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Abstract: Introduction: A hiatal hernia (HH) can be defined as a condition in which elements
from the abdominal cavity herniate through the oesophageal hiatus in the mediastinum and, in the
majority of cases, parts of the proximal stomach. Today, the role of HHs within the complex entity
of gastroesophageal reflux disease (GERD) is very important with regard to its pathophysiology,
severity, and therapeutic and prognostic options. Despite this, the application and stringent use
of the worldwide accepted classification (Skinner and Belsey: Types I-IV) are lacking. The aim of
this study was to carry out a systematic review of the clinical applications of HH classifications and
scientific documentation over time, considering their value in diagnosis and treatment. Methods:
Following the PRISMA concept, all abstracts published on pubmed.gov until 12/2023 (hiatal hernia)
were reviewed, and those with a focus and clear description of the application of the current HH
classification in the full-text version were analysed to determine the level of classification and its use
within the therapeutic context. Results: In total, 9342 abstracts were screened. In 9199 of the abstracts,
the reports had a different focus than HH, or the HH classification was not used or was incompletely
applied. After further investigation, 60 papers were used for a detailed analysis, which included
more than 12,000 patient datapoints. Among the 8904 patients, 83% had a Type I HH; 4% had Type
II; 11% had Type III; and 1% had Type IV. Further subgroup analyses were performed. Overall, the
precise application of the HH classification has been insufficient, considering that only 1% of all
papers and only 54% of those with a special focus on HH have documented its use. Conclusions: The
application and documentation of a precise HH classification in clinical practice and scientific reports
are decreasing, which should be rectified for the purpose of scientific comparability.
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1. Introduction

The term “hiatal hernia” (HH) was established as a clinical entity when radiography
proved its existence and enabled it to be applied it as a diagnosis [1-3]. HH can be defined as
a condition in which elements from the abdominal cavity herniate through the oesophageal
hiatus in the mediastinum and, in the majority of cases, parts of the proximal stomach [1-3].
The introduction of HH as a diagnosis based on clinical signs was challenging, as it was
difficult to associate specific symptoms with radiographic findings [1-3]. Initially, the
diagnosis of an HH as an underlying cause of problems was limited to rare events such as
traumatic injuries, intrathoracic volvulus, and strangulations [1,2]. With the exception of
such emergencies, the clinical presentation of patients with a variety of foregut symptoms,
such as epigastric pain and burning, thoracic pain and burning, belching, regurgitation,
heartburn, nausea, and vomiting, could not be directly associated with the presence of
hiatal hernias [1-3]. These symptoms had at the time a substantial overlap with other
disorders of the foregut, such as gastro-duodenal ulcer disease [2—4]. As a consequence, the
attention of physicians to the presence of an HH was limited until an association emerged
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in patients with reflux-like symptoms such as heartburn, regurgitation, and epigastric
pain [2-6].

In 1926, Akerlund introduced an initial classification of the different anatomical ele-
ments and changes in the hiatal anatomy [1,2]. He documented three main elements of
hiatal hernia classification: the first group of hernia patients frequently showed a shortened
oesophagus, with the stomach partially in the chest above the level of the diaphragm.
At the time, this condition was subject to widespread discussion because some authors
suspected a congenital short oesophagus. In the second type of hernia, a normal length
of the oesophagus and a para-oesophageal herniation of part of the stomach through a
small defect in the phreno-oesophageal attachments were observed, rolling up next to the
oesophagus in the mediastinum. In the third group of patients, the proximal stomach
was observed to be gradually sliding up and herniating into the mediastinum. In this
latter group, the oesophago—gastric junction did not remain at the hiatus because of a
circumferential weakening of the attachments at the hiatus, lifting the cardia above the level
of the diaphragm. These three groups describing and defining the different anatomical
changes remain valid today [1,2].

The 1940s saw more detailed work on and increasing attention paid to patients
with hiatal hernia, especially by Allison, Sweet, and Barrett [7-13]. These reports stimu-
lated the clinical and research interests of internists and surgeons in the late 1940s and
1950s [7,8,11-13]. Allison analysed different anatomical types of HH in another attempt
to classify the changes [7]. He recognised and subsequently popularised the association
between the presence of HHs and reflux symptoms such as heartburn and regurgitation, as
well as the presence of reflux esophagitis and its surgical therapy [7-12]. Barrett focused on
the functional aspect of the cardia and the functionality of the “angle of His” at the distal
oesophagus as a critical element of reflux prevention [13].

Akerlund’s and Allison’s classifications were the basis for definitions and documen-
tation throughout the 1950s and 1960s and were used to structure the data of clinical
studies until Skinner and Belsey published their milestone work on over 1000 patients
with HHs and reflux in 1967, creating, based on their experience, the basis for the most
frequently used HH classification in the past 60 years [7-23]. Skinner used the elements of
HH typing from Akerlund’s analysis and added two more elements, summarised in the
Type IV hernia: the description of an upside-down stomach and the migration of other
organs such as the colon, spleen, and/or pancreas into a large intrathoracic hernia sac [23].
This classification was accepted worldwide and was applied with sufficient precision over
the first two or three decades until the 1990s. The different types of HH reflect important
information, as there is a direct association between some HH types and GERD in terms of
the pathophysiology and severity of the disease, as well as therapeutic decision-making
regarding the choice of medical or operative therapy and the choice of surgical procedure.

Unfortunately, today, there is not only an increasing lack of discipline when classifying
hiatal hernias according to the well-accepted classification proposed by Skinner and Belsey
but also a change in the taxonomy in many publications that report undefined terms, such
as “massive”, “giant”, or “large” hernias.

The aim of this study was to carry out a systematic review of the clinical applications
of HH classifications and scientific documentation over time, considering their value for
diagnosis and treatment.

2. Methods

The design of our study and review was based on the search for available classifications
throughout the documented history of HH reports. It was important to identify the major
elements of classifications in the various anatomical HH types and their use in clinical
practice, their ongoing use as valuable tool for differentiation, and their disappearance
in subsequent publications because of a lack of clinical importance. The intention was to
investigate the correct application of HH classifications, as well as their distribution, in
order to determine the incidence of HH typing in published series. In addition, our aim
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was to document deviations from the established classifications and determine the possible
effect on the usability of the published results.

Therefore, we performed a literature search using the term “hiatal hernia” in pubmed.gov
in 2023. We followed the PRISMA concept for this project. All available abstracts were
investigated from 1939 to 2023. A special effort was made to expand the search in order to
obtain abstracts and text publications that were crucial in terms of their historical role and
relevant results related to the correct application of classifications, their stringency, and the
distribution of different anatomical types of hiatal hernias among the published cohorts.

All abstracts were read and searched for relevant information on the application of
any hiatal hernia classification, different typing of HHs, the distribution of established HH
types for a comparison with other reports, and documentation of unusual HH taxonomy.
Special attention was paid to the first-time use of any new definitions and/or classifications,
the results of their application, and the possible advantages and reasons for the application
of alternative typing methods.

The use of different established classifications in each decade starting from the 1930s to
2023 was also documented. In addition, all different elements characterising a hiatal hernia
were registered, and their applications in the different publications were documented.
These elements are presented in Table 1.

Table 1. Overview of different elements as determined in Akerlund’s, Allison’s, and Skinner’s
publications regarding the classification of hiatal hernias.

Number Defm;tlon of‘Element Further Explanations for the Definition
or Typing

The cardia remains at the level of the diaphragm. The

True para-oesophageal hernia

hernia develops by rolling up through a small defect in

! Akerlund 1926 [1] the phreno-oesophageal membrane next to the
oesophagus into the mediastinum.

This phenomenon was described in early experiences

’ Short oesophagus by with HH and a short oesophagus; this element was

congenital predisposition only described in the 1930s and 1940s publications, and
then it was dropped.

3 Short oesophagus acquired The association between oesophagitis and oesophageal

Collis shortening was recognised in the 1950s.
Sliding hernia in chest, which The proximal stomach is sliding into the mediastinum;

4 develops from small to thus, the cardia is leaving the level of the diaphragm

larger hernias via the circumferential weakening of the
Akerlund 1926 [1] phreno-oesophageal membrane.
This hernia develops from a sliding hernia with a
. . limited size, in which the stomach migrates into the
Mixed type of hernia . .

5 Akerlund 1926 [1] chest, with the complete proximal part of the stomach
(cardia, fundus, and corpus) in the chest. With this
process, the oesophagus can shorten.

Other mtre.a-ab‘dommal OTEANS  The development of the hernia is huge, causing, under
slide into the o s
6 . . . favourable conditions, a migration of the colon, spleen,
intrathoracic hernia 4/ into the chest
Skinner and Belsey 1967 [23] and/or pancreas into the chest.
This is a further development of a true
para-oesophageal hernia through a small defect in the
7 Upside-down stomach phreno-oesophageal membrane, causing a further

Skinner and Belsey 1967 [23]

rolling up of the stomach in the chest. Since the cardia
remains attached to the diaphragm, the stomach rotates
around this fixation upside-down in the mediastinum.

These elements were searched in every publication for their presence and documenta-
tion, as well as their frequency of appearance. The basis of classification was the initial ver-
sion of Akerlund, expanded by Allison and finalised by Skinner and Belsey [1-3,7,11-13,23],
as demonstrated in Figure 1.
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Type I
Sliding

Type II Type III Type IV
True Para-Oesophageal Mixed Upside-Down

Figure 1. Established typing of hiatal hernias by Skinner and Belsey in 1967, subdivided into four
types [23].

Finally, these data were analysed in relation to the number of patients included in
the different series. Some early publications from the 1930s and 1940s provided only a
descriptive overview using the correct classification elements but no detailed data, and
these were excluded from the data analysis.

3. Results

In total, 9342 abstracts were screened. The vast majority of the papers had HH as one
of the keywords and therefore appeared in the abstract list but had a different focus, with
no relevant information or data regarding HHs. Another substantial proportion of the
publications, especially among those from the most recent two decades, had an associated
focus such as gastroesophageal reflux disease (GERD), but lacked any information about
the presence, prevalence, or incidence of HHs in the investigated population of patients
or persons.

Out of the 9342 abstracts, 9199 abstracts had either a different focus than HH or an
HH classification was not used (Figure 2). Thus, these abstracts were excluded from further
calculations. For the remaining 143 abstracts, an in-depth reading of the original published
manuscript was performed. The documented distributions of the different HH types
were extracted and registered. After a detailed analysis seeking the correct application
of the HH taxonomy and documented typing, 60 manuscripts were selected for the final
evaluation [10,13,15,17,18,20-75].

The analysis of the publications revealed the initial effort made between the 1920s and
the 1960s to detect and create an understanding of HHs and their diagnostic challenges,
as well as the difficultly in establishing an association with presenting clinical symptoms.
In the 1960s, with the increasing understanding of the pathophysiology of reflux and
the associated pathologic changes, the research moved away from the anatomy of HHs
and towards the detection and interpretation of functional alterations in the oesophagus
and stomach.

Researchers between 1930 and 1960 struggled with the interpretation of different
anatomical diaphragmatic hernia variations [1-16]. As there could be substantial discrep-
ancies between the size of a hiatal hernia and the associated symptoms, and considering
the limited diagnostic armamentarium, patients with post-traumatic hernias often pre-
sented seeking medical help [1-3]. At the time, some alterations in anatomy were still
believed to be congenital defects rather than acquired conditions based on pathologic
developments [2-13].
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PRISMA-analysis of literature:
Application of Hiatal Hernia classification

1939-2023
9342 abstracts
. 9199 abstracts
"] with other focus or
no application of
143 articles with classicfication system

appropriate focus for
reading and analysis

83 articles evaluated
with insufficient data

60 selected articles with defined HH-classifications

Figure 2. PRISMA selection of 60 abstracts and original reports on hiatal hernias published between
1926 and 2023 in pubmed.gov.

The clinical findings of an intraluminal visible shortened squamous epithelium appear-
ing as a “brachyoesophagus” in an oesophagus with a normal length, or a true shortened
oesophagus where the cardia did not reach below the diaphragm, were initially confusing
and difficult to interpret [1-3,7-13]. Allison and Barrett clarified these findings in their land-
mark publications [7,13]. As a result, very few systematic applications of HH classifications
were documented until the 1950s, and Kaplan et al. were the first to classify their patients
accurately [11]. With the acceptance of the Skinner and Belsey classification of four types of
hiatal hernias, more applications were systematically performed in the 1960s [23-33].

As a result of the analysis of 60 publications, a complete typing of all patients within a
published cohort, usually of GERD and HH patients, was systematically and frequently
performed between the 1960s and the late 1990s [23-30]. In addition, another trend could
be observed in the focus of publications from the 1990s until today, which especially
focused on the so-called “para-oesophageal” hernias [30-77]. The analysis showed that,
in recent decades, the majority of publications have focused on the surgical therapy of
para-oesophageal hernias (PEHs), unfortunately quite often without further differentiation
between a true PEH (Type II), a mixed (Type III), or a Type IV hernia.

Out of the initially 77 selected original manuscripts, 17 publications focused only on
the description of all different types but did not provide detailed data. These were usually
early publications, when the authors struggled for definitions, describing the clinical
experience from 1739 patients [1-9,11,12,14,16,19,20,76,77]. These were also excluded from
the detailed data analysis.

The remaining 60 selected publications could be separated into two groups: a
group with differentiation of all HH types and a second group with a focus on selective
PEHs [10,13,15,17,18,20-75]. Table 2 shows the distribution of the publications and the
corresponding number of patients examined.
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Table 2. Overview of the distribution of patients within the groups and the corresponding publications.

Method of Data

Demonstration n Patients Number of Publications Publication in References
All types 8904 27 [10,13,15,17,18,21,33,36,38,41,55,62,64,70,74,75]
Selective PEH 3829 33 [34,35,37,39,40,42-54,56-63,65-69,71-73]
Total 12,733 60 [10,13,15,17,18,20-75]

Some publications used the term PEH for just Type II [35,39], some only included
patients with Type IV hernias [37], some included Types Il and IV [44,45], and the majority
considered Types II, III, and IV. In addition, for the terms massive or giant PEH, a variety
of further sizing was applied, such as HHs with vertical measurements of >3 cm or >5 cm
or percentages of stomach above the diaphragm of >30%, >50%, or >75%.

The detailed results of the distribution of HH typing among the patient cohorts are
given in Table 3, and they are given separately for the publications in which a complete
cohort of all patients with HH was investigated, documented, and published, including
8904 patients. The latter showed a distribution between the sliding hernia of 7441 patients,
a smaller group of 413 patients with Type II, 965 patients with a mixed type, and 85 patients
with a Type IV HH. In addition, a further 3829 patients were analysed within cohorts with
the exclusion of Type I patients, focusing only on selective PEH patients. The diagnosis
of HH was established mainly using radiology until the 1960s and then gradually using
upper GI endoscopy.

Table 3. Distribution of patients with HH classified using Skinner and Belsey typing based on a
review of 60 publications in the literature.

Application of Typing Typel Type II Type III Type IV

Typing of complete HH cohort:

8904 patients 7441 413 965 85

Distribution percentage 83.6% 4.3% 10.8% 0.9%

Typing of selective PEH cohort:

3829 patients ) 348 2951 530

Distribution percentage - 9.1% 77.1% 13.8%

Comparien peerage of P among sk
P - 28.3% 65.9% 5.8%

(exclusion Type I)

These results confirmed that the vast majority of HH patients had a sliding hernia
along the axial axis through the hiatal opening in the diaphragm, often participating in
the pathophysiology of GERD. The distribution of the HH Types 11, III, and IV varied,
and the mixed type (mixed between para-oesophageal and sliding orally) was the most
frequent HH among the PEH group. Both Type II, a true para-oesophageal hernia with the
oesophago—gastric junction still at the hiatus, and Type IV, either an upside-down stomach
or the migration of other organs into the chest, such as the pancreas, spleen, and colon,
were rare findings, which may have needed different surgical approaches.

The focusing of the distribution of these types in the two different time segments of
publications, either the documentation of all HHs or the selection of only PEHs, showed
some small differences. While the distribution in the selective PEH cohort between Types
II, ITI, and IV was around 9%, 77%, and 13%, respectively, a similar calculation for the
distribution of patients within the complete HH cohort for Types II, III, and IV was 28%,
66%, and 6%, respectively.

The Hill classification is an HH classification that can be established during upper
GI endoscopy via visualisation of the cardia in retroflexion and the grading of anatomical
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Hill Grade |

changes (Figure 3) [41]. It is an excellent parameter for the initial widening and weakening
of the EGJ (Grades I and III); however, other and larger anatomical alterations cannot be
differentiated and are summarised as Grade IV [23].

Hill Grade Il Hill Gradelll Hill Grade IV

Figure 3. Endoscopy-based Hill classification: Grade I: normal situation; the mucosa fold is tight
around the scope at the EG]J. Grade II: the mucosa fold is less prominent, showing a small space
between the scope and mucosa, indicating a weak EGJ. Grade III: there is substantial space be-
tween the weakening mucosa and the scope, showing a small hiatal hernia and a widened hiatus.
Grade IV: migration of the EG]J into the mediastinum, with a substantial hiatal hernia through the
widened hiatus.

This review shows that differentiation using all types has been neglected in the past
two decades in most publications, despite the potentially varying pathophysiologic back-
ground and requirement for different therapeutic responses. Furthermore, the results
demonstrate that a variety of definitions regarding size are in clinical use, which may
interfere with the correct classification of cohorts. In 1983, the term “massive hernia” was
first used in the published literature, without further explanation, for 47 patients with
mixed (Type III) and 47 with Type IV hernias [35]. Since then, terms such as “large”,
“massive”, and “giant” HH have often been used to describe the size of an HH, without
clear criteria. These studies, unfortunately, cannot be used for scientific evaluations and
comparisons, as precise definitions are necessary [44,46,47]. Overall, the precise application
of HH classification has been insufficient, considering that only 1% of all papers and only
54% of those with a special focus on HH documented these details.

4. Discussion

Stylopoulos and Rattner summarised the early insights into hiatal hernias and the
history of surgical therapy [78]. The authors described the increasing understanding of this
radiologic finding and the increasing insights into the disease over the decades [78]. The
development and presence of a hiatal hernia (HH) is one of the three most important factors
in the pathophysiology of gastroesophageal reflux disease (GERD) [79-82]. Furthermore, an
increase in size may contribute to the progression of GERD alongside the malfunctioning of
the oesophago-gastric junction (EGJ) and pathologic intra-oesophageal acid exposure [82].
In addition, in some of these patients, the mechanical effect caused by the gastric “plug” in
the mediastinum irritating the heart may be responsible for arrythmias or atrial fibrillation,
which may require anatomical correction via surgery. As a consequence, the precise
description of a cohort of patients should include information about the different types of
hernias in the cohort and their size. As the established types of Skinner and Belsey have
served well as a precise anatomical differentiation, physicians should utilise these terms.
This information is valuable for the following reasons: First, it may allow for an assessment
of the severity of the disease and thus provide the GERD patient with a prognosis. Second,
the precise type and size of an HH may be important in determining the level of surgical
experience and team necessary to perform the operation with a high probability of a good
outcome. Third, the precise assessment and documentation of patient data may also be
valuable not only for further scientific evaluation and learning through comparisons with



Life 2024, 14, 1145

8 of 14

data from other cohorts but also for quality control within the basic cohort. This should be
a prerequisite at any academic institution.

The results of this literature review show that these recommendations are not followed
stringently, and the majority of patient reports did not utilise an accepted HH classification.
The most frequently used method of detection was upper GI endoscopy after the 1960s,
which, until 2000, was often combined with radiography:.

One reason for the failure to more accurately describe the type of HH could be the
changing focus of research over the decades. Until the 1960s, surgeons sought a reasonable
and practice-oriented classification of the different HH types, and Skinner and Belsey
seemed to have found the solution [1-23]. In the next two decades, the focus of research
turned to better understanding the functional and pathophysiologic components of GERD,
supported by the increased possibility for functional assessment due to technological
advances [83-85]. In the 1990s, surgical research focused on the technical introduction of the
emerging minimally invasive procedures and their establishment in clinical practice [86-88].
More technical innovations and industrial marketing for the introduction of special devices
and assessment tools followed in the 2000s, steering surgeons’ interest further away from
HHs and their variations [89-91].

Within the increase in publications in the last 20 years on surgical therapy for PEHs,
there seems to have been competition to publish the largest series on PEHs in the literature,
despite the fact that this HH type is rather rare [23—77]. There are controversial applica-
tions of the term “PEH” and no precise definitions of size measurements, which prevents
reasonable comparison among these studies.

Another reason is undoubtedly the role of endoscopy and oesophagitis as the main
focus of interest in patients with GERD and/or foregut symptoms [92]. Endoscopists have
frequently used Skinner’s borderline definition of HH size > 3 cm to define large hernias
and <3 cm to define small hernias [23]. However, more often, superficial descriptions and
terminology, such as “minor” or “extensive” oesophagitis, were found, which also lack
precision. It must be emphasised that a more precise evaluation of vertical measurements
can be achieved when entering the oesophagus and taking measurement on the way
towards the stomach, with minimal air insufflation, compared with measurement on the
way back, when a substantial amount of air/gas has been insufflated, thus changing the
size of the stomach.

Some surgeons believe the anatomical alterations at the hiatus to be a purely me-
chanical process, similar to other abdominal hernias, and disconnected from possible
functional alterations within the EG]J causing GERD [89]. Their concept of repair is based
on mechanical closure of the hiatal gap using a durable mesh, without considering any
functional measure, such as an augmentation of the lower oesophageal sphincter by a
fundoplication [93]. Contentious discussions based on controversial study results have
characterised the meetings around this subject, with a long history since the early 1950s,
when the two approaches for interpreting GERD problems in association with HHs origi-
nated [7,12,79,81,93]. Thus, these two concepts, on the one hand, anatomical reconstruction
by reducing the HH and, on the other hand, the more functional based approach of shaping
and augmenting EGJ structures for reflux prevention, remain controversial [81]. Some sur-
geons remain unclear regarding the most effective anti-reflux procedure, that is, whether to
only reconstruct the anatomy or add a fundoplication to the weak cardia [93]. However, spe-
cialised oesophageal surgeons recognise the multifactorial pathophysiologic background
of GERD and combine HH repair with a fundoplication to respond to both anatomical and
functional defects [79,81,82].

It must be emphasised that pathological reflux is associated with an increasing de-
terioration of both components of the EGJ within the hiatus, diaphragm connection, and
lower oesophageal sphincter (LES) [82]. The circumferential weakening of the phreno-
oesophageal membrane or ligament sets the initial basis for a sliding hernia, usually caused
by a predisposing weakness of the membranous structure, based on overeating, exagger-
ated fundic overstretching, and chronic effacement of the LES, leading to shortening and
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functional weakness and weakening of the phreno-oesophageal membrane, ultimately
causing hiatal herniation [81,82]. The two HH types involved in this process are Type I
(sliding) and Type III (mixed). The latter belongs to the heterogenic group of PEHs (Types
II, 111, and IV), which are classified often within PEHs, even though their pathophysiologic
origin and therapeutic approach are quite different from those of other PEHs [23,81].

In contrast, Type II (true PEH) and Type IV hernias (upside-down stomach and hernia-
tion of other organs) have no association with GERD, because, by definition, in these two
HH types, the EG] remains at the hiatal level, as only a small weak area within the circum-
ference of the phreno-oesophageal membrane allows for herniation of the fundus [7,23,81].
These patients do not have substantial reflux. Depending on the local weakness of the
tissue structures, the complete stomach may rotate and roll up into the hernia sac in
the chest, resulting in an upside-down stomach [23]. Again, the EG]J stays at the hiatal
level [7,23,81]. If the mobility of the neighbouring structures and organs, such as the spleen,
colon, and pancreas, occurs, these may also follow the greater curvature of the stomach
into the chest. This condition requires sufficient surgical expertise to perform a durable
repair [23,26,49,56,59,71,76]. Thus, this condition must be recognised and diagnosed (HH
typing) before making a therapeutic decision for surgery and selecting the appropriate
team for the procedure.

There are essential differences within the PEH group, and, if these patients are not
differentiated, a reasonable evaluation and scientific interpretation are not possible. Some
authors have recently tried to simplify the definitions of PEHs: “a PEH exists when the
fundus of the stomach is in a higher intrathoracic position than the EGJ” [94]. Another
recent consensus project resulted in the following published statement: “There was an
agreement (91%) that Para-esophageal Hiatal Hernia should be defined as the presence
of a hernia sac extending from the abdominal cavity and/or bursa omentalis through
the hiatus into the para-esophageal mediastinum and containing a variable portion of
stomach. ..” [95]. These definitions facilitate its differentiation because they leave a difficult
item out; if the cardia is still at the hiatal level, it probably prevents reflux caused by the
intact LES function and partial diaphragmatic support. However, the latter factors seem to
be very important in differentiating Types II, III, and IV and their corresponding roles in
GERD. To the authors, this seems more important than the size of the HH and/or the extent
of the para-oesophageal portion of stomach in the chest, as the surgical principal concept
of correction is similar regardless of whether 30%, 50%, or 75% of the stomach is above the
diaphragm. The latter argument may be a matter of controversy among surgeons.

As mentioned above, most HHs are diagnosed during the initial endoscopy during the
GERD diagnostic work-up. Usually, endoscopy reports do not mention whether a certain
protocol was used to carry out the size measurements and typing of the HH with minor
insufflation in order to ensure an objective assessment. If the assessment was completed at
the end of the endoscopy, after full insufflation, the data may be altered and not objective.
Thus, endoscopic assessment can be valuable, but a strict protocol is necessary.

The Hill classification, as mentioned above, is an HH classification that is established
during upper GI endoscopy through visualisation of the cardia in retroflexion and the
grading of anatomical changes [41]. In contrast to other classifications, it allows for a precise
assessment of the EG]J, especially its early widening and increasing failure in early GERD
by describing in Grade II and Grade III the gradual weakening of the cardia. Therefore,
it is an excellent addition to the Skinner and Belsey classification. Unfortunately, it does
not differentiate the major elements of differentiation in the more advanced anatomic
alterations, such as HH Types II, III, and IV. Despite this shortcoming, some authors have
seen the advantages of this classification for smaller hernia types [41].

Some surgeons favour an additional radiography to verify the anatomical relationships
of the HH within the chest [92,96]. Recently, some authors have reported their experience
with high-resolution manometry in assessing the size of HHs [97]. These methods can be
advantageous in some situations and can provide more insights. Unfortunately, in many
health systems, the vast majority of patients will continue to be diagnosed only through the
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use of endoscopy, as the costs of a more detailed diagnostic work-up are often not covered
by insurance companies [92].

Granderath et al. introduced a quantitative method to assess the width of the hiatus
during laparoscopic surgery [98]. The “hiatal surface area” is measured and calculated
intraoperatively, and some authors have found these parameters to be advantageous for
deciding on the use of a mesh enforcement of the hiatal structures [98,99]. The possible
disadvantage of this approach could be the fact that it cannot be used for preoperative
planning, which could be valuable in order to involve the patient in informed consent.

The results of this study regarding the distribution of HH types show that there can
be differences within the PEH subgroups. Data from publications where a more stringent
taxonomy was applied showed that sliding Type I had an incidence of 80-90%, while Type
II and Type IV were rather rare, with an incidence between 5 and 10% [23,25,27]. The most
frequent type among the PEH subgroups was the mixed Type III. In the present review,
these data were confirmed, with the majority of patients classified in sliding HH Type I. The
distribution among the PEH subgroups confirmed the rarer incidence of Types Il and IV, the
true para-oesophageal types of HH. The mixed Type IlI occurred the most frequently among
the PEHs associated with severe GERD, as shown in many studies [23,26,49,56,59,71,76]. A
register series from Germany showed interesting results for 3042 HH patients [100]. The
largest group of patients was the sliding Type I group (n = 2047); however, a different
distribution among the PEH subgroups was noted. Among 996 patients with Types I, I1I,
and IV, Type I accounted for 8.6%, Type III for only 28.0%, and Type IV for 45.6%, which
was very high compared with other reports in the literature [1-77]. This discrepancy could
be due to the fact that these data were collected in a registry in which surgeons could
participate and send their data selectively.

This controversy underlines again the need to differentiate the different anatomical
types of HH more accurately for the diagnosis and typing of HH. HH typing may allow
for an assessment of the severity of the disease and thus provide the GERD patient with a
prognosis. The precise type and size of HH may be important in determining the level of
surgical experience necessary to perform the operation. Additionally, precise assessment
and documentation may be valuable for further scientific evaluation and learning at any
academic institution. The possible solution for improving the classification of HH must
be based on endoscopy, which is performed during the diagnostic work-up in every
single patient with an HH. Incorporating elements of artificial intelligence may support
this. Recently, active learning (AL) systems have been established to help recognise and
classify HH based on the endoscopic Hill classification during routine upper GI endoscopy,
with remarkable results [101]. These systems could help to integrate endoscopic HH
classifications without further time-consuming effort in daily endoscopic practice.

5. Conclusions

This review shows the increasing neglect of correct HH classification and taxonomy;,
with only a minority of publications using a stringent application. The 60 reports with
detailed results confirmed the rare incidence of HH Types II and IV. Nevertheless, HH
classification is important for the following reasons: first, it provides essential informa-
tion regarding the pathophysiology and severity of the frequently associated GERD and
subsequent therapeutic decision-making, including the prognosis of the GERD patient;
second, the precise type and size of HH may be important in determining the level of
surgical experience necessary to perform the operation; and, third, precise assessment and
documentation may be valuable for further scientific evaluation at any academic institution.
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