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Abstract
Background and Aim: Obesity is becoming increasingly prevalent in Asia. Bariatric
surgery in the region is growing in popularity to reflect increasing demand. Hiatal her-
nia (HH) is common among the obese population. There is a lack of evidence com-
paring preoperative endoscopy against intraoperative findings as a standard of
reference for HH diagnosis.
Methods: This was a retrospective analysis of a bariatric procedure database from a
single tertiary teaching hospital and high-volume endoscopy center. Electronic medi-
cal records were reviewed. Endoscopy results were compared to intraoperative find-
ings, and subgroup analysis of >2 cm hernias was performed. Sensitivity, specificity,
predictive values, likelihood ratios, and global diagnostic test accuracy were
calculated.
Results: A total of 434 patients were eligible for this study, of which HH was
detected in 37 patients (prevalence rate 8.55%). Mean age was 41.51 � 11.07 years,
and body mass index was 39.37 � 5.67 kg/m2. Endoscopy sensitivity was 75.68%
(95% confidence interval, 58.80–88.23%) and specificity 91.44% (88.24–94.00%).
Positive likelihood ratio was 8.53 (6.11–12.79) and negative likelihood ratio 0.27
(0.15–0.47). Positive predictive value was 45.16% (36.27–54.38%) and negative pre-
dictive value 97.58% (95.80–98.62%). Accuracy of endoscopy for preoperative HH
diagnosis was 90.09% (86.89–92.74%).
Conclusion: Endoscopy can have a high diagnostic accuracy of preoperative HH
diagnosis in obese Asian patients using intraoperative diagnosis as the reference
standard.

Introduction
The prevalence of overweight and obesity is a global health
issue, driven by urbanization, overnutrition, and sedentary life-
style.1 Obesity-related morbidity and mortality is well
established, with concomitant comorbidities such as diabetes
mellitus, cardiovascular disease, gallstone disease, osteoarthritis,
chronic back pain, and several malignancies.2 Asia has been
unable to avoid this global trend, with almost a third of the popu-
lation classified as overweight or obese in some regions.3 There
was a 400% increase in prevalence in China over the past two
decades, compared to 20% in Australia over the same period.4

Bariatric surgery remains the only effective means of
sustained weight loss and is associated with reduced overall mortal-
ity.5 Bariatric surgery in Asia continues to grow in popularity as a
reflection of increasing demand. The most commonly performed
procedures in the Asian region are laparoscopic sleeve gastrectomy

(LSG), followed by laparoscopic Roux-en-Y gastric bypass
(RYGB), one-anastomosis gastric bypass (OAGB), and laparo-
scopic adjustable gastric banding (LAGB).6 These bariatric proce-
dures involve dissection of the angle of His, which therefore
provides an opportunity to visualize and repair hiatal hernias
(HHs). This may be particularly important in LSG, where postoper-
ative gastroesophageal reflux disease (GERD) is highly prevalent.7

HH is common in obese patients undergoing bariatric sur-
gery. Preoperative HH diagnosis may guide meticulous
intraoperative detection and repair of small HH, as well as facili-
tate preoperative decision-making and improved patient consent.
Intraoperative HH diagnosis by direct visualization has become
an opportunistic reference standard in bariatric surgery. Previous
comparative literature of preoperative assessment with endos-
copy, barium swallow, and high-resolution manometry (HRM)
often lack intraoperative reference.8,9 There is a paucity of
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literature assessing the accuracy of endoscopy in HH diagnosis
and no previous studies on an Asian bariatric patient cohort.

Methods
A retrospective analysis was performed on a prospective database
of consecutive patients undergoing bariatric surgery from 2006
to 2019 in a single tertiary teaching hospital and World Endos-
copy Organization Centre of Excellence. Further electronic medi-
cal record reviews of a regional electronic database were
conducted to ensure comprehensiveness of data collection. Data
points of interest included demographics, such as age, gender,
and body mass index (BMI), preoperatively; pharmacotherapy
for reflux; GERD; endoscopy results (HH presence and size);
and intraoperative findings and type of bariatric surgery. Inclu-
sion criteria were consecutive adult patients undergoing bariatric
surgery with preoperative endoscopy. Exclusion criteria included
patients aged <18 years of age (n = 1), no preoperative endos-
copy result (n = 1), previous HH repair surgery (n = 1), and
patients who underwent endoscopic bariatric procedures only
(n = 4) (Fig. 1). Ethics approval was obtained from the hospital’s
institutional review board.

Endoscopic HH was diagnosed if the esophagogastric
junction was ≥2 cm above the diaphragmatic pinch, using hash
marks on an endoscope (spaced 5 cm apart). Endoscopic findings
of HH were subcategorized as ≤2 cm or >2 cm. Intraoperative
inspection of the hiatus for gross defect or dimpling anterior to
the esophagus was conducted after routine exposure of the left
crus. If present, the right crus was also exposed, and primary
repair was performed. Routine dissection of both crus was not
performed as this was not required for the procedures performed,
and there are anecdotal concerns of the overestimation of HH
and even predisposition to postoperative GERD.

Statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 25.0. (IBM Corp. Released 2017.
Armonk, NY, USA: IBM Corp). Continuous variables were pres-
ented as mean � SD (range) and categorical data as number
(percentage). Comparative analysis was performed by t-test,
Chi-squared, two-way repeated measure ANOVA, and Mann–
Whitney U test, where appropriate. Intraoperative findings were
the reference (“gold standard”) of HH presence or absence. A P-
value of <0.05 was considered statistically significant. Sensitiv-
ity, specificity, predictive values, and accuracy were calculated
and presented as percentages (95% confidence intervals [CI]).

Figure 1 Study patient flow diagram. HH, hiatal hernia.
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Positive and negative likelihood ratios and 95% CI were pres-
ented. Accuracy was calculated as (sensitivity x prevalence)
+ (specificity × [1 − prevalence]).10,11

Results
The total number of patients included in the study was 434
patients with 441 bariatric procedures in the study period
(seven excluded). The mean patient age was 41.51 � 11.07
(18–64) years. The majority of patients were female (248,
57.1%). The mean preoperative BMI was 39.37 � 5.67
(26.46–59.25) kg/m2. Prevalence of preoperative GERD was
17.3% (n = 75), and preoperative pharmacotherapy for reflux
was 8.5% (n = 37).

Intraoperative diagnosis confirmed that 37 patients had
HH, resulting in a cohort prevalence of 8.55%. Operations per-
formed were LSG (70.0%), RYGB/OAGB (29.3%), and LAGB
(0.7%). Patients with HH were older (45.89 vs 41.10 years,
P = 0.01), more likely to suffer from GERD (56.8 vs 13.6%,
P < 0.01), and have pharmacotherapy for reflux (35.1 vs 6. 8%,
P < 0.01) than those without. There were no significant differ-
ences in preoperative BMI (38.16 vs 39.48 kg/m2, P = 0.18) or
gender (females 70.3 vs 55.9%, P = 0.09) (Table 1).

Endoscopy detected HH in 62 (14.3%) patients. Of these
patients, 28 (true positive) had HH confirmed on intraoperative
findings, and 34 (false positive) did not have HH. Of the
372 patients with negative endoscopic diagnosis, nine (false
negative) had intraoperative findings of HH. The remaining
363 (true negative) patients had both negative endoscopy and
intraoperative findings (Table 2). The endoscopic sensitivity
was 75.68% (95% CI 58.80–88.23%) and specificity 91.44%
(95% CI 88.24–94.00%). The positive likelihood ratio was
8.53 (6.11–12.79) and the negative likelihood ratio 0.27
(0.15–0.47). The positive predictive value of endoscopy was
45.16% (36.27–54.38%) and negative predictive value 97.58%
(95.80–98.62%). The accuracy of endoscopy for preoperative
HH diagnosis was 90.09% (86.89–92.74%) in this study
cohort.

Of the 62 patients with positive endoscopy findings, 5 did
not have HH size (cm) recorded and were excluded from the sub-
group analysis. Of the remaining 57 patients, 39 (68.4%) had
small HH (≤ 2 cm), and 18 (31.6%) had at least a moderate-sized
HH (>2 cm). Applying the cut-off of at least a moderate-sized
endoscopic HH, the sensitivity reduced to 32.43% (18.01–
49.79%), but both specificity, 98.49% (96.74–99.44%), and accu-
racy, 92.85% (90.01–95.09%), improved (Table 3).

Discussion
HHs occur when contents of the abdominal cavity protrude into
the thorax through the elliptical esophageal hiatus. This displace-
ment and negative thoracic pressure drives GERD and, less
commonly, mass effect-type respiratory and gastrointestinal symp-
toms, such as postprandial shortness of breath, chest fullness or
pain, and even gastric volvulus.12 The wide range of reported HH
prevalence (7.32–76.92%) is due to study design, selection bias,
and geographical variability between studies.13,14 Obesity
increases intra-abdominal pressure, intragastric pressure, and—in
turn—increases gastroesophageal pressure gradient.15 There is a
complex interplay between obesity, HH disease, and GERD
symptoms.16,17 To our knowledge, this study is the first to exam-
ine the diagnostic accuracy of preoperative endoscopy in an Asian
bariatric cohort. In our cohort, increased age (P = 0.01), preopera-
tive GERD (P < 0.01), and pharmacotherapy for reflux (P < 0.01)
were significantly associated with intraoperative HH diagnosis.

LSG in particular can both exacerbate and potentiate de
novo GERD development.7,15 This is likely due to a combination
of converting the stomach into a high-pressure tubular structure
with reduced compliance, potentially retaining gastric fundus and
weakening or stretching of the phrenoesophageal ligament and
separation of the surrounding crural muscle fibers, leading to
HH.18 Therefore, accurate preoperative diagnosis is important to
increase clinical suspicion of small HH and to avoid excessive
intraoperative dissection in those patients without HH.

The role of preoperative endoscopy before bariatric sur-
gery remains relatively controversial. Individual centers need to
consider the prevalence of Barrett’s esophagus with dysplasia,
gastric malignancy, HH, and other management-changing diag-
noses to optimize resource utilization.19,20 Early literature
assessing HH diagnosis without an appropriate reference standard
is not appropriate for assessment of diagnostic accuracy. When
considering only studies that have used intraoperative diagnosis
as the reference standard, preoperative HH diagnosis still has a
wide range of sensitivity (36.72–96.23%), specificity (66.67–
93.3%), and accuracy (45.38–89.16%).13,14,21,22

Table 1 Patient demographics

Total cohort Patient with HH Patients without HH P-value

Patients 434 (100) 37 (8.5) 397 (91.5)
Age (years) 41.51 � 11.07 45.89 � 10.57 41.10 � 11.03 0.01
Gender (female) 248 (57.1) 26 (70.3) 222 (55.9) 0.09
BMI (kg/m2) 39.37 � 5.67 38.16 � 4.95 39.48 � 5.73 0.18
Preoperative reflux pharmacotherapy 37 (8.5) 13 (35.1) 24 (6.0) <0.01
Preoperative GERD 75 (17.3) 21 (56.8) 54 (13.6) <0.01

BMI, body mass index; GERD, gastro-esophageal reflux disease; HH, hiatal hernia.

Table 2 Intraoperative and endoscopy findings of hiatal hernia (HH)

Intraoperative HH

Endoscopy HH Positive Negative

Positive 28 34 62
Negative 9 363 372

37 397 434
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Our center had a high sensitivity (75.68%), specificity
(91.44%), and accuracy (90.09%) compared to the existing litera-
ture. This specificity (98.49%) and accuracy (92.85%) was fur-
ther improved when considering only at least moderate-sized HH
(>2 cm) but with the compromise of reduced diagnostic sensitiv-
ity (32.43%). Small HH, as determined by endoscopy, are more
likely to be false positives than those >2 cm; this is understand-
able given that the diaphragmatic pinch is a physiologically
mobile reference point. The high diagnostic accuracy of endos-
copy in our center is attributed to institutional experience and
patient cohort. As a Centre of Excellence for digestive endos-
copy, our center has a high volume of diagnostic and complex
interventional endoscopy. In addition, disease prevalence affects
the global measure of diagnostic accuracy. For the same sensitiv-
ity and specificity, the diagnostic accuracy of an investigation
increases as the disease prevalence is reduced.23 The prevalence
of HH in our cohort was 8.53%, which is lower than most other
studies on this issue and is reflective of reduced GERD and HH
prevalence among Asians.24,25

The limitations of this study are the retrospective nature
and potential risk of bias of the standard of reference. It is recog-
nized that intraoperative findings may be subject to interobserver
variability due to differences in patient positioning, CO2 insuffla-
tion, and an incomplete visualization despite standardization of
technique. Despite the inherent limitations to this reference stan-
dard, direct intraoperative visualization of HH represents a practi-
cal reference for preoperative investigations. In addition,
preoperative and postoperative GERD symptoms were not
assessed within the design of this study. The variability in opera-
tive procedures performed and the low prevalence of HH in this
cohort would have made findings difficult to interpret.

A recent meta-analysis comparing barium swallow, HRM,
and endoscopy for preoperative HH diagnosis suggested that
manometry exhibited better diagnostic performance and that bar-
ium swallow and endoscopy were equivocal.26 However, it is
noted that our endoscopy results fall within the range of the
pooled sensitivity of 77% (95% CI 70–83%) and specificity of
92% (95% CI 85–96%) of HRM. This meta-analysis also consid-
ered both bariatric and nonbariatric populations and only had a
single study of 130 patients from the Asian region.14 When con-
sidering access and resource utilization of HRM, endoscopy can
yield equivalent diagnostic accuracy in the context of a high-
volume endoscopy center. Although HRM provides useful infor-
mation about hiatal anatomy and esophageal motility, endoscopy

provides a breadth of diagnostic data and the opportunity for
intervention. Endoscopy will likely remain the preferred preoper-
ative screening test for patients before bariatric surgery in many
international centers.

In conclusion, endoscopy can have high diagnostic accu-
racy for preoperative HH in obese Asian patients, using
intraoperative diagnosis as the reference standard. Endoscopy
can achieve an accuracy comparable to HRM in high-volume
endoscopy centers.
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