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Abstract
Background Sleeve gastrectomy is the most commonly performed bariatric surgery these days but is associated with de novo
reflux.
Objective We aimed to study the influence of hypotonic lower esophageal sphincter (LES) on postoperative gastroesophageal
reflux disease (GERD).
Methods Patients with pre- and postoperative esophageal high-resolution manometry (HRM) and 24-h pH monitoring (pHM)
were included retrospectively in our study. Preoperative hypotonic LES was defined by a mean residual pressure of the lower
esophageal sphincter < 4 mmHg. Postoperative GERD was defined by a DeMeester’s score > 14.72. We also evaluated postop-
erative manometric changes at the esophageal-gastric junction.
Results Sixty-nine patients (54 females and 15 males) had pre- and postoperative HRM and pHM. The mean age was 45.9 ±
9.8 years. The mean body mass index (BMI) was 47.5 ± 7.5 kg/m2. Hypotonic LES concerned 21 patients (30.4%) before sleeve
gastrectomy. The mean time between the two esophageal monitorings was 32.1 ± 24.1 months. The sensitivity, specificity,
positive predictive value, and negative predictive value of hypotonic LES to predict GERD were 31, 70, 52, and 48% respec-
tively. The LES minimal residual pressure was not statistically decreased after sleeve gastrectomy (p = 0.24). Only the wave
speed, esophageal length, and LES length were significantly reduced after SG (p = 0.029, 3.8 × 10−7 and 0.00032).
Conclusion Hypotonic LES has a poor predictive value on postoperative GERD. The LES’s length is significantly reduced after
SG and this could be a factor explaining de novo reflux.
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Introduction/Purpose

Hypotonic lower esophageal sphincter (LES), hiatal hernia,
and increased intra-abdominal pressure are causes of gastro-
esophageal reflux syndrome (GERD) [1]. Moreover,

prevalence of GERD is increased in obese patients with great-
er consequences [2]. The International Federation for the
Surgery of Obesity and Metabolic Disorders (IFSO) reported
that sleeve gastrectomy (SG) accounts for 43.6% of all prima-
ry bariatric procedures globally performed between 2013 and
2017 [3]. Recent literature reports high incidence of Barrett’s
esophagus (BE) going up to 18.8% at 5 years in patients who
underwent SG [4–6]. Furthermore, there is a lack of correla-
tion between GERD symptoms and esophageal lesions [7].

For all these reasons, we must identify clear risk factors to
develop GERD and, in the long term, BE in patients who will
undergo SG. Unfortunately, even pHmonitoring (pHM) is not
efficient enough to determine appropriate candidates for this
procedure because of the important proportion of de novo
reflux [8]. As hypotonic LES plays a role in the appearance
of GERD, we aimed to evaluate the impact of a preoperative
hypotonic LES on post-SG GERD. We also studied the
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influence of hypotonic LES on DeMeester’s score and post-
operative esophagitis. Manometric changes at the esophageal-
gastric junction after SG were investigated too.

Materials and Methods

Patients

Bariatric Procedure

All SG procedures were performed by laparoscopic approach.
Gastrolysis was debuted 7 cm away from the pylorus for antral
preservation. No extensive esophageal-gastric junction dissec-
tion was performed. Gastric resection was calibrated on a 42-
Fr tube. Continuous oversuture was done in stapling line with
a non-absorbable suture. In case of hiatal hernia, concomitant
repair was not performed during SG.

24-h pH Monitoring

GERD was studied using ambulatory 24-h pH measurements
after withdrawal of proton pump inhibitors for at least 2 weeks.
The DeMeester score (DMS) is a composite score of acid
exposure during a prolonged ambulatory pH monitoring.
The results were expressed using five standard components:
percentage of total time of pH < 4, percentage of upright time
of pH < 4, percentage of supine time of pH < 4, number of
reflux episodes > 5 min, longest reflux episode (min) [10].
Using these parameters, the DMS has been calculated. In
our study, GERD was defined by a DMS > 14.72 irrespective
of the presence of GERD clinical symptoms or/and an associ-
ation of clinical symptoms.

High-Resolution Manometry

High-resolution manometry (HRM) was performed with a
4.2-mm outer diameter solid-state assembly with 36 circum-
ferential pressure sensors spaced at 1-cm interval (approxi-
mately 3 intragastric sensors). The ManoView software was
utilized to perform high-resolution manometry analysis.
Manometry was done by 12 successive 5-ml water swallows.
Preoperative hypotonic LES was defined by a mean residual
pressure of the lower esophageal sphincter < 4 mmHg.

Esogastroduodenal Endoscopy

Biopsies were made with a local anesthesia to confirm the
diagnosis of BE. In case of non-tolerance, the exam could be
performed under general anesthesia. Erosive esophagitis was
defined during esogastroduodenal endoscopy by the Los
Angeles classification [11] and BE by the Prague classifica-
tion [12], and also with biopsies to search for gastric/intestinal
metaplasia or even dysplasia. Presence of Helicobacter pylori
was also searched.

Patients with post-operative 
esophageal monitoring

n = 69 (13.1%)

Patients without post-operative 
esophageal monitoring

n = 432 (86.9%)

For insufficient weight loss
n = 40 (58.0%)

Patients undergoing a sleeve gastrectomy 
with pre-operative esophageal monitoring

n = 497

For abdominal pain
n = 4 (5.8%)

For heartburn
n = 21 (30.4%)

For a 5-years medical check-up
n = 4 (5.8%)

Fig. 1 Flow chart of the study
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All patients who underwent SG in the Department of
Digestive and Endocrine Surgery at the University Hospital
of Nantes from January 2011 to December 2018 were includ-
ed. During the study period, the vast majority (more than
95%) of surgical bariatric procedures were SG. It was a doc-
tor’s choice as our population had a mean BMI (body mass
index) > 45 kg/m2 to reduce postoperative complications. The
eligibility criteria for SG were age > 18 years, indication for a
bariatric surgery procedure according to the French health
authorities (HAS) guidelines: obesity with a BMI > 35 kg/
m2 with secondary comorbidities (type 2 diabetes (TD2) and
high blood pressure (HBP), obstructive sleep apnea syndrome
(OSA), impact on locomotor system), or BMI > 40 kg/m2 [9].
All patients underwent an extensive preoperative multidisci-
plinary evaluation according to the National French guidelines
that are similar to the recommendations of the National
Institute of Health. Patients with esophageal monitoring be-
fore and after SG were included retrospectively in our study
(details are shown in Fig. 1).
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Statistical Analysis

Quantitative results are presented in mean and standard devi-
ation. Student’s t test or Welch’s test was used to compare
variations between two groups. Univariate comparisons for
quantitative variable analyses were performed using
Pearson’s chi-squared tests or Fisher’s tests for independent
groups. To compare quantitative variables with qualitative
ones, the paired Student’s t test was used. Multivariate analy-
sis was performed using a logistic regression model. For all
tests, a two-sided p < 0.05 was considered statistically signif-
icant. All statistical analyses were performed with the use of
the R software®. The database was built using the Microsoft
Excel® (Microsoft, Redmond, WA, USA).

Results

Sixty-nine patients (54 females and 15 males) had pre- and
postoperative HRM and pH monitoring. The mean age was
45.8 ± 9.8 years. The mean BMI was 47.6 ± 7.1 kg/m2.
Among the 12 patients with esophagitis, 6 were grade A and
6 were grade B. One patient had preoperative endoscopic BE
(C0M0 without dysplasia). Baseline characteristics are de-
scribed in Table 1.

Mean % total body weight loss at 1 year was 21.3%. Two
patients (2.9%) had 90-day postoperative complications: one
scar disunion (Dindo-Clavien 1) and one intra-abdominal ab-
scess treated by antibiotics (Dindo-Clavien 2).

Causes of the second esophageal monitoring are described
in Fig. 1. The mean time between the two esophageal moni-
torings was 32.1 ± 24.1 months.

The sensitivity, specificity, positive predictive value, and
negative predictive value of preoperative hypotonic LES to
determine postoperative GERD were 31, 70, 52, and 48%
respec t i ve ly. Con t ingency tab le i s in Tab le 2 .
Postoperatively, there were no correlation between a hypoton-
ic LES and GERD on pHmetry (Cohen’s k = − 0.005). There
were no statistically significant difference between patients
with and without hypotonic LES in regard to the evolution
of GERD status (p = 0.72), DeMeester’s score (p = 0.38), or
its components (Table 3).

In univariate analysis, no preoperative variable on
esophageal monitoring was a significant risk factor to
develop postoperative GERD (Table 4). Patients were
more likely to have a DMS > 14.72 after sleeve (from
36 to 52%) without statistical significance (p = 0.09).
There is a trend after SG to develop more esophageal
lesions such as esophagitis (from 17.4 to 27.5%) and
BE (from 1.4 to 7.2%) without statistical significance
(Table 5). In multivariate analysis, only preoperative
esophagitis was a significant risk factor to develop post-
operative esophagitis (OR = 19.7, p = 0.003). There is a
trend to a lower LES minimal residual pressure after SG
(p = 0.24). Only the wave speed, esophageal length, and
LES length were significantly reduced after SG.

Table 1 Demographic characteristics

Number

Sex: male, n (%) 15 (21.7)

Age (years), mean ± SD 45.8 ± 9.8

Weight (kg), mean ± SD 132.5 ± 27.0

Body mass index (kg/m2), mean ± SD 47.4 ± 7.5

Hypertension, n (%) 27 (39.1)

Type 2 diabetes mellitus, n (%) 21 (30.4)

Hyperlipidemia, n (%) 16 (23.2)

Obstructive sleep apnea, n (%) 25 (36.2)

Osteoarthritis, n (%) 9 (13.0)

Hiatal hernia, n (%) 12 (17.4)

Helicobacter pylori, n (%) 17 (24.6)

Esophagitis, n (%) 12 (17.4)

Barrett’s Esophagus, n (%) 1 (1.4)

De Meester’s score > 14.72, n (%) 25 (36.2)

Hypotonic lower esophageal sphincter, n (%) 21 (30.4)

Table 2 Preoperative hypotonic LES and postoperative GERD

Postoperative
GERD

No postoperative
GERD

Total

Preoperative hypotonic
LES

11 10 21

No preoperative
hypotonic
LES

25 23 48

Total 36 33 69

LES lower esophageal sphincter, GERD gastroesophageal reflux disease

Table 3 Comparison of changes in DeMeester’s score after SG in
patients with and without hypotonic LES

Patients with
hypotonic LES
(N = 21)

Patients without
hypotonic LES
(N = 48)

p

Patients with GERD + 4 (+ 19.0%) + 7 (+ 14.6%) 0.72

DeMeester’s score + 8.8 + 3.3 0.38

Total period pH < 4 (%) + 2.5 + 1.0 0.27

Upright time at pH < 4 (%) + 3.0 + 3.0 0.27

Supine time at pH < 4 (%) + 1.7 + 0.6 0.92

Number of reflux episodes + 16.7 + s5.3 0.21

Number of episodes > 5 min + 1.1 + 0.4 0.52

Longest episode (min) + 2.5 + 3.7 0.65
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Discussion

We hereby present the largest series of patients with pre- and
post-SG complete esophageal morphologic assessment.
Prevalence of de novo GERD and, therefore, esophageal le-
sions after SG, is of concern for every bariatric surgeon.

There is a disparity of opinion regarding the reflux after
SG. A survey of the Fifth International Consensus
Conference for the current status of SG revealed that only
23.3% of expert bariatric surgeons felt that GERD was an
absolute contraindication to SG, whereas a higher proportion
(52.6%) of general surgeons considered this an absolute con-
traindication [13]. The problem is the use of symptomatology
alone as a screening tool for GERD.

Our results showed that hypotonic LES before SG does not
increase significantly DeMeester’s score. Mostly, the diagnostic
value of preoperative hypotonic LES to determine postoperative
GERD is poor. LES’s length is significantly reduced after SG
and this could be one of the factors explaining de novo reflux.

The physiopathology of post-SG GERD is still unclear, but
the modification of the esophageal-gastric junction seems de-
terminant with a reduction of LES pressure after surgery [14].

In our series, there was a trend toward a postoperative reduc-
tion of LES pressure without statistical significance. Antral
preservation was done in our series and it appears to reduce
“de novo”GERD [15] even if it seems to impair weight loss in
the literature [16]. Braghetto et al. showed a significant de-
crease in LES pressure without antral preservation [14].
Likewise, a 42-Fr bougie was used to limit complications such
as staple line leak [13]. A recent meta-analysis showed that the
bougie size [17] does not influence the incidence of de novo
GERD. Technical aspect of SG seems crucial and needs to be
investigated later on. Valezi et al. excluded patients with
GERD (clearly a bias in obese population) but showed clearly
intragastric pressure rise and LES damage after SG [8]. It
seems that a raised intragastric pressure constitutes SG signa-
ture but is not correlated with esophagitis or GERD [18].

RYGB is a well-known treatment of GERD in obese pop-
ulation. Literature based on the BOLD database of the
American Society for Metabolic and Bariatric Surgery clearly
showed it on more than 20,000 patients [19]. Dupree et al.
considered that GERD is a relative contraindication to SG
[20]. Recently, the SM-BOSS study attested that 60.4% of
patients with RYGB were cured of GERD symptoms (only
25% in the SG group) and that 31.6% of patients in the SG
group had de novo GERD (only 10.7% in RYGB group) [21].

An aspect often laid aside is that the DeMeester’s score
does not evaluate the sensibility to acid gastric fluid of the
esophageal mucosa while it is directly linked to the appear-
ance of esophagitis and BE.

The strength of our study is the precise method for evalu-
ating LES and GERD before and after SG in more than fifty
patients. We acknowledge some limitations. Firstly, the pa-
tients included had a postoperative esophageal monitoring
most of the time for weight regain. It represented a significant
bias as higher BMI is a known factor of de novo GERD, and
only 13.4% of our patients had a postoperative esophageal
monitoring. Furthermore, second monitoring was done at dif-
ferent periods of time for each patient and maybe too preco-
ciously (mean delay of 32 months after SG), to show impor-
tant changes in esophageal status. We need more studies to
better apprehend the good candidate for SG, especially pro-
spective ones with esophageal monitoring before and after SG

Table 4 Univariate and multivariate analysis of preoperative variables associated with postoperative GERD

Characteristics Univariate Multivariate

Postoperative
GERD (N = 36)

No postoperative
GERD (N = 33)

OR p OR p

Preoperative esophagitis 9 (25) 3 (9) 3.3 (0.7–20.8) 0.11 2.6 (0.5–12.5) 0.24

Endoscopic hiatal hernia 7 (19) 5 (15) 1.3 (0.3–6.1) 0.76 0.8 (0.2–3.1) 0.70

DMS > 14.72 17 (47) 8 (24) 2.8 (0.9–9.1) 0.078 2.3 (0.8–7.2) 0.14

Hypotonic LES 11 (31) 10 (30) 1.0 (0.3–3.2) 1 0.9 (0.3–2.7) 0.86

Table 5 Manometric characteristics of patients before and after SG

Before SG
(N = 69)

After SG
(N = 69)

p

Hypotonic LES 21 (30.4) 27 0.37

Hypertonic LES 3 (4.3) 2 (2.9) 1

Esophageal hypocontractility 7 (10.1) 10 (14.5) 0.61

Esophageal hypercontractility 7 (10.1) 6 (8.7) 1

Esophageal hypoperistaltism 4 (5.8) 4 (5.8) 1

Esophageal hyperperistaltism 1 (1.4) 6 (8.7) 0.062

LES minimal residual
pressure (mmHg)

10.6 8.9 0.24

Wave amplitude (mmHg) 104.9 99.0 0.068

Wave duration (s) 3.9 3.8 0.38

Wave speed (cm/s) 5.1 4.0 0.029

Esophageal length (cm) 22.5 21.5 3.8 × 10−7

LES length (cm) 4.3 3.6 0.00032

Italicized values are statistically significant
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according to a precise timing to eliminate biases present in our
study. For the time being, esophagitis diagnosis by
esogastroduodenal fibroscopy seems to be the simplest and
best way to select patients and to avoid an increased risk of
BE.

Conclusion

Hypotonic LES has a poor predictive value on postoperative
GERD. The LES’s length is significantly reduced after SG and
this could be a factor explaining de novo reflux.
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