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A hiatal hernia (HH) of type III combines the anatomical characteristics of HH types I and II. The manifestations
of type III HHs are diverse, and they can originate from either type I or type II, but so far, there is no certainty
regarding the correlation between the clinical and endoscopic manifestations of HH type III and its origin.

OgjECTIVE — Based on the analysis of clinical and endoscopic manifestations of type III HH, justify the diversity
of their characteristics depending on whether they originate from type I or type II HH.

MATERIALS AND METHODS. The study included 126 patients with HH, including 87 type III hernias and 39 type
I hernias, who underwent elective laparoscopic hernioplasty. The study consisted of several steps. In the first
step, an assessment of the results of endoscopic examination in patients with type III HH was conducted
to determine the diversity of the obtained data and the feasibility of dividing patients into subgroups using
a two-stage cluster analysis. In the second step, the subgroups obtained through cluster analysis were com-
pared between themselves and with the patients with type I HH to determine the similarities or differences in
endoscopic findings and clinical symptoms.

Resurrs. Cluster analysis identified two clusters of indicators with a strong degree of association and differentia-
tion. The main factor in the differentiation into clusters was the relationship between the gastroesophageal junc-
tion (GEJ) and the upper border of the HS (hernia sac) in an inversion. Based on this criterion, type III HH can be
divided into two subgroups: type IIIA, where the GEJ is located proximally or at the same level as the highest point
of the HS, and type IIIB, where the GE]J is located distally to the highest point of the HS. The occurrence of most
endoscopic symptoms of HH in subgroup IIIA, in contrast to IIIB, did not significantly differ from type I HH, except
for the shorter length of the esophagus and the greater axial length of the hernia. Additionally, patients with the ITIA
HH subtype were almost indistinguishable from those with type I HH in terms of clinical characteristics, except for
a higher average age and the occurrence of dyspnea. In subtype IIIB, compared to type I, symptoms related to gas-
troesophageal reflux were significantly less frequent, while symptoms indicative of impaired food evacuation were
more frequent. The observed similarity between the endoscopic and clinical manifestations of type I and subtype
ITTA HH suggests a common origin for these conditions. On the other hand, subtype IIIB, which differs in endoscop-
ic and clinical indicators from type I and subtype IIIA HH, is evidently the result of the progression of type II HH.
Concrusions. Patients with type III HH exhibit significant diversity in clinical and endoscopic manifestations,
which is attributed to the different origins of the HH (from type I or type II). An endoscopic feature indicating
the hernia’s origin is the position of the GEJ relative to the highest point of the HS: below it corresponds to type
I HH (62.1 %), while at or above it corresponds to type I HH (37.9 %).
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Hiatal hernia (HH) is characterized by the protru-
sion of any abdominal cavity structure, except the
esophagus, into the chest cavity through an enlarged
esophageal hiatus (EH) of the diaphragm [13].
Acquired HH are divided into 4 types based on
their anatomical characteristics [21, 1]. In type I
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HH (axial or sliding), the gastroesophageal junc-
tion (GE]J) and, accordingly, the cardiac portion of
the stomach move above the diaphragm by at least
2 cm [4], while the other portions of the stomach
remain below it. Type I HHs are referred to as slid-
ing hernias because one of the walls of the hernia
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sac is the posterior wall of the upper part of the car-
diac portion of the stomach, which is not covered by
the peritoneum. Hernias of types II—IV belong to
paraesophageal hernias. In type II hernias, there is
a protrusion into the mediastinum of the stomach’s
fundus while the GE]J remains normally positioned.
Type IIT (mixed) combines the anatomical charac-
teristics of types I and II, meaning that above the
diaphragm, not only the GE]J but also the fundus/
body or the entire stomach migrates. Type 1V is as-
sociated with the presence of other abdominal or-
gans or structures within the hernia sac [10, 7, 13].

It is considered that over 95 % of diagnosed HH
are classified as axial hernias, with only 5% being
paraesophageal hernias. Among paraesophageal
hernias, more than 90 % are of type I11 [7]. Howev-
er, according to data from a single population study
among HH, type III hernias account for 29 %, while
type I hernias make up 71 % [2].

The preoperative diagnosis of HH is quite com-
plex, with diverse clinical manifestations. Paraclini-
cal diagnostic methods are characterized by low sen-
sitivity and specificity. Recently, in a meta-analysis
involving 5,337 patients, it was demonstrated that
the sensitivity and specificity of HH diagnosis using
barium sulphate radiological examination were 0.63
and 0.85; endoscopic examination — 0.72 and 0.80;
high-resolution manometry — 0.77 and 0.92, respec-
tively [14]. Experts from a multinational European
Delphi survey, consisting of 72 surgeons from 17 Eu-
ropean countries with an average of 23 years of expe-
rience, consider fibroesophagogastroscopy to be the
most informative diagnostic method for HH. They
categorized it as «recommended». However, meth-
ods such as CT, contrast radiography, esophageal ma-
nometry, impedance pH testing, MRI, and esopha-
geal planimetry were categorized as «acceptable» [3].

The diagnosis of mixed type III HH poses par-
ticular challenges as its symptoms are nonspecific.
It shares common features with type I and type
IT hernias, but clinical and endoscopic manifesta-
tions differ [11]. Therefore, identifying the specific
clinical and endoscopic characteristics unique to
type IIT hernias can contribute to timely diagnosis
and a personalized approach to treatment.

Some argue that the varied symptoms of type ITI
HH may be linked to its origin, either from type I
or type I [18]. However, there is still no definitive
understanding of the connection between the clini-
cal and endoscopic characteristics of type III HH
and its origin.

OgjecTive — of this study is to substantiate the
diversity of clinical and endoscopic manifestations
in type IIT HHs based on their origin, either from
type I or type IT hernias.
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Materials and methods

Our experience in diagnosing HH encompasses 126
patients who underwent elective laparoscopic her-
nioplasty at the Bogomolets National Medical Uni-
versity Clinic. This includes 87 patients with type
III HH from 2014 to 2021 and 39 patients with
type I HH from 2019 to 2021. The hernia type was
finally determined during the surgery.

The study was carried out in a structured man-
ner, involving multiple phases. Initially, we con-
ducted an assessment of endoscopic examination
results in patients diagnosed with type 111 HH to
ascertain the diversity of collected data and the ra-
tionale behind categorizing patients into subgroups
using a two-stage cluster analysis. Subsequently,
in the second phase, we juxtaposed the subgroups
generated through cluster analysis, both amongst
themselves and in relation to patients afflicted with
type I HH, with the aim of discerning commonali-
ties and disparities in endoscopic findings and clin-
ical symptomatology.

The endoscopic examination was conducted us-
ing a Fujinon EG 760-R (Japan) fibrogastroduode-
noscope, administered under intravenous sedation
(propofol), with the patient in the left lateral posi-
tion. The diameter of the endoscope was 0.92 cm.

The main landmarks
during the endoscopic examination

GE]J: the point where the upper part of the
stomach’s fold connects with the tubular esopha-
gus (the location where the palisade esophageal
vessels terminate).

Squamous-columnar junction: the boundary
where the squamous epithelium of the esophagus
transitions into the columnar epithelium of the
stomach (Z-line). It is clearly visible due to the col-
or difference between the squamous (pale pink) and
columnar (pink or red) epithelium.

Crural impression (CI): a round or oval open-
ing that surrounds the proximal part of the stomach.
It expands and contracts in response to respiratory
movements and corresponds to the location of the
crus of the esophageal hiatus.

An essential characteristic of HH was the pres-
ence of gastric mucosa above the CI by more than
2 cm.

We assessed the following characteristics:

distance from teeth to the crural impression;

length of the esophagus, measured as the dis-
tance from teeth to the GE]J;

axial length of the hernia, calculated as the dif-
ference between the distance from teeth to the cru-
ral impression and the length of the esophagus (i.e.,
the distance between GEJ and CI);
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configuration of the hernia sac (HS), charac-
terized as either a symmetrically expanded tubular
or an asymmetrically deformed cavity;

presence of Schatzki rings;

esophagitis;

degree of erosive esophagitis according to the
Los Angeles classification [15, 16];

presence of Cameron ulcers as linear ulcers on
the stomach or erosions on the folds of the mucous
membrane in the CI area [22].

location of the GEJ in relation to the upper
border of the hernia (below, above, or at the same
level) (assessed during inversion);

presence of erosions or ulcers in the stomach
and duodenum;

anatomy of the EH — horizontal and vertical di-
mensions, as well as the area of the EH (assessed dur-
ing inversion). The area of the EH was calculated as
the area of an ellipse: (vertical dimension of EH/2) -
(horizontal dimension of EH/2) - 3.14. The area of the
EH was assessed during diaphragm relaxation (exha-
lation) since it decreases during inhalation (Fig. 1).

Statistical analysis was performed using the IBM

SPSS Statistics, v. 22. Descriptive statistics were cal-
culated, and the mean values are presented as mean
and sandard deviation (M £ SD). A comparison of
the means of quantitative variables was conducted
using the Mann-Whitney U test. The comparison
of relative values was carried out by the Pearson’s
chi-squared test. To assess the variance of variable
values between groups, Levene’s Test for Equality
of Variances was applied, which is based on means.
To identify groups of similar objects, a two-stage
cluster analysis was performed. The null hypothesis
of variable equality was rejected at p<0.05.

T.A. Tavasouv, L.Y. Markulan

Results

The comparison of endoscopic characteristics be-
tween patients with type I and type 11T HH re-
vealed statistically significant differences in several
indicators, as presented in Table 1.

In particular, with type III hernias, a shorter
length of the esophagus (distance from the incisors
to the GEJ]) was observed, measuring 33.3 +2.8 cm
compared to 34.6 + 1.4 cm; a greater axial length
of the hernia was observed, measuring 6.6 = 2.6 cm
compared to 5.2+ 1.0 cm; and a larger hiatal area,
measuring 7.9 + 1.6 cm? as opposed to 7.3+ 1.1 cm?.

The analysis of the mean values of the men-
tioned indicators showed significantly higher data
dispersion around the mean for type III hernias,
which is characterized by the standard deviation.
Levene’s Test for Equality of Variances, based on
the mean, revealed statistically significant dif-
ferences in the variances of such indicators as the
length of the esophagus and the axial length of
the hernia between type I and type III hernias,
all p<0.01.

The majority of categorical parameters exhibited
a nearly equal distribution in cases of type III her-
nias. For instance, esophagitis and reflux esopha-
gitis were identified in approximately 59.8 % and
50.6 % of patients, respectively, whereas they were
not present in approximately 40.2% and 49.4 %
of cases, respectively. In contrast, in cases of type
I hernias, these conditions were diagnosed in 100 %
and 82.1 % of patients, respectively.

The hernia cavity shape was also observed in
two variations: as an expanded asymmetric tube in
36.8 % of cases and as a deformed sac-like cavity in
58.6 % of cases.

& L.
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Figure 1. Hiatal hernia examination in inversion in a patient during inhalation (A) and exhalation (B).
The hiatal hernia has an elliptical shape. The vertical and horizontal dimensions of the hernia’s gates were measured
relative to the endoscope’s diameter (0.92 cm), and the area during inhalation was 8.6 cm?, while during exhalation,
it was 10.7 cm? In this case, the area of the EH during inhalation is 20.2 % smaller than during exhalation
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Table 1. A comparative assessment of endoscopic characteristics in patients with type I and type IIIl HH

Indicator Type I (n=39) Type III (n=87) P
Distance from incisors to EH, cm 398+14 399+13 0.811
Distance from incisors to GEJ, cm 346+14 333+28 0.005
Axial length of the hernia, cm 52+1.0 6.6+2.6 0.001
Shape of the HS

Expanded symmetric tubular 33 (84.6%) 4(4.6%)

Expanded asymmetric tubular 6 (15.4 %) 32 (36.8%) 0001

Deformed sac-like 0 51 (58.6 %)
The horizontal dimension of the EH, cm 29+0.3 3.1+04 0.160
The vertical dimension of the EH, cm 49+0.6 52%0.7 0.102
The area of the EH, cm? 73+1.1 79+16 0.025
Esophagitis 39 (100 %) 52 (59.8%) 0.0001
Erosion esophagitis, stage according to the Los Angeles classification 32(82.1%) 44 (50.6 %) 0.001

A 0 5(11.4%)

B 6 (18.8%) 18 (40.9%)

0.020

C 20 (62.5%) 16 (36.4%)

D 6 (18.8%) 5(11.4%)
Schatzki ring 5(12.8%) 4(4.6%) 0.098
Location of the GEJ in relation to the upper border of the HS

Below 0 54 (621 %) 0.0001

Above or at the same level 39 (100 %) 33(379%)
Cameron ulcer 0 5(5.7%) 0.127
Erosive gastritis 9(23.1%) 14 (16.1%) 0.348
Duodenal ulcer 4(10.3%) 3(3.4%) 0.123

Moderate degrees of severity of reflux esophagitis
(stages A and B) together constituted 52.3 %, while
more severe cases (stages C and D) accounted for
41.4%. This is in contrast to type I hernias, where
this proportion was 18.8 % / 81.2 %.

Finally, 62.1 % of cases were identified with the
GE]J located distal to the upper border of the hernia
sac, whereas 37.9 % of cases showed the GEJ proxi-
mal to the hernia sac or at the same level (Fig. 2).

The identified diversity in the endoscopic find-
ings of type III HH suggests the possibility of vari-
ous subtypes of such hernias.

To test this hypothesis, we conducted a two-stage
cluster analysis using data from 7 variables obtained
from endoscopy:

1) length of the esophagus;
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2) axial length of the hernia;

3) presence of reflux esophagitis;

4) severity of reflux esophagitis;

5) variation of the hernia sac in direct view;

6) relation between the GEJ and the upper bor-

der of the hernia sac during inversion;

7) presence of Schatzki rings.

The analysis identified two clusters with a high
degree of association and differentiation. This
means that the endoscopy data can be divided into
two groups that have significant similarity within
one group and are substantially different from an-
other. The primary grouping factor turned out to
be the nature of the relationship between the GEJ
and the upper border of the HS in inversion. There-
fore, based on this indicator, HH can be divided
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Figure 2. Endoscopic and X-ray results for paraesophageal hernias. A1, B1 — examination

of the esophageal hiatus in inversion; A2, B2 — esophagogastrography with the barium.

A1, A2 — patient D: the esophageal hiatus is located distal to the upper border of the hernia sac.
B1, B2 — patient C: the esophageal hiatus is located proximal to the upper border of the HS

into two subgroups: type I1TA where the GEJ is lo-
cated proximally or at the level of the upper border
of the HS, and type I11B, where the GE]J is located
distally to the upper border of the HS. The com-
parison of endoscopic features in the formed sub-
groups based on the relationship between the GEJ
and the upper border of the HS showed that they
significantly differ in several other indicators, as
indicated in Table 2.

Specifically, patients in group IIIA had, on aver-
age,ashorteresophageal length compared to patients
in subgroup I1I1B: 31.6 + 3.1 cm versus 34.2 + 2.1 c¢m,
and a longer axial length of the hernia: 8.4 +2.8 cm

General Surgery 3azansuaxipypein * 2023 ¢ Ne2 (5)

versus 5.6+ 1.6 c¢m, all p=0.001. Furthermore, in
patients with type IITA HH, esophagitis was more
frequently observed at 87.9 % compared to 42.6 %,
and reflux esophagitis at 87.9 % compared to 27.8 %,
all p=0.001. In the structure of erosive esophagi-
tis, severe stages C and D (LA) predominated at
58.6 %, while for type ITIIB, they constituted 26.7 %,
p=0.044. In type IIIB HH, Shatzki rings were not
observed, whereas in type IITA hernias, they were
present in 12.1 % of patients, p=0.009.

The comparison of endoscopic phenomena in
subgroups IITA and IIIB with type I HH revealed
that in subgroup IIIA, there was a significantly
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Table 2. Comparative assessment of endoscopic characteristics in patients with HH type I

and subtypes IIIA and IIIB

. Type IIIA Type I1IB P
et Typel (y‘?= 33) (y;; 54) I/IIA I/IIB IIA/IIB
Distance from incisors to EH, cm 398+1.4 40.1+1.3 39.8+1.3 0.503 0913  0.398
Distance from incisors to GEJ, cm 34.6+14 31.6+3.1 342+21 0.004 0331  0.001
Axial length of the hernia, cm 52%1.0 84%28 5.6x1.6 0.001 0254  0.001
Shape of the HS

Expanded symmetric tubular 33 (84.6 %) 4(12.1 %) 0

0.001  0.001  0.001

Expanded asymmetric tubular 6 (15.4%) 26 (78.8 %) 6 (1.1%)

Deformed sac-like 0 3(91%) 48 (88.9 %)
The horizontal dimension of the EH, cm 29+0.3 3.0+0.4 31+04 0679 0.076  0.202
The vertical dimension of the EH, cm 49+0.6 51+0.7 52+0.8 0.208 0.103  0.867
The area of the EH, cm? 73+11 77+11 81+1.4 0.157 0.015 0.330
Esophagitis 39(100%)  29(87.9%)  23(426%) 0.025 0.001  0.001
Etz(gel(;récesg({)i?égtlgihe Los Angeles classification 32(82.1%) 29 (87.9%) 15(278%) 0493 0.001  0.001

A 0 1(34%) 4(26.7%)

B 6 (18.8%) 11 (37.9%) 7 (46.7 %)

0.319 0.001 0.072

C 20 (62.5 %) 13 (44.8%) 3(20.0%)

D 6 (18.8%) 4(13.8%) 1(6.7%)
Schatzki ring 5(128%)  4(12.1%) 0 0929  0.007 0.009
Cameron ulcer 0 2(6.1%) 3(5.6%) 0.119 0435 0922
Erosive gastritis 9(231%)  6(182%)  8(148%) 0610 0309 0.678
Duodenal ulcer 4(10.3%) 0 3(56%) 0058 0396  0.168

shorter esophageal length of 31.6+£3.1 ¢cm com-
pared to 34.6%=1.4 cm (p=0.001), and a larger
axial length of the hernia of 8.4 2.8 cm compared
to 5.2+1.0 cm (p=0.001). However, there were
no differences in these indicators between patients
with type I HH and subtype ITIB.

Both subgroups significantly differed from type I
HH in terms of the shape of the HS during direct
examination, as they didn’t show cases of a HS
shaped as an enlarged symmetric tube. In terms of
the frequency of erosive esophagitis, the severity of
its forms, and the frequency of detecting Shatzki
rings, patients with type I HH and subtype IITA
were statistically similar. However, in subgroup
ITIB, erosive esophagitis and its severe forms were
significantly less common, and Shatzki rings were
not detected.

30

So, patients with subtype I1TA HH (unlike sub-
type I1IB) exhibited endoscopic features character-
istic of type I HH, along with a longer axial length
of the hernia and a shorter esophageal length. It’s
worth noting that the area of the EH did not dif-
fer between type I HH and subtype IITA. However,
in subtype I11IB, it was significantly larger. In addi-
tion to a certain similarity in endoscopic features,
patients with type ITTA HH were almost indistin-
guishable from patients with type I HH in terms of
clinical indicators, as shown in Table 3.

In the case of HH subtype IIIA, only two indi-
cators were found to differ from those in type I
HH: a shorter duration of the disease at 49.3+9.6
years compared to 56.1 £ 10.3 years (p=0.007), and
alower frequency of dyspnea at 15.4 % compared to
39.4% (p=0.021).
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Table 3. Comparative assessment of clinical characteristics in patients with type I HH

and subtypes IIIA and IIIB

Indicator Type I (n=39) Type ITIA (n=33) Type IIIB (n=>54)
Age, years 49.3£9.6 56.1£10.3** 52.7£10.7
Male/female, % 43.6/56.4 39.4/60.6 31.5/68.5
IMT, kg/m? 268+29 27.2+32 274+22
Duration of disease, month 52.9+50.7 57.0+50.9 57.0+50.9
Heartburn 32 (82.1%) 28 (84.8 %) 14 (25.9 %)**
Chest pain 25 (64.1%) 21 (63.6 %) 13 (24.1 %)**
Regurgitation 13 (33.3%) 16 (48.5 %) 20 (37.0%)
Nausea 19 (48.7 %) 10 (30.3 %) 43 (49.6 %)***
Hoarse voice 26 (66.7 %) 20 (60.6 %) 18 (33.3 %) *###
Cough 9(23.1%) 11 (33.3 %) 7 (13.0 %)###
Dysphagia 7(179%) 9(27.3%) 18 (33.3%)
Hiccups 3(17%) 4(121%) 16 (29.6 %)**
Odynophagia 7(179%) 5(15.2%) 7 (13.0%)
Vomiting 3(7.7%) 5(15.2%) 13 (24.1 %)***
Postprandial fullness 6 (15.4%) 8(24.2%) 31 (57.4 %)*##
Weight loss 7(17.9%) 11 (33.3%) 11 (20.4 %)
Arrhythmia 5(12.8%) 9(27.3%) 26 (48.1 %)*
Dyspnea 6 (15.4%) 13 (39.4 %)*** 23 (42.3 %)**

Note. The difference from the type I is statistically significant: * p<0.001; * p<0.01; ** p<0.05.
The difference from the type IIIA is statistically significant: # p<0.001; ## p<0.01; ### p<0.05 .

At the same time, patients with HH subtype
ITIB significantly differed from patients with HH
type I in nearly all clinical indicators: they less fre-
quently experienced heartburn — 25.9 % compared
t0 82.1 % (p=0.001), chest pain — 24.1 % compared
to 64.1 % (p=10.001), hoarseness of voice — 33.3 %
compared to 66.7% (p=0.001). These symptoms
are characteristic of gastroesophageal reflux and
gastroesophageal reflux disease (GERD). Instead,
symptoms more characteristic of impaired food
evacuation were more frequently reported. Spe-
cifically, patients more often complained of post-
prandial fullness — 57.4% compared to 15.4%
(p=0.001), vomiting — 24.1 % compared to 7.7 %
(p=0.039), and hiccups — 29.6% compared to
7.7% (p=0.010). They more frequently reported
shortness of breath — 42.3% compared to 15.4 %
(p=0.005) and heart rhythm disturbances — 48.1 %
compared to 12.8 % (p=0.001).

General Surgery 3azansuaxipypein * 2023 ¢ Ne2 (5)

It should be noted that in terms of clinical symp-
toms, patients with HH subtype I1IB also differed
from those with subtype IITA, almost as much as
they did from patients with type I HH.

Discussion

It is generally accepted that HH type IIT (mixed
type) combines the anatomical characteristics of
type I and type II hernias, meaning that above the
diaphragm, it can involve not only the GEJ (as in
the first type) but also the fundus/body or the en-
tire stomach (as in the second type). A type I1T her-
nia should therefore acquire other shared features of
type I and type II hernias.

On the other hand, it is known that axial slid-
ing hiatal hernias in most cases manifest with
symptoms of gastroesophageal reflux and GERD
[9], while type II paraesophageal hernias typically
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have an asymptomatic course [8, 20, 6]. Endoscopi-
cally, type I HHs are characterized by esophageal
shortening, an increased distance between the
GEJ and the EH, esophagitis, GERD, cardia her-
niation, and other signs, while in type IT HH, the
length of the esophagus remains unchanged, there
are usually no endoscopic reflux symptoms, and
only the herniated protrusion of the gastric fun-
dus is visualized in retroflexion. So, how do these
different clinical and endoscopic manifestations
of type I and type II hernias combine to form
type III hernias?

Of course, a type III hernia does not develop sud-
denly and instantaneously but forms gradually over
time. It is important to understand which specific
type of hernia (type I or type IT) precedes the devel-
opment of a type IIT hernia.

P.J. Kahrilas, et al. [9] write that with the pro-
gressive enlargement of the hernia through the dia-
phragmatic hiatus, the diaphragmatic-esophageal
ligament stretches, displacing the GEJ above the
diaphragm and adding a sliding component to the
type II hernia. They mean that a type III hernia is
a transformation of a type II hernia. R.V. Petroy,
et al. [19] also believe that type 11T paraesophageal
hernia arises from a type IT hernia due to the con-
tinuous stretching of the diaphragmatic-esophageal
ligament, the gradual enlargement of the EH, and
the formation of a HS from the peritoneum. The
GE]J, in addition to a part or the whole fundus and
body, migrates upward, either partially or entirely,
after the stomach, within the hernia sac.

A.O. Nykonenko, et al. [17] outline a charac-
teristic feature of type III hernia, in their view, in
which the GEJ is displaced along the longitudinal
axis, as in type I hernia, while the most proximal
part of the stomach, which protrudes into the me-
diastinum, is located above the GE]J. This formula-
tion also implies that a type II hernia preceded the
development of a type III hernia.

Unlike the viewpoint mentioned before, S. Paul
and R. Bueno emphasize that a type III HH can
originate from either a type I HH or a type 11 HH.
In the presence of a type I HH, over time, the dia-
phragmatic-esophageal ligament may weaken, lead-
ing to the development of a type II defect.

Conversely, the presence of a type II defect can,
over time, weaken the diaphragmatic-esophageal
ligament, leading to the development of a type I de-
fect. In this case, the symptoms of type ITI HH man-
ifest as a combination of symptoms from both type
I and type IT hernias. Typically, the symptoms of the
larger defect predominate. The incidence of the pro-
gression from a type I or type II HH to a type 111
hernia is unknown [18].
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If we assume that hernias of type I and type II,
which differ in clinical and endoscopic manifesta-
tions, are precursors of type III hernia, then in such
patients, significant variability in these manifesta-
tions can be expected.

The study comprised 126 patients with HH, in-
cluding 87 with type III hernia and 39 with type
I hernia, who underwent elective laparoscopic her-
nia surgery.

The study had several steps. In the first step, an
assessment of the results of endoscopic examination
in patients with type III HH was conducted to de-
termine the diversity of the obtained data and the
feasibility of dividing patients into subgroups using
a two-stage cluster analysis. In the second step, the
subgroups obtained through cluster analysis were
compared with each other and with patients with
type I HH to determine the similarities or differ-
ences in endoscopic examination data and clinical
symptoms.

To the best of our knowledge, this is the first
study in which the diversity of clinical and endo-
scopic manifestations of type III HH has been as-
sessed and the rationale for its differentiation into
subgroups based on its origin, either type I or type
I, has been established.

In type III HH, the endoscopic indicators were
significantly more diverse than in type I HH, which
could indicate the likelihood of different subtypes
of type I1I hernia. A two-stage cluster analysis was
conducted using data from 7 variables: the length of
the esophagus, the axial length of hernia, the pres-
ence and severity of reflux esophagitis, the form of
the HS in a direct view, the relationship between
the GEJ and the upper border of the HS in an in-
version view, and the presence of Schatzki rings.
This analysis identified two clusters (groups) with
a good degree of association and differentiation.

The primary factor in group formation was the
relationship between the GEJ and the upper border
of the HS in an inversion view. Therefore, based on
this indicator, type III HH can be categorized into
two subgroups: type I1IA, where the GE]J is posi-
tioned proximally or at the level of the upper border
of the HS, and type I1I1B, where the GE]J is located
distally to the upper border of the HS.

The differentiation of patients with type III HH
into two subgroups based on this endoscopic fea-
ture can be explained by the various origins of the
hernia. If a type III hernia preceded a type I her-
nia, the GE]J is expected to be positioned higher or
at the level of the upper border of the HS (Fig. 3).
Conversely, if a type IT hernia precedes it, the GEJ
is expected to be positioned lower than the upper
border of the HS (Fig. 4).
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Figure 3. The transformation from type I to type III
hiatal hernia

Based on this criterion, we formed two sub-
groups: subgroup ITTA (where, theoretically, the de-
velopment of type IIT hernia was preceded by type
I hernia) and subgroup IIIB (where, theoretically,
the development of type III hernia was preceded by
type IT hernia).

Comparing the clinical symptoms of patients with
type I hernia to those assigned to a specific subtype
of type III hernia showed no significant difference
in the frequency of symptoms between type I hernia
and subtype IITA. On the other hand, patients with
type III B hernias significantly differed from pa-
tients with type I hernias in most clinical character-
istics: they less frequently experienced symptoms
associated with gastroesophageal reflux and GERD
(heartburn, chest pain, hoarseness of voice), which
is probably related to the partial preservation of an-
ti-reflux mechanisms, and more frequently reported
symptoms characteristic of impaired food evacua-
tion (postprandial fullness, vomiting, hiccups).

They also more frequently reported dyspnea
and heart rthythm disturbances. In terms of clinical
symptoms, patients with HH subtype IIIB also dif-
fered from those with HH subtype II1TA, much like
they differed from patients with HH type L.

The formed subgroups also significantly differed
in terms of endoscopic indicators.

Patients in subgroup IIIA had, on average,
a shorter length of the esophagus, a longer axial
length of the hernia, and more frequently presented
with esophagitis and reflux esophagitis. They also
had more frequent occurrences of Schatzki rings,
which were absent in subtype IIIB. In the structure
of erosive esophagitis, severe stages C and D (LA)
predominated, accounting for 58.6 % compared to
26.7 % in type I11B, p=0.044.

In the case of type IIIB hernias, Schatzki rings
were not observed, whereas in type IITA hernias,
they were present in 12.1 % of patients, p=0.009.
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Figure 4. The transformation from type II to type I11
hiatal hernia

Therefore, in patients with type IITA HH (com-
pared to type I1IB), there is a predominance of en-
doscopic signs characteristic of type I HH.

Therefore, patients with type 111 HH exhibit sig-
nificant diversity in clinical and endoscopic mani-
festations, which is determined by the different ori-
gin of the hernia (from type I or type IT).

An endoscopic characteristic indicating the origin
of the hernia is the location of the GE]J relative to the
highest point of the HS: below it, from type I HH
(62.1 %), at or above it, from type I HH (37.9 %).

Limitations of the study. The data obtained by
us can be extrapolated to the entire population of
patients with HH types I—1III with certain caution.

Firstly, this is due to the relatively small number
of patients included in the study.

Secondly, the study does not encompass all vari-
ations of HH progression in the population. Spe-
cifically, it did not include patients with asymp-
tomatic or mildly symptomatic HH and those with
HH type II.

Thirdly, the study was retrospective, while pre-
cise data regarding the transformation of HH types
can be obtained through prospective observation of
patients with type I and IT HH.

DECLARATION OF INTERESTS

The authors declare that they have no conflicts of interest.

ETHICS APPROVAL

The protocol was presented by the ethical commission of
Bogomolets National Medical University.

AUTHORS CONTRIBUTIONS

T. A. Tarasov: concept and design of the study, collection,
analysis, and interpretation of data, drafting and revision of
the manuscript; L. Y. Markulan: collection, analysis, and
interpretation of data.

33



T.A. Tavasouv, L.Y. Markulan

REFERENCES 14. LiL, an H, ?hang C, Tq], Geng X, Wang ], Zhoq X, Pan W, Jing]..
The diagnostic value of X-ray, endoscopy, and high-resolution

1. Barrett NR. Hiatus hernia: a review of some controversial manometry for hiatal hernia: a systematic review and meta-
points. Br J Surg. 1954 Nov;42(173):231-43. doi: 10.1002/ analysis. Journal of Gastroenterology and Hepatology. 2019,
bjs.18004217303. PMID: 13219304. 2020 Jan;35(1):13-18. doi: 10.1111 /jgh.14758. Epub 2019 Jul 28.

2. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Fol- doi:10.1111 /jgh.14758.
som AR, Greenland P, Jacob DR Jr, Kronmal R, Liu K, Nelson JC, 15. Lundell LR, Dent J, Bennett JR, Blum AL, Armstrong D, Galmi-
O’Leary D, Saad MF, Shea S, Szklo M, Tracy RP. Multi-Ethnic Study che JP, Johnson F, Hongo M, Richter JE, Spechler SJ, Tytgat GN,
of Atherosclerosis: objectives and design. Am J Epidemiol. 2002 Wallin L. Endoscopic assessment of oesophagitis: clinical and
Nov 1;156(9):871-81. doi: 10.1093 /aje/kwf113. PMID: 12397006. functional correlates and further validation of the Los Ange-

3. Dreifuss NH, Schlottmann E Molena D. Management of paraeso- les classification. Gut. 1999 Aug;45(2):172-80. doi: 10.1136/
phageal hernia review of clinical studies: timing to surgery, mesh use, gut45.2.172. PMID: 10403727; PMCID: PMC1727604.
fundoplication, gastropexy and other controversies. Dis Esophagus. 16. Nayar DS, Vaezi ME Classifications of esophagitis: who needs
2020 Aug 3;33(8):doaa045. doi: 10.1093 /dote/doaa045. them? Gastrointest Endosc. 2004 Aug;60(2):253-7. doi: 10.1016/

4. Edmundowicz SA, Clouse RE. Shortening of the esophagus s0016-5107(04)01555-x. PMID: 15278054.
in response to swallowing. Am J Physiol. 1991 Mar;260(3 Pt 17. Nykonenko A.O., Haidarzhi Ye. I, Letkeman T. V. Hiatal her-
1):G512-6. doi: 10.1152/ajpgi.1991.260.3.G512. PMID: 2003613. nia types and their radiological diagnostics in patients with

5. Gerdes S, Schoppmann SE Bonavina L, Boyle N, Miiller-Stich BP, gastroesophageal reflux disease Zaporizhzhya Medical
Gutschow CA; Hiatus Hernia Delphi Collaborative Group. Man- Journal. 2022:24(2, 131);168-175. doi: 10.14739/2310-
agement of paraesophageal hiatus hernia: recommendations fol- 1210.2022.2.241656.
lowing a European expert Delphi consensus. Surg Endosc. 2023 18. Paul S, Bueno R. Hiatal Hernia in Encyclopedia of Gastroenterol-
Jun;37(6):4555-4565. doi: 10.1007 /500464-023-09933-8. ogy 2004, Pages 382-386. doi: 10.1016/B0-12-386860-2/00371-3.

6. Hashemi M, Sillin LF, Peters JH. Current concepts in the manage- 19. Petrov RV, Su S, Bakhos CT, Abbas AE. Surgical Anatomy of Para-
ment of paraesophageal hiatal hernia. J Clin Gastroenterol. 1999 esophageal Hernias. Thorac Surg Clin. 2019 Nov;29(4):359-368.
Jul;29(1):8-13. doi: 10.1097 /00004836-199907000-00005. PMID: doi: 10.1016/j.thorsurg.2019.07.008.

10405224. 20. Schieman C, Grondin SC. Paraesophageal hernia: clinical

7. Hutter MM, Rattner DW Paraesophageal and other complex dia- presentation, evaluation, and management controversies.
phragmatic hernias. In: Yeo CJ (ed) Shackelford’s surgery of the Thorac Surg Clin. 2009 Nov;19(4):473-84. doi: 10.1016/j.thot-
alimentary tract. Saunders Elsevier, Philadelphia, 2007, pp 549- surg.2009.08.006. PMID: 20112630.

562. 21. Skinner DB, Belsey RH. Surgical management of esophageal

8. JungJJ, Naimark DM, Behman R, Grantcharov TP. Approach reflux and hiatus hernia. Long-term results with 1,030 patients. J
to asymptomatic paraesophageal hernia: watchful waiting Thorac Cardiovasc Surg, 1967 Jan;53(1):33-54. PMID: 5333620.
or elective laparoscopic hernia repair? Surg Endosc. 2018 22. Weston AP. Hiatal hernia with cameron ulcers and erosions.
Feb;32(2):864-871. doi: 10.1007 /s00464-017-5755-y. Epub 2017 Gastrointest Endosc Clin N Am. 1996 Oct;6(4):671-9. PMID:

Aug 4. PMID: 28779249. 8899401.

9. Kabhrilas PJ, Kim HC, Pandolfino JE. Approaches to the diagnosis
and grading of hiatal hernia. Best Pract Res Clin Gastroenterol
2008;22:601-16. 10.1016/j.bpg.2007.12.007.

10. Kavic SM, Segan RD, George IM, Turner PL, Roth JS, Park A.
Classification of hiatal hernias using dynamic three-dimen-
sional reconstruction. Surg Innov. 2006 Mar;13(1):49-52. doi:
10.1177/155335060601300108. PMID: 16708155.

11. Kim P, Turcotte J, Park A. Hiatal hernia classification-Way past
its shelf life. Surgery. 2021 Aug;170(2):642-643. doi: 10.1016/j.
surg.2021.02.062. Epub 2021 Apr 15.PMID: 33867168.

12. Kohn G.P, Prince R.R,, DeMeester S.R,, et al., Guidelines for the
management of hiatal hernia, Surg. Endosc. 27 2013 4409-4428,
https://doi.org/10.1007/ s00464-013-3173-3.

13. Landreneau RJ, Del Pino M, Santos R. Management of paraesoph-
ageal hernias. Surg Clin North Am. 2005 Jun;85(3):411-32. doi:
10.1016/j.5uc.2005.01.006. PMID: 15927641.

ITopiBHAIbHA OIiHKA KJI{HIYHOI Ta €EHJOCKOIIIYHOI CEMiOTUKU
I'PUDK CTPABOXiJHOI'O OTBODY AiadpparMu

T. A. Tapacos, JI. 0. Mapkynan
Hamionanpuuit meguuanmii yuiBepcuret iMeni O. O. Boromosbiis

I'prxa crpasoxigHoro orsopy Aiadpparmu (I'CO/) III TrIly ITOEAHYE aHATOMIYHI XapPAKTEPUCTUKU I'Pprok I i II
TuniB. [Ipossu III Turty rprsKi rereporeHHi i MOKyTh BifI3epPKA/IIOBATH 11 TOXO/pKeHH — 3 Trny I uu II, asne gore-
IIEP HEMAE BU3HAYCHOCT] OO 3B’13Ky KIiHIYHUX i eHJoCcKoniyHuX nposasiB T'CO/ Tumny III 3 ii HOXOKEHHSIM.

Mera — HA I/ICTABi AHAII3Yy KIIHIYHUX i €HAOCKOMYHUX IIPOABIB I'PUKI CTPABOXIZHOIO OTBOPY AiddparMu
Uity III OGrpyHTYBATH F€TEPOreHHICTD IXHIX XaPAKTEPUCTUK Pi3HUM IMOXOLKEHHAM: BiJ| TUITY IpruKi I um IL

Marepianau Ta MeTogy. Y JOCIPKEHHs yBiiuIo 126 xsopux 3 TCO/L, y Tomy uncii 87 111 tumy Ta 39—1 Twity,
AKAM BUKOHAHO IUTAHOBY JIAIIAPOCKOIIYHY I€PHiOIIACTHKY. PO60Ta Masta IeKinbKa KPOKiB. Ha nepmomy Kpori
IIPOBEACHA OLIIHKA PE3Y/IBIATIB EHAOCKOIIIYHOI'O AOCIPKEHHA Y XBOPHUX i3 TCO/I 111 TuIly 11 BUSHAYEHH I'eTe-
POIr'€HHOCTi OTPHMAHUX JAHUX T4 JOLUIBHOCTI ITOAUICHHA ITAL[I€HTIB HA IIiATIPYIIN 34 JOIIOMOI'OIO JBOECTAIIHOIO
KJIACTEPHOI'O aHWIi3y. Ha IpyroMy KpoLli OTPUMAaHi B PE3YJIBIATi KJIIACTEPHOI'O AHAJIi3Y ITiATPYIIU CIIiBCTAB/IAINACS
Mixk co6010 Ta xBopuMu 3 I'CO/ I Tumy A1 BUBHAYEHHSA CIIUIBHOCTI 460 BiIMIHHOCTI JAHUX €HJOCKOIIYHOIO
JOCKEHHS i KJIIHIYHOI CHUMITTOMATUKU.
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Pesyaprary. KitacrepHuil aHajli3 BUSHAYMB [BA KJIACTEPU ITOKA3HHUKIB 3 XOPOIIOIO MiPOIO iX 3B’3aHOCTI T4
noauty. OCHOBHHUM (PAKTOPOM IOAUTY HA KIACTEPU BUABUBCS XAPAKTED BiJHOMEHHA CTPABOXiJHO-IIUIYHKOBE
3eaHanHA (CHI3) Ta BEpXHBOI MEXi I'PHXKOBOL HOPOKHUHU IIPH OIVIAAL B iHBepPCii. 3a M nmokasHukoM I'CO/L
TuIy Il MOXkHA TOAUINTH HA ABi cyorpymu: Tl [IIA — CIII3 po3TamoBaHe MPOKCUMABHIIIE 400 Ha 1i piBHiI HA-
BHIIOL TOYKH I'PYKOBOI TOPOKHUHM Ta TUII IIIB — CII3 po3ramosaHe JUCTaIbHilIe HAUBUIIOI TOYKU I'PHKO-
BOI TOPOKHUHU. YaCTOTA GUIBIIOCTI EHTOCKOIIIYHUX CUMITTOMIB I'PHKi B cyorpymi IIIA Ha BigMiHy B cyorpynmn
[IB, cTaTUCTUYHO 3HAYYIIO HE BiIpPi3HAIACA Bifi I'PYDKi TUILY I 32 BUHATKOM MEHILOI JOBKHHU CTPABOXOAY T4
OUIBIIOI OCBOBOI JOBXUHHU I'Proki. KpiM TOrO, XBOpi 3 cyoTrnom rprexki IIA mMarbke He BiIpi3HAINACA Bifj XBO-
pux Tury I 32 KIiHIYHUMH TOKA3HUKAMH 34 BUHATKOM OLIBIIOIO CEPENHBOIO BiKy T4 YACTOTH BiIUIIKKU. [Tpn
cyorumi IIIB MOpiBHAHO 3 IPIKEIO TUITY I CTATUCTUYHO 3HAYYINO Piflle CIOCTEPIraINCA CUMIITOMU, OB A3aHi
3TaCcTpPOE30(hareaIbHUM PEPIIOKCOM, HATOMICTb YACTIIIE BiIMi4aIHlCa CUMIITOMH, XAPAKTEPHI /I TIOPYIIEHHA
€BaKyawii xi. BUsAB/IeHA CXOXKICTh €HAOCKOIYHHUX i KIITHIYHUX NTPOABIB I'proki Tty 1 i cyoTumny IIIA cBigauTb Ipo
X cIiyibHE TOXO/KeHH. HaTtoMicTe cyoTrn 1B, AKWE BiIpI3HAETHCA 32 €HIOCKOIIIYHUMU i KJIiHIYHUMU [TOKA3-
HUKAMU Bifi TPYoKU TUITY | i cy6Tmmy I1IB BOUEBUID € PE3YIBraTOM IIPOrPECYBAHHA I'PIDKi THMTY 1.

BucaoBKkH. XBopi 3 'CO/I trny III MarOTh CYTTEBY I'€TEPOI€HHICTD KIiHIYHUX i €HAOCKOIIIYHUX IIPOSIBIB, 1110
OOYMOBJIEHO Pi3HUM ITOXO/PKEHHAM IPIoKi (3 Tumy I a6o 3 tuny II). EHIOCKONIYHOIO O3HAKOIO, IO BKA3YE
Ha ITIOXOJ/PKEHHS I'PIDKI, € PO3TAIIYBAHHS LIIYHKOBO-CTPABOXIHOI'O 3'€JHAHHSA BiJHOCHO HAMBHIIOI TOYKU
I'PYDKOBOT MOPOXKHUHI: HrpK4e HEl — 3 rproki 11 Turty (62,1 %), Ha piBHi 260 Buine — 3 rproki [ Tumny (37,9 %).

KI¥090Bi c/10Ba: Iproka CTPAaBOXiJHOIO OTBOPY AiadpparMu, JiarHOCTUKA, CEMIOTHKA, TiTHUIIN I'PYLKI.
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