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Abstract

Introduction: The identification of sliding hiatal hernia (SHH) less than 3 cm in size using barium swallow fluoroscopy
(BSF) and oesophagogastroduodenoscopy (OGD) was recently noted as a non-reliable method, allowing for approximately
2 cm of inherent error in its size estimate.

Aim of the research: We aimed to develop a reliable method, which could be used for preoperative visualisation and accu-
rate anatomic depiction of any hiatal hernia and anatomical abnormalities in patients with incomplete gastro-oesophageal
reflux disease (GORD) symptom remission after appropriate medical therapy.

Material and methods: Within the period 2015-2017, 29 GORD patients (15 women, mean age 51 years) with incomplete
symptom resolution on acid inhibition and equivocal findings as for SHH after endoscopy and/or BSF, were evaluated before
laparoscopic anti-reflux surgery (LARS) using a computed tomography scan with a Sengstaken-Blakemore tube (CTSBT)
provocation probe to confirm hernia existence. We calculated the sensitivity of each of these diagnostic tests.

Results: SHH was diagnosed in 21 patients by OGD and/or BSF, but during the surgery this diagnosis was confirmed in
18 patients. The sensitivity was found to be significantly higher in CTSBT modality, comparing with each of the other diag-
nostic tests and even higher than in OGD and BSF together.

Conclusions: CTSBT has been verified as the most efficient method to confirm or rule out SHH diagnosis or other anatomi-
cal abnormalities, which could be used to provide a surgeon with detailed information while making a decision about the
advisability of LARS.

Streszczenie

Wprowadzenie: Rozpoznawanie wslizgowej przepukliny rozworu przetykowego (SHH) o rozmiarze mniejszym niz 3 cm
z zastosowaniem fluoroskopii z barytem (BSF) i ezofagoduodendoskopii (OGD) zostato ostatnio uznane za mato wiarygodna
metode, pozwalajaca na ok. 2 cm btedu w oszacowaniu jej wielkoSci.

Cel pracy: Opracowanie metody, ktéra moze by¢ wykorzystana do przedoperacyjnej wizualizacji i doktadnego anatomicz-
nego obrazowania SHH i innych nieprawidlowos$ci anatomicznych u pacjentéw z choroba refluksowa przetyku (GORD).
Materiat i metody: W latach 2015-2017 u 29 pacjentéw (15 kobiet, sredni wiek: 51 lat) z niepetna remisja GORD po odpo-
wiedniej terapii lekowej, u ktérych wezeéniej zdiagnozowano GORD i podejrzewano SHH na podstawie wynikéw endoskopii
i/lub BSF, wykonano tomografie komputerowq z zastosowaniem sondy Sengstaken-Blakemore (CTSBT) przed laparoskopo-
wa operacja antyrefluksowa (LARS) w celu potwierdzenia obecnosci przepukliny. Réznice czutosci testow diagnostycznych
obliczono za pomocg testu McNemar’s Chi-square.

Wryniki: Przepukline rozpoznano u 21 pacjentéw za pomoca OGD i/lub BSF, chociaz w trakcie operacji rozpoznanie po-
twierdzono tylko u 18 pacjentéw. Czuto$¢ diagnostyczna byta znacznie wyzsza w zakresie modalno$ci CTSBT, gdy poréw-
nano ja z kazdym z pozostatych testéw diagnostycznych, a nawet wyzsza niz w OGD i BSF razem.
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Whioski: CTSBT zostata uznana za skuteczna metoda potwierdzania lub wykluczania SHH lub innych nieprawidtowosci
anatomicznych i moze by¢ wykorzystana w celu dostarczenia chirurgowi szczegétowych informacji podczas podejmowania

decyzji o koniecznosci LARS.

Introduction

Patients with sliding hiatal hernia (SHH) demon-
strate the existence of all gastroesophageal reflux dis-
ease (GORD) pathognomonic symptoms, such as bloat-
ing, early satiation, vomiting, dysphagia, odynophagia,
hoarseness, and dyspnoea; however, it may not be pos-
sible to determine the presence of SHH based solely on
the patient’s history. The hiatal hernia in patients with
GORD excessively stimulates existing gastroesopha-
geal reflux, playing a permissive role in early progress
of the disease or its exacerbation. Sliding hiatal hernia
can be diagnosed based on the results of endoscopy,
upper gastrointestinal multi-positional fluoroscopy,
and high-resolution oesophageal manometry [1].

Endoscopic evidence of reflux oesophagitis can-
not be found in most patients with hiatal hernia, but
instead a concomitant hiatal hernia can be found in
about 90% of patients with reflux disease when ap-
propriate radiographic techniques are used [2].

The definition of SHH is based on the assessment
and measurement of the anatomic relationship of the
distal oesophagus, hiatus, and stomach. The fact that
these relationships are not static and the presence of
high mobility of the oesophagogastric junction (OGJ),
makes it difficult to standardise the diagnostic ap-
proach [3-5]. Any chosen method of measurement
can itself change the result of the assessment; there-
fore, the data received by oesophagogastroduodenos-
copy (OGD) might be different from barium swallow
fluoroscopy (BSF) results or similarly to results of
intra-oesophageal manometry [6]. Reliable BSF evalu-
ation for hiatal hernia requires visualisation of the
squamous-columnar mucosal junction ring (i.e. Z line
or Schatzki ring), a level of the diaphragmatic hiatus
that is estimated indirectly as a “pinched-cock” effect,
a notch from the gastric sling fibres, oral level of the
gastric area of the stomach, and termination site of
primary oesophageal peristalsis [7].

Conventionally, a distinction between normal and
hiatus hernia is more than 2 cm separation space mea-
sured in between the Z line ring and the diaphragmat-
ic hiatus “pinched-cock”. Nonetheless, the Z line ring
can be visible in only approximately 15% of individu-
als and a measured hernia size will reflect about 1 cm
difference, depending on whether it was taken early
in the peristaltic sequence or near its termination [8].

Measurement of sliding hernias with less than
3 cm in size with BSF is recognised as a non-reliable
measurement method, due to the magnitude of the
size estimation with an inherent 2 cm error. Moreover,
the miscalculation frequency and errors in identifica-
tion and measurement of sliding hiatus hernia size
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dramatically increase with the addition of abdominal
compression during barium swallow imaging. Due to
this inherent uncertainty in the radiographic criteria
for defining SHH, estimates of prevalence may vary
enormously, from 10% up to 80% [9].

The retroflexed imaging endoscopy has a similar
inherent 2 cm error of the size estimate, also prevent-
ing it from being a preferred method for identification
of the hiatal hernias with size less than 3 cm [10].

Aim of the research

Taking into consideration the available data, our
group aimed to develop and introduce the most reli-
able method, which could easily be performed in the
clinic and used by surgeons for preoperative visuali-
sation and accurate anatomic depiction in GORD pa-
tients with any sliding hiatal hernia, including those
smaller than 2 cm with an intra-abdominally reduc-
ible OGJ in the upright position.

Material and methods

In period from March 2015 to October 2017, 29 pa-
tients (15 women, mean age 51 £15 years, age range
17 to 72 years) with incomplete GORD symptom re-
mission despite appropriate medical therapy, which
was confirmed by endoscopy and/or 24-hour pH-
metry, and who had ambiguous findings for SHH
after endoscopy and/or barium swallow fluoroscopy,
were evaluated before undergoing laparoscopic anti-
reflux surgery (LARS), using computed tomography
(CT) scan along with Sengstaken-Blakemore tube test,
to confirm or exclude the presence of the hernia and
make the decision about advisability of surgical treat-
ment. The study was approved by the Hospital Ethical
Committee, and written, informed consent was ob-
tained from each patient.

Computed tomography scan modality
(CTSBT)

After the Sengstaken-Blakemore tube was inserted
per orally and the gastric balloon was positioned in
the stomach, the balloon was inflated with 60 ml of
air, so that its diameter was 51-55 mm, according to
the CT-scan data. The tube was then pulled gently
up until resistance against the diaphragm occured
and was felt by the patient. The tube was then fixed
between the patient’s front incisors. The oesophageal
balloon was also inflated with 40 ml of air, so its di-
ameter did not exceed 20 mm and the lower oesopha-
geal sphincter (LOS) contraction could cause com-
pression of the balloon, visible on the CT scan (ring A,
Figures 1 A, 2 A, 3 A). After both balloons were cor-
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Figure 1. The scheme of Sengstaken-Blakemore tube provocation of the sliding hiatal hernia (A) and computed tomog-
raphy scan (B, C) and laparoscopic (D) images of a patient without hiatal hernia (group 1)

rectly positioned, a standard examination of the
patient in the supine position was performed with-
in one breath-and-hold cycle, following maximum
inspiration. In both cases, with or without the hiatal
hernia and the intra-abdominal oesophageal segment
presence, the gastric balloon had to be fixed at the lev-
el of muscular elements of the crural diaphragm (CD)
area after the 60-ml inflation and cranial traction.

We assumed that visualisation of the inflated bal-
loons might not only identify the presence of a sliding
hiatus hernia and the upper margin of the lower oe-
sophageal sphincter, but might also obtain informa-
tion about the size of phrenic ampulla, oesophageal
vestibule, and dehiscence of diaphragmatic crura in
patients with GORD. All of the 29 GORD patients
subsequently underwent LARS, and the presence of
a hernia sac with contents within its gastric pouch
was the laparoscopic criterion of a hiatal hernia.

Statistical analysis

The most indicative variables obtained by CTSBT
modality and the sensitivity (%) of each diagnostic
test were calculated. Continuous data are reported as
median and range. Mann-Whitney U test was used to
compare continuous variables between groups, Wil-
coxon matched pairs test to compare variables within
groups, and McNemar’s chi-square test to compare
sensitivity (%) between diagnostic tests. A p-value
< 0.05 was considered significant.

Results

To describe the results of CTSBT scans we took
under consideration the following parameters pre-
sented in Table 1. In 5 cases (Figures 1 A, B) gastric
balloon fixation was below CD, but the majority of
patients (n = 22) had fixation at the level of the CD
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A —ring A — upper border of the LOS, B — ring B — lower border of
the LOS — OGJ point.

Figure 2. The scheme of Sengstaken-Blakemore tube provocation of the sliding hiatal hernia (A) and computed tomog-
raphy scan (B, C) and laparoscopic (D) images of a patient with small reducing hiatal hernia (group II)

(Figures 2 A, B). In 2 patients the gastric balloon was
fixed in the mediastinum above the CD due to dehis-
cence of diaphragmatic crura more than the balloon
diameter during traction of SBT (Figures 3 A, B). These
2 patients were referred to a group with a diagnosis
of non-reducing SHH (group III), and the 5 patients
mentioned above with the balloon fixation under CD
were referred to a group with no axial SHH (group I).

All the other 22 patients had clearly defined sepa-
ration between the OGJ point and CD. However, in
six cases no proven laparoscopic confirmation of the
presence of a hernia (Figure 2 D) was found, which
allows us to classify those patients as a new subgroup
with small reducing SHH (group II).

In group III, the remaining 18 patients had a sig-
nificantly greater (46 (26-60) mm; p < 0.05) hernia
size, (separation between the squamosal-columnar
junction and the crural diaphragm), compared with
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group I1(18.5 (8—29) mm), which indicated the presence
of an axial hernia and, subsequently, was confirmed by
laparoscopy (Figure 3 D). As for the first group, the ab-
sence of a hernia did not mean the absence of any other
morphological abnormality findings.

Among those patients the maximum width of the
hiatus (Figure 1 C) was greater (23 (17-32) mm) than
the normal one described by other authors (15 mm)
[11], although this estimate was significantly smaller
than in the second (35 (25-49) mm; Figure 2 C) and
third groups (33 (20-50) mm; Figure 3 C).

It can be clearly seen in Table 1 that the oesopha-
gus-gastric gradient of the wall thickness is easily de-
termined in all of these three groups and in the whole
cohort by CTSBT modality (2.0 mm against 4.8 mm,
p < 0.01), which allows accurate determination of the
location of the “OGJ point” (ring B Figure 2 A, Fig-
ure 3 A) and to measure the distance between the
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A —ring A — upper border of the LOS, B — ring B — lower border of
the LOS — OGJ point.
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Figure 3. The scheme of Sengstaken-Blakemore tube provocation of the sliding hiatal hernia (A) and CT (B, C) and lapa-
roscopic (D) images of a patient with non-reducing sliding hiatal hernia (group Il)

“point” and the crural diaphragm. The median length
of LOS in groups II and III (separation between A and
B ring — “oesophageal vestibule”) was 16.5 mm and
20 mm, respectively, although a significant difference
in this estimator was only noted between the third
and the first group (10 mm).

Even with minimally measurable separation
between the lower oesophageal sphincter and the
diaphragm on CT scan with Sengstaken-Blakemore
tube provocation, confirmation of the presence of
a sliding hiatal hernia was obtained. For example,
one patient, who was diagnosed by endoscopy but
not by fluoroscopy or surgery (with only “dimpling”
anterior to the oesophagus), had separation of 8 mm
size on CTSBT scan, phrenic ampulla length of
20 mm, and hiatus width of 32.5 mm. These findings
gave enough reasons to refer him for group II (small
reducing SHH).

Become clear that this differentiation into groups
is symbolic only, however, this limitation does not
reduce importance and clinical relevance of the pro-
posed method. The decision to perform surgery in
these patients with incomplete symptom remission
after appropriate medical therapy was largely based
on the presence of substantial anatomical abnormali-
ties in the OGJ region, which could be corrected by
laparoscopic anti-reflux surgery.

SHH hernia was determined in 19 patients by en-
doscopy and in 13 cases fluoroscopically, and the total
number of individuals diagnosed by OGD and/or BSF
was 21.

During surgery, the diagnosis of SHH “with me-
diastinal hernia sac and gastric pouch within it” was
confirmed in the 18 patients, and initially it was taken
as the gold standard for the validation of the other
preoperative hiatal hernia diagnostic tests. However,
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Table 1. Basic variables (median, range) of computed tomography scan along with Sengstaken-Blakemore tube test

Group SHH length [mm] MHW [mm] LOS length [mm] OesoW [mm] CardW [mm]
I (n=5) 23 (17-32) 10 (7-11) 1.8(1.7-2.5) 5.1 (4.8-5.9)
Dehiscence

of diaphragmatic crura

Il (n = 6) 18.5 (8-29) 35b (25-49) 16.5 (5-25) 1.8°(1.0-2.5) 4.9 (4.1-6.3)
Small reducing SHH

Nl (n =18) 46 (26-60) 33 (20-50) 20 (5-30) 2.0¢(1.5-2.7) 4.3(2.9-7.6)
Non-reducing SHH

Group Il and Il (n = 24) 38 (8-60) 33° (20-50) 200 (5-30) 2.0°(1.0-2.7) 4.4 (2.9-7.6)
Total (n = 29) 32.5 (17-50) 20 (5-30) 2.0¢(L0-2.7) 4.8 (2.9-7.6)

SHH length - sliding hiatal hernia length — distance between the inferior margin of the lower oesophageal sphincter (the oesophagogastric
junction point — “OGJ point”) and crural diaphragm, MHW — maximum hiatus width — the greatest distance between the ridges of the
crural diaphragm shafts, LOS length — distance between the superior and inferior margin of the lower oesophageal sphincter, OesoW —
oesophageal wall thickness within the oesophago-gastric junction, CardW — cardia wall thickness within the oesophago-gastric junction.
aSignificant difference (p < 0.05) between group Il and group 1, *significant difference (p < 0.05) in the variable from group I in relation to
the one from other groups, p < 0.05 OesoW vs. CardW.

Table 2. Sensitivity of the BSF OGD, laparoscopic exploration during LARS and CT with Sengstaken-Blakemore tube probe

as gold standard

Parameter Positive True positive
n n

OGD 19 17

BSF 13 13

OGD and/or BSF 21 19

LARS 18 18

CTSBT 24 24

Negative True negative Sensitivity (%)
n n
10 3 712
16 3 542
8 3 79°
11 5 752
5 5 100

OGD - oesophagogastroduodenoscopy, BSF — barium swallow fluoroscopy, LARS — laparoscopic anti-reflux surgery, CTSBT — computed
tomography scanning with Sengstaken-Blakemore tube. °P < 0.05 between gold standard and each diagnostic method.

based on the abovementioned considerations, it might
be impossible to differentiate the first group patients
from the second by intraoperative laparoscopic find-
ings. In which case, it might be appropriate to estab-
lish the CTSBT as the reference standard (Table 2).

The sensitivity was significantly higher in the
CTSBT modality compared with each of the three
other diagnostic tests, and even higher than in OGS
and BSF together.

Discussion

This difference in the sensitivity between LARS
and CTSBT modality is due to the fact that the pres-
ence of SHH during surgery was considered as credible
if there was noted “a hernia sac and contents (gastric
pouch) within it” (Figure 3 D) but not just “dimpling”
anterior to the oesophagus. The last criteria can corre-
spond not only to reducing SHH (Figure 2 D) but also
to a dehiscence of the crural diaphragm with no exist-
ing SHH (Figure 1 D).

Although a contrast X-ray permits an efficient
identification of the abnormality of the GOJ, it is less
reliable for determination the exact position of the
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GOJ. With due attention to the hiatus in intermediate
phases of oral migration, the diaphragmatic sphincter
action may be superimposed on the inferior margin
of the lower oesophageal high-pressure zone [12] and
may be measured in excess of the real length of the
lower oesophageal sphincter.

In contrast to BSF (sensitivity 54%), proximal mi-
gration of the GOJ or gastric cardia through the hiatus
can be clearly visualised and measured by the CTSBT
modality. It might also be helpful when the diagnosis
is not clear or additional information is needed while
planning a surgical intervention (namely such cases
as presented here). Moreover, Koch et al. showed poor
correlation between size of hiatal hernia seen on pre-
operative barium oesophagogram and intra-opera-
tively measured hiatus area [13].

Computed tomography scanning with Sengstak-
en-Blakemore tube provocation is the most accurate
method for the detailed description of hiatal insuf-
ficiency (hiatus widening), SHH, and other types
of hiatus hernia and has valuable advantages over
other conventional diagnostic methods, despite its
relatively high cost [6]. We believe that this “thirty-
second” method is more efficient and labor cost sav-
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ing in comparison with other conventional tests. The
retroflexed imaging endoscopy was also less reliable
(sensitivity 71%) for identification of the SHH because
of additional cofounding factors such as a lack of stan-
dardization in the conventional way of the hernia size
measurement [10].

Our diagnostic modality is suitable for standardi-
sation because the tube insertion technique, the de-
gree of the balloon inflation, and even the degree of
the tube traction can be described by a simple proto-
col. Although the last indicator (“traction strength”)
is interesting from a physiological rather than surgi-
cal point of view, as well as the differences in the LES
length, which could possibly be explained by the fact
that in patients without a hernia (group I), the trac-
tion of the SB tube caused a decrease of the LES length
due to its compression between the upper edge of the
gastric balloon and “not completely” compromised
extrinsic sphincter — the crural diaphragm.

However, oesophagogastroduodenoscopy OGD has
recently been playing a leading role in the diagnosis
of erosive forms of GORD with typical symptoms and
OGD, combined with a biopsy and subsequent histo-
logical examination of the specimens, and is regarded
not only as the gold standard in the diagnosis of the
erosive esophagitis, but also as the basic method for
differential diagnosis of other diseases (complica-
tions), such as Barrett’s disease and oesophageal ad-
enocarcinoma [6].

Unfortunately, we have no capability to compare
the developed method with high-resolution manom-
etry, which was found to be highly sensitive and
specific for hiatal hernia detection [14], with a sensi-
tivity of 92% and specificity of 95%, exceeding the
sensitivity of endoscopy or radiography alone (both
73%). However, despite the high sensitivity and speci-
ficity, high-resolution manometry does not provide
a detailed description of the EG] anatomy. Moreover,
no significant differences were found by Khajanchee
et al. [15] in the false negative results (sensitivity) be-
tween high-resolution manometry and endoscopy
(47.62% vs. 45.24%) when intra-operative diagnosis of
hiatal hernia was used as the gold standard.

Batirel et al. [16] estimated in 2009 and Koch et al.
[17] confirmed in 2012 that a large hiatus area cor-
related with diminished LOS pressure and increased
acid reflux in patients with GORD. Therefore, the pre-
operative measurement (scaling) of the hiatal hernia
and oesophageal hiatus using CT is clinically impor-
tant, especially when anti-reflux surgery is planned
[18]. CT scan with Sengstaken-Blakemore tube provo-
cation test as a preoperative diagnostic method can
accurately confirm or exclude the diagnosis of any
hiatal hernias, and can also reveal and describe subtle
anatomical abnormalities in the OGJ region, such as
dehiscence of diaphragm crura, thinning and shorten-
ing of the LES, the appearance of phreno-oesophageal

membrane stretches, and displacement of the gastro-
oesophageal junction. In our study, other parameters
such as the length of the oesophagus or presence of
the A ring were measured; however, there was no sig-
nificant difference between the groups and different
diagnostic tests, which, however, does not exclude the
possibility of diagnosing by CTSBT the indirect imag-
ing signs of a short oesophagus, such as type I hiatal
hernia or type III hiatal hernia or stricture more than
5 cm in size within the OG]J.

Considering the fact that the sliding hiatus herniais
not an “all or nothing” phenomenon [10], our method
allows the determination of the degree of hiatal insuf-
ficiency and the inevitability of hernia development,
which is an important piece of additional information
for the surgeon when making a decision in favour of
surgical treatment for GORD patients with incomplete
symptom resolution on acid inhibition [19], as well as
quality of life considerations, lifelong need for medica-
tion intake, expense of medications, etc. [20, 21].

Conclusions

The CTSBT study has been verified as an efficient
and reliable diagnostic modality to confirm or rule
out the diagnosis of SHH and other anatomical abnor-
malities in the OGJ region.

This method may be used to provide the surgeon
with additional detailed information while making
a decision about advisability of laparoscopic anti-re-
flux surgery for patients with incomplete symptom
remission after appropriate medical therapy.
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