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Abstract
Background  Laparoscopic sleeve gastrectomy (LSG) is one of the commonest bariatric procedures. However, it is associ-
ated with postoperative gastroesophageal reflux disease (GERD) and erosive esophagitis (EE). This study aims to assess the 
impact of various preoperative clinical and endoscopic characteristics on the development of postoperative GERD and EE.
Methods  This study is a single-institution retrospective cohort study involving all patients who underwent LSG. A univari-
ate and multivariate analysis was performed to identify preoperative parameters that were significantly associated with the 
development of postoperative GERD and EE, at up to 1-year follow-up.
Results  At up to 1-year follow-up, out of 127 patients, only preoperative endoscopic presence of a hiatal hernia noted on 
axial length (p=0.024) and the Hill’s classification of the gastroesophageal junction (p<0.001) were significantly associ-
ated with the development of postoperative GERD. Similarly, at 1-year follow-up endoscopy, the presence of a hiatal hernia 
(p=0.041) and the Hill’s classification (p=0.001) were associated with postoperative EE. On the multivariate analysis, 
compared to patients with a Hill’s I flap valve, Hill’s II patients were more likely to develop postoperative GERD (OR 7.13, 
95% CI: 1.69–29.98, p=0.007), and Hill’s III patients were more likely to develop postoperative GERD (OR 20.84, 95% 
CI: 3.98–109.13, p<0.001) and EE (OR 34.49, 95% CI: 1.08–1105.36, p=0.045). All patients with Hill’s IV developed 
postoperative GERD and EE in this study.
Conclusion  Postoperative GERD and EE remain an important limitation following LSG. Proper preoperative assessment 
using the Hill’s classification can help to accurately predict patients at risk of postoperative GERD and EE.
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Introduction

Laparoscopic sleeve gastrectomy (LSG) is one of the 
most common bariatric procedures performed worldwide, 
accounting for more than 50% of all bariatric procedures,1 

and with respectable weight loss and metabolic benefits 
which are comparable to laparoscopic Roux-en-Y gastric 
bypass.2,3 However, one of the main disadvantages of LSG is 
its tendency to cause postoperative gastroesophageal reflux 
disease (GERD) or worsen underlying GERD.4 While it is 
widely accepted that the presence of a hiatal hernia pre-
disposes to GERD,5 the presence of a hiatal hernia and its 
impact on patients who have undergone LSG is still contro-
versial.6,7 Currently, the two commonly employed methods 
for endoscopic classification of a hiatal hernia are via its 
axial length,8 or by grading the laxity of the gastroesopha-
geal junction and the presence or absence of a gastroesoph-
ageal flap valve, better known as the Hill’s classification 
system (see Supplementary Table 1).9

Interestingly, while the mechanisms involved in postop-
erative worsening of GERD or de novo GERD after LSG 
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have been well documented,10–12 the factors predicting for 
postoperative GERD amongst patients undergoing LSG are 
not so evident.13 The aim of this study was to investigate the 
impact of preoperative demographic and endoscopic param-
eters, in particular the presence of a hiatal hernia, EE, and 
the preoperative Hill’s classification, in predicting for post-
operative GERD and endoscopic evidence of EE amongst 
patients who have underwent LSG.

Materials and Methods

This is a single-institution retrospective cohort study 
of which all patients who have undergone LSG from 1st 
November 2018 to 31st July 2021 were reviewed. Demo-
graphic and preoperative endoscopy information was 
obtained. This study obtained institutional ethics board 
approval (2020/2482).

All patients who underwent LSG had undergone a prior 
multidisciplinary assessment to assess their medical fitness 
and indication and underwent lifestyle modifications with 
the help of a dedicated physiotherapist and dietician, as well 
as mental health assessment with a psychologist prior. They 
also underwent a routine preoperative endoscopic evaluation 
via an esophagogastroduodenoscopy to evaluate for the pres-
ence of any pathologies in the upper gastrointestinal tract, 
as well as to document the presence of any hiatal hernia, 
the preoperative Hill’s classification of the gastroesopha-
geal junction, and the presence of any erosive esophagitis. 
The presence of a hiatus hernia was documented by the 
endoscopist performing the esophagogastroduodenoscopy. 
This was based on the position of the start of the gastric cir-
cular mucosal folds being proximal to the location of the dia-
phragmatic crural impression endoscopically. In cases where 
the endoscopist did not report the presence of a hiatus hernia 
on the endoscopy report, it was recorded as being absent. 
The Hill’s classification of the gastroesophageal junction 
was recorded by the endoscopist on retroflexion view of the 
gastroesophageal junction with the stomach fully distended.

The laparoscopic sleeve gastrectomy was performed 
using a standard 4- or 5-port technique, with a 40Fr bougie. 
Entry was performed via optical entry in the left hypochon-
drial region, followed by pneumoperitoneum and a diag-
nostic laparoscopy. Two working ports were placed in the 
midline and the right hypochondrial region, followed by an 
assistant port in the left hypochondrial region. A Nathan-
son liver retractor may be employed in the xiphisternum to 
expose the hiatus and retract the left lobe of the liver. For all 
patients reviewed, no concomitant hiatal hernia repairs were 
performed. Transection line was started 5cm proximal to the 
pylorus, and no omentopexies were performed.

Postoperatively, patients were reviewed by their bari-
atric surgeon after discharge, and the presence of any de 

novo or worsening preoperative GERD was documented. 
For this study, GERD was defined clinically by the pres-
ence of classical symptoms including heartburn and acid 
reflux. Patients, up to 1-year follow-up, reporting presence of 
typical reflux symptoms, or needing long-term proton pump 
inhibitors for alleviation of their symptoms, were considered 
to have presence of postoperative GERD. At 1-year follow-
up, all patients also underwent a surveillance esophago-
gastroduodenoscopy to document the presence of any EE. 
EE was graded based on the Los Angeles classification.14 
Patients with Los Angeles grade A to D were all considered 
to have EE.

Primary outcome measures include postoperative GERD 
symptoms at up to 1-year follow-up, and postoperative EE 
documented on postoperative esophagogastroduodenos-
copy at 1-year follow-up. Data for continuous variables 
were presented as the mean with its standard deviation for 
variables with a normal distribution and the median with 
its interquartile range for skewed variables, while categori-
cal variables were presented as n (%). Statistical analyses 
were performed via SPSS 26.0 (SPSS, Inc., Chicago, IL). 
Univariate analysis was performed using a chi-squared test 
for dichotomous independent variables, while an analysis of 
variance (ANOVA) test was employed for variables with 3 or 
more outcomes. A multivariate analysis was conducted via 
binomial logistical regression of all parameters and repre-
sented via their odds ratios (OR) with their 95% confidence 
intervals (CI). A p value of <0.05 was taken to be statisti-
cally significant.

Results

Characteristic of the Cohort

Between 1st November 2018 and 31st July 2021, a total of 
127 patients had undergone LSG from a single academic 
medical institution and district general hospital. The median 
age and body mass index (BMI) of the patients were 37 years 
old (interquartile range: 33 to 47 years old) and 41.7 kg/m2 
(interquartile range: 37.7 to 47.8) respectively. The basic 
demographic and endoscopic parameters of the patients were 
summarized in Table 1. In addition, 4 patients were on thera-
peutic anticoagulation prior (3.1%), 1 patient was suffering 
from depression (0.8%), and 2 patients were previous cancer 
survivors (1.6%). One of them had ovarian cancer while the 
other had endometrial cancer. All patients had not undergone 
any prior bariatric procedures. Based on the American Soci-
ety of Anesthesiologists (ASA) for physical status classifica-
tion,15 most patients were ASA class III (74.8%, n=95), with 
the remainder being ASA class II (23.6%, n=30). Except for 
1 patient (0.8%), all patients were functionally independent 
prior to surgery.
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The average length of stay was 3 days (interquartile range: 
3 to 4 days). The mean operating time was 80.2 min (± 
29.9 min). In total, 8 (6.8%) patients suffered from postop-
erative complications. All except 1 of them were Clavien-
Dindo grade 2 complications,16 which included postopera-
tive wound infection (n=1), postoperative vomiting (n=4), 
and postoperative hypoxemia (n=2). One patient had a sta-
ple line leak which required a laparoscopic omental patch 
repair of the staple line leak, with subsequent conversion 
to a laparoscopic Roux-en-Y gastric bypass. There were 6 
(5.1%) patients who were readmitted within 30 days of dis-
charge. These were due to wound infection (n=1), postopera-
tive vomiting (n=3), constipation (n=1), and non-specific 
abdominal pain (n=1).

In total, there were 17 hiatal hernias that were reported 
in this study, with a mean axial length of 1.80cm (± 0.79 
cm). All hiatal hernias recorded were type I sliding hernias 
determined based on the craniocaudal axial length on endos-
copy. No patients with paraesophageal hernias were noted. 
Except for 2 patients with a 3-cm hiatal hernia, who also 
were graded as Hill’s grade IV, all the remaining patients 
have a hiatal hernia noted on axial length of 2cm or less.

Factors Contributing to Symptomatic GERD up to 1 
Year After LSG

A total of 123 patients had available preoperative esoph-
agogastroduodenoscopy information available for retrieval, 
of which 121 had documented the presence or absence of 
a hiatal hernia, and the Hill’s classification of the gastroe-
sophageal junction. Most patients had no preoperative hiatal 
hernia based on axial length (86.0%, n=104). Most of them 

Table 1:   Basic demographic and preoperative characteristics of the 
study population (n=127)

Demographic parameters n (%)
  Ethnicity
    Chinese 35 (27.6)
    Malay 69 (54.3)
    Indian 16 (12.6)
    Others 7 (5.5)
  Diabetes mellitus
    Yes 36 (28.3)
    No 89 (70.1)
  Hypertension
    Yes 44 (34.6)
    No 82 (64.6)
  Dyslipidemia
    Yes 38 (29.9)
    No 88 (69.3)
  Cigarette smoking
    Yes 33 (26.0)
    No 93 (73.2)
  Obstructive sleep apnea
    Yes 59 (46.5)
    No 67 (52.8)
  Joint disease and gout
    Yes 32 (25.2)
    No 94 (74.0)
  Polycystic ovarian syndrome
    Yes 14 (11.0)
    No 112 (88.2)
  Asthma
    Yes 36 (28.3)
    No 90 (70.9)
  Fatty liver
    Yes 13 (10.2)
    No 113 (89.0)
  Ischemic heart disease
    Yes 6 (4.7)
    No 120 (94.5)
  Venous thromboembolism
    Yes 2 (1.6)
    No 124 (97.6)
  Preoperative GERDa

    Yes 13 (10.2)
    No 113 (89.0)
  BMI (kg/m2)
    <50 105 (82.7)
    ≥ 50 22 (17.3)

Preoperative endoscopic parameters n (%)
  Preoperative EEb

    Yes 15 (11.8)
    No 108 (85.0)

a Gastroesophageal reflux disease
b Erosive esophagitis

Table 1:   (continued)

  Preoperative hiatal hernia on axial length
    Yes 17 (14.0)
    No 104 (86.0)
  Preoperative Hill’s classification
    I 43 (33.9)
    II 46 (36.2)
    III 30 (23.6)
    IV 2 (1.6)

Postoperative outcomes (at up to 1 year) n (%)
  Postoperative GERDa

    Yes 37 (29.1)
    No 90 (70.9)
  Postoperative EEb

    Yes 29 (45.3)
    No 35 (54.7)
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had a relatively tight gastroesophageal junction, with the 
majority being either Hill’s grade I or II (see Table 1). A 
total of 15 patients (11.8%) had preoperative documented EE 
on esophagogastroduodenoscopy. All of them were grade A 
(93.3%, 14/15), except for 1 patient with grade B EE. The 
incidence of preoperative symptomatic GERD was 10.2% 
(n=13).

At up to 1-year follow-up, 29.1% (37/127) patients had 
developed postoperative GERD symptoms. Out of this 
group, 33 of them (89.2%) denied any preoperative GERD 
symptoms, and hence had developed de novo GERD. A uni-
variate analysis was performed to identify factors associated 
with postoperative symptomatic GERD (see Table 2). Only 
the presence of a preoperative hiatal hernia documented on 
axial length (p<0.024) and the preoperative Hill’s classi-
fication (p<0.001) were significantly associated with the 
development of postoperative symptomatic GERD at up to 
1-year follow-up. On the multivariate analysis, compared 
to patients with Hill’s grade I, patients with Hill’s grade II 
(OR 7.13, 95% CI: 1.69–29.98, p=0.007) and III (OR 20.84, 
95% CI: 3.98–109.13, p<0.001) were more likely to develop 
postoperative symptomatic GERD. All patients with Hill’s 
grade IV developed postoperative symptomatic GERD at up 
to 1-year follow-up (see Table 3).

Factors Contributing to EE at 1 Year After LSG

At the time of this study, a total of 64 patients had under-
gone postoperative esophagogastroduodenoscopy at 1-year 
follow-up. Of these, almost half (45.3%, 29/64) had devel-
oped EE on endoscopy. Majority of them were grade A 
(65.50%, 19/29), followed by grade B (24.1%, 7/29) and 
grade C (10.3%, 3/29).

A univariate analysis performed similarly identified only 
the presence of a preoperative hiatal hernia (p=0.041) and 
the preoperative Hill’s classification (p=0.001) to be signifi-
cantly associated with the development of postoperative EE 
at 1-year follow-up (see Table 2). Interestingly, patients with 
symptomatic preoperative GERD appeared less likely to 
develop postoperative EE on the univariate analysis, though 
this did not reach statistical significance (p=0.081). A larger 
proportion of patients with preoperative EE on endoscopy 
had postoperative EE, although it also did not reach statisti-
cal significance (p=0.067).

A multivariate analysis was subsequently performed, 
which only identified the Hill’s classification as the only 
significant predictor for postoperative EE. Compared to 
patients with Hill’s grade I, patients with a Hill’s grade III 
gastroesophageal junction were more likely to develop post-
operative EE (OR 34.49, 95% CI: 1.08–1105.36, p=0.045). 
All patients with Hill’s grade IV had postoperative EE (see 
Table 4).

Discussion

LSG has emerged as a desired bariatric procedure as it 
avoids an intestinal bypass,12 with robust weight loss out-
comes,2,3 and it does not have a steep learning curve.17 
However, with its increased adoption and increased long-
term data made available, studies reported an increased 
rate of postoperative GERD and EE after LSG.4,12 Despite 
knowing the pathophysiologic mechanisms involved in 
causing de novo GERD, including the increase in intra-
luminal pressure, removal of the fundus, presence of a 
hiatal hernia, or disruption of the angle of His intraopera-
tively,12 there are reports that LSG may seem to improve 
pre-existing GERD as well.12 These relate to a decrease 
in intra-abdominal pressure from weight loss, loss of the 
stomach fundus and hence reduction in acid production, 
increased gastric emptying, and reduction in volume due 
to the tubularization of the stomach.12 As such, while the 
First International Consensus Conference recommended 
higher degrees of EE and Barrett’s esophagus to be con-
traindications for LSG,7 there was no consensus on the 
type of surgery for patients with pre-existing GERD symp-
toms, as well as patients with an underlying hiatal hernia.7 
Furthermore, the factors predisposing to GERD and EE 
after LSG were not well elucidated.13

In this study, the prevalence of postoperative sympto-
matic GERD after LSG was 29.1%, with 26.0% of patients 
suffering from de novo GERD. This was comparable to 
that reported by Himpens et al., in their randomized con-
trolled trial comparing LSG and gastric banding, where 
they reported a de novo GERD at 1-year of 21.8%.18 A 
total of 45.3% of patients suffered from postoperative EE, 
which was slightly lower than the 51.4% reported by Nav-
arini et al., in their randomized controlled trial comparing 
LSG and laparoscopic Roux-en-Y gastric bypass on its 
impact on postoperative GERD.19 The authors postulate 
that this could be due to the smaller sample size of patients 
who had undergone their esophagogastroduodenoscopy at 
their 1-year follow-up, and it is expected that the incidence 
of postoperative EE will increase with subsequent follow-
up. Interestingly, the prevalence of preoperative sympto-
matic GERD in this study population is relatively low, at 
just 10.2%. The authors postulate that this could be due to 
a lower prevalence of GERD in Asia,20–22 as well as pos-
sible under-reporting of symptoms amongst patients with 
un-investigated GERD.23

To our knowledge, this study was the first study to 
evaluate the Hill’s classification of the gastroesophageal 
junction on the likelihood of developing de novo or aggra-
vating postoperative GERD or EE after LSG. In the uni-
variate analysis, only the presence of a hiatal hernia and 
the Hill’s classification were significantly associated with 
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Table 2:   Univariate analysis of 
factors impacting postoperative 
GERD and postoperative EE up 
to 1-year follow-up

Postoperative GERDa (n=127) p value Postoperative EEb (n=64) p value

Yes No Yes No

Ethnicity
  Chinese 10 (28.6%) 25 (71.4%) 0.911 8 (47.1%) 9 (52.9%) 0.178
  Malay 20 (29.0%) 49 (71.0%) 18 (54.5%) 15 (45.5%)
  Indian 5 (31.3%) 11 (68.8%) 2 (20.0%) 8 (80.0%)
  Others 2 (28.6%) 5 (71.4%) 1 (25.0%) 3 (75.0%)

Diabetes mellitus
  Yes 9 (25.0%) 27 (75.0%) 0.474 5 (27.8%) 13 (72.2%) 0.092
  No 28 (31.5%) 61 (68.5%) 23 (51.1%) 22 (48.9%)

Hypertension
  Yes 14 (31.8%) 30 (68.2%) 0.658 11 (50.0%) 11 (50.0%) 0.586
  No 23 (28.0%) 59 (72.0%) 18 (42.9%) 24 (57.1%)

Dyslipidemia
  Yes 9 (23.7%) 29 (76.3%) 0.358 9 (50.0%) 9 (50.0%) 0.637
  No 28 (31.8%) 60 (68.2%) 20 (43.5%) 26 (56.5%)

Cigarette smoking
  Yes 9 (27.3%) 24 (72.7%) 0.759 9 (64.3%) 5 (35.7%) 0.107
  No 28 (30.1%) 65 (69.9%) 20 (40.0%) 30 (60.0%)

Obstructive sleep apnea
  Yes 16 (27.1%) 43 (72.9%) 0.603 10 (38.5%) 16 (61.5%) 0.362
  No 21 (31.3%) 46 (68.7%) 19 (50.0%) 19 (50.0%)

Joint disease and gout
  Yes 9 (28.1%) 23 (71.9%) 0.858 8 (61.5%) 5 (38.5%) 0.188
  No 28 (29.8%) 66 (70.2%) 21 (41.2%) 30 (58.8%)

Polycystic ovarian syndrome
  Yes 4 (28.6%) 10 (71.4%) 0.945 4 (44.4%) 5 (55.6%) 0.955
  No 33 (29.5%) 79 (70.5%) 25 (45.5%) 30 (54.5%)

Asthma
  Yes 14 (38.9%) 22 (61.1%) 0.138 5 (31.3%) 11 (68.8%) 0.192
  No 23 (25.6%) 67 (74.4%) 24 (50.0%) 24 (50.0%)

Fatty liver
  Yes 4 (30.8%) 9 (69.2%) 0.907 3 (60.0%) 2 (40.0%) 0.492
  No 33 (29.2%) 80 (70.8%) 26 (44.1%) 33 (55.9%)

Ischemic heart disease
  Yes 1 (16.7%) 5 (83.3%) 0.484 2 (100.0%) 0 (0.0%) 0.114
  No 36 (30.0%) 84 (70.0%) 27 (43.5%) 35 (56.5%)

Venous thromboembolism
  Yes 1 (50.0%) 1 (50.0%) 0.518 1 (100.0%) 0 (0.0%) 0.268
  No 36 (29.0%) 88 (71.0%) 28 (44.4%) 35 55.6%)

Preoperative GERDa

  Yes 4 (30.8%) 9 (69.2%) 0.907 1 (14.3%) 6 (85.7%) 0.081
  No 33 (29.2%) 80 (70.8%) 28 (49.1%) 29 50.9%)

BMI (kg/m2)
  <50 31 (29.5%) 74 (70.5%) 0.833 25 (45.5%) 30 (54.5%) 0.955
  >50 6 (27.3%) 16 (72.7%) 4 (44.4%) 5 (55.6%)

Preoperative EEb

  Yes 4 (26.7%) 11 (73.3%) 0.813 6 (75.0%) 2 (25.0%) 0.067
  No 32 (29.5%) 76 (70.4%) 21 (40.4%) 31 (59.6%)
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a Gastroesophageal reflux disease
b Erosive esophagitis

Table 2:   (continued) Postoperative GERDa (n=127) p value Postoperative EEb (n=64) p value

Yes No Yes No

Preoperative hiatal hernia on axial length
  Yes 9 (52.9%) 8 (47.1%) 0.024 8 (72.7%) 3 (27.3%) 0.041
  No 27 (26.0%) 77 (74.0%) 19 (38.8%) 30 (61.2%)

Preoperative Hill’s classification
  I 3 (7.0%) 40 (93.0%) <0.001 4 (21.1%) 15 (78.9%) 0.001
  II 15 (32.6%) 31 (67.4%) 10 (43.5%) 13 (56.5%)
  III 16 (53.3%) 14 (46.7%) 11 (68.8%) 5 (31.3%)
  IV 2 (100.0%) 0 (0.0%) 2 (100.0%) 0 (0.0%)

Table 3:   Multivariate analysis of factors predictive for postoperative 
GERD up to 1-year follow-up (n=127)

a Gastroesophageal reflux disease
b Erosive esophagitis
c All patients with preoperative Hill’s grade IV developed postopera-
tive GERD

Postoperative GERDa Odds ratio (95% 
confidence interval)

p value

Ethnicity
  Chinese Reference
  Malay 0.65 (0.19–2.25) 0.494
  Indian 0.91 (0.17–5.03) 0.915
  Others 0.70 (0.05–10.22) 0.795

Diabetes mellitus 1.16 (0.32–4.22) 0.827
Hypertension 1.83 (0.58–5.73) 0.302
Dyslipidemia 0.45 (0.11–1.89) 0.275
Cigarette smoking 0.97 (0.30–3.10) 0.953
Obstructive sleep apnea 0.72 (0.24–2.14) 0.551
Joint disease and gout 1.20 (0.39–3.71) 0.756
Polycystic ovarian syndrome 0.66 (0.12–3.62) 0.628
Asthma 1.76 (0.55–5.66) 0.343
Fatty liver 1.05 (0.19–5.93) 0.957
Ischemic heart disease 0.91 (0.03–24.12) 0.952
Venous thromboembolism 3.29 (0.06–188.75) 0.564
Preoperative GERDa 1.17 (0.20–6.74) 0.863
Super obesity 1.27 (0.28–5.70) 0.760
Preoperative EEb 0.26 (0.04–1.61) 0.149
Preoperative hiatal hernia on axial 

length
1.12 (0.25–5.08) 0.881

Preoperative Hill’s classification
  I Reference
  II 7.13 (1.69–29.98) 0.007
  III 20.84 (3.98–109.13) <0.001
  IVc - -

Table 4:   Multivariate analysis of factors predictive for postoperative 
EE at 1-year follow-up (n=64)

a Gastroesophageal reflux disease
b Erosive esophagitis
c All patients with preoperative Hill’s grade IV developed postopera-
tive EE

Postoperative EEb Odds ratio (95% con-
fidence interval)

p value

Ethnicity
  Chinese Reference
  Malay 0.36 (0.04–3.39) 0.372
  Indian 0.02 (0.00–1.38) 0.069
  Others - -

Diabetes mellitus 1.07 (0.07–16.49) 0.962
Hypertension 0.88 (0.06–13.09) 0.925
Dyslipidemia 0.28 (0.01–10.48) 0.492
Cigarette smoking 2.56 (0.18–35.40) 0.486
Obstructive sleep apnea 0.54 (0.05–5.61) 0.609
Joint disease and gout 4.62 (0.41–52.28) 0.216
Polycystic ovarian syndrome 1.79 (0.09–37.77) 0.709
Asthma 0.50 (0.05–4.91) 0.553
Fatty liver 0.68 (0.01–51.38) 0.859
Ischemic heart disease - -
Venous thromboembolism - -
Preoperative GERDa 0.04 (0.00–1.20) 0.064
Super obesity 14.22 (0.24–831.92) 0.201
Preoperative EEb 6.05 (0.26–141.60) 0.263
Preoperative hiatal hernia on axial 

length
0.33 (0.02–5.97) 0.450

Preoperative Hill’s classification
  I Reference
  II 3.76 (0.21–66.30) 0.366
  III 34.49 (1.08–1105.36) 0.045
  IVc - -
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postoperative symptomatic GERD and EE. Based on the 
multivariate analysis, only the preoperative Hill’s classifi-
cation remained predictive for postoperative symptomatic 
GERD and EE (see Tables 3 and 4). Also, the magnitude of 
the association appeared to correlate with a higher Hill’s 
grading. All patients with a Hill’s grade IV developed 
postoperative symptomatic GERD and EE. Patients with 
a Hill’s grade III had significantly higher odds of devel-
oping postoperative symptomatic GERD (OR 20.84, 95% 
CI: 3.98–109.13, p<0.001) and EE (OR 34.49, 95% CI: 
1.08–1105.36, p=0.045) compared to patients with Hill’s 
grade I flap valve. For patients with Hill’s grade II, there 
were significantly more patients with postoperative symp-
tomatic GERD (OR 7.13, 95% CI: 1.69–29.98, p=0.007), 
but not EE (OR 3.76, 95% CI: 0.21–66.30, p=0.366). This 
study thus demonstrated that the Hill’s classification sys-
tem of the laxity of the gastroesophageal junction, even 
after adjusting for other preoperative factors, appeared to 
be better than preoperative GERD symptoms, preoperative 
presence of a hiatal hernia, or preoperative EE in predict-
ing for postoperative symptomatic GERD and EE.

The Hill’s classification, first introduced by Hill et al. in 
1996, was derived from an observational study of 13 cadav-
ers to determine the presence of an anti-reflux valve and 
hiatal hernia.9 In the absence of a hiatal hernia, the angle 
of His, defined as the acute angulation along the greater 
curve of the stomach where the esophagus enters the stom-
ach,24 creates a flap valve mechanism.9,25 The laxity of this 
flap valve varies and can be objectively graded based on the 
Hill’s classification.9 This classification has been shown to 
be superior to the axial measurement of a hiatal hernia in the 
endoscopic assessment of the gastroesophageal junction and 
its association with GERD.8 This observation was similarly 
demonstrated in this study for patients who have undergone 
LSG as well. The authors believe that the predictive value 
of the Hill’s classification may be due to its ability to grade 
the mechanical laxity of the gastroesophageal junction. As 
previously demonstrated by Hill et al. in their cadaveric 
studies,9 despite the absence of an active lower esophageal 
sphincter in a cadaver, a mechanical pressure gradient still 
existed in patients without a hiatal hernia, with lower Hill’s 
grade classifications. This mechanical gradient can be rec-
reated in cadavers with a hiatal hernia by suturing the gas-
troesophageal junction to the preaortic fascia to recreate the 
angle of His and the gastroesophageal flap valve.9 Various 
mechanisms are thought to be responsible in maintaining the 
normal gastroesophageal junction, including the physiologic 
lower esophageal sphincter pressure,24 the diaphragmatic 
crura,24 length of the intra-abdominal esophagus,24 and 
the angle of His24 with its associated gastroesophageal flap 
valve.9,24,25 Our current study findings suggest that the integ-
rity of the gastroesophageal flap valve and the laxity of the 
gastroesophageal junction graded by the Hill’s classification 

may play a bigger role than previously thought, in determin-
ing the risk of GERD and EE after LSG.

Unlike measurement of the axial length of a hiatal hernia 
which is only useful to detect large hiatal hernias, the Hill’s 
classification system may potentially avoid missing patients 
with a lax gastroesophageal junction without a frank hiatal 
hernia. The use of axial length to grade a hiatal hernia can 
be subjective, with variations due to inspiration,3 as well 
as the physiologic shortening of the esophagus from either 
peristalsis, instrumentation, or distension.26 Thus, measure-
ment of the axial length of a hiatal hernia is only useful to 
detect large sliding hiatal hernias. In this study, all patients 
diagnosed with a hiatal hernia on axial length had a type 
1 sliding hiatal hernia, with a mean length of only 1.80cm 
(± 0.79cm). Given that a separation of the squamocolum-
nar junction from the crural impression of 2cm or less may 
still be considered physiological,26 this might explain the 
discrepancy in the number of patients with a hiatal hernia 
diagnosed on axial length on endoscopy (n=17), in contrast 
to the number of patients with a Hill’s grade IV (n=2). This 
finding was not unexpected given the retrospective nature 
of the study as patients with a large hiatal hernia noted on 
axial length would have been counseled for a laparoscopic 
Roux-en-Y gastric bypass instead of a LSG. Hence, this may 
explain why the presence of a hiatal hernia does not appear 
to significantly impact postoperative symptomatic GERD 
and EE on the multivariate analysis. This explained why 
none of the patients in this study population with a preopera-
tive hiatal hernia had undergone a concomitant hiatal hernia 
repair, as most of these hernias were small. However, given 
that both patients with Hill’s grade IV have a true anatomical 
hiatal hernia on axial length (both were 3cm in length), the 
study finding further strengthened the reproducibility and 
correlation between the Hill’s classification system with the 
axial length measurement system on clinically significant 
hiatus hernias. Furthermore, the study findings also support 
the Hill’s classification system as a predictive tool to stratify 
patients, who may not have a frank hiatal hernia, on their 
risk of postoperative symptomatic GERD and EE. In this 
context, the Hill’s classification in grading the laxity of the 
gastroesophageal junction and its impact on postoperative 
symptomatic GERD and EE may play a more important role 
than previously thought, as most patients undergoing LSG 
were likely those without any large hiatal hernias that can 
be detected on axial length.

It is hoped that these study findings can help in creating a 
standardized reporting system for preoperative esophagogas-
troduodenoscopy findings for patients undergoing LSG. On 
top of preoperative symptom evaluation of GERD, the axial 
length of any hiatal hernia, and the presence of EE, the Hill’s 
classification of the gastroesophageal junction should also 
be documented. Based on the current study findings, at up to 
1-year follow-up, less than one quarter and half of patients 
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with Hill’s grade I or Hill’s grade II developed symptomatic 
GERD and EE after LSG respectively. In contrast, more 
than 50% of patients with Hill’s grade III had postoperative 
symptomatic GERD at up to 1-year follow-up, with a major-
ity developing postoperative EE at 1-year follow-up. Lastly, 
all patients with Hill’s grade IV had symptomatic GERD and 
postoperative EE by 1 year. Thus, the authors believe that 
while LSG may be acceptable for patients with Hill’s grades 
I and II, patients with Hill’s grades III and IV might be better 
served with an alternative bariatric procedure instead, such 
as a laparoscopic Roux-en-Y gastric bypass, or a LSG with a 
hiatal hernia repair. In this study, patients with preoperative 
GERD, EE, or hiatal hernia were offered laparoscopic Roux-
en-Y gastric bypass, with LSG as an alternative. Patients 
included in this study had decided to proceed with LSG after 
an informed decision-making process.

Currently, opinions remain divided for patients with 
GERD symptoms undergoing bariatric surgery. Results from 
the First International Consensus Conference reported that 
slightly more than half of the surgeons surveyed will still 
recommend a LSG or a LSG with an anti-reflux procedure 
for patients with GERD symptoms.7 In the presence of an 
asymptomatic hiatal hernia, most surgeons will opt for a 
repair and closure of the hiatus during surgery.7 More studies 
are needed to determine the ideal surgical technique for such 
patients predisposed to GERD and EE after LSG. Initial 
results for concomitant LSG-fundoplication were associ-
ated with increased complication rates.27 The authors also 
eagerly await the results of the RELIEF trial, which inves-
tigated the role of LINXTM magnetic sphincter augmenta-
tion in patients with postoperative GERD after LSG that has 
recently finished recruitment (Clini​calTr​ials.​gov identifier: 
NCT02429830).

This study has several limitations. Firstly, it is a single-
institution retrospective cohort study, hence prone to infor-
mation and recall bias. Also, the follow-up period is short 
at only 1 year, and only a subgroup of patients (n=64) had 
undergone esophagogastroduodenoscopy at the end of 1 
year. However, this subgroup of patients had similar out-
comes as the entire cohort and hence was likely a repre-
sentative sample for the analysis. In addition, GERD symp-
toms exist as a spectrum with varying degrees of severity, 
which may not be well represented in this study, which was 
reported as either present or absent. It is also unclear if the 
presence of a Los Angeles grade A esophagitis, which is 
itself subject to potential interobserver and intraobserver dif-
ferences,28 would correlate with any clinically meaningful 
GERD. Also, the proportion of patients requiring preopera-
tive proton pump inhibitors was unavailable. However, given 
that more than half of patients with postoperative symp-
tomatic GERD had postoperative EE (51.7%), as well as 
the similar preoperative correlations between both GERD 
and EE outcomes, these outcome measures were likely 

clinically relevant. In addition, the presence of preopera-
tive EE appeared to correlate with postoperative EE on the 
univariate analysis, though it did not reach statistical sig-
nificance (p=0.067). The lack of such an association seen 
on the multivariate analysis might be related to the limited 
sample size in this study. Lastly, the study population is a 
heterogeneous multi-ethnic Asian population, which may 
not be applicable to other regions. However, even with these 
limitations, the authors believe that the study findings are 
important, as it is the first study to document the importance 
of the laxity of the gastroesophageal junction, graded by 
the Hill’s classification system on predicting postoperative 
GERD and EE after LSG. Furthermore, the authors believe 
the study findings may potentially help shed light on the 
clinical importance of the gastroesophageal flap valve in 
maintaining the integrity of the gastroesophageal junction, 
both in physiologic and diseased states, as well as in cases 
where the stomach is tubularized such as after an LSG.

Conclusion

In conclusion, the study findings demonstrated that the Hill’s 
classification system is paramount in predicting the devel-
opment of postoperative GERD and postoperative EE after 
LSG in bariatric surgery patients.
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