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A B S T R A C T   

Introduction: Laparoscopic Sleeve Gastrectomy (LSG) is one of the most prevalent approaches to tackle obesity 
and its co-morbidities. The main complication following the LSG is Gastro-esophageal reflux disease (GERD), 
with most patients developing worsening symptoms of GERD, and a small number progressing to Barrett’s 
esophagus. This retrospective analysis aims to assess the rate of GERD pre- and post- LSG as well as the rate of 
progression to Barrett’s. 
Methods: Data was collected from 1639 patients. 92 patients fit our inclusion criteria. Data was then analyzed and 
summarized against similar literature. 
Results: Of 64 (69.6%) patients who had normal EGD findings pre-LSG, only 28 patients (30.4%) had the same 
results 5 years post-LSG (p= < 0.05). The number of patients who had Grade A GERD almost quadrupled post- 
LSG, increasing from 3 patients (3.3%) to 14 (15.2%). Patients with esophagitis/gastritis/duodenitis increased 
from 20 (21.7%) to 32 patients (34.8%). Patients with hiatal hernias increased from 4 (4.4%) to 10 patients 
(10.9%). The most significant result is that 2 out of 92 patients developed Barrett’s Esophagus (2.2%), while 7 
other patients developed further serious complications. 
Conclusion: LSG is a very effective and safe bariatric procedure. However, the major downslide is that it can lead 
to the aggravation of GERD symptoms. This paper and the included literature demonstrate that LSG does lead to 
a substantial increase in the rate of GERD, however, the percentages of Barrett’s Esophagus are markedly low. 
Performing an EGD pre- and post- LSG is an important protocol that aids in the diagnosis and management of LSG 
related GERD.   

1. Introduction 

The Middle East has had an alarmingly increasing and dominating 
number of obesity and its co-morbidities in its population, and therefore, 
surgical weight loss interventions are consequently increasing in num
ber in that region [1–4]. 

As of recent years, one of the most prevalent and widely preformed 
weight loss procedures is the Laparoscopic Sleeve Gastrectomy (LSG) [2, 
5]. In France during 2011 there was a 43.9% increase in LSG [6], while 
in the USA, from the years 2010–2014, LSG was the predominant type of 
bariatric surgery performed according to the American College of 

Surgeons National Surgical Quality Improvement Program database [7]. 
Furthermore, surgically induced weight loss has been shown to 

reduce systemic inflammation that ultimately may contribute to meta
plastic changes in the esophagus [8]. LSG, however, has the potential to 
lead to Gastroesophageal reflux, abnormal gastric and small intestinal 
emptying and esophageal dysmotility. Gastroesophageal Reflux Disease 
(GERD) and cholestasis have been shown to be common long-term 
complications of sleeve gastrostomies [2,6]. De novo acid reflux dis
ease has been found to develop in 1 out of 5 patients [2], impacting the 
quality of life by requiring lifelong PPI therapy, as well as carrying an 
increased risk of esophagitis and Barrett’s Esophagus [2,5,9]. 
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This retrospective analytical paper sets to explore the development 
of Gastroesophageal reflux disease and its pathological progression into 
Barrett’s Esophagus in patients who underwent a Laparoscopic Sleeve 
Gastrectomy. 

2. Methods 

The primary aims of this retrospective analysis is to assess for new or 
worsening symptoms of GERD, as well as to assess the risk of developing 
Barrett’s esophagus 5 years following an LSG. 

The inpatient hospitalization data was collected from October 2008 
until October 2013 at a government hospital. A total of 1639 patients 
who underwent LSG were drafted into this study. Only 92 patients fit our 
inclusion criteria and had an EGD performed pre-LSG and 5 years post- 
op. All Esophagogastroduodenoscopy’s (EGD) were done at our gov
ernment hospital by a specialist endoscopist. Patients were excluded 
from the cohort study population if they had missing or implausible 
data, had multiple surgeries, and suffered from the common post-sleeve 
complications, such as leaks, strictures, and hiatal hernias larger than or 
equal to 2 cm in size. The data was then pooled, and pre- and post-sleeve 
complications were recorded and pooled against the available data. 

2.1. Diagnosis and management 

Esophagogastroduodenoscopy (EGD) is the gold criteria for diag
nosing Barrett’s Esophagus [4]. The esophageal mucosa is best viewed 
with an upper gastrointestinal endoscopy and was used when patients 
had not responded to an empirical trial therapy of proton pump inhibitor 
twice a day. 

Surgical management of gastroesophageal disease is indicated for 
patients with severe, refractory symptoms or complications such as 
Barrett Esophagus and nonhealing Erosive Esophagitis. Enhanced re
covery after surgery (ERAS) protocol was used for post-operative LSG 
because it reduces care time by over 30% and reduces complications 
post operatively by over 50%. It has also been shown to reduces the 
hospital stay from 4.7 to 2.1 days and lowers morbidity rate [10]. Both 
EGD and ERAS were included in the preoperative step. 

2.2. Sleeve gastrectomy technique 

The LSG procedure was performed using five laparoscopic ports in a 
standard split-leg French position. Devascularization of the greater 
curvature of the stomach was done starting from 4 to 6 cm from the 
pylorus and up to the angle of His before a 36-Fr calibrating bougie was 
passed through the stomach to the duodenum. The sleeve was then 
performed with a linear laparoscopic stapler. Finally, the bougie was 
pulled proximally and an assessment of leak was done by injection of 
100 ml of methylene blue. No intra-abdominal drains were placed. 

2.3. Statistical analysis 

Statistical analysis of the data was carried out using SPSS software 
version 22. The significance of the difference between the two values 
was analyzed using a two-tailed unpaired Student’s t-test. For all data 
comparisons, the t-value is 0.072, the p-value is 0.047 and the statistical 
significance was defined as p < 0.05. % excess weight loss (EWL) was 
calculated using an ideal body weight equivalent to a body mass index 
(BMI) of 25 kg/m2. 

The work has been reported in line with the STROCSS criteria [11]. 

3. Results 

3.1. Preoperative demographics 

The average age of the patients included was 34.9 years. The average 
weight preoperatively was 124 kgs, corresponding to a BMI of 46.8 kg/ 

m2 (Table 1). 
The Los Angeles classification for esophagitis has been used to clas

sify the severity of esophagitis [12]. Preoperatively, the majority of 
patients (69.6%) had normal EGD findings. 3 (3.3%) patients presented 
with GERD Grade A [12]. 20 (21.7%) patients presented with esoph
agitis/gastritis/duodenitis, 4 (4.4%) patients with hiatal hernias, and 
only 1 (1.1%) patient with a gastric ulcer (Table 2) (See Table 3). 

3.2. Postoperative results 

Post operatively, the number of patients with normal EGD findings 
significantly dropped to 28 (30.4%) patients (p = 0.004). 14 patients 
were found to have GERD (15.2%), of which 13 (92.8%) were classified 
as Grade A and 1 as Grade C [12]. Only one of the 13 patients that were 
found to have Grade A GERD post-op presented with it preoperatively. 

The number of patients that were found to have gastritis/esophagi
tis/duodenitis increased to 32 (34.8%) postoperatively, while the 
number of patients with hiatal hernias increased to 10(10.9%), and the 
patients that were found to have Barrett’s esophagus went up from no 
patients to 2 (2.2%). 

There were a few findings that only appeared on the EGD post- 
operatively, and those included an incompetent cardia in 2 (2.2%) pa
tients, significant constriction was seen in 2 (2.2%) patients, gastric leak 
in 1 (1.1%) patient, a gastric ulcer in 1 (1.1%) patient and 1 (1.1%) 
patient developed esophageal candida. 

The average length of stay for patients after their LSG procedure was 
3.4 days. 

4. Discussion 

4.1. GERD 

Gastroesophageal disease is caused by the reflux of gastric acid into 
the esophagus, with the main symptom of GERD being heartburn [4]. 
Physical findings are usually normal, and patients present with the two 
primary complaints of regurgitation and heartburn. It is considered as an 
irreversible condition due to the inappropriate relaxation of the lower 
esophageal sphincter [8,13]. Severe GERD is classified as nocturnal, 
postprandial and is exacerbated when lying down or bending over. It is a 
difficult condition to diagnose because most patients misinterpret their 
pain as chest pain, however, relief with antacid is appropriate enough 
for diagnosis once ischemic heart disease is excluded [8,13]. When it 
comes to obese patients, it has been shown that there is a 30–60% risk of 
GERD in those undergoing sleeve gastrostomies [14], while 
post-operatively, patients who had an LSG tend to develop even worse 
symptoms of GERD from when they are first diagnosed [13–15]. 

4.2. Barrett’s esophagus 

5–15% of patients that have undergone an endoscopy for symptoms 
of GERD are shown to have Barrett’s esophagus [4]. There is also a 
10.1% incidence of Barrett esophagus in patients with uncomplicated 
gastroesophageal reflux disease [4] It has also been proven that there is a 
high incidence of hiatal hernias and Barrett’s esophagus over a 10 year 
period following LSG (45% and 15%) respectively [9]. Barrett’s is 
speculated to be caused by GERD which consequently causes the 

Table 1 
Pre-op demographics of the patients.  

Variable N (SD) 

Average age (years) 34.85 (±10.59) 
Average BMI (kg/m2) 46.80 (±9.14) 
Length of stay (in days) 3.4 
Average height (in cm) 162.94 (±8.13) 
Average starting weight (in kg) 124.03 (±24.33)  
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development of esophagitis and subsequent metaplastic changes of the 
esophageal lining [8], with the development of dysplasia and adeno
carcinoma being the main concern due to Barrett’s [4,8]. Even though 
intestinal metaplasia in the esophagus is a protective mechanism against 
further acidic injury, it is associated with a high risk of esophageal 
adenocarcinoma, given that dysplasia is the most important indicator of 
potential risk of malignancy. Therefore, pre-existing large hiatal hernias, 
GERD and Barrett’s esophagus are considered contraindications for LSG 
[9,14]. 

4.3. Literature review 

The exploration of several other literatures included in this section 
lead to the discovery that this study coincided with some of the previous 
results that have evaluated the complications and efficacy of LSG, 
further reinforcing the significance of the results of this study when it 
comes to GERD and Barrett’s post-LSG. Although the Laparoscopic 
Sleeve Gastrectomy is the most popular weight loss procedure world
wide, and in the Middle East specifically, to this date, there is no sig
nificant amounts of data on it. 

The most persuasive argument that can be included in the discussion 
segment of our study is made by the aid of two papers conducted by 
Genco et al. [9] and Felsenreich et al. [5] Out of 110 patients included in 
the study by Genco et al., only 19 (17.2%) developed nondysplastic 
Barrett’s Esophagus after preforming an EGD study, whereas erosive 
gastritis had a substantial increase in both incidence and severity [9]. 
Although the Felsenreich et al. study showed de novo metaplastic 
changes of Barrett’s Esophagus in 15% of the patients who had an LSG, 
the troublesome small sample size of 53 patients makes acquiring a 
concluding thought difficult [5]. 

When looking at studies performed in the middle east and gulf re
gion, a retrospective review of 121 adolescent patients done at Makassed 
General Hospital and the American University of Beirut Medical Center, 

showed a Mean Body Mass Index decrease from 41.83 kg/m2 to a mean 
BMI of 28.68 kg/m2 at 8 years post-LSG follow up. Diabetes, hyperten
sion, and dyslipidemia completely resolved during a 5 year follow up. 
Gastroesophageal reflux disease was reported in 17.4% of patients 
initially, and then it decreased to 10.3% in patients who were followed 
up at a minimum of 5 years. These results are contradictory to our study, 
where our data showed an increase in documented GERD from 3.3% 
preop to 15.2% post-op, while the percentage of patients with normal 
EGD findings decreased from 69.6% to 30.4%. 

However, it is important to note that the percentages of symptomatic 
lithiasis and weight regain that necessitated surgical intervention were 
13.7% and 4.5% respectively. 

A 5-year follow-up study done in Lebanon had similar findings which 
showed that the gastric sleeve reduces risks of long-term complications 
and provides stable and satisfactory weight loss results [3]. 

Another study conducted in the UAE made a comparison between the 
indications or complications necessitating reversing a gastric sleeve to a 
Roux-en-Y gastric bypass procedure after 36 months. Complications of 
gastric sleeve such as a Hiatal hernia, reflux, leaks, stricture, and helical 
twists were the main reasons that required the conversion of LSG to a 
RYGB [16]. 

An additional study was conducted with data collected from hospi
tals in Kuwait, KSA and Egypt, in order to evaluate the role of EGD in a 
morbidly obese population [17]. 3219 underwent bariatric surgery, of 
which 75% underwent LSG. 28% of those patients had presented with 
upper digestive symptoms and an EGD was performed. Findings were 
normal in 2414 (75%) of patients, and the abnormal findings were high 
only in patients that presented with upper digestive problems [16]. 

Another Lebanese study preformed a retrospective review that aimed 
to look into the long-term outcomes of LSG in the middle eastern obese 
population, specifically 5 or more years post-op. LSG improved or 
resolved diabetes by a percentage of 87.5%, hypertension by 68%, and 
asthma by 81.7%. Results were especially excellent for patients with a 
BMI>45 kg/m2 [2]. However, new onset gastroesophageal acid reflux 
disease developed in 21.2% of patients. Long-term complications 
included hiatal hernias requiring repair in 1.4%, incisional hernias in 
2.7%, and symptomatic lithiasis in 9.6% [2]. 

When compared to our study, only 3.3% of patients presented with 
GERD Grade A, 4.4% with hiatal hernia and 1.1% with gastric ulcer. 

When studying clinically significant EGD findings in an obese Chi
nese population containing 268 patients, the overall prevalence of 
abnormal EGD findings was 51.1% [18], which included; gastritis 
(32.5%), hiatal hernias (17.9%), duodenitis (8.6%) and erosive esoph
agitis (7.5%); 27.2% had Group B lesions. Older age, the use of NASID 
and the presence of reflux symptoms were significant risk factors of 
Group B lesions. However, the negative predictive value in low-risk 
patients was weak, which calls for routine preoperative endoscopy for 
all patient undergoing this procedure [18]. 

4.4. Limitations 

This study did present with some challenging limitations. In the 
context of several strengths and limitations of the general study design, 
it is a retrospective study not a randomized controlled one. No 
centralized data were used. It did not include patients who presented 
with symptoms of GERD prior to LSG. No prior biopsies were taken for 
Barrett’s esophagus. Pre-operative endoscopy is mandatory for all pa
tients, but post-operative EGDs were not preformed or included in this 
criteria, and therefore we had a smaller sample size than we could have. 

5. Conclusion 

LSG is a very popular procedure used to eliminate a great percentage 
of excess weight and obesity-related co-morbidities. Just as any other 
procedure, it is accompanied by some complications. The main 
complication explored in this paper is GERD and its accompanying risk 

Table 2 
The breakdown of the results (92 patients in total).  

Findings Pre-Op findings (n 
%) 

Post-Op (n 
%) 

P- 
Value 

Normal EGD findings 64 (69.6%) 28 (30.4%)  
GERD 

Grade A 
Grade C 

3 (3.3%) 
3 (3.3%) 

14 (15.2%) 
13 (92.8%) 
1 (7.1%) 

0.004 
0.007 
0.320 

Infection (esophagitis/gastritis/ 
duodenitis) 

20(21.7%) 32 (34.8%) 0.057 

Hiatal Hernias 4 (4.4%) 10 (10.9%) 0.109 
Gastric Ulcer 1 (1.1%) 1 (1.1%) 1.000 
Barrett’s Esophagitis 0 2 (2.2%) 0.158 
Other findings only appeared post- 

LSG:  
• 2 patients with incompetent 

cardias (2.2%)  
• 2 patients had significant 

narrowing/constriction (2.2%)  
• 1 patient had a leak discovered 

(1.1%)  
• 1 patient had an ulcer (1.1%)  
• 1 patient had esophageal 

candida (1.1%)   

Table 3 
The Los Angeles classification of Esophagitis [11].  

Grade 
A 

One (or more) mucosal break no longer than 5 mm, that does not extend 
between the tops of two mucosal folds 

Grade B One (or more) mucosal break more than 5 mm long that does not extend 
between the tops of two mucosal folds 

Grade C One (or more) mucosal break that is continuous between the tops of two or 
more mucosal folds but which involves less than 75% of the circumference 

Grade 
D 

One (or more) mucosal break which involves at least 75% of the 
esophageal circumference  
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of progression to Barrett’s esophagitis. This study and the literature 
included exhibited a very low percentage of patients developing Bar
rett’s esophagus post-operatively. 

LSG is therefore a very safe and effective bariatric procedure that can 
assist the obese population in reducing the morbidity and mortality 
associated with obesity and its comorbidities. However explorative 
EGDs are highly recommended as a precaution and for optimal safety 
measures. 
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