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Abstract
Introduction: Gastroesophageal reflux disease (GERD) is considered one of the most prevalent digestive diseases in Western countries. In many cases, the symptomatic 
GERD is linked to a normal upper gastrointestinal endoscopy and new endoscopic techniques to identify the abnormalities are need. The high-definition digestive 
endoscopy coupled with narrow band imaging (NBI) could achieve a more detailed mucosal evaluation, allowing the identification of distal esophageal microerosions. 

Objectives: To validate the presence of distal esophageal microerosions as found in high-definition endoscopy with NBI and the associative pHmetry, histological, 
immunohistochemical findings of tissue specimens obtained from esophageal biopsies of patients with typical symptoms of GERD. 

Methods: A total of 70 participants were enrolled in a prospective, descriptive and cross-sectional study from a gastroenterology outpatient clinic. Endoscopic 
evaluation was sequentially performed after the pHmetry. Esophageal mucosal biopsies were obtained to perform the histological and immunohistochemical analysis. 

Results: From 70 participants, 30/70 (42.9%) showed mucosal microerosions. Both, pHmetry and histologic score for esophageal mucosa did not showed difference 
between participants with or without endoscopic microerosions. The quantitative cellular evaluation by immunohistochemistry of the esophageal mucosa was 
performed in 56/70 (80%) participants, which 27/56 (48.21%) showed microerosions. Also, no difference occurred between participants with or without endoscopic 
microerosions regarding total number of cells immunolabelled and number of cells per tissue area. 

Conclusions: No difference occurred between the groups of participants with typical symptoms of GERD and with or without esophageal microerosions screened by 
high-definition digestive endoscopy coupled with NBI regarding pHmetric, histological and immunohistochemical analysis.
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Introduction
Gastroesophageal reflux disease (GERD) has high prevalence in 

Western countries afflicting around 10-20% [1,2]. The GERD diagnosis 
is made through the referred symptoms, associated with diagnostic 
tests such as upper gastrointestinal endoscopy (UGE), ambulatory 
monitoring of prolonged pHmetry or impedance-pH monitoring, and 
clinical response to antisecretory therapy [3-5]. Approximately 30-50% 
of the patient’s present erosions or ulcers in the UGE, whereas in the 
others, there are no clear changes in the mucosa [6].

Until now, the most used reflux esophagitis classification is the 
Los Angeles Classification (LAC). However, findings of minimal 
endoscopic changes were included in a modified LAC as follow: 
M (erythema without precise demarcation, whitish mucosa and 
vessel deletion); N (normal appearance) [7]. Regarding to GERD is 

recommended the use of the LAC in the endoscopic assessment in 
patients with erosive esophagitis. In patients with grade A esophagitis, 
there is a need for diagnostic complementation to confirm GERD [8]. 
The Lyon consensus established standardization in the conduct of the 
diagnosis of GERD, proposing that only patients with LAC grade C and 
D, Barrett's esophagus and peptic stenosis would present confirmatory 
evidence of GERD, and that with LAC grade B the initial drug 
treatment with proton pump inhibitors would be recommended, but 
the need for diagnostic complementation for GERD through pHmetry 
should be highlighted if surgical treatment was need [9]. Finally, non-
erosive reflux esophagitis is defined as the presence of reflux-related 
symptoms in the absence of mucosal lesions at endoscopy. As most 
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patients with reflux-related symptoms have normal UGE, the need of 
new endoscopic techniques to identify undetected changes in standard 
endoscopy was evidenced.

Currently, several techniques are being investigated as the 
high-definition digestive endoscopy modality allowing to identify 
minimal abnormalities during the endoscopy exam [10], mainly by 
the acquisition of detailed images of the esophagus [11]. In addition, 
recently the pathophysiology of GERD was analyzed using histological 
changes and inflammatory mediators [12]. The knowledge of the 
action of inflammatory mediators and its interaction with chemical 
receptors in the esophageal mucosa are fundamental to understand the 
pathophysiology of GERD and its histological alterations.

Until the early 2000s, GERD would be motivated by a lesion 
in the stratified squamous epithelium, by the acid and enzymatic 
content of the gastroduodenal juice. The esophageal mucosa would 
initially be damaged in its luminal face in the epithelium and would 
later extend in depth to the submucosal layer, which would result in a 
proliferative response of the basement membrane. In this traditional 
model of pathophysiology, hydrogen ions and pepsin would exert a 
corrosive effect on the mucosal surface, damaging junctional epithelial 
proteins, consequently generating intramucosal inflammation 
through an infiltrate containing lymphocytes and neutrophils, which 
would produce inflammatory mediators and platelet activating factor 
[13]. On the other hand, in an experimental model of esophagitis in 
rats, induced by esophagoduodenostomy, it was observed that the 
epithelial secretion of interleukin 8 (IL-8) was acid induced and was 
the initial event in GERD, followed by an infiltration of lymphocytes 
and leukocytes in the submucosa and, later, in the mucosa. This 
inflammatory response is followed by a proliferative response of 
the mucosa (basal cell hyperplasia and papilla elongation), possibly 
implying an immunomodulated pathophysiological model in 
GERD [14,15]. 

The presence of IL-8, interleukin 1β (IL-1β) and other inflammatory 
mediators has been investigated in mucosal biopsies and in animal 
models with GERD. Both interleukins correlate with the intensity of 
endoscopic and histopathological findings, and their levels decrease 
with surgical fundoplication to Nissen or acid suppressive therapy 
with proton pump inhibitors. When the esophageal epithelium comes 
into contact with the acidic contents of the stomach, the release of 

inflammatory mediators occurs and represents the initial event in the 
chemotaxis and activation of the leukocytes in the esophageal mucosa 
and submucosa [16,17]. 

In our study we focused the attention on participants with typical 
symptoms of GERD and we used high-definition digestive endoscopy 
coupled with narrow band imaging (NBI) to identify esophageal 
microerosion. Also, esophageal pHmetry, histopathological and 
immunohistochemical methods were performed. In brief our 
main aim was to validate the presence and clinical significance of 
endoscopic microerosions in participants submitted to esophageal 
mucosal biopsies, with typical symptoms of GERD, using high-
definition digestive endoscopy coupled with NBI, prolonged pHmetry, 
histopathological and immunohistochemical tests.

Objectives
The objectives of our study were as follows:

• To validate the presence of distal esophageal microerosions as 
found in high definition endoscopy with NBI in patients with 
typical symptoms of GERD.

• To observe changes in prolonged pHmetry in patients with typical 
symptoms of GERD and distal esophageal microerosions through 
high definition endoscopy with NBI.

• To evaluate the significance of histological and immunohistochemical 
alterations of tissue specimens obtained from esophageal biopsies of 
patients with typical symptoms of GERD and microerosions in the 
distal esophagus through high definition endoscopy with NBI.

Methods
Participants

We performed a prospective, descriptive and cross-sectional 
study that invited 90 participants, during a 3-year period, from a 
gastroenterology outpatient clinic. Seventy patients were enrolled to 
have the inclusion and exclusion criteria (Figure 1). All participants 
signed an informed consent term. The study was approved by the 
Research Ethics Committee of the institution (Cappesq Nº 940569) 
and was also recorded in the clinicaltrials.gov database of the National 
Library of Medicine of the United States (NCT03824431).

90 participants performed 
pHmetry and endoscopy using 

NBI

70 participants performed 
biopsies and histopathology 

exam

Microerosion +
30 participants

Microerosion -
40 participants

27 participants performed 
immunohistochemistry (IL-6 

and IL-8)

29 participants performed 
immunohistochemistry (IL-6 

and IL-8)

20 participants were excluded:
(10) esophagitis-B Los Angeles
(3) esophagitis-A Los Angeles
(2) esophagitis-C Los Angeles

(2) atrophic gastritis
(1) psychomotor agitation

(1) columnar epithelization (Short Barrett)
(1) severe cough

Figure 1. Flux gram
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The follow inclusion criteria were used: (i) outpatients aged 18 to 
70 years; (iii) presence of typical symptoms of GERD, on at least two 
different days over a week, for a period of at least three consecutive 
months, and with conventional UGE without esophageal changes, 
performed in the last 12 months. 

The follow exclusion criteria were used (presence of): (i) hiatal 
hernia; (ii) ulcers of the upper digestive tract; (iii) drugs that interfere 
with the physiology of the esophagus; (iv) esophago-gastric surgeries; 
(v) achalasia of the esophagus; (vi) esophagitis (erosive, eosinophilic, 
medicinal, infectious, non-erosive to conventional endoscopy); (vii) 
esophageal stricture; (viii) esophageal varices; (ix) clinical situations 
that prevent more detailed evaluation of the squamocolumnar 
junction during endoscopy; (x) Barrett's esophagus; (xi) esophageal 
diverticulum; (xii) atrophic gastritis; (xiii) use of anti-inflammatories 
in the last 30 days; (xiv) inflammatory and/or immune diseases of the 
gastrointestinal tract; (xv) diagnosis of infectious diseases in the last 30 
days; (xvi) body mass index > 30 kg/m2; (xvii) pregnant women; (xviii) 
smoking habit; (xix) use of anticoagulants; (xx) comorbidities that may 
interfere with esophageal motility; (xxi) use of proton pump inhibitor 
in the last 7 days.

pHmetric

The one-channel pHmetry probe was introduced and positioned 
at 5 cm from the upper border of the lower sphincter, based on an 
esophageal manometry. The prolonged pHmetric evaluation in the 
distal esophagus was based on the percentage of the total time of the 
exam with pH < 4 at supine, orthostatic and combined positions, in 
association with symptoms, and the DeMeester score. The pathological 
pHmetry was considered when the percentage of the total examination 
time with pH < 4 was greater than 4.5% (orthostatic position: exposure 
time greater than 8.4%; supine position: exposure time greater than 
3.5%) [18,19]. The DeMeester composite score was evaluated under 
two aspects: (i) pathological pH parameter when it exceeded 14.7; (ii) 
no pathological pH parameter, regardless of its value [20].

The correlation between symptoms and pH < 4 was evaluated 
through the index of symptoms association probability. Patients who 
presented symptoms association probability > 95% and total acid 
exposure time with pH < 4 greater than 4.5% were considered as having 
hypersensitive esophagus [21,22].

The prolonged pHmetry probe was removed in the following 
day and sequentially performed high-definition digestive endoscopy 
coupled with NBI.

Endoscopic

Initially, during the endoscopic examination (Evis Excera II-
GIF-H180, Olympus Corporation, Shinjuku-ku, Tokyo, Japan) using 
white light, the esophagus was evaluated as a whole, as well as the 
presence of obvious erosions. If an obvious erosion occurred, the patient 
was excluded from the study, but digestive endoscopy was completed 
routinely until the end. Individuals who did not have obvious erosions 
during endoscopy with white light, had a more detailed circumferential 
verification of the entire squamocolumnar junction (SCJ) using NBI and 
digital zoom, coupled with a transparent cap on the tip of the endoscopy, 
in order to verify the presence of microerosions (Figure 2A-2C).

Then, the usual evaluation was done with white light of the stomach 
and duodenum. Subsequently, the biopsies were performed, and four 
fragments were obtained in the distal esophagus to 2 cm of the SCJ, next to 
the inferior quadrant seen in the endoscopic monitor (Figure 2D). To obtain 

the tissue samples, Radial Jaw 4® (Boston Scientific, Marlborough, MA) 
was used to have greater capacity to obtain representative fragments, 
both in extent and in depth [23].

Histopathologic analysis

The fragments of the esophageal biopsies were fixed in a 10% 
formalin buffer solution and embedded in paraffin for histopathological 
analysis. On average, four cuts of each fragment were performed and the 
best one (in terms of orientation and dye uptake) was selected for analysis.

The fragments obtained in the biopsies were fixed in buffered 
formalin for about 24 hs and processed into paraffin embedding. 
Histological sections of the paraffin blocks were made with a thickness 
of 3 μm and stained with hematoxylin and eosin stain.

The microscope used in the evaluation was the Eclipse E200 model 
(Nikon®, Minato-ku, Tokyo, Japan). All histological sections available 
on the histological slide of each case were initially evaluated in the 
small and medium magnifications (4x and 10x) in order to identify 
the area with maximum morphological change. This area was then 
evaluated semi-quantitatively, in the medium and large magnifications 
(10x and 40x), in relation to (Figure 3): (i) basal layer thickness [(0) < 
15%; (i) 15-30%; (2) > 30%); (ii) lamina propria elongation of papillae 
[(0) < 50%; (1) 50-75%; (2) > 75%]; (iii) dilation intercellular space 
[(0) absent; (1) mild; (2) marked]; (iv) intraepithelial eosinophilic 
inflammatory infiltrate [(0) absent; (1) one to two eosinophils, in one 
large increase field (40x); (2) > two eosinophils in one large increase 
field]; (v) intraepithelial neutrophilic infiltrate [(0) absent; (1) one to 
two eosinophils, in one high-magnification field; (2) > two eosinophils 
in one high-magnification field]; (vi) intraepithelial lymphocytic 
inflammatory infiltrate [(0) < 10 lymphocytes in one large increase 
field; (1) 10 to 30 lymphocytes in one large increase field; (2) > 30 
lymphocytes in one large increase field]; (vii) erosion [(0) absent; (2) 
present) [24,25]. A final score for each biopsy was constructed by 
adding the scores of each parameter, ranging from 0 to 14.

Immunohistochemical analysis

The immunohistochemical methodology was adjusted to detect 
interleukins in paraffin. The assertion of their operation is the positive 
controls that always accompany each reaction and the use of the kits, 
performed according to the manufacturer’s recommendations [26].

A B

DC

Figure 2. A, B and C. Endoscopic microerosions; D. Post esophageal biopsies
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After two incubations of dewaxing the histological sections with 
xylol (20 mins and 10 mins, respectively) and hydration of the sections 
in ethanol (100%, 95% and 70%), endogenous peroxidase blockade 
was performed with three passages of 10 mins each, in 3% hydrogen 
peroxide solution (10 volumes) in a darkroom. The slides were washed 
in running water for five mins, distilled water and phosphate buffered 
saline (PBS) pH 7.4.

The antigenic exposure was done in a water bath with Tris-EDTA 
solution (Hydroxymethyl-Aminomethane/ethylenediaminetetraacetic 
acid) pH 9.0 for 20 mins at 95 °C in water bath (Dako® S236784-2, 
Agilent, Santa Clara, CA). Wash under running water, distilled water 
and in PBS buffer for five mins. Incubation was carried out with 10% 
skimmed milk in distilled water for 30 mins at room temperature.

Incubation with the primary antibody [goat anti-IL-8 
immunoglobulin (AF-208-NA; 1:100); anti-interleukin 6 (IL-6) mouse 
immunoglobulin (NCL-L-IL6; 1:30)] was diluted in bovine serum 
albumin 1%, during an over-night period at 4 °C. Then washed in PBS 
for five mins and washed in PBS + 0.1% saponin (1 mg saponin to 100 
mL PBS pH 7.4) for 10 mins and incubated with the secondary antibody 
of the labeled streptavidin-biotin kit (Dako, K690) for 45 mins at 37 °C. 
Thereafter, further washing in PBS for five mins, PBS + 10% saponin 
for 10 mins and PBS buffer.

The incubation with streptavidin biotin complex of labeled 
streptavidin-biotin was followed for 30 mins at 37 °C. Wash in PBS for 
10 mins and revealed the reaction with 3,3 diaminobenzidine solution. 
The DAB was prepared by diluting 45 mg of this chromogen in 100 mL 
of PBS buffer pH 7.4 and adding 1,200 μL of 3% hydrogen peroxide.

The intensity of the immunostaining was made under the optical 
microscope, in known positive controls that accompany each reaction 
or IL-6 and IL-8; histological sections of the lung were used.

After the development of the reaction, the sections were washed in 
running water and contracted for one min in hematoxylin. Then, they 
were rinsed again in running water and dehydrated in increasing ethanol 
sequence, and the blades were assembled with Permount resin [27,28].

Quantification of immunohistochemical reactions

The slides prepared with the immunohistochemical techniques 
were submitted to quantitative analysis considering the area of   
the fields photographed according to standard stipulated by the 
pathologists, evaluating the entire extent of the tissue fixed in the slide, 
in a photomicroscope with a 40X objective.

The fields for analysis were obtained by photographing the 
esophageal mucosa that was the histological region of interest. The 
AxioCam MR3 camera was coupled to the microscope (Zeiss®, Jena, 
Germany) and the AxioVision 4.8 (Zeiss®) program in 40X objective. 
The analysis were continued using the Image-Pro® Plus 4 program 
(Rockville, MA), where the cells were counted immunoreacted with the 
anti-IL-8 and anti-IL-6 antibodies and the field area was measured. All 
areas were obtained in µm2.

The data was shown as number of cells quantified in each slide with 
the studied field area, obtaining a relation in number of cells by the 
measured area (µm2).

Statistical analysis

The statistical analysis was done using the stratification according 
the diagnosis of the microerosions. The descriptive analysis is shown as 
95% confidence interval (95%CI), mean, standard deviation, median, 
25th percentile (P25) and 75th (P75). The Kolmogorov-Smirnov test was 
used to evaluate the normality. In brief, the follow statistical tests were 
applied: Mann-Whitney test, chi-square test or Fischer's exact test. An 
alpha error of 0.05 was adopted in all statistical tests. The Statistical 
Package for the Social Sciences was used to perform the statistical 
analysis (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, 
Version 25.0. Armonk, NY: IBM Corp). 

Results
Population 

Seventy patients were enrolled, of which 30/70 (42.9%) presented 
microerosions. No difference between the proportion of male and 
female participants occurred regarding the diagnosis of microerosions 
(male without microerosions 25.0% (95%CI: 13.6% to 39.8%) versus 
male with microerosions 16.7% (95%CI: 6.7% to 32.7%). The mean age 
was 47.9 ± 11.26 years (18 to 70 years). Also, mean age in both groups 
regarding microerosions was equal (participants with microerosion 
50.3 ± 10.4 years and without microerosion 46.1 ± 11.6 years) (P-value 
= 0.061).

Prolonged esophageal pHmetry

At the prolonged pHmetry, participants with microerosion 
presented slightly higher values of the acid and extended acid refluxes 
in the distal sensor, and in the DeMeester score, but these results were 
not statistically significant (Table 1).

Regarding the diagnoses of the prolonged pHmetry, 52/62 (83.9%) 
of the participants presented normal pH without to consider the 
DeMeester score. Using the score, two participants were reclassified 
50/62 (80.6%). The presence of microerosions occurred in 58.3% 
(95%CI: 31.2% to 82.0%) of the pathological ones in the first case and, 
in 50.0% (95%CI: 25.9% to 74.1%), in the second case (Table 2).

Figure 3. A. Presence of immunolabelled cells in the analysis of IL-6 in participants with 
microerosions; B. Presence of immunolabelled cells in the analysis of ILi8 in participants 
with microerosions
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pHmetry parameters
Microerosions - Microerosions +

P-valuea

Mean ± SD Median (IIQ) Mean ± SD Median (IIQ)
Nº Total distal acid refluxb 14.0 ± 12.4 10.0 (5.0-20.0) 19.4 ± 15.4 18.0 (6.0-29.0) 0.149
Nº Extended distal acid refluxes 1.3 ± 2.5 0 (0-2.0) 1.5 ± 2.0 1.0 (0-2.0) 0.452
Total time fraction distal acid refluxc 2.0 ± 3.0 1.0 (0-2.0) 3.0 ± 3.0 2.0 (0-4.0) 0.215
Orthostatic distal acid reflux fraction time 3.0 ± 3.0 1.0 (0-3.0) 3.0 ± 3.0 3.0 (1.0-4.0) 0.355
Supine distal acid reflux fraction time 1.0 ± 3.0 0 (0-1.0) 3.0 ± 5.0 0 (0-5.0) 0.598
DeMeester score 10.3 ± 11.2 8.1 (2.8-11.7) 12.5 ± 12.1 7.7 (2.6-20.5) 0.505
Immunohistochemical analysis
Interleukin-6 Mean (SD) Median (IIQ) Mean (SD) Median (IIQ) P-valuea

Nº. total cellsd 0.10 ± 0.50 0 (0-0) 1.40 ± 3.70 0 (0-0) 0.095
Total area (µm²) 0.22 ± 0.04 0.22 (0.18-0.26) 0.23 ± 0.04 0.22 (0.21-0.26) 0.259
Nº. cells/area (µm²)e 0.67 ± 2.58 0 (0-0)  6.57 ± 17.80 0 (0-0.) 0.095
Interleukin-8 Mean (SD) Median (IIQ) Mean (SD) Median (IIQ) P-valuea

Nº. total cellsf 0 (1.00) 0 (0-0) 0 (1.00) 0 (0-0) 0,351
Total area (µm²) 0.22 (0.03) 0.22 (0.21-0.26) 0.22 (0.03) 0.22 (0.21-0.26) 0,946
Nº. cells/area (µm²)g 0.54 (2.55) 0 (0-0) 1.26 (3.70) 0 (0-0) 0,344

Table 1. Association of esophageal pHmetry parameters and immunohistochemical analysis between participants with gastroesophageal reflux disease symptons, with or without 
microerosions

a: P-value based on the Mann-Whitney test. Alpha = 0.05; b: 1 – β = 0.680); c: 1 – β = 0.890; d: 1 – β = 0.780; e:1–β = 0.760; f:1–β = 0.564; g:1–β = 0.578.    

Microerosions - Microerosions +
Parameters

N %
95%CI

N %
95%CI

Inferior Superior Inferior Superior P-valuea

Without DeMeesterb

Distal pathological pH 5 41.7% 18.0% 68.8% 7 58.3 31.2% 82.0%
0.400

Distal normal pH 30 60.0% 46.2% 72.7% 20 40.0 27.3% 53.8%
With DeMeesterc

Distal pathological pH 7 50.0% 25.9% 74.1% 7 50.0 25.9% 74.1%
0.410

Distal normal pH 28 58.3% 44.2% 71.5% 20 41.7 28.5% 55.8%
Basal layer hyperplasia
0 26 65.0% 49.6% 78.3% 22 73.3 55.9% 86.5%

0.316
1 14 35.0% 21.7% 50.4% 8 26.7 13.5% 44.1%
Papillary elongation 
0 32 80.0% 65.8% 90.1% 22 73.3 55.9% 86.5%

0.354
1 8 20.0% 9.9% 34.2% 8 26.7 13.5% 44.1%
Intraepithelial neutrophils
0 38 95.0% 84.9% 98.9% 26 86.7 71.3% 95.3%

0.1461 1 2.5% 0.3% 11.1% 1 3.3 0.4% 14.5%

2 1 2.5% 0.3% 11.1% 3 10.0 2.9% 24.3%

Intraepithelial eosinophils

0 37 92.5% 81.3% 97.8% 23 76.7 59.6% 88.9%
0.1621 2 5.0% 1.1% 15.1% 4 13.3 4.7% 28.7%

2 1 2.5% 0.3% 11.1% 3 10.0 2.9% 24.3%
Intraepithelial lymphocytes
0 29 72.5% 57.5% 84.4% 24 80.0 63.3% 91.2%

0.7501 8 20.0% 9.9% 34.2% 5 16.7 6.7% 32.7%
2 3 7.5% 2.2% 18.7% 1 3.3 0.4% 14.5%
Dilatated intercellular spaced

0 2 5.0% 1.1% 15.1% 2 6.7 1.4% 19.7%

0.6581 28 70.0% 54.8% 82.4% 18 60.0 42.2% 76.0%

2 10 25.0% 13.6% 39.8% 10 33.3 18.6% 51.1%

Table 2. Association of the pHmetry and histological diagnosis, between participants with gastroesophageal reflux disease symptons, with or without microerosions

a: P-value based on the chi-square test or or Fisher's exact test; b: not considering the DeMeester score as one of the parameters of pathological pHmetry, 1 - β = 0.691; c: considering the 
DeMeester score as one of the parameters of pathological pHmetry, 1 - β = 0.702; d: 1 – β = 0.396.
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Other diagnoses occurred in low percentages and with similar 
distribution between groups, including absence of reflux 6/70 (8.5%) 
and symptomatic distal physiologic acid reflux 2/70 (2.8%).

The diagnostic parameters of positive microerosions in predicting 
pathological pH monitoring considering or not DeMeester score were 
evaluated. The accuracy, sensitivity and specificity were, respectively, 
0.597 (95%CI: 0.464 to 0.719), 0.583 (95%CI: 0.277 to 0.848) and 
0.600 (95%CI: 0.452 to 0.736) without considering the DeMeester 
score as one of the parameters of pathological pHmetry. On the other 
hand, considering the DeMeester score the accuracy, sensitivity and 
specificity were, respectively, 0.565 (95%CI: 0.433 to 0.690), 0.500 
(95%CI: 0.230 to 0.770) and 0.583 (95%CI: 0.432 to 0.724) using the 
DeMeester score (Table 3). 

Histopathology

In the participants with microerosion, the histological score 
was 2.6 ± 1.9 and, in the participants without microerosion was 2.3 
± 1.9 (P-value = 0.532). No difference occurred between the groups 
for dilation of intercellular spaces (P-value = 0.658). Both, normal or 
distal pathological pHmetry and histological parameters did not differ 
according the diagnosis of microerosions (Tables 2 and 4).

Immunohistochemistry

In our study, it was possible to quantitate the cells by means of 
immunohistochemistry of the esophageal mucosa in 56/70 (80%) of 
the participants [48,2% (95%CI: 35.50% to 61.10%) with microerosions 
and 51.79% (95%CI: 38.9% to 64.5%) without microerosions], because 
the lack of enough tissue to perform the analysis. Regarding the 
quantification of cells immunolabelled with the anti-IL6 antibody, only 
8/56 (14.2%) participants had at least one labeled cell.

Participants with microerosions showed 1.40 ± 3.70 cells and 
without microerosions 0.10 ± 0.50 cells (P-value = 0.095). The total 

area (μm) and no of cells/area (μm2) did not have differences between 
groups (Table 1).

Using cells immunolabelled with the anti-IL8 antibody, it was 
verified that 6/56 (10.7%) of the participants had at least one labeled 
cell. But, none of the other parameters evaluated showed statistically 
differences between the both groups (Table 1). 

Figure 4 illustrate the immunolabelled cells by IL-6 and IL-8 in 
participants with microerosions.

Discussion
The GERD symptoms are the most frequent indication to use UGE, 

mainly in Western countries; also, using UGE we can screen non-
erosive GERD (GERD-NE), erosive GERD (GERD-E) and Barrett's 
Esophagus. It is currently believed that the progression from GERD-
NE to GERD-E is uncommon (~30%) [29]. Also, in order to evaluate 
the pathophysiology of GERD, it was evident the need for studies to 
identify early factors from symptomatic patients. In this context, we 
enrolled participants with typical symptoms of GERD, exploring the 
presence of microerosions in high-definition digestive endoscopy 
coupled with NBI, esophageal pHmetry, as well as biopsies in the 
distal esophagus was done for histological and immunohistochemical 
analysis. 

In a Taiwanese study with typical symptoms of GERD, pHmetric 
parameters were compared between participants with GERD-NE and 
minimal endoscopic changes in the distal esophagus and GERD-NE 
without minimal endoscopic changes, but no difference occurred 
between the both groups. However, patients with minimal endoscopic 
changes in the distal esophagus had a lower index of positive correlation 
of symptoms in pHmetry; then minimal endoscopic alterations would 
have little influence on the pathophysiological evolution of GERD. 
Thus, the presence of symptoms in patients with minimal endoscopic 
alterations might not be related to acid reflux [30]. In addition, other 
study enrolled patients with symptomatic GERD that were stratified 
according to endoscopic findings in groups who underwent pHmetry: 
(i) mild to moderate esophagitis (LAC grades A and B); (ii) severe or 
complicated esophagitis (LAC grades C, D and Barrett's esophagus); 
(iii) asymptomatic controls with normal exams. Again, no significant 
difference between the patients with GERD-NE and patients with mild 
to moderate esophagitis occurred in the pHmetry. On the other hand, 
there was a significant difference in pHmetry parameters between 
patients with GERD-NE and asymptomatic controls [31]. In our data, 
both pHmetry parameters as well as the frequency of diagnosis of 
normal distal pHmetry and pathological pHmetry in the distal sensor 
did not show statistical difference between the groups with and without 

 Without DeMeester With DeMeester

 Estimate
95%CI

Estimate
95%CI

Inferior Superior Inferior Superior
Sensitivity 0.583 0.277 0.848 0.500 0.230 0.770
Specificity 0.600 0.452 0.736 0.583 0.432 0.724
False negative rate 0.417 0.152 0.723 0.500 0.230 0.770
False positive rate 0.400 0.264 0.548 0.417 0.276 0.568
Predictive positive value 0.259 0.111 0.463 0.259 0.111 0.463
Predictive negative value 0.857 0.697 0.952 0.800 0.631 0.916
Accuracy 0.597 0.464 0.719 0.565 0.433 0.690
Likehood ratio positive test 1.458 0.811 2.621 1.200 0.644 2.234
Likehood ratio negative test 0.694 0.343 1.408 0.857 0.482 1.524

Table 3. Diagnostic parameters of positive microerosions in predicting pathological pH 
monitoring considering or not DeMeester score in participants with gastroesophageal reflux 
disease symptoms, with or without microerosions.

Parameters
Microerosions - Microerosions +

P-valuea

Median P25 P75 Median P25 P75
Without DeMeesterb        
Distal normal pH 2 1 3 2 1 4 0.947
Distal pathological pH 1 1 4 2 1 4 0.388
With DeMeesterc        
Distal normal pH 2 1 3 2 1 4 0.388
Distal pathological pH 1 1 5 2 1 3 0.998

Table 4. Histological score stratified by normal or distal pathological pHmetry

a: P-value based on the Mann-Whitney test; b: not considering the DeMeester score as one 
of the parameters of pathological pHmetry; c: considering the DeMeester score as one of the 
parameters of pathological pHmetry.

A B
Figure 4. Inflammatory reaction in the  esophageal epithelium. A and B. normal epithelium. 
Rare lymphocytes are shown (short arrow); C and D. Epithelium and lamina propria. Rare 
eosinophils are shown (long arrow); E and F. Acanthosis of the epithelium and basal layer 
hyperplasia. Stretching and congestion of papillae and widening of intercellular spaces. 
Hematoxylin and eosin were used to identify the cells.
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microerosions. Also, we evaluated the DeMeester score under two 
aspects: (i) considering it as one of the pathological pH parameters and 
(ii) not considering it as a pathological pH parameter [32].

A comparative analysis of the parameters observed in our study with 
that performed by Tseng [33], referring to the sensitivity, specificity 
and accuracy regarding the use of high-definition digestive endoscopy 
coupled with NBI in predicting the diagnosis of GERD (pathological 
pH) showed slightly higher level of sensitivity in our study to identify 
GERD when the DeMeester score is not considered. However, due to 
the increased sensitivity of the method, there is a greater possibility of 
identifying patients who do not actually have GERD (lower specificity).

At the literature is shown a poor concordance among symptoms, 
endoscopic findings and histology findings, then routine histological 
examination of the mucosa in GERD was not recommended [34]. The 
endoscopist would be unable to predict the histological result when 
minimal changes were observed in the esophageal mucosa. But our study 
represents to a certain extent a complementation in the investigation 
of endoscopic alterations using current technological resources (high-
definition digestive endoscopy coupled with NBI) investigating also 
the participation of inflammatory factors in the establishment of 
the association of microerosions as an early finding in the evolution 
of GERD. In the present study, biopsies were important in order to 
obtain a tissue substrate for morphological and immunohistochemical 
evaluation in an attempt to define its etiopathogenesis and significance 
in the evolution of GERD.

High-definition digestive endoscopy coupled with NBI theoretically 
allow a reclassification of patients with GERD, who initially had a 
normal examination of the esophagus and who subsequently had 
erosion identification (LAC grade A) [35]. The identification of 
microerosions, makes us think of a reclassification of these patients 
analyzed to LAC grade A, since this classification is already well known 
and consecrated.

A method to obtain esophageal tissue samples with subepithelial 
layer representativeness was described in eosinophilic patients using 
high capacity biopsy tweezers tissue [23]. In our study, deeper strata of 
the esophageal epithelium were obtained, including the lamina propria. 
In the literature, there were no evaluations in patients with GERD 
symptoms and minimal endoscopic alterations using high capacity 
endoscopic tweezers in order to obtain tissue from the epithelial lamina 
propria for evaluation of inflammatory mediators.

Previously, a study using microscopic esophagitis in patients with 
GERD symptoms stratified individuals into five groups through UGE 
and impedance-pH monitoring. All patients underwent endoscopic 
biopsies of the distal esophageal mucosa and stratified analysis using a 
histological score. The prevalence of microscopic esophagitis occurred 
in GERD-E (95%), GERD-NE (77%), hypersensitive esophagus (65%), 
functional heartburn (13%) and asymptomatic controls (15%); then, 
microscopic esophagitis could distinguish patients with GERD from 
individuals with functional heartburn [25]. However, the evaluation 
of histology in the diagnosis through routine GERD biopsies is not 
recommended [3].

Another investigation using high-definition digestive endoscopy 
coupled with NBI, evaluated histology in the distal esophagus of 
patients with GERD. It was evidenced that none of the findings verified 
was significant in relation to the characteristic histological alterations 
of GERD. The study revealed histological changes compatible with 
GERD in 70.4% of the patients [36]. 

The effort to identify minimal endoscopic changes in GERD 
would only make sense if there was a significant change in the course 
of treatment or if their presence could prevent more invasive or 
uncomfortable exams (e.g. pHmetry or 24-hour impedance-pHmetry). 
The minimal endoscopic alterations do not seem to predict which 
patients would be at higher risk of progression to adenocarcinoma, nor 
would they predict a clinical or surgical response in GERD [37].

Expression of IL-8 mRNA is correlated with the degree of 
endoscopic esophagitis or infiltration of inflammatory cells, but not 
with the patients' symptoms. The expression of IL-8 mRNA for GERD-
NE was detected at lower levels than in patients with GERD-E, but at 
higher levels than in patients with normal mucosa to UGE. The IL-8 
in the esophageal mucosa may be involved in the pathogenesis of 
esophageal inflammation including non-erosive form [16].

The level of cytokines in the esophageal mucosa in the 
gastroesophageal reflux was evaluated and, both IL-8 and MCP-
1 (monocyte chemoattractant protein type 1) were elevated in the 
esophageal mucosa in GERD. The IL-8 levels correlated with the 
intensity of inflammation and IL-1β levels. Basal mucosa layer 
hyperplasia and papillary elongation were both associated with a 
higher level of IL-8 and MCP-1. The local production of cytokines may 
be involved in the onset and progression of reflux esophagitis [38,39]. 

In an evaluation of the IL-1β and IL-8 expression in the 
gastroesophageal mucosa of patients with GERD and controls, with 
respect to histomorphology parameters with erosive and non-erosive 
esophagitis, patients with GERD presented higher levels of IL-1β 
and IL-8. Also, histological analysis demonstrated a progressive 
increase in intercellular space dilatation and the degree of basement 
membrane hyperplasia when compared to controls. Erosive and non-
erosive esophagitis are associated with the induction of IL-1β and 
IL-8 proinflammatory cytokines that correlate with histomorphology 
changes in the esophageal mucosa [40].

The study with participants with erosive, non-erosive esophagitis 
and controls evaluated endoscopic biopsies of the distal esophagus 
by biomarkers [platelet activation factor, IL-8, eotaxin 1, 2 and 3, 
macrophages protein inflammatory 1α and MCP-1]. Also, an increase 
in the expression of all inflammatory mediators in the biopsy obtained 
with erosive esophagitis when compared with GERD-NE and controls 
was observed [41]. But in data, we did not find a change in IL-8 
immunoassayed cell levels compared to patients with and without 
endoscopic microerosions in high-definition digestive endoscopy 
coupled with NBI, considering the total number of immunoassayed 
cells and the number of immunoassayed cells per tissue area in 
esophageal biopsies.

Interleukin IL-6 expression has been studied in mucosal biopsies 
in patients with NERD and GERD. The result showed an increase in 
its expression compared to controls; however, no relationship was 
observed in the intensity of the endoscopic inflammation gradation 
[42]. In our study, no statistical difference occurred regarding total 
number of immunolabeled cells for IL-6 and number of immunolabeled 
cells per tissue.

In general, long-term storage of paraffin blocks does not 
significantly affect immunohistochemical staining. At the literature is 
shown stable antigenicity of freshly cut sections of blocks that were up 
to six decades old, especially for cytoplasmic antigens. On the other hand, 
antigens located in the membrane and cell nuclei show a faster decay in 
immunostaining, with adequate preservation in up to a decade [43].
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The choice of the location level for esophageal biopsies was based 
on the fact that, in places close to SCJ, there could be a histological 
and immunohistochemical alteration caused by physiological 
gastroesophageal reflux. For this reason, the 2 cm level of SCJ was 
chosen. On the other hand, biopsies performed at more proximal levels 
would have a lower sensitivity for histological changes in GERD. The 
choice for performing “endoscopically normal” mucosal biopsies in 
the vicinity of the microerosions was that the tissue structure would 
be more preserved to define histological and immunohistochemical 
impairment. 

In a systematic review to identify biomarkers for GERD using 
patients with normal endoscopy and excluding the use of conventional 
impedance-pH monitoring was concluded that there is no biomarker 
isolated for GERD, considering the multifactorial pathophysiology of 
this condition [44]. Finally, in the present study, with the methodology 
used, it was not possible to identify structural alterations between 
patients with and without microerosions. This finding could represent 
that microerosions would be an observation of random significance, 
possibly unimportant in the pathophysiology and evolution of GERD. 
Otherwise, the occurrence of microerosions could represent a very early 
picture in the evolution of the pathophysiology of GERD, which may 
partially explain the non-statistical significance of the results obtained.

Perspective

A new evaluation during a follow-up period should be done in 
current participant, including endoscopic microerosions analysis, 
with new biopsies. Moreover, the use of high-definition digestive 
endoscopy devices with magnification could improve the sensitivity 
in identifying minimal endoscopic changes, including microerosions. 
Finally, further studies with the identification of minimal endoscopic 
changes are possible with high-definition digestive endoscopic devices 
with magnification, together with the reflux type analysis by means of 
impedance-pHmetry, which may be complemented by evaluations of 
associations with histological changes such as dilation of intercellular 
spaces and also the expression of cell junction proteins. The constant 
progress in the field of artificial intelligence in the medical field, 
especially with the development of computational models, through 
image analysis tools previously stored in a database, we can assume 
that the identification of subtle endoscopic changes, such as minimal 
endoscopic changes in GERD may be more and better identified. 
With this new perspective, through deep learning analysis, esophageal 
images can be evaluated by multilayer textures, based on a historically 
accumulated set of illustration algorithms, opening a new field of 
GERD`s research.

Conclusions
The conclusions of our study were as follows:

• The presence of esophageal microerosions in high definition 
endoscopy exams with NBI in patients with typical symptoms of 
gastroesophageal reflux was a frequent finding, being observed in 
42.9% of the study patients.

• Patients with oesophageal microerosions in high-definition 
endoscopy exams with NBI did not present statistically significant 
changes in the assessment of prolonged pH-metry, compared to 
patients without micro-erosions (controls).

• Histological and immunohistochemical evaluation of oesophageal 
biopsies in patients with oesophageal microerosions in high-
definition endoscopy exams with NBI did not show any statistically 
significant difference in relation to controls.
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