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Introduction

The continuously rising obesity rate in western 
countries generates a substantial number of people 
requiring bariatric surgery. Sleeve gastrectomy (SG) 
has become one of the most frequently performed 
bariatric procedures globally. According to the Interna-
tional Federation for the Surgery of Obesity and Met-
abolic Disorders (IFSO), it accounted for nearly 44% of 
all primary bariatric procedures performed worldwide 
between 2013 and 2017 [1]. In countries, where the 

prevalence of obesity is particularly high, such us the 
United States, SG is performed even more often [2]. 
SG gained in popularity mainly due to its relative sim-
plicity in comparison with other bariatric procedures, 
with similar long-term outcomes in weight reduction. 
Compared to Roux-en-Y gastric bypass, it is techni-
cally more feasible to perform and at the same time 
has fewer postoperative complications. Because there 
is no risk of internal hernias due to the lack of small 
bowel rearrangement, it also enables endoscopic ac-
cess to an intact intestinal passage.
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A b s t r a c t

Introduction: Sleeve gastrectomy has become one of the most performed bariatric procedures. There is increasing 
evidence that sleeve gastrectomy patients suffer from gastroesophageal reflux disease and its sequelae such as 
erosive oesophagitis (EO) or Barret’s oesophagus (BO).
Aim: To evaluate the incidence of EO and BO among patients with normal preoperative oesophagogastroduodenos-
copy findings, who underwent sleeve gastrectomy, and investigate factors that may contribute to the development 
of EO and BO after the surgery.
Material and methods: We conducted a  single-centre longitudinal study that included patients who underwent 
sleeve gastrectomy and completed 5 years of follow-up. Gastroscopies were performed in all patients at the end of 
the follow-up period. Patient- and treatment-related factors were used to search for risk factors of BO.
Results: From a total of 30 patients, symptomatic reflux was reported by 17 (56.7%) during the follow-up period. At 
EGD EO was found in 9 of those patients (30%), whereas BE was diagnosed in 8 (27%) patients. The median BMI at 
the end of the follow-up period was significantly higher among patients with BE than in the groups with EO and with 
no endoscopic changes: 40.91 ±6.32, 32.42 ±5.53, and 33.25 ±4.41, respectively (p = 0.04).
Conclusions: The prevalence of BO in SG patients is considerable. The risk of BE increases in patients with poor 
bariatric outcome. Endoscopic surveillance should be considered as part of the follow-up, especially in patients with 
higher overall risk of BE.
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However, there is increasing evidence that SG 
causes new-onset gastroesophageal reflux disease 
(GERD) or worsens pre-existing reflux symptoms 
[3–5]. In addition, morbidly obese individuals are 
affected by GERD symptoms more often than the 
general population. It has been postulated that ele-
vated intra-abdominal pressure in obese individuals 
promotes GERD by disrupting the normal gastro-
esophageal pressure gradient [6]. GERD is a primary 
risk factor for erosive oesophagitis (EO) and Barrett’s 
oesophagus (BO). Furthermore, several studies indi-
cate that visceral adiposity and metabolic syndrome, 
which are frequently present in patients undergoing 
bariatric procedures, contribute to the development 
of BO regardless of GERD [7, 8].

The majority of research studying the relationship 
between SG and GERD is based on reflux symptoms 
rather than endoscopic evaluation; therefore, data 
regarding the incidence rate of EO and BO among SG 
patients are limited [9, 10]. Because the number of 
people undergoing SG is continuously growing, the 
prevalence of this important complication needs to 
be thoroughly investigated.

Aim

In our study we aim to evaluate the incidence of 
EO and BO among patients with normal preopera-
tive oesophagogastroduodenoscopy (OGD) findings, 
who underwent SG, and investigate factors that may 
contribute to the development of EO and BO after 
the surgery.

Material and methods

The study group comprised 30 bariatric patients 
who underwent laparoscopic sleeve gastrectomy. Pa-
tients’ inclusion criteria were as follow: age 18 years 
or older and younger than 60 years, and at least  
5 years of follow-up. All patients fulfilled the crite-
ria for bariatric surgery. Each had a body mass index 
(BMI) > 40 kg/m2 or had a BMI > 35 kg/m2 with obe-
sity-related comorbidities. In all patients an OGD was 
performed as part of the preoperative workup. All 
patients diagnosed with Helicobacter pylori under-
went eradication prior to the surgery. All procedures 
were performed laparoscopically, and there was no 
need for conversion. Perioperative complications are 
reported using Clavien-Dindo classification. The rou-
tine follow-up appointments were arranged 10 days,  
1 year, and after that every 3 years post index sur-

gery. Endoscopic control was performed for every 
patient at the end of the follow-up period.  BO was 
diagnosed according to the Seattle biopsy protocol 
(4-quadrant biopsy specimens taken at intervals of 
every 1 to 2 cm) [11].

Surgical technique

Laparoscopic SG is perform using 5 trocars. The 
division of the vascular supply to the greater curva-
ture of the stomach is performed with a  radiofre-
quency device (Harmonic ScalpelTM). A 36-Fr calibrat-
ing bougie is inserted alongside the lesser curvature, 
and a  gastric tube is formed with a  linear stapler. 
Running absorbable sutures are used to oversew the 
stapler line in order to decrease the risk of bleeding.  
Intra-abdominal drains are not routinely inserted.

Ethical consideration

The study was approved by the Bioethics Commit-
tee of the Jagiellonian University (122.6120.200.2016).

Statistical analysis

Statistica version 13 (StatSoft Inc., Tulsa, OK, 
USA) was used for data analysis. Variables are pre-
sented with median and range. Categorical data 
were compared using the c2 test of independence. 
The Shapiro-Wilk test was used to check for normal 
distribution of the data. If the dataset had normal 
distribution the t test was used, otherwise the Mann-
U-Whitney test was utilized. P-values < 0.05 were 
considered statistically significant. All patient- and 
treatment-related factors were used to build a logis-
tic regression model to search for risk factors of BO.

Results

Among the 30 patients included in the study, the 
follow-up time ranged between 65 and 123 months 
and ended in January 2020. The median maximal 
BMI of the study group was 47.78 (39.06–60.87) 
kg/m2. Six patients suffered reflux symptoms pre-
operatively. However, the initial EGD findings were 
unremarkable in all patients with no signs of EO 
or BO.

During the postoperative period 1 patient suf-
fered transient gastroparesis (Clavien-Dindo I),  
2 patients had postoperative rhabdomyolysis, and  
1 had dehydration requiring intravenous fluid resus-
citation (Clavien-Dindo II).
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During the follow-up period symptomatic reflux 
was reported by 17 (56.7%) patients. OGD with biop-
sy was performed in all patients in the study group. 
At OGD EO was found in 9 of those patients (30%), 
whereas BO was diagnosed in 8 (27%) patients. The 
remaining 13 (43%) patients had no changes in patho-
logical examination. The median initial BMI was 46.97 
±7.52 kg/m2 in the EO patients, 49.15 ±5.1 kg/m2 in 
the BO patients, and 47.47 ±3.31 kg/m2 in the group 
with no changes in endoscopy (p = 0.58, ns). Where-
as at the end of the follow-up period the median BMI 

among patients with BO was significantly higher than 
in the groups with EO and with no endoscopic chang-
es, 40.91 ±6.32 kg/m2, 32.42 ±5.53 kg/m2, and 33.25 
±4.41 kg/m2, respectively (p = 0.04) (Table I).

Univariate logistic regression model revealed 
end BMI as a  risk factor for BO occurrence in long 
term-observation (OR = 1.373; 95% CI: 1.03–5.670; 
p = 0.013). There was no statistically significant as-
sociation between the likelihood of BO and demo-
graphic characteristics, obesity-associated comor-
bidities, or operating time (Table II).

Table I. Demographic characteristics and comorbidities of the 3 study groups

Parameter No endoscopic 
changes 
n = 13

Erosive oesophagitis 
n = 9 

Barret’s oesophagus
n = 8

P-value

Age 38.6 ±9.56 40.22 ±13.7 41 ±12.3 0.83

Gender (F/M) 7/6 1/8 2/6 0.36

ASA grade: 0.54

1 0 1 0

2 11 6 7

3 2 1 1

Maximal BMI 47.47 ±3.31 46.97 ±7.52 49.15 ±5.1 0.58

End BMI 33.25 ±4.41 32.42 ±5.53 40.91 ±6.32 0.04

Diabetes Mellitus 1 2 1 0.64

Hyperlipidaemia 6 5/2 1/4 0.35

Hepatosteatosis 7 5 3 0.98

Hypertension 7 6 6 0.63

Obstructive sleep apnoea 3 3 2 0.87

Operating time 151.15 ±35.7 128.88 ±46.8 125.62 ±39.04 0.28

Table II. Multivariate analysis of factors associated with Barrett’s oesophagus after sleeve gastrectomy

Parameter OR 95% CI P-value

Gender 0.19 –3.479 – 0.163 0.163

Age 1.02 –0.052 – 0.092 0.591

ASA grade 6.483 –1,153 – 4,891 0.225

Maximal BMI 1.073 –0.088 – 0.229 0.382

End BMI 1.373 1.03 – 5.670 0.013

Hyperlipidaemia 1.154 –1.522 – 1.808 0.866

Hepatosteatosis 0.833 –1.803 – 1.438 0.825

Hypertension 2.077 –1.081 – 2.543 0.43

Obstructive sleep apnoea 0.889 –1.973 – 1.737 0.901

Number of staples used 1.341 –0.449 – 1.035 0.439

Operating time 0.989 –0.032 – 0.011 0.326
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Discussion

Laparoscopic sleeve gastrectomy has become 
the most frequently performed bariatric procedure 
worldwide [1]. It has proven to be of equivalent ef-
fectiveness as the well-established Roux-en-Y gas-
tric bypass, but it is technically easier to perform 
and provides endoscopic access to an intact intes-
tinal passage [2, 12]. Several studies emphasized an 
augmented risk of new-onset postoperative GERD 
after SG [3–5, 13]. However, research evaluating the 
endoscopic prevalence of EO and BO after SG are 
scarce [3–5]. To our knowledge, this is the first study 
that explores factors that may influence the devel-
opment of EO and BO in SG patients. Poor outcome 
of bariatric surgery has been found to be associated 
with a higher prevalence of de novo BO in a  long-
term observation.

The recent metanalysis showed that the range of 
GERD prevalence estimates in Europe was as high as 
between 8.8% and 25.9% for the general population 
[14]. Furthermore, obese individuals have at least 
2-fold increased risk of reflux disease [15] because 
greater incidence of hiatal hernia and higher in-
tra-abdominal pressure seem to have a substantial 
impact on the development of GERD [16]. Therefore, 
bariatric surgeries should primarily have a protective 
effect on reflux symptoms in obese patients [9, 10]. 
Nonetheless, SG itself may promote gastroesopha-
geal reflux due to several contributory factors. The 
natural anatomical relationship between the lower 
oesophageal sphincter (LOS), the diaphragm and 
the angle of His supported by gastric and oesoph-
ageal-phrenic ligaments, which act as an anti-reflux 
system, is disrupted during the surgery [5]. The re-
duced gastric volume leads to the higher intra-gas-
tric pressure, which disturbs the gastroesophageal 
pressure gradient. In addition, poor surgical tech-
nique may lead to twisting or kinking of the stom-
ach tube, which also influences outcomes [17].

The prevalence of GERD following SG has been 
proven to be prominent [3–5]. However, majority 
of research studying the relationship between SG 
and GERD is based on the clinical evaluation of re-
flux symptoms rather than endoscopic findings [3, 
4]. Data regarding endoscopic prevalence of EO are 
limited [4, 5]. Yeung et al. in their metanalysis re-
ported the new-onset oesophagitis rate at 23% in all 
studies, but 20% in the subgroup of long-term stud-
ies. Similar results were presented in another study 
of 110 patients who underwent endoscopy during 

long-term follow-up post SG, where there was a sig-
nificant increase in incidence and severity of EO at 
OGD [5]. Our findings indicate a new-onset EO rate 
at 30%, which is somewhat higher than in the afore-
mentioned studies.

Interestingly, de novo BO was reported in 27% of 
our cohort, which is again higher than those report-
ed in other studies, where the incidence rate ranged 
between 6 and 17% [4, 5, 15]. Although GERD is 
a  key risk factor for the development of BO, it has 
been postulated that metabolic syndrome along with 
central obesity plays an independent role in the de-
velopment of BO, irrespective of the presence of re-
flux disease [8, 17]. Visceral adiposity that leads to 
elevated level proinflammatory cytokines such as 
C-reactive protein, interleukin-6, and tumour necro-
sis factor-α creates a state of systemic inflammation 
that has been associated with an increased risk of 
BO and oesophageal adenocarcinoma [16]. In our 
study SG patients who developed BO had consider-
ably higher BMI during the long-term follow up than 
those with EO or normal gastroesophageal junction 
at OGD. Our findings indicate that patients with poor 
bariatric outcome or those with weight regain may 
be at particular risk of BO, a known precursor lesion 
for oesophageal adenocarcinoma. However, our sam-
ple contains a  relatively small number of patients, 
and further research on a larger group is needed to 
estimate the prevalence and factors contributing to 
the development of BO after sleeve gastrectomy.

Several studies suggest that OGD should be 
a part of the routine follow-up investigations for SG 
patients [5, 6]. The results of our research, in which 
a  significant proportion of SG patients developed 
de novo EO or BO, support this recommendation. 
Furthermore, SG patients with poor weight control 
after surgery should be considered at particularly 
high risk of development of BO due to the increased 
prevalence of reflux disease post SG and persistently 
high BMI being the 2 independent contributing fac-
tors.

Our study has several limitations. First, this study 
is based on a limited number of patients, which may 
be too small to draw any final conclusions about the 
prevalence and additional risk factors of BO. Howev-
er, a larger group is problematic due to the longitu-
dinal construction of the study. Second, no dietary 
or medications related causes of GERD have been 
analysed. Finally, no control group was included in 
the design of the study.
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Conclusions

The prevalence of BO in SG patients is consider-
able. The risk of BO increases in patients with high 
end BMI after SG. Endoscopic surveillance should be 
considered as part of the follow-up, especially in pa-
tients with higher overall risk of BO.
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