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Introduction

Gastroesophageal reflux disease (GERD) rep-
resents a  disorder of the superior gastrointestinal 
tract that is defined by heartburn and regurgitation, 
which develops when reflux of the stomach contents 
causes troublesome symptoms and/or complica-
tions, according to the Evidence-Based Consensus of 
the Montreal Definition and Classification of Gastro-
esophageal Reflux Disease. Apart from heartburn and 
regurgitation, symptoms include dysphagia, chest 
pain, shortness of breath, cough, and hoarseness [1].

GERD is one of the most prevalent gastrointes-
tinal disorders, with approximately 15–20% of the 
western adult population experiencing heartburn 
and/or regurgitation at least once a week. It is the 
most common indication for patients to seek a gas-
troenterology unit [2, 3].

Obesity represents one of the most important 
risk factors for GERD and, with a sharp increase in 
the number of obese patients globally, the incidence 
of GERD has significantly increased [4]. Obesity is 
defined as disproportionate body weight for height 
with an excessive accumulation of adipose tissue 
that is accompanied by chronic, systemic inflam-
mation. In numbers, obesity is classified as a body 
mass index (BMI) greater than 30 kg/m2, and morbid 
obesity is classified as a BMI greater than 40 kg/m2.  
Obesity has become one of the most threatening 
global public health problems and can be declared 
a pandemic of the 21st century [5, 6].

Studies have shown that elevated BMI plays 
a role in the incompetence of the gastroesophageal 
junction and that weight loss reduces the symptoms 
of GERD. Bariatric surgery is the solution of choice for 
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obese patients who have failed lifestyle and dietary 
modifications as well as pharmacologic substances. 
It has been shown to be the most efficient means 
of achieving sustainable weight loss. Bariatric sur-
gery is currently recommended for obese patients 
who have a BMI higher than 40 kg/m2 or more than  
35 kg/m2 with comorbidities. Is considered an effec-
tive treatment for obesity and related comorbidities, 
but there is currently a lack of standard surgical pro-
cedures, especially if GERD is present [7]. In theo-
ry, bariatric surgery should result in reduced GERD 
through facilitating sustainable weight loss, but as 
we are gaining information about the different com-
plications after bariatric surgery, GERD remains an 
important subject among bariatric surgeons.

The most commonly performed bariatric surgery 
worldwide is the laparoscopic sleeve gastrectomy 
(LSG). LSG proved to be efficient in weight loss and 
has gained popularity because of its advantages. It is 
a relatively simple procedure, which does not involve 
anatomical rearrangement or surgical anastomoses 
and has a  shorter operative time. It also appears 
safer in the long term with a  lower risk of margin-
al ulceration, internal hernias, or adverse nutritional 
consequences [8, 9]. However, as LSG’s popularity 
continues to increase, one major drawback is the 
potential development or worsening of GERD post-
operatively [10].

Aim

This paper aims to revisit the relationship be-
tween GERD and LSG in obese patients by reviewing 
the recent available literature concerning this sub-
ject, in the form of a narrative [11] review.

Gastroesophageal reflux disease  
and obesity

As mentioned in the introduction, obesity is 
known to play a  role in the development of GERD, 
so this topic generates great interest among bariat-
ric surgeons. A meta-analysis conducted by Hampel  
et al. described the magnitude of obesity and the 
risk for GERD development. In nine studies eval-
uating the impact of obesity on GERD, six of these 
studies found statistically significant associations 
between obesity measured by BMI values and the 
prevalence of GERD [4]. At the same time, obesity is 
associated with complications related to longstand-
ing GERD such as erosive esophagitis (EE) and Bar-

rett’s esophagus (BE). BE represents a premalignant 
condition of the lower esophagus in which the nor-
mal squamous epithelial cells undergo metaplasia, 
becoming columnar epithelial cells, resulting in in-
creasing patients’ risk for esophageal adenocarcino-
ma [12]. BE can be diagnosed in approximately 1.2% 
of non-obese patients, while the incidence rises to 
9% in obese patients [13].

The pathophysiology of GERD in an obese popu-
lation is multifactorial.

The abdominal pressure is increased in obese pa-
tients and it correlates directly with BMI. For each 
unit increase in BMI, there was approximately a 10% 
increase in intragastric pressure that is likely to be 
related to the volume of abdominal fat resulting in 
mechanical pressure on the stomach and an altered 
transdiaphragmatic pressure gradient [14].

In obese patients there exists a high prevalence 
of defective lower esophageal sphincter (LES) [15, 
16], probably owing to the increased presence of 
a concomitant hiatal hernia (HH) [17]. In an observa-
tional study of 1659 patients, Ayazi et al. found that 
increased BMI was associated with both mechanical 
dysfunctions of the LES and esophageal acid expo-
sure; in particular, 13% of underweight patients had 
a  defective LES, whereas 50% of overweight and 
55% of obese patients had defective LES [15].

Transient LES relaxation (TLESR) was found to 
be more frequent and more closely associated with 
reflux in obese patients with a dose-effect relation 
to BMI. Also, TLESR seems to occur more frequently 
when an HH is also present [14]. Obese patients also 
have improper esophageal clearance and dysmotility 
of the esophagus [16].

All these mechanisms play a  major role in the 
genesis of GERD. Table I  summarizes the mecha-
nisms responsible for GERD in obese patients.

Gastroesophageal reflux disease and 
laparoscopic sleeve gastrectomy

Sleeve gastrectomy was first introduced in 1988 
by Douglas Hess as the first stage of the biliopan-
creatic diversion with a duodenal switch procedure 
[18]. The encouraging weight loss outcomes com-
bined with the laparoscopic approach contributed 
to the adaptation of LSG as a primary weight loss 
procedure [19]. In LSG, the stomach is divided verti-
cally, along a line within the angle of His and a point 
along the greater curvature of the stomach between 
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3 and 6 cm from the pylorus, reducing the volume to 
approximately 25% of the original. This leaves the 
pyloric valve intact and preserves the continuity of 
the digestive tract [20]. In addition to its restrictive 
properties, LSG regulates the hunger sensation by 
the removal of entero-endocrine cells located in the 
fundus. This type of cell produces the appetite-stim-
ulating hormone ghrelin. Ghrelin production is sup-
pressed following LSG, leading to decreased stimula-
tion of the hunger center [21].

There is still controversy in the literature regard-
ing the relationship between GERD and LSG. Various 
mechanisms have been postulated to contribute to 
GERD (Table II).

The LSG modifies the anatomy of the gastro-
esophageal junction, changing it into a straight tu-
bular segment and partially cutting the sling fibers 
that may affect the LES mechanism following dis-
section of the angle of His. The narrow stomach has 
been shown to have increased intragastric pressure 
on manometric measurements due to the excision of 
the fundus, which leads to a further increase in the 
gastroesophageal pressure gradient [22]. Braghetto 
et al. in a prospective study identified alterations in 
LES function after LSG. They performed esophageal 
manometry preoperatively and 6 months postoper-
atively in 20 patients. Postoperatively, the LES pres-
sure decreased significantly and 85% of patients 
had hypotensive LES [23].

Herniation of the gastric sleeve into the thoracic 
cavity also encourages GERD. This can be caused by 
the disruption of the phrenoesophageal ligaments 
after dissection and also by the concomitant pres-
ence of an HH [24].

Redundant fundus left at the top of a sleeve can 
also dilate over time, resulting in GERD, and the shape 
of the sleeve itself can be a significant cause of GERD. 
In a study by Keidar et al., 8 patients had severe gas-

troesophageal dysmotility and reflux postoperative-
ly. All of them had a dilated fundus with a narrowing 
of the mid-stomach [25]. In another study, Lazoura 
et al. included 85 consecutive morbidly obese pa-
tients who underwent LSG. Symptoms of GERD were 
evaluated preoperatively and at 1, 6, and 12 months 
postoperatively. The final shape of the sleeve was 
assessed by Gastrografin studies, performed in all 
patients on the third postoperative day. The tubular 
pattern was identified in 65.9% of patients, a superi-
or pouch in 25.9% of patients, and an inferior pouch 
in 8.2% of patients. GERD symptoms intensity was 
higher in patients with the tubular pattern and a su-
perior pouch compared to patients with an inferior 
pouch at 1, 6, and 12 months postoperatively. The 
authors concluded that an inferior pouch might be 
beneficial regarding GERD symptoms postoperative-
ly [26]. In a retrospective chart review by Saleh et al., 
the lower pouch shape of the sleeve showed a trend 
toward less reflux and more weight loss [27]. It could 
be said that both weight loss and GERD outcomes 
associated with LSG have been found to vary by the 
final shape of the gastric sleeve.

Published data regarding the effects of LSG in pa-
tients with GERD are contradictory and comparison 
between studies is difficult.

Chiu et al. conducted a systematic review, ana-
lyzing the effects of LSG on GERD. There was discor-
dance, with 4 studies showing an increase in GERD 
after LSG while 7 studies showed an improvement. 
They concluded that there was too much heteroge-
neity of the included studies and a final consensus 
could not be reached [28]. In another large systemat-
ic review, Stenard et al. included 25 studies, but the 
findings were again heterogeneous. Thirteen studies 

Table I. Mechanisms by which obesity leads to 
GERD

Increased intraabdominal pressure

Altered transdiaphragmatic pressure gradient

Hiatal hernia

Increased transient lower esophageal sphincter relaxations

Improper esophageal clearance

Dysmotility of the esophagus

Table II. Mechanisms leading to GERD after LSG

Modified anatomy of the gastroesophageal junction

Disruption of the integrity of sling fibers

Affected LES mechanism

Narrowing stomach

Increased intragastric pressure

Dilation of the fundus

Intrathoracic sleeve herniation

Dissection of phrenoesophageal ligament

Concomitant presence of a hiatal hernia
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showed worsening of GERD after LSG, while 12 stud-
ies reported a favorable impact of LSG on GERD [29]. 
Oor et al. in a systematic review included 33 studies. 
Of these, 16 reported an increase and 12 a decrease 
in the prevalence of GERD symptoms after LSG. The 
authors concluded that there appeared to be a mini-
mal trend towards an increased prevalence of GERD 
symptoms following LSG among the pooled studies, 
without any statistical difference [30].

Yet, there are some objective studies based on 
manometry and 24-hour pH monitoring or imped-
ance that demonstrate an association between LSG 
and postoperative GERD. Del Genio et al. in a pro-
spective study performed high-resolution manom-
etry and 24-hour impedance-pH monitoring before 
and after LSG in 25 consecutive patients. At a me-
dian follow-up of 13 months, manometric findings 
showed unchanged LES function, increased ineffec-
tive peristalsis, and incomplete bolus transit. Imped-
ance pH showed an increase in both acid exposure 
of the esophagus and the number of non-acid re-
flux events in postprandial periods [31]. In another 
prospective study by Burgerhart et al., 20 patients 
underwent esophageal function tests (high-resolu-
tion manometry and 24-hour impedance-pH moni-
toring) before and 3 months after LSG. Preoperative 
and postoperative symptoms were assessed using 
the Reflux Disease Questionnaire (RDQ). The results 
showed that GERD symptoms did not significantly 
change after LSG, but other upper gastrointestinal 
symptoms, particularly belching, epigastric pain, and 
vomiting, increased. The percentage of normal per-
istaltic contractions remained unchanged, but the 
LES pressure decreased. The authors concluded that 

after LSG, patients have significantly higher esopha-
geal acid exposure [32]. Gemici et al. in a retrospec-
tive study performed 24-hour pH monitoring and 
esophageal manometry before and 3 months after 
LSG in 62 patients. The authors concluded that the 
LSG was found to cause a reduction in LES pressure, 
and an increase in acid reflux causing an extended 
relaxation time of the LES [33].

In the last years, the majority of published stud-
ies have suggested no improvement in symptoms or 
the development of new symptoms postoperatively 
(Table III) [34–40].

In a recent meta-analysis by Yeung et al. 46 stud-
ies totaling 10,718 patients who underwent LSG 
were included. Pooled data from 35 studies indicated 
a 19% increase in GERD symptoms between the pre- 
and postoperatively period. Also, for “de novo” GERD 
pooled data from 30 studies showed a 23% incidence 
in symptoms. Other postoperative outcomes includ-
ed esophagitis at 30%, BE at 6%, rates of HH at 41%, 
use of proton-pump inhibitors (PPIs) at 38%, and 
conversion rate to Roux-en-Y gastric bypass (RYGB) 
of 4% due to severe reflux. The authors concluded 
that the postoperative prevalence of GERD, esophagi-
tis, and BE following LSG was significant [41].

A  multicenter study included 90 consecutive 
patients who underwent LSG and were evaluat-
ed through esophagogastroduodenoscopy (EGD). 
The prevalence of GERD symptoms significantly in-
creased from 22% before surgery to 76% at the time 
of follow-up. EE and the usage of PPIs increased from 
10% and 22% before LSG to 41% and 52%, respec-
tively, at the time of follow-up. Also, the prevalence 
of BE was 18.8%, which represents a high rate [42].

Table III. Negative results of LSG on GERD in recent years

Study Type Year No. of 
patients

GERD evaluation Pre-LSG GERD 
symptoms (%)

Post-LSG GERD 
symptoms (%)

De novo 
GERD (%)

Genco [34] Prospective 2017 110 VAS, PPIs, EGD 33.6 68.1 –

Mandeville [35] Retrospective 2017 100 SR, PPIs, EGD 17 50 47.8

Georgia [36] Prospective 2017 12 24-h pH-m – 83.3 50

Lim [37] Retrospective 2019 63 RDQ, EGD 31.7 47.6 31.7

Viscido [38] Prospective 2018 109 RDQ, EGD 33 44 36.9

Soricelli [39] Prospective 2018 144 EGD, VAS, PPIs 40.9 70.2 36.8

Borbely [40] Prospective 2019 222 RDQ, EGD, E,  
24-h pH-m

23 52 73

VAS – visual analogue scale, PPIs – proton-pump inhibitors, EGD – esophagogastroduodenoscopy, SR – symptoms reported by patients, 24-h pH-m – 24 hour 
pH monitoring, RDQ – reflux disease questionnaire, E – esophagograms.
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Regarding BE, Genco et al. included 110 patients 
who were submitted to LSG and found alarming ev-
idence. They performed EGD preoperatively and at 
a 5-year follow-up. In the EGD findings 19 (17.2%) 
patients had newly diagnosed BE. They conclud-
ed that postoperative surveillance should be man-
datory regardless of the presence or absence of 
GERD symptoms because the incidence of BE was 
not related to GERD symptoms. Also, the incidence 
of GERD symptoms and PPI intake significantly in-
creased from 33.6% to 68.1% and 19.1% to 57.2% 
respectively in the postoperative period [34].

Regarding the investigation of GERD, there is no 
consensus. Studies used a variety of methods to in-
vestigate and define GERD. This varies from clinical 
notes to validated questionnaires, to objective inves-
tigations, EGD, or a combination of the above [41].

While the majority of the studies point toward 
a higher prevalence of GERD after LSG, a  few stud-
ies still show some improvement or at least mainte-
nance of the same level of preexisting GERD (Table IV) 
[43–45]. Theoretically, LSG can promote the improve-
ment of GERD by reversal of the weight and visceral 
adiposity and lead to a decrease in intra-abdominal 
pressure. Also reduced acid production secondary 
to resection of the fundus, accelerated gastric emp-
tying, and reduced gastric volume plays a role in the 
improvement of GERD outcomes [28, 29]. Daes et al. 
observed a  significant decrease in GERD symptoms 
by avoiding a narrowing at the junction of the vertical 
and the horizontal portions of the sleeve, removing 
almost all of the fundus and routinely repairing the 
HH. The authors concluded that careful attention to 
the operative technique can reduce the appearance of 
GERD symptoms 6–12 months after LSG [43].

Laparoscopic sleeve gastrectomy  
and concomitant hiatal hernia repair

Another controversial aspect regarding GERD in 
obese patients involves the identification and simul-

taneous repair of HH (HHR) during LSG. The prev-
alence of HH in the obese population is increased, 
with a range between 40 and 50% [17]. In a system-
atic review of research on concomitant HHR and LSG, 
16 out of 17 studies recommended simultaneous re-
pair of HH during LSG [46]. Soricelli et al. included in 
their study 378 obese patients who underwent LSG. 
Ninety-seven (25.6%) out of 378 patients underwent 
LSG and concomitant HHR. Preoperatively HH was 
diagnosed in 42 (11.1%) patients and symptomat-
ic GERD was present in 60 (15.8%) patients. In 55 
(14.5%) patients HH was diagnosed intraoperatively. 
No cases of “de novo” GERD symptoms were seen 
when LSG was associated with concomitant HHR 
[47]. In another study, Sheppard et al. reported that 
there were no significant differences in reflux rates 
between patients with and without an HHR during 
LSG [48].

However, less satisfactory outcomes have been 
reported also. In a  study by Santonicola et al., the 
authors found an increase in GERD symptoms af-
ter concomitant LSG and HHR. Of 78 patients with 
LSG and HHR, 38.4% reported GERD symptoms and 
43.3% reported postoperative persistence of GERD 
symptoms. Also, 22.9% developed “de novo” GERD 
after LSG and HHR. The authors concluded that 
concomitant HHR did not lead to an improvement 
in GERD symptoms and even resulted in a  higher 
heartburn intensity-frequency score [49].

Further prospective studies are necessary to pro-
vide adequate information regarding the additional 
effect of concomitant HHR on GERD symptoms, in 
patients submitted to LSG.

Laparoscopic sleeve gastrectomy 
compared with Roux-en-Y gastric bypass

At first sight, patients having LSG appear to have 
a  higher risk of GERD than patients having RYGB. 
Therefore, it is important to emphasize the differ-
ence between the two most widely used bariatric 

Table IV. Studies showing improvement of GERD after LSG

Study Type Year No. of 
patients

GERD evaluation Pre-LSG GERD 
symptoms (%)

Post-LSG GERD 
symptoms (%)

Daes [43] Prospective 2012 134 SR, EGD 49.2 1.5

Daes [44] Prospective 2014 382 SR, EGD 44.5 2.6

Sucandy [45] Retrospective 2015 131 SR, EGD 51 22.2

SR – symptoms reported by patients, EGD – esophagogastroduodenoscopy.
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surgical methods (LSG versus RYGB) regarding GERD 
and the risk of GERD after surgery. To date, however, 
there is no consensus in this regard.

In a recent meta-analysis, Gu et al. investigated 
the relationship between LSG compared with RYGB 
and GERD. Twenty-three studies were included, and 
the results showed that LSG was associated with 
a  higher risk of GERD than RYGB. Compared with 
LSG, obese patients who received RYGB had a lower 
risk of new-onset or worsened GERD. The authors 
recommended RYGB as the preferred treatment for 
obese patients with GERD [50].

In the Swiss Multicenter Bypass or Sleeve Study 
(SM-BOSS), which is a  randomized controlled trial 
comparing RYGB and LSG, 217 patients were enrolled 
(110 in the RYGB group and 107 in the LSG group). 
GERD remission was observed in 60.4% of patients 
after RYGB and in only 25% of patients after LSG, 
whereas GERD worsened in 31.8% of patients after 
LSG compared with 6.3% of patients after RYGB. At 
5 years, “de novo” GERD appeared in 31.6% of LSG 
patients versus 10.7% of RYGB patients. The con-
clusion was that GERD symptoms were significantly 
more frequent after LSG compared to RYGB [51].

In another recent nonrandomized clinical tri-
al comparing the incidence of GERD after LSG and 
RYGB, 30 patients were included in the LSG group, 
and 16 patients in the RYGB group. The DeMeester 
score increased from 10.9 to 40.2 in the LSG group 
compared with the RYGB group, where the De-
Meester score increased from 9.5 to 12.2. The au-
thors concluded that the high incidence of GERD af-
ter LSG represent a contraindication for this type of 
procedure, while RYGB remains the preferred meth-
od for patients with GERD [52].

Biter et al. in a randomized controlled trial com-
paring QoL (quality of life) after LSG versus RYGB, 
with a focus on GERD, found that the mean GerdQ 
(Gastroesophageal Reflux Disease Questionnaire) 
score was 6.95 in the LSG group versus 5.5 in the 
RYGB group after 2 months of follow-up. After  
12 months, the mean GerdQ score was 6.63 in the 
LSG group versus 5.6 in the RYGB group. The trial 
concluded that patients in the LSG group had sig-
nificantly higher GerdQ scores at both 2 and 12 
months postoperatively than patients in the RYGB 
group [53].

The majority of studies regarding this subject 
suggest that LSG should not be the procedure of 
choice in patients with GERD symptoms.

Conclusions

This review discusses the topics surrounding the 
relationship between GERD and LSG.

In recent literature, LSG is associated with an in-
creased incidence of GERD, which is concerning, con-
sidering its increased popularity globally. A disadvan-
tage in the diagnosis of GERD is the heterogeneity in 
defining it. Some of the studies rely only on symp-
toms reported by patients, so studies that use this 
indicator are prone to subject bias. Studies that rely 
on objective measurements such as functional tests 
and endoscopic evaluation probably represent the 
best method to make an official diagnosis of GERD.

Further randomized controlled trials using both 
standardized questionnaires and objective esophageal 
functional tests are needed and provision of long-term 
follow-up is necessary to provide adequate informa-
tion regarding the relationship between LSG and GERD. 
Also, the final shape of the LSG appears to play an im-
portant role in the GERD outcomes, postoperatively.

In conclusion, bariatric and general surgeons 
performing LSG must be aware of the existence of 
GERD. Also, patients should be informed regarding 
the possible effects of LSG on GERD, including the 
development of “de novo” GERD symptoms in the 
postoperative period.
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