-
out any statistically significant differences.

No relationship was found between symptoms (average 
GERDq score) and PPI therapy (dosage of PPI) in any 
stage of the study (data not shown).

Fig. 1  Flowchart of patient 
follow-up

Table 2  Anthropometric data 
and their evolution in the 
different stages of the study

BMI, body mass index; %EWL, percentage of excess weight loss; %EBMIL, percentage of excess BMI loss; 
SD, standard deviation; %TWL, percentage of total weight loss

Characteristic PRE
(N = 52)

1 month POST
(N = 43)

18 months POST
(N = 42)

p

Mean (SD) Mean (SD) Mean (SD)

BMI (kg/m2) 45 (5.6) 37.9 (5.8) 29.4 (5.2)  < 0.05
Waist circumference (cm) 125 (12) 114.2 (11.5) 98.3 (13.4)  < 0.05
%EBMIL (%) – 36.9 (17.2) 77.6 (25)  < 0.05
%EWL (%) – 32.2 (14.7) 67.6 (21.2)  < 0.05
%TWL (%) – 15.9 (6.8) 33.6 (10.4)  < 0.05
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Table 3  Associated major 
comorbidities and their 
evolution in the different stages 
of the study

AHT, arterial hypertension; DM, diabetes mellitus; DL, dyslipidemia; OSA, obstructive sleep apnea

Comorbidities PRE 1 month POST 18 months POST

N (%) Outcome N % Outcome N %

AHT 16
(38.1%)

Remission 0 0 Remission 6 37.5
Improvement 10 62.5 Improvement 6 37.5
Unchanged 6 37.5 Unchanged 4 25

DM 10
(23.8%)

Remission 0 0 Remission 6 60
Improvement 8 80 Improvement 4 40
Unchanged 2 20 Unchanged 0 0
Recurrence 0 0 Recurrence 0 0

DL 14
(33.3%)

Remission 0 0 Remission 7 50
Improvement 6 42.8 Improvement 4 28.5
Unchanged 8 57.2 Unchanged 3 23.1

OSA 19
(45.2%)

Remission 3 14.3 Remission 12 63.2
Improvement 3 19 Improvement 5 26.3
Unchanged 13 66.7 Unchanged 2 10.5

Fig. 2  Changes in the prevalence of GERD according to the different clinical phenotypes (no GERD, silent GERD, symptomatic GERD, functional 
disorder)
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Evolution of pH Monitoring Values

In the preoperative study, 100% of the patients with symp-
tomatic GERD (GERDq ≥ 8) and 43.5% of patients with 
asymptomatic GERD presented pathological APM. The 
four patients with esophagitis (grades A and B) in the 
preoperative esophagogastroduodenoscopy belong to the 
silent GERD group. At 18 months after surgery, esoph-
agogastroduodenoscopy was only performed on these 
four patients, and they showed no changes (grade A or B 
esophagitis) but continued to exhibit pathological APM 
values (Table 4).

A significant worsening of all the values obtained both 
at 1 and at 18 months postoperatively becomes evident 
when comparing the results of the APM (Table 4).

Evolution of Esophageal Manometric Values

No cases of hypomotility were found preoperatively. 
However, there was a significant increase in hypomotil-
ity 18 months postoperatively. The relationship between 
esophageal motility (median esophageal contraction 
amplitudes) and DeMeester score was not significant 
at 1 month and at 18 months after surgery (r =  − 0.04; 

p = 0.81 at 1 month and r =  − 0.22; p = 0.6 at 18 months) 
(Table 4).

Although the postoperative LES pressures dropped 
almost 4 points, this decrease is insignificant, and the per-
centage of hypotensive LES remains at similar levels in all 
three stages.

In the preoperative phase, half of the patients with 
GERDq ≥ 8 presented hypotensive LES. None of them 
showed an improvement after 1 or 18 months (symptoms 
and/or pathological APM remain unchanged).

Evolution of Gastric Emptying Values

Most of the patients had normal preoperative gastric emp-
tying, showing a significant increase in accelerated gastric 
emptying after LSG: 15.4% preoperatively, 40% at 1 month, 
and 35.7% at 18 months (p < 0.05) (Table 4). The relation-
ship between percentage of gastric retention at 2 h and 
gastric volume was not significant at 18 months (r = 0.26; 
p = 0.09).

In the seven patients with preoperative delayed gastric 
emptying, two cases maintained a delayed pattern 1 month 
and 18 months after the operation. Regarding the four GERD 
phenotypes, those who maintained a delayed emptying 

Table 4  Summary of gastroesophageal disease questionnaire, endoscopy, barium swallow, gastric emptying, 24-h pH monitoring, and manom-
etry findings before and after sleeve gastrectomy (1 month and 18 months)

GERDq, gastroesophageal reflux disease questionnaire; EGD, esophagogastroduodenoscopy; LES, lower esophageal sphincter; NS, not signifi-
cant; SD, standard deviation; *Significant difference between PRE and 1 month POST and PRE and 18 months POST; **Significant difference 
between PRE and 1 month POST; +Significant difference between PRE and 1 month POST and 1 month POST and 18 months POST; §Signifi-
cant difference between PRE and 18 months POST; §§Significant difference between 1 month POST and 18 months POST; &Only performed in 
patients who presented esophagitis before surgery

Parameters PRE
(N = 52)

1 month POST
(N = 43)

18 months POST
(N = 42)

p

Symptoms Mean (SD) Mean (SD) Mean (SD) p
  GERDq 4.98 (2.53) 6.6 (3.2) 5.5 (1.8)  < 0.05*

EGD F (%) F (%) F (%) p
  Esophagitis in EGD 4 (7.7) – 4 (100)& –

Barium swallow Mean (SD) Mean (SD) Mean (SD) p
  Volume (ml) 1812 (517.24) 241.4 (96.8) 280.8 (100.6)  < 0.05

Gastric emptying Mean (SD) Mean (SD) Mean (SD) p
  Percentage of retention 2 h (%) 33.4 (17.3) 25.6 (18.7) 28.6 (15.2)  < 0.05**

24-h pH monitoring Median (range) Median (range) Median (range) p
  DeMeester score 12.3 (9–20.7) 40.8 (13.9–68.7) 22 (7.7–65.5)  < 0.05*
  % total time pH < 4 (%) 3.8 (2.2–6.2) 11 (3.4–18.9) 5.7 (2–22.6)  < 0.05**
  No. reflux episodes 72 (40–90.8) 105 (59.9–185) 58 (35.5–161.7)  < 0.05+

  No. episodes > 5 min 1 (0–2) 5 (2–12) 3 (0–12)  < 0.05*
  Longest episode (min) 5 (2.1–15.5) 17 (10–30) 10 (2.8–25.1)  < 0.05**

Manometry Mean (SD) Mean (SD) Mean (SD) p
  Distal esophageal wave amplitude (mmHg) 98.2 (42.9) 81.6 (43.5) 80.7 (48.6)  < 0.05§

  LES pressure (mmHg) 17.6 (23.8) 13.9 (6.6) 13.8 (11.4) NS
  LES length (cm) 4.1 (0.97) 4.7 (1.7) 3.9 (1.6)  < 0.05§§
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pattern continued to suffer from GERD at 1 month (symp-
tomatic or silent) and at 18 months (silent and functional 
disorder).

Barium Swallow Examination

In the preoperative study, 35% (18/52) of the patients pre-
sented with hiatus hernia in the barium swallow (type I). In 
the six patients who underwent crural closure, the hiatus 
hernia was anatomically resolved without any evidence of 
relapse either at 1 month or at 18 months post-operation. In 
the twelve remaining cases that did not undergo crural clo-
sure, there was no evidence of hiatus hernia in the postopera-
tive barium swallow performed 1 month after the operation 
in nine cases, although one of these cases showed evidence 
of hiatus hernia again at 18 months post-operation.

All the patients who underwent crural closure presented 
preoperative GERD (silent or symptomatic). After 1 month, 
all the cases continued to present GERD but not hiatus her-
nia. Meanwhile, at 18 months, only one case had improved, 
and the rest continued to present silent GERD but not hiatus 
hernia. However, in the five cases of patients with hiatus 
hernia and GERD that did not undergo crural closure due to 
technical difficulties, the evolution from the first to the 18th 
month was comparable.

Gastric volume decreased significantly during the post-
operative period (Table 4).

No relationship was found between postoperative gastric 
volume and symptoms (average GERDq score), pH-metry, 
and manometric parameters at 1 month and 18 months post-
operation (data not shown).

Discussion

Obesity is associated with GERD, and when there is a 
decrease in weight, the symptoms of GERD improve 
[25–27]. Studies support the role of abdominal obesity, 
reflected in a larger abdominal perimeter, as a mediator in 
the effect that obesity may exert on intragastric pressure and 
esophageal exposure to acid reflux. Therefore, a reduction 
in the percentage of postoperative reflux would be expected 
with optimal weight loss [26].

However, in the series presented here, there is a negative 
correlation between the mean GERDq score at 18 months 
after surgery and the anthropometric data (BMI and waist 
circumference). These findings could be explained from a 
pathophysiological point of view if the patients with a lower 
BMI at 18 months were those with a lower gastric volume, 
i.e., less gastric distensibility, greater gastric pressure, and 
therefore greater GERD [11]. In this study, intragastric pres-
sure was not measured but gastric volume was, and there was 

a negative correlation between gastric volume and BMI at 
18 months (data not included). Therefore, the mechanisms 
explaining the evolution of GERD in these patients are influ-
enced by many other factors in addition to weight loss.

As in the literature, studies that use physiological data 
or invasive techniques to investigate GERD report higher 
percentages than studies that are only based on symptoms 
[28, 29]. Consequently, 62% of patients present GERD 
18 months postoperatively (57.1% with silent GERD and 
4.8% with symptomatic GERD), and 4.8% of patients pre-
sent functional esophageal disorder. The rate of “de novo” 
reflux cases was 76.4% 1 month postoperatively and 41% 
after 18 months.

There are different focuses within the concept of GERD, 
and the reason they are classified by phenotypes is to provide 
a broader, more practical understanding of the characteristics 
of each group. The reason why patients with “functional 
esophageal disorder” are included in “de novo cases” of 
GERD is to differentiate them from the “non-GERD” group, 
since these patients were asymptomatic pre-operation but 
do present typical symptoms after surgery, despite not pre-
senting objective evidence of reflux according to the Lyon 
Consensus.

When analyzing the subgroup of symptomatic patients 
(GERDq score ≥ 8), findings show that 100% of the patients 
present pathological APM values preoperatively, while the 
pH monitoring was also pathological in 24 asymptomatic 
patients (GERDq score < 8); in four of these cases, esophagi-
tis was detected in the esophagogastroduodenoscopy. This 
last test provides the most representative data since there are 
scenarios in which the absence of symptoms does not rule 
out GERD [19].

The preoperative presence of silent GERD may affect the 
development of GERD, and it is the only group that presents 
postoperative resolution of GERD, albeit in a low percent-
age of cases (7.6% after 1 month and 20% after 18 months). 
These findings are consistent with the work of Thereaux 
et al., in which the acid exposure value in the preoperative 
pH-metry is a predictive factor of postoperative GERD, 
independently of weight loss [30].

It is also a group of patients that requires close follow-up 
because the absence of symptoms is not enough to rule out 
pathological acid exposure in the esophagus, with the added 
risk of developing esophagitis. Genco et al. describe that 
26.4% of the patients who underwent LSG presented with 
Barrett’s esophagus after an average follow-up of 58 months, 
and they did not display typical reflux symptoms [31].

Analysis of symptomatic progression shows that the 
average score obtained in the GERDq questionnaire signifi-
cantly increases at 1 month postoperatively and decreases 
at 18 months postoperatively, with a significant correla-
tion between anthropometric data and symptoms after 
18 months. This tendency in symptom progression is similar 
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to the studies by Himpens et al. [32] and Melissas et al. [33], 
where the authors observed an initial worsening of GERD 
symptoms and their subsequent resolution in the following 
2–3 years. Similarly to our study, several articles [25, 27] 
describe a progressive improvement of the symptoms from 
the first year onwards in parallel with weight loss.

When comparing the results of the APM, a significant 
worsening of all values obtained at 1 and 18 months postop-
eratively is observed. These results are in line with the litera-
ture review, which also highlights a significant worsening of 
the outcomes in short-term follow-up [8, 9, 34].

According to the literature, the manometric results 
are contradictory: some studies indicate an improvement 
[35], whereas others report a significant worsening in the 
parameters [9, 36]. The results of this study support a 
shortening of the sphincter length and a decrease in LES 
pressure postoperatively, although this last parameter is 
non-significant.

Regarding the evolution of esophageal peristalsis, 
the presented results support an increase in esophageal 
hypomotility, just as Del Genio et  al. recognized [8]. 
This increased hypomotility is also more pronounced 
18 months after the operation, with a significant decrease 
in the average value of the distal wave amplitude of 15.2 
points after 1 month and 17.5 points after 18 months. This 
could promote greater postoperative reflux by reducing the 
esophagus’s ability to clear itself of acid. However, there 
was no evidence of a significant correlation between the 
distal esophageal amplitude and the acid exposure time in 
the present study.

When analyzing the symptomatic patients in the preop-
erative phase, half of them presented hypotensive LES, and 
none of them showed an improvement after 1 or 18 months. 
Kahrilas et al. describe how sleeve gastrectomy produces 
an alteration of the anti-reflux gate mechanism by altering 
the sling fibers engaged in the myoarchitecture of the LES, 
thus affecting the LES pressure [36–38]. For this reason, 
some authors support the need to conduct functional tests in 
patients with symptomatic GERD and/or esophagitis since 
the simultaneous presence of hypotensive LES makes LSG a 
poor technique for these patients due to the risk of aggravat-
ing any reflux progression [36].

As reflected in some studies [11, 39], the increase in intra-
gastric pressure caused by reducing gastric volume could 
have an adverse effect on GERD after LSG.

The implementation of preventive measures such as cru-
ral repair is an effective strategy for the treatment of hiatus 
hernia, although its implication in improving GERD remains 
unclear in our results.

The strong point of this study is that it was not only 
based on symptoms but also that it was an objective study 
of GERD, in both the preoperative and postoperative stages, 
with a high rate of follow-up.

Even so, this study has a series of limitations. The first 
is the small number of patients included in the study due to 
the difficulty of initially obtaining the patients’ consent to 
undergo bothersome tests (pH-metry and manometry) pre-
operation, 1 month, and 18 months after surgery. The second 
is the short follow-up time. In the study presented, analyzing 
the long-term presence of GERD was not considered one 
of the objectives, but rather evaluating the possible mecha-
nisms involved in its early development after the surgery. 
Because it is very difficult to follow up with these patients 
for several years and it is rather bothersome to evaluate their 
esophageal function objectively through manometry and 
pH-metry, this study has evaluated the postoperative con-
trol 18 months after the surgery at the peak of weight loss 
(between 1 and 2 years after the operation) [40].

Alkaline reflux, which appears to be frequent after LSG, 
could not be evaluated [4, 8, 29]. In this study, it was not 
possible to analyze the presence of non-acid reflux in the 
patients included since the center where it was carried out 
did not have the necessary technology to do so.

A postoperative gastroscopy was not performed on all 
patients 18 months after the operation. Therefore, it has 
not been possible to evaluate macro- and microscopic 
alterations of the esophageal mucosa produced by the 
operation in patients with a normal preoperative endos-
copy or modifications resulting from the gastroesophageal 
reflux evident post-operation. This is because of the cent-
er’s logistics, the cost of conducting another gastroscopy 
on all the patients, and the resulting discomfort. However, 
based on the recently published long-term results on LSG 
and Barrett’s esophagus [29, 30], a control endoscopy on 
all the patients who underwent LSG must be carried out 
and evaluated throughout their long-term monitoring.

Conclusion

Based on the results of this study, LSG led to a consider-
able rate of postoperative “de novo” GERD, which was 
most pronounced 1  month after the operation, and in 
half of the cases, it persisted despite optimal weight loss. 
Accordingly, every morbidly obese patient who is offered 
sleeve gastrectomy should be informed about postopera-
tive GERD and, additionally, that no improvement will be 
found in patients with symptomatic GERD.

In view of the above, it seems appropriate for all 
patients scheduled to undergo LSG surgery to have a pre-
operative study of GERD symptoms based on a targeted 
anamnesis, with specific questionnaires and esophagogas-
troduodenoscopy. According to the findings, examinations 
should be conducted to supplement the esophagogastric 
junction study.
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Since symptoms are not a reliable way to diagnose 
GERD, our results suggest the need for periodic postopera-
tive esophageal evaluations using pH monitoring and gas-
trointestinal endoscopy to treat silent GERD and prevent 
the development of Barrett’s esophagus in the long term.
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