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Summary
Background The assessment of hiatal hernias (HH) is
typically done with barium swallow X-ray, upper en-
doscopy, and by high-resolution esophageal manom-
etry (HRM). The aim of this study was to assess the
clinical utility of these methods in terms of HH detec-
tion and their correlation to gastroesophageal reflux
disease (GERD).
Methods A retrospective comparative analysis of pa-
tients with symptoms of GERD was carried out. The
performance of endoscopy and HRM in diagnosing
HH was assessed, taking barium swallow X-ray as
a reference. Furthermore, statistically comparative
analysis between detected hernias and the presence
of reflux disease in ambulatory impedance-pH moni-
toring (MII) was performed.
Results Overall, 112 patients were analyzed. Barium
swallow X-ray showed no correlation either to HR
manometrically or to endoscopically assessed HH.
Significant accordance in the detection rate of HH
was proved between HRM and gastroesophagoscopy
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(p < 0.001). Only endoscopically assessed HH showed
a significant correlation with GERD (p = 0.047). No
correlation between detected hernias and GERD could
be found either with HRM or with barium swallow
X-ray.
Conclusions Barium swallow X-ray provided the high-
est rate of HH detection (76.8%). For the reliable ex-
clusion of HH prior to treatment, all three mentioned
investigations appear to be necessary in order of low
conformity.

Keywords Hiatus hernia · Endoscopy · High-resolu-
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Abbreviations
HH Hiatus Hernia
GERD Gastroesophageal reflux disease
GEFV Gastroesophageal flap valve
HRM High-resolution manometry
LES Lower esophageal sphincter
MII Ambulatory multichannel intraluminal

impedance-pH monitoring
PPI Proton pump inhibitors

Introduction

Hiatus hernia (HH) is recognized as an important fac-
tor in the pathophysiology of gastroesophageal reflux
disease (GERD). The presence of HH is associated
with GERD symptoms [1, 2]. HH develop in 10%–50%
of the general population and can be classified into
four types: Type I is the sliding hernia which is most
common and accounts for 85% of cases. It is de-
fined as cephalad migration of the esophagogastric
junction through the esophageal hiatus [3, 4]. The
diagnosis of sliding HH is commonly made with up-
per gastrointestinal endoscopy, barium swallow X-ray,
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and esophageal manometry [5–8]. Sliding HH can
be characterized at endoscopy, when the diaphrag-
matic indentation is seen 2 cm or more distal to the
squamocolumnar junction (the so-called Z-line) and
the top of the stomach mucosal folds [5, 9, 10]. An-
other approach is to assess the appearance of the
esophagogastric junction from a retroflexed position
and to incorporate an assessment of hiatal integrity
along with the assessment of axial displacement. The
progression from normal anatomy to type I hernia was
well illustrated in an analysis of “flap valve” integrity as
a predictor of reflux symptoms. The role of an altered
geometry of the gastroesophageal flap valve (GEFV)
in the pathophysiology of GERD was recognized years
ago. Since its first description in 1996 by Hill et al.
[9], several studies have shown that the retroflex grad-
ing of the GEFV is a simple and reproducible tool that
provides additional information to correctly diagnose
the patient’s status with GERD [11]. Radiologic diag-
nosis depends on characterization of the landmarks
of the gastroesophageal junction extending above the
diaphragmatic hiatus. Classic criteria include hernia-
tion of at least 2 cm of gastric cardia above the hiatus
[12]. Contrast studies seem to be more sensitive than
endoscopy in detecting sliding HH [1, 5, 13, 14]. With
the relatively new high-resolution manometry (HRM)
technology, the sliding component of HH can be de-
tected and its size calculated. HRM may offer ad-
vantages in diagnosing HH over endoscopy and bar-
ium swallow X-ray [15, 16]. The aim of this study
was to assess the clinical utility of barium swallow
X-ray, endoscopic abnormal flap valve and HH as-
sessment, and HRM in the diagnosis of sliding HH in
patients with GERD symptoms. Since the presence of
HH is associated with GERD, we were also interested
to discover whether there are differences in objective
GERD detected by ambulatory multichannel intralu-
minal impedance-pH monitoring (MII) and the HH
diagnosed using the other investigations.

Material and methods

A retrospective analysis of 112 consecutive patients
with subjective symptoms of GERD who invariably
underwent gastroscopy, HRM, barium swallow X-ray,
and MII after pausing proton pump inhibitors (PPI)
for 2 weeks between August 2012 and October 2013 at
our institution (Sisters of Charity Hospital Linz, Aus-
tria, Departments of General and Visceral Surgery and
Diagnostic and Interventional Radiology) was per-
formed. All patients reported persistent or recurrent
symptoms of GERD despite therapeutic treatment
with PPI for a minimum duration of 6 months. Data
were collected from the hospital electronic database
and medical records. Patients with paraesophageal
hernias (HH type III–IV), achalasia, and other pri-
mary esophageal motor disorders, as well as those
with previous fundoplication, were excluded.

Study approval was obtained from the institution’s
ethical committee.

High resolution esophageal manometry

We used the ManoScan esophageal manometry sys-
tem from Given imaging™. Analysis of gastroe-
sophageal junction morphology was performed using
HRM topographic pressure plots as per the criteria
suggested by Kahrilas et al. [10]. Three different sub-
types can be distinguished according to these criteria.
The Type-III morphology is consistent with >2 cm
separation between the crural diaphragm and lower
esophageal sphincter (LES). Only patients with Type-
III morphology were considered to have an overt slid-
ing HH. The manometry studies were done in a 30°
supine position. Analysis was performed by one of the
authors (O.O.K.), who was blinded to the radiographic
and endoscopic findings at the time of analysis.

Radiographic barium swallow examination

Barium swallow X-ray was performed according to
a protocol of five swallows of barium always us-
ing the same amount of liquid; anteroposterior and
oblique views were obtained in upright and supine
positions. A single radiologist (author L.P.P.), blinded
to the endoscopic and manometric findings, retro-
spectively assessed the size of the HH in millimeters.
By reviewing still images, measurements were done
using a standardized protocol, according to which
a distance of more than 2 cm between the gastroe-
sophageal junction and the diaphragmatic hiatus was
defined as a sliding HH [10, 12].

Esophagogastroduodenoscopy (upper endoscopy)

With effect from August 2012, all endoscopists in the
department were encouraged not only to describe
a HH (Fig. 1), but also to assess the gastroesophageal
junction in a retroflexed position and grade it from I
to IV according to the grading system described by
Hill et al. [9]. Patients whose endoscopic findings
were classified as Hill grade I and II were considered
to have a normal and grade III and IV to have an ab-
normal GEFV. Only if endoscopists described a sliding
hernia (separation of the squamocolumnar junction =
Z-line from diaphragmatic impression >2 cm) and an
abnormal valve were the patients concerned included.

Ambulatory multichannel intraluminal impedance-
pH monitoring

Patients were encouraged to maintain their normal
activities and mealtimes and to remain upright during
the day except one short nap. All patients underwent
24-h ambulatory pH monitoring with a Given Imag-
ing Digitrapper® pH Z Monitoring System (Yoqneam,
Israel). The probe was placed 5 cm above the proxi-
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Fig. 1 Examplesof different sizedhiatal hernias in esophagogastroduodenoscopy (a small;bmedium;c large)

mal border of the lower esophageal sphincter estab-
lished by esophageal manometry. We used the symp-
tom index (SI), i.e., the number of symptoms associ-
ated with reflux events based on a 5-min time window
divided by the total number of symptoms. SI was de-
clared positive if it was higher than 50% [17]. GERD
was diagnosed if the total number of reflux events in
24 h exceeded 73, when the reflux-related composite
pH score according to DeMeester exceeded 14.7, or if
SI was positive for symptoms reported at least three
times [18].

Statistics

Statistical analysis of data was performed using SPSS
statistical analysis software (SPSS Inc., Chicago, IL,
USA). All data were tested for normal distribution by
the Shapiro-Wilk test. Comparison between data sets
was done using non-parametric tests and t-test for
paired samples. Analysis of data was also performed
using chi-square test, Mc Nemar test, Fisher’s exact
test, and correlation analysis using the Spearman’s
test. Exact binomial statistics for conditional and
marginal distributions and the kappa test for accor-
dance of measurements were used. All data were
presented as means with ranges or standard devia-
tion (SD). A p-value of less than 0.05 was regarded as
significant. Descriptive statistics were used in some
cases.

Results

In all, 112 patients (52 female, 60 male) with a mean
age of 53.60 (SD ± 16.03) years and a mean body
mass index (BMI) of 26.08 (SD ± 4.31) kg/m2 were
retrospectively analyzed. With HRM, HH was diag-
nosed in 35 patients (31.25%) with a mean size of
30.51mm (range, 20–61mm), with radiology 86 pa-
tients (76.78%) showed a hernia with a mean size of
32.98mm (range, 21–75mm). In 54 patients (48.2%),
an abnormal GEFV/HH was diagnosed with upper en-
doscopy.

There was no significant equivalence and accor-
dance between HRM and barium swallow X-ray re-
garding the detection rate of HH. Of 77 patients that

had no hernia on HRM, 57 (74%) showed a hernia
in the barium swallow X-ray examination (Kappa test
for accordance of measurements: p = 0.30). There was
a high significance for discordance of paired samples
by using the McNemar test (p < 0.001). The Spear-
man’s rank correlation test also showed no correlation
between the two comparedmethods regarding HH de-
tection (p = 0.309). Fig. 2 outlines the discordance in
a cross-tabulation bar chart: the green part of the left-
sided bar shows no HH detection in manometry, but
detection in radiography (74%) with an accordance
of only the remaining 26% with no HH detection in
manometric and radiographic findings.

There was also no correlation according to the her-
nia detection rate in barium swallow X-ray and endo-
scopic measurements (Kappa: p = 0.11, McNemar for
discordance of paired samples: p < 0.001, Spearman’s
rank correlation: p = 0.115). The cross-tabulation bar
chart is shown in Fig. 3.

A comparison of the HH detection rate between
HRM and endoscopy showed a significant accordance
of measurements (Kappa: p < 0.001, Spearman p <
0.001).

Objective GERD was diagnosed with MII in 77 pa-
tients (68.8%). This was the number of patients with
pathological findings as constituted in the meth-
ods section. In all, 28 of 35 patients (80%) with
a manometrically detected hernia had diagnosed
GERD, 63/86 patients (73.25%) with radiologically
detected hernia, and 46/54 patients (85.18%) with
endoscopically detected abnormal GEFV/HH showed
objective GERD in pathological MII evaluation.

There was no general correlation between the HH
detection rate in HRM and objective GERD (Spear-
man: p = 0.683). Nevertheless, the non-parametric
Mann-Whitney-U test showed a significant correlation
between manometrically measured HH size (not to be
confused with the HH detection rate) and objective
GERD in MII evaluation (p = 0.031). Fig. 4 shows the
mean manometrically measured HH sizes in patients
with and without pathological MII findings (32.40mm
vs 25.80mm).

The HH detection rate with barium swallow X-ray
also showed no correlation to objective GERD (Spear-
man: p = 0.370). There was also no significant correla-
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Fig. 2 Cross-tabulation
diagram (bar chart) of
manometric (HRM)and
radiographic hiatushernia
detection

tion between radiographic hernia sizes and patholog-
ical MII (p = 0.177) as compared with HRM and MII.
Interestingly, the radiologically measured mean HH
size in patients with pathological acid reflux in MII
evaluation was lower than the mean HH size in pa-
tients without pathological MII evaluation (32.13mm
vs. 35.04mm) (Fig. 5).

An association between an abnormal GEFV/HH
and pathological MII measurements could be demon-
strated (Spearman: p = 0.047). Analysis of demo-
graphic data showed that obesity (BMI ≥30 kg/m2)
was more frequently associated with GERD. All com-
parisons and demographics, as well as the accordance
of HH detection rates and their correlation to GERD,
are summarized in Table 1 and 2, respectively.

Discussion

Although the gold standard for diagnosing HH re-
mains unclear, barium swallow X-ray is considered
to be the most sensitive tool [1, 5, 13, 14]. It was
unexpected that the detection rates of HH and abnor-
mal GEFV varied largely between the available diag-
nostic methods. Notably, the HH detection rate di-
versified widely between barium swallow X-ray and
the other two methods compared. The HH detec-
tion rate in barium swallow X-ray examination was

by far the highest. This extremely high detection rate
of HH in radiographic examinations is remarkable,
since manometric HH and endoscopically abnormal
GEFV/HH findings were more or less half as much.
This is an interesting fact, since some authors advo-
cate that endoscopy is more sensitive than barium
swallow X-ray, and radiography can be omitted as
a basic diagnostic test before intervention [19]. A
limitation of this study is that it is not possible to
say whether or how many false-positive findings are
included in the barium swallow X-ray examination,
since no intraoperative findings are available for com-
parison. However, it is imaginable that radiographic
evaluation may overestimate hiatal defect sizes. Previ-
ous studies showed that a surgeon cannot rely on the
preoperative findings of the barium swallow X-ray ex-
amination, since no correlation to intraoperative de-
fect size measurements could be found [20]. The bar-
ium swallow X-ray as a common procedure and even
“gold standard” for preoperative HH assessment must
be challenged according to the study results presented
here, since there was no accordance either with ob-
jective GERD in MII or with manometric hiatal defect
size measurements and evidence of endoscopic ab-
normal GEFV/HH. Despite considerable variation in
the detection rate of HH, there was significant accor-
dance between endoscopic and HRM findings. The

K Preoperative diagnosis of hiatal hernia: barium swallow X-ray, high-resolution manometry, or endoscopy? 213



original scientific paper

Fig. 3 Cross-tabulationdi-
agram (bar chart) of endo-
scopically abnormal gas-
troesophageal flapvalve/
hiatal hernia (HH) and radio-
graphicHHfindings

Fig. 4 Box-plot diagram
ofmanometric hiatusdefect
size andpathological ambu-
latorymultichannel intralu-
minal impedance-pHmoni-
toring
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Fig. 5 Box-plot diagramof
radiographic hiatusdefect
size andpathological ambu-
latorymultichannel intralu-
minal impedance-pHmoni-
toring

status and accuracy of HRM interpretation of HH is
as yet undetermined [15, 16]. The results presented
here suggest that HRM hernia findings showed sig-
nificant correlations with endoscopic evidence of ab-
normal GEFV/HH. Furthermore, they underline the
findings of Khajanchee et al. that a negative result for
HH by either HRM or endoscopy mandates additional
testing [16].

Reliable preoperative assessment of HH is crucial
in proper patient selection for different treatment op-
tions. Patients with unsuccessful conservative treat-
ment of GERD and without evidence of HH may be
candidates for endoscopic treatments such as full-
thickness gastroplication [21] or radiofrequency en-
ergy delivery (Stretta procedure), which has been
shown in several studies to improve GERD symptoms
and quality of life for approximately two thirds of pa-
tients [22]. Other treatment options for patients with
diagnosed HH include augmentation of the lower
esophageal sphincter barrier with a magnetic de-
vice using a standard laparoscopic approach [23], or
laparoscopic fundoplication according to Nissen or
Toupet with/without mesh augmentation depending
on the size of the hiatal defect [24].

Furthermore, the results of this study underline the
importance of the GEFV in the pathophysiology of
GERD. As in previous studies [25–27], this study found
a significant accordance between endoscopic grading
and GERD. While it is relatively typical for HH to have
a Hill 3 or 4 valve, it is also possible but unusual to
have a Hill 3 or 4 valve with no HH. Therefore, not only
Hill grading but also axial displacement (separation

of squamocolumnar junction = Z-line from diaphrag-
matic impression >2 cm) were routinely evaluated to
assess real HH.

HRM [15, 16] may offer advantages over conven-
tional methods, including improved identification of
motility disorders, outflow obstruction, and even HH,
and ease interpretation. This technique is capable of
displaying spatial and topographic pressure profiles of
the gastroesophageal junction and crural diaphragm
in real time. It is not clear whether manometry stud-
ies should better be done supine, upright, or both. It
is not possible to rule out the possibility that one or
the other might affect the number of “sliding” her-
nias detected. The investigations discussed here were
performed in a supine position with 30° upper body
elevation. Nevertheless, the results of this study seem
to underline the role of HRM examinations in patients
with GERD symptoms, since it was possible to demon-
strate a significant correlation between manometri-
cally measured HH size and objective GERD.

Both endoscopy and HRM represent in vivo dy-
namic evaluation tools of the esophagogastric junc-
tion, and may thus demonstrate an improved correla-
tion profile with objective GERD, although the results
of a recent study suggest that the two tests had high
discordance and both showed high false-negative re-
sults in the detection of HH [16]. On the other hand,
barium swallow X-ray studies may provide a fragmen-
tary anatomical view of the functional activity of the
esophagogastric junction. The variety between HRM,
endoscopy, and radiographic barium swallow regard-
ing the detection rates of HH and abnormal GEFV, re-
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Table 1 Accordanceof hiatal hernia ratesbyhigh resolutionmanometry, bariumswallowX-ray, andendoscopy

n = 112 HRM Barium swallow X-ray Endoscopy

HH Detection rate

HRM–X-ray 35/112 (31.25%)
No correlation

86/112 (76.78%)
No correlation

–

HRM–endoscopy 35/112 (31.25%)
p < 0.001

– 54/112 (48.20%)
p < 0.001

X-ray–endoscopy – 86/112 (76.78%)
No correlation

54/112 (48.20%)
No correlation

HRM High-resolution manometry, HH hiatal hernia.
Statistical methods used: Kappa test for accordance; McNemar test for discordance of paired samples; Spearman’s rank correlation test

Table 2 Correlationsof hiatal hernia (HH) ratesanddemographics to objectivegastroesophageal refluxdisease (GERD)

n = 112 HRM Barium swallow X-ray Endoscopy

HH size

HRM–GERD GERD: 32.4 mm vs.
NO GERD: 25.8 mm
p = 0.031

– –

X-ray–GERD – GERD: 32.13mm vs.
NO GERD: 35.04 mm
No correlation

–

HH/GEFV

HRM–GERD 28/35 (80%)
No correlation

– –

X-ray–GERD – 63/86 (73.25%)
No correlation

–

Endoscopy–GERD – – 46/54 (85.18%)
p = 0.047

Demographics

Female gender (n = 52) No correlation

Age >60 (n = 41) No correlation

Body mass index
30 kg/m2 (n = 29)

p = 0.023

HRM High-resolution manometry, GERD gastroesophageal reflux disease, GEFV gastroesophageal flap valve
Statistical methods used: Kappa test for accordance; McNemar for discordance of paired samples; Spearmans rank correlation test; non parametric
Mann-Whitney-U test

spectively, warrant further examination and compari-
son with the intraoperatively objective determination
of HH.

In conclusion, a reliable assessment of HH is essen-
tial for proper patient selection prior to GERD treat-
ment. Despite considerable variation in the detec-
tion rate of HH, there was significant accordance be-
tween endoscopic and HRM findings. Interestingly,
only endoscopically assessed GEFV/HH but no HH
detection rates in HRM and X-ray showed a correla-
tion profile to objective GERD. Furthermore, barium
swallow X-ray showed neither a correlation to HRM in
terms of HH detection nor to abnormal GEFV. How-
ever, barium swallow X-ray provided the highest rate
of HH detection and, for the reliable exclusion of HH
prior to treatment, all three investigations mentioned
seem to be necessary in order of low conformity.

Acknowledgements Open access funding providedby Paracel-
sus Medical University. The authors wish to thank their
upper-GIT nurses for their considerable support in the in-
vestigation of GERD and for supplying records and providing
supplementary information to our study data. The kind sta-

tistical support provided by Mag. Michael Stumpner and
Mag. Christian Steinlechner is gratefully acknowledged.

Compliance with ethical guidelines

Conflict of interest M. Weitzendorfer, G. Köhler, S.A. Anto-
niou, L. Pallwein-Prettner, L. Manzenreiter, P. Schredl, K. Em-
manuel and O.O. Koch declare that they have no competing
interests.

Ethical standards Ethical approval was obtained from the
relevant ethics committee.

Open Access This article is distributed under the terms of
the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per-
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the origi-
nal author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

References

1. Gordon C, Kang JY, Neild PJ, Maxwell JD. The role of the
hiatusherniaingastro-oesophagealrefluxdisease. Aliment

216 Preoperative diagnosis of hiatal hernia: barium swallow X-ray, high-resolution manometry, or endoscopy? K

http://creativecommons.org/licenses/by/4.0/


original scientific paper

Pharmacol Ther. 2004;20(7):719–32. https://doi.org/10.
1111/j.1365-2036.2004.02149.x.

2. Kahrilas PJ, Lin S, Chen J, Manka M. The effect of hiatus
hernia on gastro-oesophageal junction pressure. Gut.
1999;44(4):476–82.

3. Dean C, Etienne D, Carpentier B, Gielecki J, Tubbs RS,
Loukas M. Hiatal hernias. Surg Radiol Anat. 2012;34(4):
291–9. https://doi.org/10.1007/s00276-011-0904-9.

4. Kaiser LR, Singal S. Diaphragm in surgical foundations:
essentialsofthoracicsurgery. Philadelphia: ElsevierMosby;
2004. p.294.

5. Fornari F, Gurski RR, Navarini D, Thiesen V, Mestriner LH,
Madalosso CA. Clinical utility of endoscopy and barium
swallow X-ray in the diagnosis of sliding hiatal hernia in
morbidly obese patients: a study before and after gastric
bypass. Obes Surg. 2010;20(6):702–8. https://doi.org/10.
1007/s11695-009-9971-y.

6. Bello B, Zoccali M, Gullo R, et al. Gastroesophageal reflux
disease and antireflux surgery-what is the proper preop-
erative work-up? J Gastrointest Surg. 2013;17(1):14–20.
https://doi.org/10.1007/s11605-012-2057-5.

7. Katz PO, Gerson LB, Vela MF. Guidelines for the diagnosis
and management of gastroesophageal reflux disease. Am
J Gastroenterol. 2013;108(3):308–28. https://doi.org/10.
1038/ajg.2012.444.

8. Jobe BA, Richter JE, Hoppo T, et al. Preoperative diag-
nostic workup before antireflux surgery: an evidence and
experience-basedconsensusof theEsophagealDiagnostic
AdvisoryPanel. JAmCollSurg. 2013;217(4):586–97. https://
doi.org/10.1016/j.jamcollsurg.2013.05.023.

9. HillLD,KozarekRA,KraemerSJ,etal. Thegastroesophageal
flap valve: in vitro and in vivo observations. Gastrointest
Endosc. 1996;44(5):541–7.https://doi.org/10.1016/S0016-
5107(96)70006-8.

10. Kahrilas PJ, Kim HC, Pandolfino JE. Approaches to the
diagnosis and grading of hiatal hernia. Best Pract Res
ClinGastroenterol. 2008;22(4):601–16. https://doi.org/10.
1016/j.bpg.2007.12.007.

11. Cheong JH, Kim GH, Lee BE, et al. Endoscopic grading
of gastroesophageal flap valve helps predict proton pump
inhibitor response inpatientswithgastroesophageal reflux
disease. Scand J Gastroenterol. 2011;46(7–8):789–96.
https://doi.org/10.3109/00365521.2011.579154.

12. Canon CL, Morgan DE, Einstein DM, Herts BR, Hawn MT,
Johnson LF. Surgical approach to gastroesophageal reflux
disease: what the radiologist needs to know. Radio-
graphics. 2005;25(6):1485–99. https://doi.org/10.1148/rg.
256055016.

13. Mittal RK. Hiatal hernia: myth or reality? Am J
Med. 1997;103(5A):33S–9S. https://doi.org/10.1016/
S0002-9343(97)00318-5.

14. Kohn GP, Price RR, DeMeester SR, et al. Guidelines
for the management of hiatal hernia. Surg Endosc.
2013;27(12):4409–28. https://doi.org/10.1007/s00464-
013-3173-3.

15. LindbergG.High-resolutionmanometrychangesourviews
of gastrointestinal motility. Neurogastroenterol Motil.
2013;25(10):780–2. https://doi.org/10.1111/nmo.12225.

16. Khajanchee YS, Cassera MA, Swanström LL, Dunst CM.
Diagnosis of type-I hiatal hernia: a comparison of high-
resolution manometry and endoscopy. Dis Esophagus.
2013;26(1):1–6. https://doi.org/10.1111/j.1442-2050.2011.
01314.x.

17. Zerbib F, Roman S, Ropert A, et al. Esophageal pH-
impedance monitoring and symptom analysis in GERD:
a study in patients off and on therapy. Am J Gastroen-
terol. 2006;101(9):1956–63. https://doi.org/10.1111/j.
1572-0241.2006.00711.x.

18. Shay S, Tutuian R, Sifrim D, et al. Twenty-four hour
ambulatory simultaneous impedance andpHmonitoring:
a multicenter report of normal values from 60 healthy
volunteers. Am J Gastroenterol. 2004;99(6):1037–43.
https://doi.org/10.1111/j.1572-0241.2004.04172.x.

19. LinkeGR,BorovickaJ,SchneiderP,etal. Isabariumswallow
complementary toendoscopyessential in thepreoperative
assessment of laparoscopic antireflux and hiatal hernia
surgery? SurgEndosc. 2008;22(1):96–100. https://doi.org/
10.1007/s00464-007-9379-5.

20. Koch OO, Schurich M, Antoniou SA, et al. Predictability
of hiatal hernia/defect size: is there a correlation between
pre-andintraoperativefindings?Hernia. 2014;18(6):883–8.
https://doi.org/10.1007/s10029-012-1033-z.

21. Kaindlstorfer A, Koch OO, Antoniou SA, Asche KU,
Granderath FA, Pointner R. A randomized trial on endo-
scopic full-thickness gastroplication versus laparoscopic
antireflux surgery inGERDpatientswithout hiatal hernias.
Surg Laparosc Endosc Percutan Tech. 2013;23(2):212–22.
https://doi.org/10.1097/SLE.0b013e3182827f79.

22. Torquati A, Houston HL, Kaiser J, Holzman MD, Richards
WO. Long-term follow-up study of the Stretta procedure
for the treatment of gastroesophageal reflux disease. Surg
Endosc. 2004;18(10):1475–9. https://doi.org/10.1007/
s00464-003-9181-y.

23. Rona KA, Reynolds J, Schwameis K, et al. Efficacy of
magnetic sphincter augmentation in patients with large
hiatal hernias. SurgEndosc. 2017;31(5):2096–102. https://
doi.org/10.1007/s00464-016-5204-3.

24. Granderath FA, Schweiger UM, Pointner R. Laparoscopic
antireflux surgery: tailoring the hiatal closure to the size
of the hiatal surface area. Surg Endosc. 2007;21(4):542–8.
https://doi.org/10.1007/s00464-006-9041-7.

25. KochOO, SpaunG, AntoniouSA, et al. Endoscopic grading
of the gastroesophageal flap valve is correlated with reflux
activity and can predict the sizeof the esophageal hiatus in
patientswithgastroesophagealrefluxdisease. SurgEndosc.
2013;27(12):4590–5. https://doi.org/10.1007/s00464-013-
3071-8.

26. Lin BR, Wong JM, Chang MC, et al. Abnormal gas-
troesophageal flap valve is highly associated with gas-
troesophageal reflux disease among subjects undergoing
routine endoscopy in Taiwan. J Gastroenterol Hepatol.
2006;21(3):556–62. https://doi.org/10.1111/j.1440-1746.
2005.04003.x.

27. Contractor QQ, Akhtar SS, Contractor TQ. Endoscopic
esophagitis and gastroesophageal flap valve. J Clin Gas-
troenterol. 1999;28(3):233–7.

K Preoperative diagnosis of hiatal hernia: barium swallow X-ray, high-resolution manometry, or endoscopy? 217

http://dx.doi.org/10.1111/j.1365-2036.2004.02149.x
http://dx.doi.org/10.1111/j.1365-2036.2004.02149.x
http://dx.doi.org/10.1007/s00276-011-0904-9
http://dx.doi.org/10.1007/s11695-009-9971-y
http://dx.doi.org/10.1007/s11695-009-9971-y
http://dx.doi.org/10.1007/s11605-012-2057-5
http://dx.doi.org/10.1038/ajg.2012.444
http://dx.doi.org/10.1038/ajg.2012.444
http://dx.doi.org/10.1016/j.jamcollsurg.2013.05.023
http://dx.doi.org/10.1016/j.jamcollsurg.2013.05.023
http://dx.doi.org/10.1016/S0016-5107(96)70006-8
http://dx.doi.org/10.1016/S0016-5107(96)70006-8
http://dx.doi.org/10.1016/j.bpg.2007.12.007
http://dx.doi.org/10.1016/j.bpg.2007.12.007
http://dx.doi.org/10.3109/00365521.2011.579154
http://dx.doi.org/10.1148/rg.256055016
http://dx.doi.org/10.1148/rg.256055016
http://dx.doi.org/10.1016/S0002-9343(97)00318-5
http://dx.doi.org/10.1016/S0002-9343(97)00318-5
http://dx.doi.org/10.1007/s00464-013-3173-3
http://dx.doi.org/10.1007/s00464-013-3173-3
http://dx.doi.org/10.1111/nmo.12225
http://dx.doi.org/10.1111/j.1442-2050.2011.01314.x
http://dx.doi.org/10.1111/j.1442-2050.2011.01314.x
http://dx.doi.org/10.1111/j.1572-0241.2006.00711.x
http://dx.doi.org/10.1111/j.1572-0241.2006.00711.x
http://dx.doi.org/10.1111/j.1572-0241.2004.04172.x
http://dx.doi.org/10.1007/s00464-007-9379-5
http://dx.doi.org/10.1007/s00464-007-9379-5
http://dx.doi.org/10.1007/s10029-012-1033-z
http://dx.doi.org/10.1097/SLE.0b013e3182827f79
http://dx.doi.org/10.1007/s00464-003-9181-y
http://dx.doi.org/10.1007/s00464-003-9181-y
http://dx.doi.org/10.1007/s00464-016-5204-3
http://dx.doi.org/10.1007/s00464-016-5204-3
http://dx.doi.org/10.1007/s00464-006-9041-7
http://dx.doi.org/10.1007/s00464-013-3071-8
http://dx.doi.org/10.1007/s00464-013-3071-8
http://dx.doi.org/10.1111/j.1440-1746.2005.04003.x
http://dx.doi.org/10.1111/j.1440-1746.2005.04003.x

	Preoperative diagnosis of hiatal hernia: barium swallow X-ray, high-resolution manometry, or endoscopy?
	Summary
	Introduction
	Material and methods
	High resolution esophageal manometry
	Radiographic barium swallow examination
	Esophagogastroduodenoscopy (upper endoscopy)
	Ambulatory multichannel intraluminal impedance-pH monitoring
	Statistics

	Results
	Discussion
	References


