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Lack of diagnostic efficacy of endoscopy for paraoesophageal
hiatus hernia
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Background: Hiatal hernia is a common finding on endoscopy; clinical management and prognosis
differ significantly depending on its type. Symptomatic paraoesophageal hiatus hernia (PEH) (type II-
IV) usually require surgery whereas sliding hiatal hernia (type I) associated with reflux disease can be
frequently medically managed. We examined the accuracy of gastroscopy and barium contrast meal [upper
gastrointestinal (GI) study] in the diagnosis of PEH and gastric volvulus (GV).

Methods: The reports of gastroscopy and barium meal in patients who underwent laparoscopic
fundoplication were compared with intraoperative finding of PEH in a retrospective cohort of consecutive
patients with PEH treated between January 1st 2008 to 2017.

Results: PEH was diagnosed in 231 consecutive patients; 130 patients were eligible for the study.
Endoscopy and barium meal reports were both available in 60 patients, endoscopy in 24 and barium meal
in 46 patients. Sensitivity of endoscopy and barium study in diagnosing the presence of hiatal hernia were
97.61% and 100% respectively. Despite this, both endoscopy and barium study were unreliable for type of
hiatal hernia with sensitivity of 8.33% and 38.68% respectively. The sensitivity of endoscopy and barium
study in diagnosing chronic GV (CGV) were 10.7% and 20.5% respectively.

Conclusions: The anatomical description lacked consistency with both endoscopy and radiology reporting;
standardisation of reporting may increase the reliability of these tests. Identification of the type of hiatus
hernia (HH) is important to accurately risk stratify the disease together with patient symptoms. Both barium
meal and endoscopy had poor sensitivity in detecting the type of HH but highly sensitive for diagnosing the
presence of HH.
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Introduction

Hiatus hernia (HH), defined as herniation of the stomach
and the gastroesophageal junction (GO]J) above the
diaphragm through the oesophageal hiatus, is prevalent in
10-50% of the population (1) (Figure I). There are four
different types of HH. Current recommendations for the
diagnosis of HH are similar to that of the gastroesophageal
reflux disease (GORD) work-up as recommended by the
Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES) guidelines, and includes imaging studies
such as computerised tomography (CT), barium meal
[upper gastrointestinal (GI) study] and gastroscopy (2). The
accuracy of such investigations is important, as differing
anatomical abnormalities have different prognoses (1).
Medical gastroenterology has had a nihilistic approach to
HH, not fully appreciating the risk profiles and outcomes of
different types of HH (3).

The surgical literature divides hiatal hernias into three
or four types (Figure I). The type I HH (sliding hernia)
accounts for 95% of all hernias and the paraoesophageal
HH (intrathoracic stomach) for 5% of all type II to IV
hernias. This has been well summarised in the literature and
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is well illustrated pictorially by Abbara ez al. (4).

Giant paraoesophageal hiatus hernia (PEH), or large
type III/IV HH, is defined as HH with more than 30% of
the stomach in the thoracic cavity when the stomach rises
above the GOJ with or without another organ present in
the sac (i.e., colon). This type of HH is allegedly quite rare
with reported incidence of less than 0.1% (5), although
there are series with large numbers reported, suggesting
some variance (6). Acute gastric volvulus (AGV) is an
uncommon complication of PEH with high mortality rates
of up to 50% (7-9). Strangulated gastric volvulus (GV) can
cause bleeding, gastric necrosis and subsequent perforation
of the stomach leading to septic peritonitis and shock. AGV
can clinically present as the Borchadt’s triad in 70% of
cases being the inability to pass a nasogastric tube, pain in
the upper abdomen with severe retching and the inability
to vomit (10). Patients with chronic GV (CGV) frequently
have intermittent symptoms of dyspnoea, post prandial
epigastric or chest pain associated with early satiety,
dysphagia, anaemia, heartburn and bloating (11). The
symptomology is not necessarily recognised as suggestive
of gastric disease, imposing a challenge in correct diagnosis
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Figure 1 Types of HH. LOS, lower oesophageal sphincter; HH, hiatus hernia.
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Table 1 Preoperative symptomology in patients with PEH (12)

Symptoms %

Shortness of breath (dyspnoea) 70.1
Chest pain 55.5
Heartburn 51.2
Dysphagia 44.5
Regurgitation 43.9
Anaemia 20.1
Aspiration 11.0

PEH, paraoesophageal hiatus hernia.

(Table 1) (12).

Failure to recognise the nature of herniation of PEH
exposes the patient to considerable risk. Mortality from
PEH (type 2, 3 and 4) in the Finnish population was shown
to reach 16.4% if conservatively managed (13). Skinner
found a mortality rate of 29% when PEH were managed
conservatively without surgery (14,15). A recent population-
based American study confirmed the cost efficacy and
reduction in mortality for patients undergoing elective PEH
repair before AGV occurred (16). Mortality reached 5.1%
for emergency fundoplication for AGV compared to 1.1%
in elective cases similar to others (7,12,14). A large study
has shown laparoscopic repair of PEH is associated with a
lower mortality compared to an open approach (17).

The current SAGES guideline for the diagnosis of
HH includes the barium meal contrast study (BM) and
gastroscopy. However, the accuracy of these tests relative
to the operative findings remains uncertain, especially in
the presence of CGV. Endoscopic assessment of PEH and
GV remain somewhat unreliable due to the subjective
nature of the report, and perhaps, the lack of anatomical
reference points at endoscopy. There are no firm guidelines
available for clinicians regarding diagnostic criteria of
GV and PEH, although it has been recommended in the
literature (18). PEH alone, in truly asymptomatic patients,
is not an indication for surgery according to SAGES
recommendation (18).

We assessed the performance criteria of pre-operative
diagnostic modalities against the operative findings in
order to establish the accuracy and optimal combination
to establish the correct diagnosis for PEH in a well-
documented large series of 231 cases. We present the
following article in accordance to the STARD reporting
checklist (available at https://ales.amegroups.com/article/
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view/10.21037/ales-22-11/rc). Legends and flowsheets can
be found in Table S1 and Figures S1-54.

Methods

Large PEHs had been diagnosed in 231 consecutive patients
identified from database in a single practice during the
period 1/1/2008 to 1/1/2017 and retrospectively analysed.
Patients who underwent PEH repair for clinical and
various diagnostic modalities with reported preoperative
endoscopy by community specialists and/or BM conducted
at community facilities were included in the study. Informed
consent was obtained at the time of initial consultation.
Exclusion criteria included re-operation and inability to
obtain an adequate report of endoscopy or BM. All data
were prospectively stored in a password-protected computer
database with the approval of the Ethics Committee at
Concord Hospital (CH62/6/2011-092) and study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). Operative anatomy was determined as
the ‘reference standard’ of PEH diagnosis and the presence
of CGV to determine the sensitivity and specificity of
endoscopy and BM. A single surgeon recorded operative
findings for all patients in this study and assessed patient
preoperatively with access to all index test results.

PEH was diagnosed at laparoscopy by presence of
stomach above the level of the GO]J. The size, appearance of
hernial sac, presence of PEH and GV according to defined
criteria were documented prospectively at the time of
operation by a single surgeon. The size of HH was defined
by the percentage of intrathoracic stomach on laparoscopic
hiatal view. The anatomical landmark of the “crows foot” of
descending left gastric vessels that marks the location of the
nerves of Latarjet was used to define 75% of the stomach
at the level of the hiatal arch (Figure 2: dotted lines mark
50% and 75% respectively). Presence of other organs in the
hernia sac were recorded.

Reports of BM prior to surgery were obtained and
patients were excluded from analysis if unavailable. The
usual protocol undertaken at suburban facilities for BM
include anteroposterior and oblique views in upright and
supine positions, with double contrast administration and
stomach distention (19,20). The size and type of PEH,
the presence of GV were recorded from the radiology
reports for each patient. The endoscopic size of PEH
was categorised into small (<2 cm), moderate (24 c¢m) or
large (>4 cm or >30%). Description of HH were recorded
(sliding, rolling, mixed, giant hiatus hernia (GHH), PEH,
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Figure 2 Measurement of hernia size by stomach presenting at
the arch of the hiatal opening (marking: horizontal: 50%, vertical:
75%).

undescribed, or unclear such as “fixed”).

Endoscopy reports from up to 3 years prior to the
referral of patients for surgical assessment were evaluated
where possible. Patients were referred to this single
subspecialised surgeon’s practice for opinion of HH by
different specialists and therefore endoscopy was conducted
in general gastroenterology or surgery practice. Variables
recorded were: description of HH (rolling, mixed, sliding,
PEH, unclear or undescribed), presence of GV, physician
or surgeon, presence of Barrett’s or Cameron’s ulcer. Type
II-IV HH were categorised as PEH. ‘Unclear’ description
of HH included a possible dictation error and uncertainty
expressed in the report.

Statistical analysis

Statistical analysis was performed using SPSS Statistical
Analysis Software V24 (SPSS Inc., Chicago, IL, USA).
The Shapiro-Wilk test was used to test for normality of
data. T-test, chi-square test, Fisher’s exact test, McNemar’s
test for discordance, Pearson correlation test and Point-
Biserial correlation tests were used to analyse data. Data
was presented with standard deviation (SD) or mean
with range and confidence interval (CI) as appropriate.
Statistical significance was assumed with a P value of less
than 0.05. The sensitivity and specificity of gastroscopy
and BM in diagnosing PEH and GV were calculated by a
conventional two-by-two table with results being recorded
as dichotomous outcomes, with the reference standard
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being intraoperative findings at the time of surgery.

Results

Large PEHs were diagnosed in 231 patients between
January 2008 to January 2017 and 172 underwent surgical
repair. One hundred and thirty patients were eligible for
this study: both endoscopy and BM results were available
in 60 patients; BM alone was available in 46 patients and
endoscopy alone in 24 patients. There were 36 males
(27.7%) and 94 females (72.3%), and the mean age was
70 years (SD £8.734).

Intraoperative findings

The mean intraoperative size of the HH was 66.88%
with a range of 10-100% (SD £19.66). Type IV PEH was
present in 19 patients (14.6%) and type III PEH in 85.4%.
CGV was present intraoperatively in 48 patients (36.9%).
The presence of CGV was positively correlated with the
intraoperative size of the PEH (P<0.001).

Endoscopic findings

Endoscopies were done by gastroenterologists in 66 patients
(78.6%) and by general surgeons in 18 patients (21.4%).
HH was not diagnosed or mentioned in 2 patients. In the
84 patients who had endoscopy, 82 (97.6%) were reported to
have “HH”. Barrett’s oesophagus was evident in 8 patients
(9.5%) and Cameron’s ulcer within the HH was seen in
7 (8.3%) patients. Hill grade was not mentioned in reports.

Endoscopy: type of HH

PEH was diagnosed in 7 patients only (8%) on endoscopy;
identification or suggestion of the type of HH was present
in 18 (21.4%) endoscopy reports (Table 2). The content of
HH was described in terms of anatomical landmarks of the
stomach (i.e., body, fundus, stomach) in 32 reports (38%).

Endoscopy finding: size of HH

The size of HH was recorded in only 48 out of the
84 patients (57%): 15 used descriptive words (huge,
large, massive, most, narrow, very large) whereas 33 used
numerical values (Figure 3). There was no mention of the
size of HH in the remaining 36 (42.9%). HH size was
reported by percentage in 11 reports with a range of 30-
100% (mean: 60.5%) and by centimetres in 22 reports with
a range of 3-10 cm (mean: 7.0 cm). It was evident numerical
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Table 2 Diagnosis of HH type by test
Type of HH HH (type 1) PEH (type 2-4) No mention of type Unclear Sensitivity
Endoscopic diagnosis (n=84) 9 (11%) 7 (8%) 66 (79%) 2 (2%) 8.33%
Barium meal diagnosis (n=106) 31 (29%) 41 (39%) 30 (28%) 4 (3%) 38.68%
HH, hiatus hernia; PEH, paraoesophageal hiatus hernia.
HH: size documentation at endoscopy BM: size of HH
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Figure 3 Bar chart showing HH size documentation at endoscopy.
HH, hiatus hernia.

‘size” was a measure simply of the distance of the GOJ from
the crural diaphragm (CD), which signifies the superior
dislocation of the GOJ and not a volumetric measure of the
amount of HH. The content of HH was described in terms
of anatomical landmarks of the stomach (i.e., body, fundus,
stomach) in 32 reports (38%).

In our analysis, the size of the HH on endoscopy was
classified into four categories: not documented (INA), small
(<2 cm), moderate (2-5 c¢m) and large (>5 cm or >30%).
This was correlated with operative findings of small,
moderate and large HH (all of which were PEH). There
was no statistically significant correlation between the
endoscopic and the operative findings (P=0.719).

Endoscopy: presence of GV

CGV was diagnosed or suggested by endoscopy in total
of 8 patients (9.5%) in this group. AGV was diagnosed in
2 patients.

Barium findings

All patients who underwent BM prior to surgery were
reported to have a HH.

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

The size of the HH was described as either quantitative or
qualitative values in 100 out of 106 patients. Descriptive
words such as small, moderate or large were used to
describe the size of HH in 48, whereas 52 used percentage
or centimetre to measure the size of HH; what axis the
numerical reading referred to was unclear. Size of the
HH was not mentioned in 6 (5.7%) reports. The mean
percentage of herniated stomach reported was 31.6% (SD
+19.7) compared with the mean intraoperative finding of
68.0% (SD £19.7).

BM: type of HH & GV

The type of HH was reported in 76 out of 106 patients
(71.7%) on BM in comparison to endoscopy (21.4%)
(Table 2). PEH was correctly identified in 41 patients (39%).
CGV was observed in 18 (16.9%) patients on BM report, of
which 8 (44.4%) had GV intraoperatively.

Comparison of endoscopy & BM

The sensitivity of BM and endoscopy in terms of HH type
identified were 38.68% (95% CI, 29.38-48.63%) and 8.33%
(95% CI, 3.42-16.42%) respectively. Overall sensitivity
of BM for GV was 20.51% (95% CI, 9.3-36.46%) and
specificity was 85.07% (95% CI, 74.26-92.60%). Endoscopy
for GV had sensitivity of 10.71% (95% CI, 2.27-28.23%)
and 91.07% specificity (95% CI, 80.38-97.04%) as shown
on Table 3.

The ‘presence’ of HH regardless of its type or size,
was correctly diagnosed by either BM or endoscopy in all
patients. The sensitivity for diagnosing HH with endoscopy
and BM was 97.61% (95% CI, 88-100%) and 100% (95%
CI, 94-100%) respectively.

McNemar’s test was used for comparison of discordance
between BM and endoscopy for identification of GV. There
was a statistically significant discordance in BM finding
compared with intraoperative finding of GV (P=0.049) and
endoscopy compared with intraoperative finding of GV
(P=0.001).

Ann Laparosc Endosc Surg 2022;7:21 | https://dx.doi.org/10.21037/ales-22-11
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Table 3 Sensitivity and specificity for GV by index test
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Barium meal (n=106)

Endoscopy (n=84)

Test

Value 95% ClI Value 95% CI
Sensitivity 20.51% 9.3-36.46 10.71% 2.27-28.23
Specificity 85.07% 74.26-92.60 91.07% 80.38-97.04
Predictive value of positive test 44.44% 25.64-64.99 37.50% 18.89-73.32
Predictive value of negative test 64.77% 60.37-68.94 67.11% 64.15-71.62
Likelihood ratio of positive test 1.37 0.59-3.19 1.2 0.47-5.50
Likelihood ratio of negative test 0.93 0.77-1.13 0.98 0.79-1.12
GV, gastric volvulus; Cl, confidence interval.
Table 4 HH size comparison at operation versus endoscopy
Size at operation Size at endoscopy (based on %/cm, qualitative category)
(reference standard) Small Moderate Large No description Total
Moderate 0 0 1 3 4
Large 1 5 37 37 80
Total 1 5 38 40 84

HH, hiatus hernia.

There was a statistically significant positive correlation
between BM size of HH when measured in proportion of
stomach in the hernia with intraoperatively measured size
of HH (r=0.668; n=55; P=0.001). From 7Table 4, it can be
seen that size of HH at endoscopy, when reported, does
correspond to the operative findings (P=0.719).

Surgeons commented more frequently on size and type
of HH (14/18, 78%) than physicians (36/66, 55%) with no
statistical significance (P=0.105).

Discussion

Multiple studies have examined endoscopy and BM as
diagnostic tools for HH with conflicting conclusions
(5,21,22). A retrospective analysis of 100 patients
undergoing anti-reflux surgery has shown that there was no
correlation between intraoperative measurement of HH size
and preoperative BM, indicating that BM was a poor test to
characterize HH (21). Another study found no correlation
between BM, endoscopy and high-resolution manometry
regarding HH characterisation, concluding that all three
tests were necessary (22). This is likely because each test
evaluates different parameters of anatomy, and HRM only
measures vertical distance between GOJ and diaphragm (22).

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

BM and endoscopy diagnosed HH with a high sensitivity
of 100% and 98% respectively in our study, but rarely
characterised these as PEH (18).

There are no generally-accepted guidelines on
endoscopic assessment of HH (18,23). The technical
diagnosis of HH may be different when the GQO]J position
cannot be readily appreciated due to Barrett’s metaplasia
and when there is poor distention of the stomach. The
retroflexed view is recommended in recent endoscopic
guidelines (24). This method is subjective and relies heavily
on personal experience of endoscopist. Bytzer et al. (25)
showed the sensitivity of endoscopic evaluation was highly
dependent upon clinical history, undermining objectivity.
Considering the subjective nature of endoscopic assessment,
a position statement was released by the British Society of
Gastroenterology (BSG) to standardize diagnostic quality
of upper endoscopy. Specific statements regarding HH
were made: “the presence of HH should be documented and
measured’ with a preference to assessing the hiatal integrity
with the retroflexion view as opposed to measuring the distance
between the squamocolumnar junction and diaphragmatic
impression” (24). The appearance of gastoesophageal
junction ‘gastroeosphageal flap valve’ on retroflexion can be
described using the Hill classification with significance to

Ann Laparosc Endosc Surg 2022;7:21 | https://dx.doi.org/10.21037/ales-22-11
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reflux and presence of HH. The grade IV gastroesophageal
valve is always associated with the presence of HH (26). In
our view, the retroflexed position is most likely to diagnose
PEH/GV but recognize that in large HH or in the presence
of GV, retroflexion may not be possible.

A striking feature in this study was the discordance
in reporting of the HH amongst endoscopists. Many
(40.5%) did not adequately comment on the HH size.
Size description was arbitrary in 19% using non-definitive
terminology such as small, moderate, large and massive.
The size of HH in terms of quantitative measurement (either
percentage of stomach in the hernial sac or as length in
centimetres of the defect) was reported in less than half the
patients. Length in centimetre invariably only described the
degree of dislocation of GOJ above the CD and did little to
differentiate a sliding HH from PEH. Increasing awareness
among endoscopists on the importance of the type of HH
in determining surgical consultation has been reported (23).

A discrepancy in reporting was evident in BM, similarly
to endoscopy. The type of HH was not specified in many
(32% of all reports), however the size of HH with specific
details (i.e., percentage of herniated stomach or subjective
size description) was documented adequately (94.3%)
compared with endoscopy. Presence of GV was commented
on by the majority of reporting radiologists (92.5%).
Despite the subjective nature of reporting, the presence
of the X-ray film can allow for re-examination in ways
that endoscopy cannot. BM also shows relativity to chest
landmarks. Endoscopy may be best for luminal detail rather
than anatomical position, or gastric orientation.

The sensitivity of BM and endoscopic diagnosis of PEH
was not adequate for appropriate clinical management
(Table 2). The importance of the distinction between the
simple sliding HH and PEH is the potential for entrapment
and incarceration. Results in this series show that endoscopy
is inferior to BM in terms of sensitivity and specificity for
the diagnosis of PEH, partly due to operator-dependent
factors in the recognition of anatomical pathology and
lack of standardized reporting criteria. Similar reporting
phenomena were observed in the BM reports which lacked
detail and systematic description and categorization.
Linke et al. (27) have also found subjective variations in
both barium meal and endoscopy results when reporting
a HH. It is apparent that in order to correctly diagnose a
PEH, there needs to be standardization in the reporting
of both BM and endoscopy, and probably standardised
training/education in the anatomical types of herniation for
endoscopists and radiologists. The authors have frequently
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viewed radiographs that clearly contained information
at significant and surgically important variance with the
radiology reports.

It is well published in the literature that AGV and CGV
can be challenging to diagnose (10,16), with previous
studies showing BM to have the greatest yield compared
to endoscopy and plain chest X-ray (16,28). AGV can be
intermittent and self-resolving in nature, which adds to the
diagnostic difficulty (5). CT with 3D reformatted images
also serve as a sensitive tool in detecting HH and GV.
Diagnostic reports will enable appropriate risk stratification
of patients who require prompt referral to upper GI surgery
for management. This is especially relevant when the size of
HH exceeds 30% of the stomach and becomes more likely
to develop PEH, GV and its sequelae.

The recommendation is that BM reports include
description of the oesophagus, position and nature of the
GOJ, position and rotation of the stomach. HH should
be described in terms of: type, size, presence of GV
and presence of other structures within the chest. This
allows adequate clinical diagnosis and risk stratification.
Single contrast BM may not achieve these results, due to
inadequate distension of the stomach and lack of head down
positioning (29).

When there are mechanical symptoms in the HH such
as dyspnoea or chest pain, minimal investigations should
include both endoscopy and double contrast BM. The
clinician must be aware that reporting may not be adequate.
Retroflection of the endoscope should be mandatory, with
adequate examination of the CD. Both BM and endoscopy
should report the nature of the oesophagus, any axis
deviation, the level of the GQOJ, and the level of the CD.
The attitude of the stomach, percentage involvement of
stomach in the herniation should be reported numerically
rather than ambiguous descriptions. Should diagnostic
confusion persist, CT scan of the chest and upper abdomen
with adequate stomach distension would be advised.

Limitations of this study

This study was conducted in a single specialised academic
practice and therefore are not generalisable. However, the
reports of the diagnostic tests used for analysis in this study
reflect community practice as tests were conducted at non-
specific diagnostic centres. Intraoperative findings were
reported by a single surgeon with more than 900 personal
cases of PEH, and therefore the estimation of HH size will
be accurate and consistent.
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Endoscopy was non-uniform with multiple endoscopists.
The time frame for inclusion criteria was set at 3 years from
the date of the operation and this may contribute to a lack
of sensitivity due to the progression of disease. There may
be selection bias related to patient referral in a community
setting and the location of testing centres. In future studies,
an endoscopy immediately prior to surgery may be more
useful in determining the sensitivity and specificity of
endoscopy for diagnosis of PEH and GV but does not

contribute to clinical decision making.

Conclusions

The anatomical description lacked consistency with
both endoscopy and radiology reporting; standardisation
of reporting may increase the reliability of these tests.
Identification of the type of HH is important to accurately
risk stratify the disease together with patient symptoms.
Both barium meal and endoscopy had poor sensitivity in
detecting the type of HH but highly sensitive for diagnosing
the presence of HH.
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Supplementary

Table S1 Explanatory legend

Abbreviation Meaning

AGV Acute gastric volvulus

BM Barium meal study

CD Crural diaphragm

caGv Chronic gastric volvulus

CcOoJ Gastroesophageal junction

GORD Gastroesophageal reflux disease

HH Hiatus hernia

LOS Lower oesophageal sphincter

PEH Paraoesophageal hiatus hernia (hiatus hernia type 2-4)

Potentially eligible patients with PEH in database
N=231

Eligible patients:

e Underwent PEH repair

® Has endoscopy +/— BM done
N=130

Exclusion (N=101)
* 59: No surgery
e 42: No endoscopy/BM report

Y

Y

Index test “Endoscopy” N=84
24 patients had endoscopy result only
60 patients had both endoscopy & BM

Y Y !

Index test Index test Index test
negative positive inconclusive
N=2 N=82 N=0
Y Y
Reference standard test: Reference standard test: Note:
“intraoperative presence of hiatal hernia” “intraoperative presence of hiatal hernia” Diagnosis of PEH would have been shown
N=2 N=82 on other imaging modality (i.e., BM, CT

scan, manometry) for patient to undergo
laparoscopic composite fundoplication.
Y Y It would be unethical to operate without
proven diagnosis and therefore false
positives will be 0 under such condition

False negative =2 False positive =0
true negative =0 true positive =82

A

Figure S1 Flowsheet: endoscopy (index test) and intraoperative presence of HH (reference standard test). PEH, paraoesophageal hiatus
hernia; BM, barium meal contrast study; CT, computerised tomography; HH, hiatus hernia.
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Exclusion (N=101)

Potentially eligible patients with PEH in database
N=231

* 59: No surgery
® 42: No endoscopy/BM report

Y

Eligible patients:

* Underwent PEH repair

* Has endoscopy +/— BM done
N=130

y

Index test “Barium meal” N=106
46 patients had BM result only
60 patients had both endoscopy & BM

Y

!

A
Index test Index test Index test
negative positive inconclusive
N=0 N=106 N=0
Y A

Reference standard test:
“intraoperative presence of hiatal hernia
N=0

Reference standard test:
“intraoperative presence of hiatal hernia
N=106

Figure S2 Flowsheet: barium meal (index test) and intraoperative presence of HH (reference standard test). PEH, paraoesophageal hiatus

hernia; BM, barium meal contrast study; CT, computerised tomography; HH, hiatus hernia.

Exclusion (N=101)

Potentially eligible patients with PEH in database
N=231

* 59: No surgery
¢ 42: No endoscopy/BM report

Y

Eligible patients:

e Underwent PEH repair

¢ Has endoscopy +/— BM done
N=130

A

Index test “Endoscopy” N=84
24 patients had endoscopy result only
60 patients had both endoscopy & BM

v

!

A
Index test Index test Index test
negative positive inconclusive
N=76 N=8 N=0
Y A

Reference standard test:
“intraoperative presence of gastric
volvulus”

N=76

Reference standard test:
“intraoperative presence of gastric
volvulus”

N=8

Figure S3 Flowsheet: endoscopy (index test) and intraoperative presence of GV (reference standard test). PEH, paraoesophageal hiatus

hernia; BM, barium meal contrast study; GV, gastric volvulus.
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Potentially eligible patients with PEH in database
N=231

Eligible patients:

e Underwent PEH repair

* Has endoscopy +/— BM done
N=130

Exclusion (N=101)
* 59: No surgery
® 42: No endoscopy/BM report

Y

y

Index test “Barium meal” N=106
46 patients had BM result only
60 patients had both endoscopy & BM

v \ Y

Index test Index test Index test
negative positive inconclusive
N=88 N=18 N=0
Y A
Reference standard test: Reference standard test:
“intraoperative presence of gastric “intraoperative presence of gastric
volvulus” volvulus”
N=88 N=18
Y A
False negative =31 False positive =10
true negative =57 true positive =8

Figure S4 Flowsheet: barium meal (index test) and intraoperative presence of GV (reference standard test). PEH, paraoesophageal hiatus

hernia; BM, barium meal contrast study; GV, gastric volvulus.
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