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Abstract Background: The impact of sleeve gastrectomy (SG) on gastroesophageal reflux disease (GERD) is
still greatly debated. Most of the current evidence available is solely based on symptom evaluation or
medication use, while a minority have implemented objective functional measurements.
Objective: To better comprehend the pathophysiological mechanisms involved in the genesis of
GERD after SG.

Setting: University Hospital, Italy.

Methods: A total of 21 patients affected by morbid obesity and eligible for SG were prospectively
enrolled in the present study. Patients were evaluated by means of endoscopy, high-resolution
manometry (HRM), 24-hour pH monitoring, and the Gastroesophageal Reflux Disease Health-
Related Quality of Life questionnaire.

Results: Follow-up was completed at least 1 year post operation (mean follow-up, 14.3 = 2.1 mo) by
19 patients. Body mass index decreased from 41.2 = .9 to 26.8 * .8 kg/m* (P < .001). Distal con-
tractile integral significantly decreased from 2772.8 * 399.9 mm Hg/s/cm to 2060.4 = 338.9 mm Hg/
s/cm (P = .01). The 24-hour pH monitoring showed an overall reduction tendency of acid reflux,
although this was not statistically significant. All analyzed endoscopic findings withstood substantial
pejorative modifications after SG (P < .01). Distal contractile integral values at baseline predicted
postoperative Z-line upward migration; HRM, distal latency, and DeMeester score at baseline pre-
dicted the development of erosive esophagitis at follow-up, by bootstrap estimates of a logistic
regression.

Conclusions: Postoperative GERD-related esophageal sequelae should be carefully considered after
SG. Our results demonstrate how acid reflux does not seem to play a relevant role in the pathophys-
iology of post-SG GERD. Baseline HRM can help stratify the risk of developing erosive
esophagitis and Z-line upward migration after SG, while postoperative endoscopic surveillance
should be encouraged regardless of the presence or absence of symptoms. (Surg Obes Relat Dis
2020;M:1-9.) © 2020 American Society for Bariatric Surgery. Published by Elsevier Inc. All rights

reserved.
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Morbid obesity has turned into a global epidemic result-
ing in a soaring economic burden [1]. Bariatric surgery is at
present the most efficacious long-term treatment for the cure
of obesity and co-morbid conditions and its use is rising in
parallel to this pandemic. Among bariatric procedures,
sleeve gastrectomy (SG) is the most frequently performed,
representing 45.9% of all operations worldwide [2].

Gastroesophageal reflux disease (GERD) and hiatal her-
nia (HH) are closely associated with obesity and have
been positively correlated to the development of Barrett’s
esophagus (BE) [3]. Furthermore, augmented central
adiposity or excess body mass index (BMI) per se have
also been clearly linked to BE, regardless of the coexistence
of GERD [4].

The postbariatric resolution of obesity has not been univ-
ocally associated to an improvement of GERD symptoms. It
is indeed the type of bariatric operation selected that is
implicated in this mechanism. In fact, Roux en Y gastric
bypass (RYGB) has been shown to be the most successful
in inducing GERD improvement or remission [5]. On the
contrary, the impact of SG on GERD is still under debate.
Some authors have shown an aggravation or increased inci-
dence of de novo GERD after SG, while others have demon-
strated its reduction. Nevertheless, most of the current
evidence available is based on symptom evaluation or medi-
cation use, while a limited number of studies have actually
implemented objective functional measurements [6,7].

The onset or worsening of GERD after SG is multifacto-
rial and has been attributed to the absence of the gastric
fundus with abolition of the angle of His, increased intralu-
minal pressure, division of sling fibers and/or phrenoesopha-
geal ligament causing decreased lower esophageal sphincter
(LES) pressure, antral pump loss due to a radical resection
of the antrum, middle gastric stricture with delayed gastric
emptying, and HH with intrathoracic migration of the
gastric sleeve [7].

To better comprehend the pathophysiological mecha-
nisms involved in the genesis of GERD, EE, and finally
BE after SG, we prospectively evaluated patients by means
of endoscopy, high-resolution manometry (HRM), 24-hour
pH monitoring, additionally correlating the emerging objec-
tive findings to the reported GERD symptoms through the
Gastroesophageal Reflux Disease Health-Related Quality
of Life (GERD-HRQL) questionnaire.

Methods
Study design

Between October 2017 and August 2018, a total of 21 pa-
tients affected by morbid obesity with a mean BMI of 41.2
+ .9 kg/m? and eligible for SG were prospectively enrolled
in the present study. All patients underwent the standard pre-
operative multidisciplinary workup following institutional,
national, and international guidelines, involving complete

history and physical examination, routine laboratory tests,
chest radiography, abdominal ultrasonography, esophago-
gastroduodenoscopy (EGD), and nutritional and psychiatric
assessment. Additional examinations or specialist consulta-
tions were performed when clinically necessary. Further-
more, patients underwent preoperative HRM, 24-hour pH
monitoring, and GERD symptom evaluation by means of
the GERD-HRQL questionnaire. Reported use of proton
pump inhibitors (PPIs) or other antacid medications was
recorded.

One patient was dropped out of the study, although
asymptomatic, because of the extremely severe GERD signs
found during the preoperative workup and underwent an
RYGB; 1 patient did not complete follow-up because she
was found to have a gastric adenocarcinoma at the level
of the incisura angularis during the 1-year postoperative
EGD and was submitted to neoadjuvant chemotherapy.

Follow-up was fully completed at least 1 year post oper-
ation (mean follow up, 14.3 = 2.1 mo) by 19 patients and
comprised physical examination, routine laboratory tests,
EGD, HRM, 24-hour pH monitoring, and GERD symptom
evaluation by means of GERD-HRQL questionnaire.

Patient inclusion criteria comprised those enlisted by in-
ternational guidelines [8]. Patients were included in the
study regardless of preexisting GERD symptoms or antacid
and/or PPI medication use. Patients were excluded from the
study if they had HH >2 cm, previous gastrointestinal sur-
gery, evidence of grade B-D EE and evidence of BE on pre-
operative EGD.

The study was approved by the Ethical Committee of this
University hospital. All participants provided written
informed consent to participate in the study. Additional
written informed consent was obtained before all surgical
procedures.

Sample size calculation

Given that the accrual phase of the study a was 15 months
and the follow-up time f was 12 months, using the exact chi-
square distribution and assuming the Weibull shape param-
eter B = 1.5, the sample size would have been 17 with a po-
wer of .80 and a significance of .05. With an attrition rate of
.20, the number of participants to enroll in our study was 21
[9].

Endoscopy

EGD was performed by using a high-definition standard
gastroscope (Evis Exerall; Olympus Corporation, Shinjuku,
Tokyo, Japan) under conscious sedation (intravenous mida-
zolam). The distance from the upper incisors to the Z-line
(squamous-columnar junction) and to the diaphragmatic
esophageal hiatus were measured. An upward migration of
the Z-line >2 cm (i.e., intrathoracic migration of the gastric
sleeve) was considered noteworthy and recorded.
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Esophageal inflammatory lesions were classified according
to the Los Angeles Classification [10]. Biliary-like reflux
into the esophagus and cardial continence were also
recorded. Cardial incontinence was evaluated during the
retroflexion maneuver and was defined by a wide-open car-
dia allowing the passage of gastric fluid content into the
esophagus.

High-resolution manometry

Patients using drugs that might influence esophageal
motility (e.g., tricyclic antidepressants, calcium channel
blockers, anticholinergic, prokinetic drugs) were advised
to discontinue them for at least 7 days before the study.

HRM with esophageal pressure topography was carried
out using a 4.7-mm water-perfused catheter with 26 open
tips positioned at 1-cm intervals (EB Neuro S.p.A. Firenze).
The catheter was perfused with distilled water at a rate of
.15 mL/min by a low-compliant pneumohydraulic infusion
system. The catheter was positioned transnasally, and during
insertion the 2 high-pressure areas, represented by the upper
and lower esophageal sphincters, were visualized on the
monitor after a 30-second period of basal recording.

The study was performed in supine position, after an
observation period of dry swallows and included the admin-
istration of at least 10 (5 mL) water swallows every 20 sec-
onds and a 5-minute period to assess the basal sphincter
pressure. A solid bolus was also administered if the first
test did not cause alterations of the esophageal manometric
pattern regardless of subjective patient symptoms. HRM pa-
rameters were analyzed for each peristaltic wave, and mano-
metric dysmotilities were classified according to the
Chicago Classification [11]. Data were analyzed using a
dedicated software (Gastro Explorer EB Neuro S.p.A.
Firenze).

In particular, the following parameters were analyzed:
esophagogastric junction (EGJ) basal pressure, degluti-
tive LES relaxation, peristaltic activity, and peristaltic
wave vigor. Additionally, for each liquid swallow the
following were calculated: average distal contractile inte-
gral (DCI) (reference range: 450-8000 mm Hg/s/cm),
average basal LES pressure (10-40 mm Hg), distal
latency (DL) (>4.5 s), and LES average integrated relax-
ation pressure (<15.0 mm Hg).

Twenty-four—hour pH monitoring

The study was performed on an outpatient basis with the
removal of the catheter after 24 hours. Patients were kept nil
orally for at least 12 hours before the examination. PPIs
were discontinued for at least 7 days before the study, and
antacid medications were interrupted for at least 3 days
prior. During pH monitoring, patients were told not to
modify their diet habits and to keep a diary record of their
food consumption, supine or standing position, and any
other relevant symptom or complaint.

Esophageal pH was measured using a 2-mm probe with 2
antimony pH electrodes placed at a distance of 20 cm (prox-
imal electrode) and 5 cm (distal electrode) above the LES.
The pH measurement range was 7.01 = .05 to 1.01% .05.
The pH catheter probe was positioned transnasally. A
portable data storage device with 2 channels (Medtronic
Digitrapper pH-Z Testing System) was used to record
results.

Reflux episodes were calculated according to the
DeMeester score system. (DeMeester score reference
ranges: normal <14.7, mild GERD = 14.7-50, moderate
GERD = 51-100, and severe GERD >100). A rapid drop
of esophageal pH <4 was considered as evidence of reflux.
The episode of reflux was regarded as terminated when there
was an increase back to a value of pH >4. Reflux phases
during the supine and upright position were measured
independently.

The following parameters were especially considered: to-
tal reflux time at pH <4, percentage time of reflux in ortho-
static or clinostatic position, total number of reflux episodes,
number of reflux episodes >5 minutes, longest reflux
episode, and DeMeester score. Registration percentages
were calculated as time over 24 hours.

GERD-HRQL questionnaire

All patients completed a GERD-HRQL questionnaire
preoperatively and 1 year postoperatively. It consists of
a self-rating questionnaire encompassing 15 questions
that specifically consider GERD symptoms experienced
by the patient in the previous 2 weeks. Each question
has a score from O (absence of symptoms) to 5 (severe
symptoms), based on the frequency of symptoms and
its interference with daily activities. The questionnaire
examines characteristics of heartburn (items 1-6), swal-
lowing (items 7 and 8), use of PPIs (item 9), and regur-
gitation (items 10-15). One final question investigates
patient satisfaction with the present condition (item 16)
but is not included in the final score. The total score
ranges from 0-75 [12].

Surgical technique

Our standard surgical procedure has been previously
described [13]. Full mobilization of the gastric fundus
with complete dissection of the posterior gastric wall from
the left diaphragmatic crus is achieved. The crural region
is routinely explored to rule out the presence of hiatal her-
nias overlooked during endoscopy. A 48-Fr calibration oro-
gastric bougie is routinely used. Resection is begun
approximately 6 cm from the pylorus and continued ceph-
alad reaching the angle of His. A gastric sleeve with a resid-
ual capacity of 60—80 mL (as measured by administration of
methylene blue saline solution via a nasogastric tube) is
achieved. Patients are started on a soft diet 3 days post oper-
ation and this is maintained for 30 days. PPI treatment is
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prescribed for the first 5 months after surgery and is discon-
tinued if the patient is asymptomatic for GERD.

Statistical analysis

Continuous variables are expressed as mean * SE for para-
metric data. Normality was assessed by Shapiro-Wilk test and
visual examination of the distribution of the data. Nonpara-
metric data were converted to log-scale for further analysis.
Wilcoxon test was used to compare variables before and after
SG. A P value < .05 was considered statistically significant.
Linear regression analyses were performed and results are
presented as P coefficients with 95% CI.

Pearson correlation coefficient are used to determine sig-
nificant correlation.

The correlation between baseline total GERD-HRQL
questionnaire score and baseline BMI was predicted by a
quadratic equation: ax> + bx + ¢ = 0, where x is the
BMI at time 0 and the values of x, which are the solutions
of the equation, are given by: x = =2 =Vb* — dac ”;2_4“"

A binary logistic regression was used to predict presence
or absence of Z-line upward migration 1 year after SG using
DCI values at baseline as covariate.

HRM, DL, and DeMeester score at baseline were used
as covariates in a multinomial logistic regression model
with development of erosive esophagitis (EE) at 1-year
follow-up as a dependent variable. Bootstrapping was
used to estimate parameters and SEs [14].

We first ran univariate analyses to find the relation of the
outcome with each predictor, 1 at a time, and then used only

Table 1

Demographic data, weight outcomes, 24-hr pH monitoring, high-resolution manometry, endoscopic findings, and GERD-HRQL questionnaire score results at

baseline and 1 yr after SG

Variables Preoperation Post operation P value
Sex (M/F) 4/15 NA NA
Age, yr 41.6 =28 NA NA
Weight, kg 118.7 = 4.6 76.8 = 2.7 <.001
BMI, kg/m? 412+ .9 26.8 = .8 <.001
ABMI (kg/m?) NA 144+ 9 NA
TWL, % NA 348 = 1.7 NA
EWL, % NA 713 £ 3.6 NA
24-hr pH monitoring
Total no. of reflux episodes, n 78.8 = 33.9 40.7 = 9.8 NS
No. of reflux episodes >5 min, n 39+ 1.8 29+ 9 NS
Longest reflux episode, min 58.5 £30.7 125 £ 3.6 NS
Total time of acid reflux with pH <4, % 10.7 = 5.6 44 * 1.1 NS
Total time of acid reflux in upright 10.5 £5.1 48 £ 1.6 NS
position, %
Total time of acid reflux in supine positon, % 10.2 £ 5.6 34%12 NS
DeMeester score 23.1 £75 228 £58 NS
High-resolution manometry
LESP, mm Hg 17.1 = 3.7 158 =29 NS
IRP, mm Hg 4.68 = .9 39+ NS
DCI, mm Hg/s/cm 2772.8 = 399.9 2060.4 = 338.9 .0016
DL, s 64+ 4 69 £ .6 NS
Endoscopy
Z-line upward migration >2 cm, % (n) 31.6 (6) 84.2 (16) <.001
Cardial incontinence, % (n) 26.3 (5) 73.7 (14) .001
Biliary gastric stagnation, % (n) 5.3 () 47.4 (9) <.001
Esophageal mucosal tongues, % (n) 5.3 (1) 42.1 (8) .002
Erosive esophagitis, % (n) 10.5 (2) 42.1(8) .01
Grade A 10.5 (2) 26.3 (5) NA
Grade B NA 15.8 (3) NA
Grade C NA NA NA
Grade D NA NA NA
PPI intake, % (n) 10.5 (2) 42.1(8) .02
GERD-HRQL score 79 +27 114 £33 NS

GERD-HRQL = Gastroesophageal Reflux Disease Health-Related Quality of Life; M = male; F = female; NA = not applicable; BMI = body mass index;
ABMI = change in body mass index; TWL = total weight loss; EWL = excess weight loss; NS = not significant; LESP = lower esophageal sphincter pressure;
IRP = integrated relaxation pressure; DCI = distal contractile integral; DL = distal latency; PPI = proton pump inhibitor.

Data are presented as mean * SE or percentage (n) of patients.
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those variables meeting a preset cutoff of P < .05 in the
multinomial model.

Multicollinearity was excluded when the variance infla-
tion factor was between 1 and 10.

Data analysis was performed in SPSS version 25 (IBM,
Armonk, NY).

Results

Table 1 reports mean * SE of weight outcomes, variables
of HRM, 24-hour pH monitoring, endoscopic findings, and
GERD-HRQL questionnaire score at baseline and 1 year af-
ter SG. The scores for each single item of the GERD-HRQL
questionnaire are reported in Supplementary Table 1.

A total of 19 patients, 15 (78.9%) female and 4 (21.1%)
male, of mean age 41.6 * 2.8 years and BMI of 41.2 *
.9 kg/m?, completed the present study. BMI change was
14.4 = 9 kg/m* (P < .001), with a % total weight loss of
34.8% * 1.7%. No postoperative major and minor compli-
cations or mortality were registered during this study.

The number of participants taking PPIs increased signif-
icantly (P =.02) from 10.5% at baseline to 42.1% 1 year af-
ter SG. No significant changes were observed in the single
item and total score of the GERD-HRQL questionnaire
(Supplementary Table 1).

The preoperative DeMeester score was 23.1 = 7.5, indi-
cating mild GERD, which did not change significantly after
surgery (22.8 = 5.8, P =.978). Additionally, 2 patients were
diagnosed as having markedly severe GERD based on the
preoperative 24-hour pH monitoring (baseline DeMeester
score = 274 and 498). In both patients, all pH-metric vari-
ables significantly improved after SG (P = .0005), reaching
a postoperative DeMeester score of 13.1 and 3.8, respec-
tively, thus configuring a normal result, negative for
GERD. Overall, the variables of the 24-hour pH monitoring
did not change significantly after SG. However, a reduction
tendency of acid reflux, as shown by the decrease in the
number of total reflux episodes, the number of reflux epi-
sodes >5 minutes, the longest reflux episode, and the expo-
sure to acid in upright and supine position after SG can be
noted (Table 1).

None of the HRM variables changed significantly, except
for DCI, which decreased from 2772.8 = 399.9 mm Hg/s/
cm to 2060.4 * 338.9 mm Hg/s/cm (P = .016), indicating
a reduction in peristaltic vigor of the esophageal smooth
muscle. No patients pre- or postoperatively had values indi-
cating esophageal hypercontractility (i.e., DCI >8000 mm
Hg/s/cm), while 2 patients had DCI <450 mm Hg/s/cm pre-
operatively, and 4 patients had a DCI <450 mm Hg/s/cm 1
year after surgery, signifying an increase in weak esopha-
geal peristalsis.

Endoscopic findings showed significant changes after SG,
with an increase in the number of cases of cardial inconti-
nence (from 26.3% to 73.7%, P = .001), erosive esophagitis
(from 10.5% to 42.1%, P = .01), Z-line upward migration

>2 cm (from 31.6% to 84.2%, P < .0001), and biliary
gastric stagnation (from 5.3% to 47.4%, P < .0001) and
appearance of esophageal mucosal tongues (from 5.3% to
42.1%, P = .002).

DL at baseline significantly (R* = .37, P = .020) pre-
dicted the DeMeester score at 1 year after SG: for each
unit increase of DL there was 7.2 increase of the DeMeester
score (Fig. 1).

BMI at baseline was significantly correlated with the
baseline GERD-HRQL questionnaire total score in a U-
shaped curve manner, showing that those patients with a
BMI <40 kg/m” had a higher GERD-HRQL questionnaire
total score (Fig. 2).

The logistic regression significantly (P = .028) predicted
the development of Z-line upward migration at 1-year
follow-up according to the equation:

Logit (Z-line upward migration at T1) = —2.503 +
.001-DCT at TO

The confidence interval for EXP(}), where B is the coef-
ficient of DCI at baseline, was 1.000 to 1.002, indicating that
the presence of DCI at baseline is between 1.000 and 1.002
times as likely to induce Z-line upward migration postoper-
atively. Thus, we found that DCI values at baseline predict a
Z-line upward migration at 1 year after SG. The higher the
DCI the higher the probability of developing postoperative
Z-line upward migration. After SG, DCI significantly
decreased (Table 1). The model predicted correctly the clas-
sification of Z-line upward migration at 1 year after SG,
assigning it correctly in 87.5% of cases (12.5% false-
negative error) and its absence in 100% of cases.

HRM, DL, and DeMeester score at baseline predicted the
development of EE at follow-up, as shown by the bootstrap
estimates of a logistic regression model with EE at 1 year
after SG as a dependent variable (Table 2). The model
assigned a correct probability to develop EE in 71.4% of

© Observed
= Linear

DeMeester T1

DLTO

Fig. 1. Distal latency at baseline significantly (R* = .37, P = .020) predicts
the DeMeester score at 1 yr after SG: for each unit increase of DL there was
7.235 increase of the DeMeester score. T1 = 1 yr post operation; DL =
distal latency; TO = baseline.
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© Observed

0 = Quadratic

30

20

GERD-HRQL total score TO

30 35 40 45 50
BMI TO

Fig. 2. BMI at baseline is significantly correlated with the baseline GERD-
HRQL questionnaire total score in a U-shaped curve manner, showing that
those patients with a baseline BMI <40 kg/m? had a higher HRQL question-
naire total score. GERD-HRQL = Gastroesophageal Reflux Disease
Health-Related Quality of Life; BMI = body mass index; TO = baseline.

cases and the absence of EE in 77.8% of cases with 22.2 and
28.6 % of false-negatives, respectively.
Discussion

Data in literature regarding the relation between GERD
and SG are still rather conflicting. Reflux symptoms after

Table 2

this procedure are reported to be improved in some
studies [15,16] but worsened in others [17-20]. The so-
called “antireflux barrier” is based on the correct disposi-
tion of several anatomic structures that compose it. Dur-
ing SG a modification of part of those structures are able
to promote or worsen gastroesophageal reflux [21]. In
fact, after SG several mechanisms have been proposed
as responsible factors of GERD and include the absence
of the gastric fundus with abolition of the angle of His,
increased intraluminal pressure, division of sling fibers
and/or phrenoesophageal ligament causing decreased
LES pressure, antral pump loss due to a radical resection
of the antrum, middle gastric stricture with delayed
gastric emptying, and HH with intrathoracic migration
of the gastric sleeve [7].

Several investigations have been conducted in this regard
and have sought to find a correlation between reported
symptoms and actual esophageal damage because it is
known that the continuous acid and bile reflux damages
the esophageal mucosa, leading to a structural modification
of the stratified squamous epithelial cells that are replaced
by intestinal columnar cells (i.e., intestinal metaplasia)
[22-24].

Most short-term studies have not detected de novo GERD
but on the contrary report an improvement of reflux symp-
toms. This initial effect might perhaps come as a result of

HRM, DL, and DeMeester score at baseline (TO) predict postoperative (T1) erosive esophagitis at follow-up, as shown by the bootstrap estimates of a logistic

model with erosive esophagitis at 1 yr after SG as a dependent variable

Bootstrap* for variables in the equation

Variables B Bias SE Sig. (2-tailed) 95% CI for EXP(3)
Lower Upper
HRM (T0) 3.974 52251 1719.802' 025! —211.685' 1011.565'
LESP (T0) 049 385" 4.950" 094 —7.883" 10.475
IRP (TO) —.175 —4.159' 24.630' 097" —44.186' 28.243!
DCI (T0) .001 .009' 185" v .09OT —.110" .096'
DL (T0) —.800 78.277f' 124.019' 008" —103.000' 123.457"
DeMeester (TO) —.030 —-3.010 30.093" 030 —56.5341 2.2541
Constant 2.128 41.760' 878.194' 154" —482.011' 841.615'
Classification table*
Observed Predicted
Erosive esophagitis (T1) Percentage correct
0 1
Erosive esophagitis (T1)
0 7 2 77.8
1 2 5 71.4

Overall percentage

75.0

HRM = high-resolution manometry; DL = distal latency; TO = baseline; T1 = 1 yr post operation; SG = sleeve gastrectomy; [ = unstandardized regression
weight; Sig. = significance; EXP(j3) = exponentiation of the [} coefficient; LESP = lower esophageal sphincter pressure; IRP = integrated relaxation pressure;

DCI = distal contractile integral; DL = distal latency.

The model assigned a correct probability of developing erosive esophagitis in 71.4% of cases and the probability of not developing it in 77.8% of cases.
* Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples.

T Based on 630 samples.
¥ Cut value is .500.
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the substantial weight loss, which causes in turn a reduction
of intraabdominal pressure [25].

A prospective study by Sharma et al. [26] analyzing the
effects of SG on GERD by means of questionnaires, endos-
copy, and radionuclide scintigraphy before and 12 months
after surgery found there actually was an overall improve-
ment of GERD. The Carlsson Dent Score and Severity Score
both revealed a significant decrease of GERD symptoms
postoperatively (P < .05). Furthermore, the severity of
esophagitis declined, even though the radionuclide scintig-
raphy demonstrated a visibly significant increase of
GERD (6.25% versus 78.1% post operation) (P <.001). Au-
thors conclude that in consideration of such findings, GERD
is not to be considered as a contraindication to SG, although
long term follow up is advisable.

Rebecchi et al. [15] performed a prospective clinical trial
on 65 patients 2 years after SG by using symptom question-
naires, HRM, and 24-hour pH monitoring. Patients were
divided into 2 groups according to results of the preopera-
tive 24-hour pH monitoring. Symptoms, DeMeester score,
and total acid exposure improved in the group of patients
with a pathologic preoperative 24-hour pH monitoring (P
< .001), which was similar to our results. De novo GERD
was present in only 5.4% of those patients with a normal
24-hour pH monitoring.

Two further studies comparing the effects of both SG and
RYGB on postoperative GERD in the short-term, by means
of symptomatic assessment, functional investigations (i.e.,
HRM, 24-h pH monitoring, barium swallow), and endos-
copy, confirmed how the development of postoperative
GERD was significantly greater in SG than in patients
who underwent RYGB, suggesting that SG should be con-
traindicated in those patients already presenting with reflux
symptoms at baseline and that extensive counseling explain-
ing all possible reflux-related consequences should be per-
formed before an SG procedure [27,28].

Mid- to long-term studies, on the other hand, suggest that
the development of GERD after SG should be considered as
an expected collateral effect of variable degree.

A large retrospective database review by DuPree et al.
[17], involving 4832 patients, compared the effects of SG
and RYGB on known preexisting GERD. The vast majority
of SG patients (84.1%) maintained GERD symptoms also
postoperatively, while 15.9% had a symptomatic resolution.
Patients who were asymptomatic for GERD developed
symptoms in 8.6% of cases after SG. In contrast, RYGB
led to GERD remission in 62.8% of patients by 6 months
from surgery. Furthermore, the SG group required a higher
rate of revisional bariatric surgery (.6% versus .3%, P <.05)
and had worst weight loss results. Because of such unfavor-
able outcomes, authors advocate that preoperative GERD
might represent a relative contraindication to SG.

Our group also published a prospective study involving
110 patients undergoing SG in which the incidence of
GERD was analyzed based on clinical, endoscopic, and

histologic findings. EGD primarily showed the presence of
an upward migration of the Z-line and a biliary-type reflux
in 81(73.6%) and 82 patients (74.5%), respectively. Further-
more, a statistically significant worsening of the severity of
EE was observed, and nondysplastic BE was diagnosed in as
many as 17.2% of patients. No significant correlation was
found between GERD symptoms and endoscopic findings
[21].

Following such reports, several authors further investi-
gated this alarming precancerous condition observed after
SG, and a recent multicenter prospective study, performing
systematic EGD in 90 consecutive patients 5 years after SG,
reported a prevalence of BE as high as 18.8% [29].

Finally, a recent systematic review and meta-analysis by
Yeung et al. [30], appraising all current literature reporting
the incidence of GERD and its correlated sequelae after
SG, found substantially elevated rates of de novo GERD
in 20%, in addition to the appearance of EE and BE in
28% and 8%, respectively. This study, however, pointed
out a high heterogeneity regarding the method of GERD
evaluation and definition, with a minority of studies actually
implementing functional assessments. Nevertheless, those
studies using functional and invasive methods of investiga-
tion actually found a higher incidence of reflux than those
analyzing symptoms alone.

The strength of the present study is that of combining a
complete and prospective analysis through the assessment
of different objective and functional viewpoints, implement-
ing an endoscopic, manometric, and pH-metric evaluation
before and approximately 1 year after SG. From a pH-
metric point of view, we found an overall reduction ten-
dency of the number of total reflux episodes, the number
of reflux episodes >5 minutes, and the exposure to acid in
upright and supine position and a stability of the DeMeester
score at 14.3 = 2.1 months after surgery. This reduction,
although not statistically significant, is possibly attributable
to the resection of the gastric fundus that leads to a drop in
acid secretion, which can explain the greater pH registered
during the examination. The lack of change in DeMeester
score might also be in part associated with the marked in-
crease of PPI use after SG, although all patients were
required to discontinue all gastric antisecretory medications
at least 7 days before the study. Moreover, 2 patients with a
markedly severe GERD at baseline (DeMeester score = 274
and 498) had a significant improvement of all pH-metric pa-
rameters after SG (P = .0005), reaching a postoperative
DeMeester score of 13.1 and 3.8, respectively, thus config-
uring a normal result, negative for GERD. These results
may suggest an etiology different from acid reflux. In fact,
this outcome is also corroborated by the endoscopic find-
ings, which have highlighted the presence of a prevalently
biliary gastric stagnation (P < .001). Acid reflux in our
cohort of patients approximately 1 year after SG seems
diminished (Table 1), validating the hypothesis that the
esophageal sequelae detected during endoscopy might be
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caused by a biliary-type reflux, as opposed to an acidic one,
to which patients are exposed post SG.

The pre- and postoperative HRM results can be consid-
ered largely superimposable, with the exception of DCI
values. DCI decreased from 2772.8 = 399.9 mm Hg/s/cm
t0 2060.4 = 338.9 mm Hg/s/cm (P = .016), indicating a sig-
nificant reduction in peristaltic vigor of the esophageal
smooth muscle. This allows inference that contrary to avail-
able published data [31,32], SG is not likely responsible for
causing an increased intragastric pressure or esophageal dis-
motility. In fact, from the present results, SG seems to lead
to a decrease in the energy and potency of peristaltic esoph-
ageal waves required for the progression of the intraluminal
bolus toward the gastric sleeve. Notably, the LES pressure
remained unchanged after SG and no evidence of esopha-
geal body abnormal motility was found on the postoperative
HRM.

Furthermore, by using a logistic model with classical
approach and bootstrap simulations, we found that DCI
values at baseline predict a Z-line upward migration at 1
year after SG. The higher the DCI, the higher the probability
of developing a significant postoperative Z-line upward
migration. The model correctly predicted the development
of a Z-line migration at 1 year in 87.5% of cases (12.5%
false-negative error) and its absence in 100% of cases. Simi-
larly, HRM, DL, and DeMeester score at baseline predicted
the development of EE at follow-up. The model assigned a
correct probability to develop EE in 71.4% of cases and its
absence in 77.8% of cases with 22.2% and 28.6% false-
negatives, respectively. This highlights the importance of
performing a preoperative HRM in patients undergoing
SG because it can help stratify the risk of developing EE
and Z-line upward migration with a high accuracy and
reliability.

Endoscopic results showed a substantially pejorative vari-
ation of all analyzed parameters. We found a significantly
worsened cardial incontinence (P = .001) and an overall
substantial increase in the length of Z-line upward migration
(P <.001) in as many as 84.2% of patients, with a de novo
appearance of Z-line upward migration in 56.3% or an in-
crease of its preexisting length in 37.5%. In 42.1% of the
study group, we found the presence of gastric mucosal
tongues at esophageal level post operation (P = .002).
Also, the increased incidence of EE after SG was statisti-
cally significant, affecting 42.1% of patients (P = .01):
26.3% had a grade A esophagitis and 15.8% had a grade
B esophagitis according to the Los Angeles Classification.
No evidence of more severe grades of EE or BE were
recorded in the present cohort of patients, and this might
be attributable to the relatively short follow-up after surgery.

From a clinical point of view, patients reported through the
GERD-HRQL questionnaire a slight but not statistically sig-
nificant increase in the presence of reflux symptoms such as
heartburn, regurgitation, dysphagia, and medication use
(from 7.9 + 2.7t0 11.4 = 3.3, P =.5). GERD-HRQL~related

symptoms had no correlation with endoscopic findings,
further corroborating our previously published data [33].

Overall, SG modifies the mechanisms regulating gastro-
esophageal reflux. The intrathoracic migration of the prox-
imal portion of the gastric sleeve, present in 84.2% of our
study group, might contribute to the reduction of the pres-
sure gradient between the EGJ, with migration into the
mediastinum (low pressure) and the residual stomach in
the abdomen (high pressure) promoting GERD. Another
fundamental factor to take into account is the composition
of refluxate. The pH-metric data demonstrated that the
refluxate is mainly mixed or biliary, which brings intragas-
tric pH to higher levels than patients who did not undergo
SG. This could explain the lack of correlation between
symptoms and endoscopic findings and the relative ineffec-
tiveness of PPI treatment in such patients.

Limitations

Some limitations to this study must be acknowledged.
The short-term follow-up might affect results, especially
for histologic modifications, which may require longer pe-
riods of time to take place. The number of patients included
in the study is limited and might be attributable to the inva-
sive nature of the implemented examinations, such as 24-
hour pH monitoring and HRM, which decrease the compli-
ance of patients to follow-up. Another limitation is the lack
of esophageal impedance monitoring, which could have
allowed the detection of nonacid reflux. However, to further
corroborate and confirm our present findings, we are in the
process of performing esophageal impedance monitoring to
better record nonacid reflux in a new study protocol.

Conclusions

The emerging data from the present study confirm the
effectiveness of SG in terms of rapid and substantial weight
loss in conjunction with a low rate of complications. It
clearly appears that modifications of the physiopathologic
mechanisms in gastroesophageal reflux regulation take
place after this surgical procedure. In particular, we have re-
ported a worsening of GERD symptoms, with a significant
increase in PPI intake and the development of abnormal
endoscopic findings, including EE, appearance of esopha-
geal mucosal tongues, upward Z-line migration, and a
reduction in the peristaltic vigor of the esophagus. Addition-
ally, we highlight the importance of performing a preopera-
tive HRM in patients undergoing SG because it can help
stratify the risk of developing EE and Z-line upward migra-
tion after SG with a high accuracy and reliability. The com-
bined analysis of these outcomes seems to indicate a
different etiopathogenesis of the abnormal endoscopic
esophageal lesions and GERD symptomatology reported
by patients postoperatively, which is not likely caused by
an acid-type reflux. The presence of biliary gastric
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stagnation registered in a high percentage of patients during
endoscopy could play a relevant role in such mechanisms.
An accurate preoperative endoscopy is of paramount impor-
tance for a correct patient selection, and postoperative endo-
scopic surveillance should be encouraged regardless of the
presence or absence of symptoms.

Disclosures

The authors have no commercial associations that might
be a conflict of interest in relation to this article.

Acknowledgments

We thank Dr. Lucia D’ Alba for her precious assistance in
conducting pH-manometric examinations.

Supplementary materials

Supplementary material associated with this article can
be found, in the online version, at https://doi.org/10.1016/
j.soard.2020.07.013.

References

[1] World Health Organization [homepage on the Internet]. Geneva: World
Health Organization; c2020 [cited 2020 Apr 1]. Available from: https:/
www.who.int/news-room/fact-sheets/detail/obesity-and-overweight.

[2] Angrisani L, Santonicola A, Iovino P, et al. Bariatric surgery and endo-
luminal procedures: IFSO Worldwide Survey 2014. Obes Surg
2017;27(9):2279-89.

[3] Hampel H, Abraham NS, El-Serag HB. Meta-analysis: obesity and the
risk for gastroesophageal reflux disease and its complications. Ann
Intern Med 2005;143(3):199-211.

[4] Edelstein ZR, Farrow DC, Bronner MP, Rosen SN, Vaughan TL. Cen-
tral adiposity and risk of Barrett’s esophagus. Gastroenterology
2007;133(2):403-11.

[5] Frezza EE, Ikramuddin S, Gourash W, et al. Symptomatic improve-
ment in gastroesophageal reflux disease (GERD) following laparo-
scopic Roux-en-Y gastric bypass. Surg Endosc 2002;16(7):1027-31.

[6] ChiuS, Birch DW, Shi X, Sharma AM, Karmali S. Effect of sleeve gas-
trectomy on gastroesophageal reflux disease: a systematic review. Surg
Obes Relat Dis 2011;7(4):510-5.

[7] Laffin M, Chau J, Gill RS, Birch DW, Karmali S. Sleeve gastrectomy
and gastroesophageal reflux disease. J Obes 2013;2013:741097.

[8] NIH conference. Gastrointestinal surgery for severe obesity.

Consensus Development Conference Panel. Ann Intern Med

1991;115(12):956-61.

Phadnis MA. Sample size calculation for small sample single-arm tri-

als for time-to-event data: logrank test with normal approximation or

test statistic based on exact chi-square distribution? Contemp Clin Tri-

als Commun 2019;15:100360.

[10] Armstrong D, Bennett JR, Blum AL, et al. The endoscopic assessment
of esophagitis: a progress report on observer agreement. Gastroenter-
ology 1996;111(1):85-92.

[11] Bredenoord AJ, Fox M, Kahrilas PJ, et al. Chicago classification
criteria of esophageal motility disorders defined in high resolution
esophageal  pressure topography. Neurogastroenterol — Motil
2012;24(Suppl 1):57-65.

[12] Velanovich V. The development of the GERD-HRQL symptom
severity instrument. Dis Esophagus 2007;20(2):130—4.

[13] Castagneto Gissey L, Casella Mariolo JR, Genco A, Troisi A, Basso N,
Casella G. 10-year follow-up after laparoscopic sleeve gastrectomy: out-
comes in a monocentric series. Surg Obes Relat Dis 2018;14(10):1480-7.

[9

—

[14] Ariffin SB, Midi H. Robust bootstrap methods in logistic regression
model. 2012 International Conference on Statistics in Science, Business
and Engineering (ICSSBE), Langkawi, 2012, pp. 1-6, https://doi.org/
10.1109/ICSSBE.2012.6396613.

[15] Rebecchi F, Allaix ME, Giaccone C, Ugliono E, Scozzari G, Morino M.
Gastroesophageal reflux disease and laparoscopic sleeve gastrectomy: a
physiopathologic evaluation. Ann Surg 2014;260(5):909-14; discussion
914-5.

[16] Ece I, Yilmaz H, Acar F, Colak B, Yormaz S, Sahin M. A new algo-
rithm to reduce the incidence of gastroesophageal reflux symptoms af-
ter laparoscopic sleeve gastrectomy. Obes Surg 2017;27(6):1460-5.

[17] DuPree CE, Blair K, Steele SR, Martin MJ. Laparoscopic sleeve gas-
trectomy in patients with preexisting gastroesophageal reflux disease:
a national analysis. JAMA Surg 2014;149(4):328-34.

[18] Kular KS, Manchanda N, Rutledge R. Analysis of the 5-year outcomes
of sleeve gastrectomy and mini gastric bypass: a report from the Indian
sub-continent. Obes Surg 2014;24(10):1724-8.

[19] Boza C, Daroch D, Barros D, Ledn F, Funke R, Crovari F. Long-term
outcomes of laparoscopic sleeve gastrectomy as a primary bariatric
procedure. Surg Obes Relat Dis 2014;10(6):1129-33.

[20] Himpens J, Dobbeleir J, Peeters G. Long-term results of laparoscopic
sleeve gastrectomy for obesity. Ann Surg 2010;252(2):319-24.

[21] Genco A, Soricelli E, Casella G, et al. Gastroesophageal reflux disease
and Barrett’s esophagus after laparoscopic sleeve gastrectomy: a
possible, underestimated long-term complication. Surg Obes Relat
Dis 2017;13(4):568-74.

[22] Kauer WK, Stein HJ. Emerging concepts of bile reflux in the constel-
lation of gastroesophageal reflux disease. J Gastrointest Surg
2010;14(Suppl 1):S9-16.

[23] Kauer WK, Stein HJ. Role of acid and bile in the genesis of Barrett’s
esophagus. Chest Surg Clin N Am 2002;12(1):39-45.

[24] Kauer WK, Peters JH, DeMeester TR, Ireland AP, Bremner CG,
Hagen JA. Mixed reflux of gastric and duodenal juices is more harmful
to the esophagus than gastric juice alone. The need for surgical therapy
re-emphasized. Ann Surg 1995;222(4):525-31. discussion 531-3.

[25] Felsenreich DM, Kefurt R, Schermann M, et al. Reflux, sleeve dilation,
and Barrett’s esophagus after laparoscopic sleeve gastrectomy: long-
term follow-up. Obes Surg 2017;27(12):3092-101.

[26] Sharma A, Aggarwal S, Ahuja V, Bal C. Evaluation of gastroesophageal
reflux before and after sleeve gastrectomy using symptom scoring, scin-
tigraphy, and endoscopy. Surg Obes Relat Dis 2014;10(4):600-5.

[27] Raj PP, Bhattacharya S, Misra S, et al. Gastroesophageal reflux-related
physiologic changes after sleeve gastrectomy and Roux-en-Y gastric
bypass: a prospective comparative study. Surg Obes Relat Dis
2019;15(8):1261-9.

[28] Navarini D, Madalosso CAS, Tognon AP, Fornari F, Barao FR,
Gurski RR. Predictive factors of gastroesophageal reflux disease in
bariatric surgery: a controlled trial comparing sleeve gastrectomy
with gastric bypass. Obes Surg 2020;30(4):1360-7.

[29] Sebastianelli L, Benois M, Vanbiervliet G, et al. Systematic endoscopy
5 years after sleeve gastrectomy results in a high rate of Barrett’s
esophagus: results of a multicenter study. Obes Surg
2019;29(5):1462-9.

[30] Yeung KTD, Penney N, Ashrafian L, Darzi A, Ashrafian H. Does
sleeve gastrectomy expose the distal esophagus to severe reflux? A
systematic review and meta-analysis. Ann Surg 2020;271(2):257-65.

[31] YehoshuaRT, Eidelman LA, Stein M, et al. Laparoscopic sleeve gastrec-
tomy—volume and pressure assessment. Obes Surg 2008;18(9):1083-8.

[32] Gorodner V, Buxhoeveden R, Clemente G, Solé L, Caro L,
Grigaites A. Does laparoscopic sleeve gastrectomy have any influence
on gastroesophageal reflux disease? Preliminary results. Surg Endosc
2015;29(7):1760-8.

[33] Soricelli E, Casella G, Baglio G, Maselli R, Ernesti I, Genco A. Lack
of correlation between gastroesophageal reflux disease symptoms and
esophageal lesions after sleeve gastrectomy. Surg Obes Relat Dis
2018;14(6):751-6.


https://doi.org/10.1016/j.soard.2020.07.013
https://doi.org/10.1016/j.soard.2020.07.013
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref2
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref2
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref2
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref3
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref3
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref3
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref4
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref4
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref4
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref5
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref5
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref5
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref6
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref6
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref6
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref7
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref7
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref8
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref8
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref8
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref9
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref9
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref9
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref9
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref10
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref10
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref10
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref11
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref11
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref11
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref11
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref12
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref12
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref13
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref13
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref13
https://doi.org/10.1109/ICSSBE.2012.6396613
https://doi.org/10.1109/ICSSBE.2012.6396613
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref15
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref15
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref15
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref15
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref16
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref16
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref16
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref17
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref17
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref17
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref18
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref18
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref18
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref19
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref19
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref19
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref19
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref20
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref20
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref21
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref21
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref21
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref21
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref22
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref22
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref22
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref23
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref23
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref24
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref24
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref24
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref24
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref25
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref25
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref25
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref26
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref26
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref26
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref27
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref27
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref27
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref27
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref28
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref28
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref28
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref28
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref28
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref29
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref29
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref29
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref29
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref30
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref30
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref30
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref31
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref31
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref32
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref32
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref32
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref32
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref32
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref33
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref33
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref33
http://refhub.elsevier.com/S1550-7289(20)30416-0/sref33

	Sleeve gastrectomy and gastroesophageal reflux: a comprehensive endoscopic and pH-manometric prospective study
	Methods
	Study design
	Sample size calculation
	Endoscopy
	High-resolution manometry
	Twenty-four–hour pH monitoring
	GERD-HRQL questionnaire
	Surgical technique
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Disclosures
	Acknowledgments
	Supplementary materials
	References


