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Abstract

The histological diagnosis of gastroesophageal reflux disease is generally believed to be a tool of limited value.
Recent data, however, indicate that histology may be useful for the management of patients with non-erosive reflux
disease, who account for up to 60% of all patients with reflux symptoms. Early diagnosis of gastroesophageal reflux
disease is crucial because chronic reflux esophagitis is a key risk factor for the development of Barrett´s esophagus,
which predisposes to esophageal adenocarcinoma. Histologically, reflux esophagitis is characterized by basal cell
hyperplasia, papillary elongation, dilation of intercellular spaces, and inflammatory infiltration. These reflux-induced
changes of the squamous epithelium are mainly related to the diagnosis of acute and/or active reflux. The chronic
consequences of gastroesophageal reflux disease are mainly characterized by metaplatic mucosal replacement.
The origin and significance of cardiac mucosa at the gastroesophageal junction are still controversial However,
evidence is accumulating that injury and repair related to gastroesophageal reflux disease contribute to its
development and/or expansion. Multilayered epithelium, defined as hybrid epithelium with characteristics of both
squamous and columnar epithelium has been identified as a new sensitive marker of gastroesophageal reflux
disease. This epithelium may be the precursor of metaplastic cardiac mucosa, and ultimately Barrett’s esophagus.
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Introduction
Gastroesophageal reflux disease (GERD) is a common disease. The

incidence of GERD is rising worldwide, with the highest prevalence in
the Western world (Europe 23.7% and USA 28.8%) and increasing
prevalence even in Asia (East Asia 2.5-9.4%, Mid Asia 7.6-19.4%, and
Western Asia 12.5-27.6%) where GERD has not traditionally been a
major health problem in the past [1,2].

Typical GERD symptoms are heartburn and regurgitation.
Additionally, patients may report symptoms such as epigastric pain or
sleep disturbance [2]. It is of note that GERD comprises a large
spectrum of clinical manifestations [2,3], including patients with
typical symptoms and endoscopic diagnosis of esophagitis, but also
patients without GERD symptoms, yet endoscopic diagnosis of
esophagitis with varying extent of mucosal breaks, which is nowadays
mainly graded according to the modified Los Angeles classification
[4,5]. Non-erosive reflux disease (NERD) is characterized by the
presence of troublesome reflux symptoms, abnormal pH monitoring,
absence of endoscopically visible lesions [2], but with histological
changes of the squamous epithelium, that is microscopic esophagitis
[2,3]. NERD patients account for up to 60% of all patients with reflux
symptoms. The mechanisms involved in the pathogenesis of NERD are
complex and multifactorial [6]. Early diagnosis of GERD is crucial
because chronic reflux esophagitis is a key risk factor for the
development of Barrett´s esophagus, which is a precursor lesion for
esophageal adenocarcinoma [7,8].

According to recently published practice guidelines of the American
College of Gastroenterology a presumptive diagnosis of GERD can be
made on the basis of typical symptoms [9,10]. Improvement of reflux
symptoms on empiric medical therapy with a proton pump inhibitor
(PPI) ideally confirms this symptom-based diagnosis (so-called PPI
test) [9,10]. It is of note that upper gastrointestinal endoscopy is only
recommended in the presence of permanent alarm symptoms and
screening of patients at high risk for complications. Hence, endoscopy
with biopsy from the distal esophagus and/or the gastroesophageal
junction (GEJ) is currently not part of routine patient evaluation
[9,10].

In this review, we will focus on the histological diagnosis of GERD,
referring to different morphological features, which are altered due to
acute and/or chronic acid exposure. Specifically, we will refer to
GERD-induced changes of the squamous epithelium, which are mainly
related to the diagnosis of acute and/or active GERD, but also to the
chronic consequences of GERD at the GEJ, which are mainly
characterized by metaplatic mucosal replacement.

The Histopathology of GERD – General Principles
The esophagus is lined by nonkeratinizing, stratified squamous

epithelium, and the stomach by columnar epithelium, respectively
[11,12]. The border between the stomach and the esophagus, that is the
GEJ, contains the lower esophageal sphincter, which is characterized as
a variable zone of 2-4 cm in length and a pressure of approximately
10-26 mmHg, which is well above both intragastric and
intraesophageal pressures [11,12].

Upon endoscopy, the GEJ is the point, where the tubular esophagus
meets the gastric mucosal folds [12,13], also known as the “Z-line”
[11]. In “normal” individuals, the GEJ is identical with the
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squamocolumnar junction (SCJ), the histological transition point
between esophageal squamous and gastric columnar epithelium. In
patients with GERD, the SCJ moves proximally as a result of metaplasic

change (Figure 1). Thus, the histological SCJ is located above the
anatomical GEJ [12].

Figure 1: The anatomy of the gastroesophageal junction (GEJ) and the squamocolumnar junction (SCJ) in GERD (modified from [12]). In
normal individuals (A), the SCJ is located directly at the proximal margin of the gastric folds which corresponds to the anatomic GEJ. In
patients with GERD (B), the SCJ may become displaced proximally due to columnar metaplasia of the distal esophagus. Changes related to
acute and/or active GERD are diagnosed in squamous epithelium sampled from the distal esophagus, while the chronic consequences of
GERD are present in biopsies sampled immediately below the SCJ.

GERD is the major cause of inflammation and mucosal breaks of
the squamous epithelium in the distal esophagus. As a consequence,
the reparative capacity of the native squamous epithelium may be
unable to tolerate the acidic and/or proteolytic nature of persistent
reflux, and it adapts to the damaging stimuli by converting into
metaplastic columnar epithelium. This is due to the abnormal
differentiation of pluripotent esophageal stem cells into columnar
epithelium of gastric or intestinal type, which is more resistant to
injury from acidic gastric content [14-17].

The histological diagnosis of GERD is generally believed to be a tool
of limited value [9,18,19]. The sensitivity and specificity of histological
GERD diagnosis are generally believed to be low [18]. Several recent
studies have, however, demonstrated that histology, if systematically
applied, may render important diagnostic clues. This holds particularly
true for individuals with NERD, of whom approximately two thirds
have histological evidence of esophageal injury [20,21].

Various histological features of the squamous epithelium related to
GERD have been identified, which may be explained as response to
damage [22]. These mainly include proliferative changes of the
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squamous epithelium, such as basal cell layer hyperplasia, papillary
elongation, and intercellular space dilation, but also intraepithelial
inflammatory cell infiltration by eosinophils, neutrophils, and

mononuclear cells [21,23]. The recognition of these parameters has
recently been standardized in the Esohisto project, proving good
interobserver agreement of histological diagnosis (Table 1) [3,24].

Proliferative
changes of the
squamous
epithelium

Criterion Definition and method of assessment Severity score

Basal cell layer

Hyperplasia

Basal cell layer thickness in μm as a proportion (%) of total
epithelial thickness (10×)

0 (<15%),

1 (15–30%),

2 (>30%)

Papillary

Elongation

Papillary length in μm as a proportion (%) of total epithelial
thickness (10×)

0 (<50%),

1 (50–75%),

2 (>75%)

Dilated

intercellular

spaces

Identify as irregular round dilations or diffuse widening of
intercellular space (40×)

0 (absent),

1 (<1 lymphocyte),

2 (≥1 lymphocyte)

Inflammatory
infiltrate

Intraepithelial

Eosinophils

Count in the most affected high-power field (4×0) 0 (absent),

1 (1–2 cells),

2 (>2 cells)

Intraepithelial

Neutrophils

Count in the most affected high-power field (40×) 0 (absent),

1 (1–2 cells),

2 (>2 cells)

Intraepithelial

mononuclear

cells

Count in the most affected high-power field (40×) 0 (0–9 cells),

1 (10–30 cells),

2 (>30 cells)

Table 1: Histologic criteria for the recognition and assessment of microscopic lesions related to gastroesophageal reflux disease (GERD) – the
Esohisto project criteria [3].

The identification (and subsequent validation) of additional
parameters may further help to re-define the role of histology in the
routine work-up of patients with suspected GERD. These may include
changes related to GERD that are encountered outside the squamous
epithelium. Multilayered epithelium, defined as hybrid epithelium with
characteristics of both squamous and columnar epithelium, and
cardiac mucosa, the origin of which is currently under debate, are the
most promising candidates [25-29].

The Diagnosis of Active GERD
The histological diagnosis of GERD is based mainly upon reactive

changes of the squamous epithelium as a response to luminal acid
exposure, qualifying for a diagnosis of active and/or acute GERD. Basal
cell layer hyperplasia and elongation of stromal papillae are the
immediate consequences of epithelial regeneration
(“hyperregeneration”) [21-23].

The thickness of the basal cell layer is measured in comparison to
the total epithelial thickness [3,23,24]. In the normal esophagus, basal
cells comprise up to 2-6 cell layers (<15% of total epithelial thickness)
[3,24,30]. For assessing papillary elongation the most extended stromal
papilla approaching the epithelial surface should be evaluated [3,24].
In healthy individuals, the papillary length is less than 50% of the total
epithelial thickness [24,31]. Both parameters, that is, basal cell layer
hyperplasia and papillary elongation, show good results in the
histologic diagnosis of GERD (Figure 2) [32].

Figure 2: Active reflux esophagitis with basal cell layer hyperplasia
and elongation of stromal papillae (A, original 100×). High power
view showing dilation of intercellular spaces (B, original 200×).

The dilation of intercellular spaces within the squamous epithelium
has been identified as another histological feature, which is related to
persistent luminal acid exposure [33]. The detachment of
interepithelial cell junctions results in irregular round or diffuse spaces
between the epithelial cells, which can easily be detected upon light
microscopy [3,24]. In particular, patients with NERD show scores of
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dilated intercellular spaces three times higher than healthy controls
[21,34,35]. The dilation of intercellular spaces has proven good
interobserver agreement [36].

Acidic reflux causes, however, also an increase in inflammatory
cells, both within the squamous epithelium and the underlying stroma.
It is believed that the dilation of intercellular spaces enables acid to
reach the epithelial basal membrane, thereby attracting the
inflammatory response, but also adding to GERD-related nociception.
Inflammatory cells that occur in GERD include neutrophils [37],
eosinophils [38,39] and mononuclear cells [40,41]. It is of note that the
inflammatory cell reaction is an unspecific histological feature, as
microscopic esophageal inflammation may likewise occur independent
of reflux disease [42].

The histological features of GERD affecting the squamous
epithelium have recently been evaluated in the Esohisto project, a
multinational initiative for the standardized recognition of
microscopic lesions in patients with GERD [3]. In that project, the
authors standardized the criteria for diagnosis, introducing a severity
score for each parameter ranging from 0 to 2. The histological
diagnosis of GERD based upon the Esohisto criteria proved good
interobserver agreement, ranging from 64% (phase I, after
development of criteria) to 97% (phase II, after refinement of criteria
and consensus discussion) [3,24].

In a subsequent paper, the same group of authors introduced a
combined severity score to assess the severity of individual lesions
[3,24,31]. This score is restricted to basal cell layer hyperplasia,
papillary elongation, dilation of intercellular spaces, and the presence
of intraepithelial eosinophils, as these four features are considered to
be the most informative elementary lesions (Table 2) [31]. The
combined severity score is calculated by summing up lesion scores
divided by the number of lesion types assessed. Scores 0-0.25 are
regarded as normal, scores 0.5-0.75 qualify for a diagnosis of “mild”
esophagitis, and scores ≥1 for a diagnosis of “severe” esophagitis,
respectively [24,31].

Criterion Combined Severity Score

Basal cell layer
hyperplasia

Sum of lesion severity
scores divided by the
number of lesions assessed

Normal mucosa

Severity score of
0-0.25

Mild esophagitis

Severity score of
0.5-0.75

Severe esophagitis

Severity score of
≥1.00

Papillary elongation

Dilation of intercellular
Spaces

Intraepithelial
eosinophils

Table 2: Combined severity score for the microscopic diagnosis of
refluxesophagitis [24,31].

Levels of interobserver agreement were tested for all features.
Agreement was 64% for dilation of intercellular spaces, and was in the
range 73-74% for basal cell layer hyperplasia, papillary elongation, and
intraepithelial mononuclear cells, and 83-97% for intraepithelial
eosinophils, intraepithelial neutrophils, active erosions, and healed
erosions [3,24,31].

In the histoGERD trial, we validated the histological criteria as
defined in the Esohisto project, demonstrating that histology is
significantly associated with patients’ symptoms and also the

endoscopic diagnosis of esophagitis [43]. It is of particular note, that
histological changes may already be present in symptomatic
individuals with normal endoscopy, indicating higher sensitivity of
histological diagnosis [43]. These data suggest that histology, if
systematically applied, contributes important diagnostic clues to the
diagnosis of GERD. This may be particularly relevant for patients with
NERD [44].

The Diagnosis of Chronic GERD
The columnar epithelium at the GEJ can be classified in three

distinct epithelial types originally described by Paull et al. [45] in 1976
with further modifications made by Chandrasoma et al. [25].

Pure gastric oxyntic mucosa (OM) is formed of glands composed
entirely of parietal and chief cells without mucous cells.

Pure cardiac mucosa (CM) is formed of glands composed of
mucous cells only without parietal cells (Figure 3).

Figure 3: Cardiac mucosa with glands composed of mucous cells
only without parietal cells (original 100×).

Oxytocardiac mucosa (OCM) contains glands with a mixture of
mucous cells, parietal cells, and chief cells.

The three epithelial types may encounter in a zonal distribution
pattern with CM accounting for the most proximal part of the
columnar epithelium and OM for the most distal part, while OCM is
found interposed between the other two types [25,45].

Traditionally, CM has been considered as the most proximal part of
the stomach, that is “cardia ventriculi”. On the physiological level, it
constitutes a natural buffer zone between the stomach and the
esophagus that aims to resist reflux of acidic gastric content. A
malignant growth in this region is referred to as carcinoma of the
cardia and regarded as a gastric neoplasm [12,46].

Origin and significance of CM are controversial, as well as its
precise location and extent. For some authors CM is congenital, thus
representing a normal structure that is present from birth [47-52],
possibly with expansion due to postnatal exposures [48,51]. Others
refer to CM as a lesion that is acquired during postnatal life [25,53-57]
and a specific and sensitive marker of GERD.

Already in 1997, Öberg et al. [55] related CM to GERD. In their
study CM and carditis were associated with deterioration of lower
esophageal sphincter characteristics and increased esophageal acid
exposure. Chandrasoma et al. [25] investigated 71 patients with reflux
disease and observed CM and/or OCM in all of them. Patients with a
CM/OCM length >2 cm had a markedly higher acid exposure than
patients with a CM/OCM length <2 cm. This finding suggested that
the presence of CM and OCM at the GEJ are predictive of abnormal
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acid exposure, and that increasing CM/OCM length correlates with the
amount of acid exposure. These data allowed the authors to conclude
that the presence of CM/OCM can, as a sensitive histologic marker,
predict the severity of GERD [25].

Several autopsy studies conducted on fetuses, children and
adolescents reported CM and OCM in every individual [48-50],
thereby arguing that CM is a normal finding, present at birth, hence
congenital. In the histoGERD trial CM was present in two out of three
individuals undergoing gastroscopy for unselected reasons [58]. It is of
note that the presence of CM was related to patients´ symptoms and
the endoscopic diagnosis of esophagitis. On the histological level, CM
was significantly associated with the histologic features of the
squamous epithelium that are related to reflux disease (compare
above). These findings, in particular the association between CM and
microscopic esophagitis, indicate that CM is at least in part a
metaplastic lesion related to chronic GERD. In support of this
hypothesis, Glickman et al. [51] reported an association between the
length of CM and the diagnosis of active esophagitis also in pediatric
patients. Taken together, our data and the data from others suggest that
injury and repair related to GERD contribute to the development
and/or expansion of CM [58].

The so-called “multilayered epithelium” (MLE) is a distinct type of
epithelium with morphological and immunocytochemical
characteristics of both squamous and columnar epithelium (Figure 4).
This epithelium has been suggested to be the precursor of Barrett's
esophagus [27,28,59]. In 1993, Shields et al. [59] were the first to report
the presence of a distinctive cell type at the GEJ with features
intermediate between those of squamous and columnar epithelium.
The surface characteristics of this cell type were strikingly similar to
those of cells found in the transformation zone of the uterine cervix, an
area in which squamous epithelium physiologically replaces columnar
epithelium.

Figure 4: Multilayered epithelium defined as hybrid epithelium with
characteristics of both squamous and columnar epithelium,
characterized by squamoid cells in its basal layers and columnar
mucus cells in its superficial layers, respectively (original 200×).

The presence of MLE was related to GERD-induced inflammation
[60,61] and goblet cell metaplasia in patients with endoscopic evidence
of esophageal columnar epithelium, that is, Barrett’s esophagus
[28,59,62,63]. Glickman et al. [61] analyzed 27 patients with Barrett’s
esophagus, 12 patients with GERD, and 18 controls. The authors
observed MLE in 33% of patients with Barrett’s esophagus and GERD,
respectively, but not in controls. In the histoGERD trial we confirmed
these observations: MLE was identified in about every tenth individual
undergoing upper GI endoscopy. The histologic diagnosis of MLE was
associated with increasing age, indicating that MLE is an acquired

lesion. In addition, MLE was associated with high BMI and presence of
hiatal hernia, both well recognized risk factors for GERD [64]. Finally,
the presence of MLE was significantly associated with the endoscopic
diagnosis of esophagitis. Of note, MLE was identified in 28 of 450
(6.2%) individuals with normal GEJ (Los Angeles category N) and 34
of 303 (11.2%) individuals with minimal changes, suggesting a higher
sensitivity of histologic diagnosis [64].

But MLE is not only interesting as a new and sensitive marker of
GERD, it is also interesting from a biological point of view, as the
origin of Barrett’s metaplasia is still unclear [64]. In the histoGERD
trial we were able to show that the presence of MLE is significantly
associated with the presence of CM (and OCM). Furthermore, MLE
was significantly associated with the endoscopic diagnosis of Barrett’s
esophagus.

According to Odze [12], columnar metaplasia of the distal
esophagus represents a squamous to columnar metaplastic change that
may develop from an esophageal stem cell through an intermediate
phase characterized by MLE. Intestinal metaplasia, that is, the
development of Barrett’s esophagus occurs as a second columnar to
columnar metaplastic change that may develop from a stem cell
located within the deep foveolar compartment of the (metaplastic)
columnar epithelium, most probably under the influence of strong and
persistent acid reflux [16,17]. In summary, MLE may be the precursor
of columnar metaplasia, thereby providing the soil for the possible
subsequent development of intestinal metaplasia, that is Barrett’s
esophagus, but it does not seem to be the immediate precursor of
intestinal metaplasia [64].

Conclusion
Though histology is not recommended in the current guidelines for

the diagnosis and management of GERD, histologic analysis of
biopsies sampled from the GEJ appears to be a valuable tool, particular
in patients with NERD. The adherence to standardized and clinically
validated criteria may improve diagnostic accuracy.

Specifically, histology may be used to diagnose active GERD,
characterized by proliferative changes of the squamous epithelium and
by inflammatory infiltrate. These criteria have recently been defined in
the Esohisto project, proving low interobserber variation. The
histological diagnosis of GERD should be based upon these criteria.
The routine inclusion of scoring values is, however, not recommended
for the pathology report.

Inflammation due to chronic GERD causes metaplastic changes.
This may lead from MLE to CM, and ultimately to intestinal
metaplasia and Barrett’s esophagus.
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