
ABSTRACT
Background: dilatation of the intercellular spaces by electron

microscopy has been considered as an early morphological mark-
er of tissue injury in gastroesophageal reflux disease. The degree
of dilatation in Barrett's esophagus is currently unknown.

Objectives: to determine the frequency of dilated intercellular
spaces in Barrett's esophagus.

Material and methods: cross-sectional and prospective
analysis of consecutive patients with gastroesophageal reflux dis-
ease. We selected symptomatic patients > 18 years and both sex-
es. Patients with recent PPI use (< 14 days), H-2 antagonists,
NSAID’s or previous upper GI tract surgery were excluded. Vari-
ables included: clinical-demographic data, Carlsson-Dent score,
conventional endoscopy findings, pH-metry results (in non-ero-
sive) and normal mucosal biopsies at 2 and 5 cm above the
squamocolumnar junction. Dilation of intercellular spaces was
measured by electron microscopy. Statistics: Chi square test with
a significance level 0.05 was calculated. The following four groups
were compared: a) non-erosive reflux disease (n = 14); b) erosive
esophagitis (n = 5); c) Barrett's esophagus (n = 13); and d) healthy
controls (n = 5).

Results: the dilation of intercellular spaces was increasingly
greater from non-erosive reflux to Barret´s esophagus and higher
in biopsies taken at 5 cm than at 2 cm of the squamous columnar
junction (2.72 ± 1.35 vs. 1.71 ± 0.48 µm) (p = 0.001). There
was no difference between biopsies at 2 and 5 cm in the other
groups.

Conclusion: dilation of intercellular spaces was greater in
Barrett's esophagus than in the other groups and higher at 5 cm
from the squamocolumnar junction.

Key words: Erosive esophagitis. Barrett’s esophagus. Dilated in-
tercellular spaces. Gastroesophageal reflux disease.

RESUMEN

Introducción: la dilatación de los espacios intercelulares me-
diante microscopia electrónica se considera un marcador morfoló-
gico temprano de daño tisular en la enfermedad por reflujo gas-
troesofágico. El grado de dilatación en el esófago de Barrett se
desconoce actualmente.

Objetivos: determinar la frecuencia y grado de la dilatación
de los espacios intercelulares en el esófago de Barrett.

Material y métodos: series de casos consecutivos con análisis
transversal y prospectivo de pacientes con reflujo gastroesofágico.
Criterios de selección: > 18 años, sintomáticos, ambos sexos. Se
excluyeron aquellos con ingesta de IBP, antagonistas H-2, AINE y ci-
rugía previa. Tomamos datos clínicos, cuestionario de Carlsson-
Dent, endoscopia, pH-metría (no erosivos), y biopsias de la mucosa
normal a 2 y 5 cm por encima de la unión escamo-columnar. La me-
dición de la dilatación de los espacios intercelulares fue por microsco-
pia electrónica. Estadística: descriptiva. Prueba de Chi-cuadrado con
nivel de significancia de 0,05. Se compararon 4 grupos: a) enferme-
dad por reflujo no erosiva (n = 14); b) esofagitis erosiva (n = 5); c)
esófago de Barrett (n = 13); y d) controles sanos (n = 5).

Resultados: hubo mayor dilatación de los espacios intercelu-
lares en el esófago de Barrett (5 cm, 2,72 ± 1,3 µm vs. 2 cm, 1,7
± 0,48 µm) (p = 0,001). Los otros grupos mostraron menor dila-
tación y sin diferencias entre los sitios de toma de biopsias.

Conclusión: la dilatación de los espacios intercelulares fue
mayor en el esófago de Barrett predominando a los 5 cm de la
unión escamo-columnar.

Palabras clave: Esofagitis erosiva. Esófago de Barrett. Dilata-
ción de los espacios intercelulares. Enfermedad por reflujo gastro-
esofágico.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is defined as
the clinical and/or histopathological sequelae of the move-
ment of the gastroduodenal contents toward the esophagus.
Diagnosis of GERD can be symptomatic, endoscopic, and
by means of 24-h esophageal pH-metry (1,2).
Patients with GERD have a poor quality of life due to re-

current symptoms and are also at risk for complications due
to chronic esophageal exposure to gastric contents such as
erosive esophagitis (EE), peptic stricture or Barrett's esoph-
agus (BE). These findings during endoscopy allow us to as-
sume that they suffer from GERD. However, with a visibly
normal endoscopy, 24 hour esophageal pH-monitoring
identifies subjects with non-erosive GERD (NERD) (3-5).
GERD-associated histopathological changes have

been papillary elongation, eosinophilic infiltrate, and
basal hyperplasia, among others. One of the main
changes observed through electron microscopy is dilated
intercellular spaces (DIS) (3). DIS of the esophageal ep-
ithelium is an early morphological marker of tissular le-
sion. It presents in 20% of asymptomatic subjects, in
75% of subjects with NERD, and in 83.6% of subjects
with EE; DIS diameter ranges between 0.45 and 0.56, 1.0
and 2.2, and 0.80 and 2.27 µm, respectively (3,6,7).
DIS distribution is not homogeneous and can possess

radial (different quadrants) or axial (SCJ) distribution.
DIS is most frequent in the quadrant of the three and be-
tween 1 and 2 cm above the SCJ (3).
The molecular mechanism responsible for DIS is not

completely understood. It has been suggested that redis-
tribution of and changes in the protein-cell complex play
an important role, and changes in normal cell metabolism
are strongly associated with the presence of gastric or bil-
iary reflux (8-12).
The objectives of our study were to know the frequen-

cy of DIS in the different populations with GERD (EE,
NERD, and BE) and to determine whether DIS of the
esophageal epithelium above the SCJ is related with
GERD and its severity.

MATERIALAND METHODS

We carried our a descriptive transversal study of con-
secutive cases in patients with clinical GERD from
March to September 2008 at the Instituto Nacional de
Cancerología and the Digestive Physiology Unit of the
Dr. Manuel Gea González Hospital, both located in Mex-
ico City. Selection criteria included being > 18 years of
age, both genders, clinical GERD, and written informed
consent. We excluded patients from the study if they had
recent ingestion (< 14 days) of proton pump inhibitors
(PPI), H-2 antagonists, Non-steroidal anti-inflammatory
drugs (NSAIDs), sucralfate, and hiatal surgery.
We collected clinical-demographic data, age, gender,

weight, height, body mass index (BMI), and the Carls-

son-Dent self-applied symptoms questionnaire for GERD
(13) (Table I). We performed conventional endoscopy
(Olympus GIF-Q180Z) with biopsies of the esophageal
mucosa to carry out histological diagnosis, and biopsies
directed toward mucosa without macroscopic changes at
2 and at 5 cm above the Squamocolumnar junction (SCJ)
for evaluation of DIS. According to endoscopic findings,
patients were classified into four groups: I. Barrett’s
esophagus (BE); II. Erosive esophagitis (EE); III. Non-
erosive reflux disease (NERD); and IV. Healthy controls.
The biopsies taken at 2 and 5 cm of the normal squamous

epithelium (NSE) were processed to determine the degree of
DIS by means of electron microscopy at 10,000 X (JEOL
JEM-1010 model); these were conducted in automatized
form by a microscope with periodic maintenance and cali-
bration; thus, a concordance test was not warranted.

Operational definition of the variables

—Carlsson-Dent questionnaire: this is a clinical ques-
tionnaire to score the symptomatology of pyrosis and
acid regurgitation; it requires a score of at least 4 points,
70% sensitivity, and 40% specificity to establish the diag-
nosis of reflux (13,14).
—Barrett’s esophagus (BE): this is the abnormal situa-

tion of normal stratified squamous esophagus by means
of an intestinal-type epithelium with the presence of cal-
ciform cells (15,16).
—Erosive esophagitis (EE): EE is inflammation of

chemical origin of the distal esophagus produced through
chronic contact of the mucosa and the gastric or biliary
reflux. Its presence is reported in 2% of patients with re-
flux, and manifests itself clinically by pyrosis and regur-
gitation in 75% of patients (16).
—Non-erosive reflux disease (NERD): this comprises

a pathological reflux of the gastric content of the esopha-
gus in a sufficient amount to produce symptoms in the
absence of distal third esophageal macroscopic lesions
(16,17).
—Dilated intercellular spaces (DIS): these comprise

the increase of intercellular spaces of the keratinized
epithelium of the esophagus. It is composed of dilation
of the spaces at an intercellular distance of > 0.56 mi-
cras. It presents in 20% of asymptomatic subjects, 75%
of patients with NERD, and in 83.6% of patients with
EE (3).

—Control group: this group was made up of healthy
subjects, asymptomatic, with negative endoscopy for le-
sion, without antecedents of smoking and alcoholism,
with a Carlsson-Dent questionnaire score of 0.

Descriptive statistics

For nominal variables, we employed the Chi squared
test with a significance level of 0.05. For analysis, we
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compared the following four groups: a) NERD, group I;
b) EE, group II; c) BE, group III; and d) healthy controls,
group IV.

RESULTS

There were 32 patients with GERD (13 with EB, 14
with EE, five with NERD), and five healthy controls who
grouped as follows: group I (BE, n = 13): eight males and
five females, with an average age of 59.8 ± 11.2.3 years
(52.14-67.51 years); group II (EE, n = 14) five males and
nine females, with an average age of 51.57 ± 15.2 years
(range, 43.13-60.01 years); group III (NERD, n = 5) two
males and three females, with an average age of 49.00 ±
13.3 years (range, 35.33-62.67 years), and group IV
(healthy controls, n = 5), two males and three females,
with an average age of 50.50 ± 10.6 years (range, 36.71-
63.29 years).
Pyrosis was present in 11/13 patients with BE, in

12/14 of patients with EE, in 5/5 of patients with NERD,
and in 0/5 controls with negative Carlsson-Dent ques-
tionnaire. No statistically significant differences were
found among the groups for age (p = 0.26), weight (p =
0.52), BWI (p = 0.91), and the Carlsson-Dent structured
questionnaire (p = 0.82) (Table I).
Light smoking was reported in 9, 4, 2, and 0 cases, re-

spectively, and social drinking of alcohol in 4, 6, 2, and 0
cases, respectively. Endoscopy demonstrated hiatal her-
nia in 6/13 patients with BE, in 12/14 patients with EE,
and in 1/5 of patients NERD. Endoscopy provided evi-
dence of lesions of the mucosa in the different subgroups
(Fig. 1).
Patients with NERD achieved an average DeMeester

classification score of 36.6 ± 19.9% (95% CI, 25.22-
48.11).
Histologically, peptic ulcer was reported in all cases of

EE and NERD, and specialized intestinal metaplasia with

calciform cells in cases of BE. The grades of DIS are
shown in table II and figure 2. In patients with BE, we
observed more DIS at 5 cm than at 2 cm of the SCJ (2.72
± 1.35 µm vs. 1.71 ± 0.48 µm (p = 0.001); on the other
hand, less evidence of DIS was noted in the non-erosive
and erosive varieties than in BE, and no differences were
observed among biopsy sites.

DISCUSSION

In our study, DIS was documented in all cases of
GERD (erosive, non-erosive, and Barrett’s esophagus).
The greatest DIS was in BE, which was more at 5 cm
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Table I. Clinical-demographic characteristics of the different groups

Variables BE EE NERD Control p
n = 13 n = 14 n = 5 n = 5

Average age 59.8 51.57 49.00 50.50 0.23
95% CI 52.02-67.67 43.13-60.01 36.33-62.67 36.71-63.29
SD 11.2 15.29 11.9 10.6

Average weight 66.76 64.64 65.40 73.40 0.36
95% CI 60.20-73.33 58.22-71.06 56.15-76.65 62.23-84.57
SD 11.7 12.77 8.36 5.46

Average BWI 25.61 25.14 24.60 26.00 0.91
95% CI 23.29-27.94 22.5-27.79 20.59-28.61 22.27-29.73
SD 4.84 3.97 1.52 0.70

Average Carlsson-Dent
questionnaire score 7.07 6.57 6.8
95% CI 5.19-8.90 4.89-8.25 3.64-9.95 0 0.82
SD 3.7 2.77 4.82
BE: Barrett’s esophagus; EE: erosive esophagitis; NERD: non-erosive reflux disease; 95% CI: 95% confidence interval; SD: standard deviation; BWI: body weight index.

Fig. 1. A. Circumferential Barrett’s esophagus. B. Short-segment Ba-
rrett’s esophagus (stained with acetic acid). C. Conventional endosco-
pic imaging with esophageal erosions. D. Short-segment Barrett’s eso-
phagus with digital chromoscopy (narrow band imaging –NBI–).



than at 2 cm (2.72 ± 1.35 µm vs. 1.71 ± 0.48 µm). DIS
was less in the erosive and non-erosive varieties, and did
not exhibit differences among biopsy sites. A tear in the
esophageal mucosa barrier is manifested as DIS; this ex-
pression has been identified as an early biological marker
of esophageal damage (dilation of > 0.7 µm) (3). Recent
studies have demonstrated the presence of DIS as a mor-
phological characteristic of the patient with GERD, inde-
pendently of whether there was erosive disease or not.
Van Melestein et al. (3) reported that DIS at 2 cm of

SCJ was similar for erosive (0.80-2.27 µm) and non-ero-
sive esophagitis (1.00-2.20 µm) (p = not significant
[NS]); Caviglia and colleagues (2) also observed no sta-
tistically significant differences between both groups
with biopsies taken at 5 cm of the SCJ (1.41-1.43 µm) (p
= NS); however, the latter authors report that in the con-
trol group of asymptomatic patients with negative pH-
metry, DIS was 0.42-0.51 µm (p = 0.001). In our cases,

we observed no differences in the group of patients with
EE and in those in the group with NERD at 2 cm of 1.68
± 0.45 µm vs. 1.18 ± 0.51 µm and at 5 cm of 1.97 ± 0.33
µm vs. 1.50 ± 0.40 µm, respectively) (p = NS); for the
control group, DIS was at 2 cm of 0.61 ± 0.20 (0.22-0.99)
and at 5 cm of 0.70 ± 0.20 (0.12-1.52) (p = NS), similar
to that reported by Caviglia et al. of 0.42-0.51 µm.
Tobey et al. (18) with electronic microscopy report a

DIS in EE at 5 cm of the SCJ of 0.80 ± 0.12 µm, for
NERD of 1.00 ± 0.15 µm, and for the asymptomatic con-
trol group, of 0.46 ± 0.06 µm. In comparison with these
authors, we found more DIS at 5 cm in EE (1.97 ± 0.33
µm vs. 0.80 ± 0.12 µm), and DIS was similar in the con-
trol group (0.46 ± 0.06 µm vs. 0.70 ± 0.20 µm). The ma-
jority of our cases were Los Angeles classification grade
B. This difference could be related with the difference in
magnitude of exposure to acid in the esophagus and
chronicity of the disease. Although Caviglia et al. (2) in-
formed that they found no differences between DIS grade
and time of acid exposure of the esophagus in patients
with NERD.
Calabrese et al. (19) reported with electron mi-

croscopy that DIS for reflux acid (EE and NERD) was
2.27 ± 0.47 µm and alkaline reflux was 2.11 ± 0.23 µm,
while for the control group, this was 0.56 ± 0.09 µm. It
has been suggested that redistribution of and changes in
the cell-protein complex play an important role, and that
alterations in the cell’s normal metabolism are strongly
associated with the presence of gastric or biliary reflux
(10,12). We did not carry out distinction of the gastroe-
sophageal reflux (acid or not); however, Calabrese and
colleagues (19) found no statistically significant differ-
ences between these groups. Our findings show that pa-
tients with BE present greater dilation than those with the
erosive and non-erosive varieties, this probably a conse-
quence of the greater chronicity of GERD.
Villanacci et al. (20) included patients with EE and

NERD in whom biopsies were analyzed with light mi-
croscopy, and proposed DIS as a histological marker for
GERD, reporting the presence of DIS at 100% for EE and
at 71.4% for NERD. This study has limitations because
light microscopy did not allow to evaluate DIS grade.
The authors found no correlation between basal hyper-
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Table II. Dilated intercellular spaces (DIS) of the two sites above the squamocolumnar epithelial junction (SCJ) in the different
gastroesophageal reflux disease (GERD) groups and controls

DIS BE EE NERD Control p
(µm)

Average 2 cm 1.71 1.68 1.02 0.61 0.001
95% CI 1.10-2.76 1.45-1.91 0.58-1.47 0.22-0.99
SD ± 0.48 ± 0.35 ± 0.57 ± 0.20

Average 5 cm 2.72 1.97 1.12 0.70 0.001
95% CI 2.08-3.11 1.482.47 0.39-1.85 0.12-1.52
SD ± 1.35 ± 0.33 ± 0.41 ± 0.20

BE: Barrett’s esophagus; EE: erosive esophagitis; NERD: non-erosive reflux disease; 95% CI: 95% confidence interval; SD: standard deviation.

Fig. 2. Dilated intercellular spaces (DIS) in Barrett’s esophagus (BE) at 5
cm (A), and 2 cm (B), above the squamous epithelial junction (SCJ). Di-
lated intercellular spaces (DIS) in the erosive esophagus at 5 cm (C),
and 2 cm (D) of the squamous columnar epithelial junction (SCJ).
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plasia plus papillary elongation with the degree of tissue
lesion. At the same time, Zentilin and colleagues (7) with
light microscopy reported the presence of DIS in 30% of
the control group, in 94% of patients with EE, and in
83% in patients with NERD. We found DIS to a greater
or lesser degree in all cases of GERD.
The dilatation of intercellular spaces is associated with a

greater intensity of GERD symptoms by the permeability
of hydrogen ions and activate chemosensitive receptors
(2,3,19), it explains the symptoms in NERD, but it can not
be considered applicable to patients with Barrett's esopha-
gus, because although this entity is part of the spectrum of
GERD and has been shown that patients have greater
esophageal acid exposure than patients with EE and
NERD (17,21), these have great variability in the intensity
of symptoms. In our study, when comparing patients with
all varieties of GERD, the DIS was geater in BE and there
was no difference in the intensity of symptoms by the
Carlsson-Dent questionnaire (EB 7.07 ± 3.7, EE 6.55 ±
2.77, NERD 6.8 ± 4.82, p = 0.82) (Figs. 3 and 4).

None of the studies referred previously included pa-
tients with BE. In the literature, DIS frequency and grade
was not been informed in this group of patients who form
part of the GERD spectrum. Another important datum is
that the site where greatest dilation is observed differs
from one study to another, and according to the results
published, it is important to determine the most sensitive
zone for measuring DIS.
We can conclude exposing that DIS was present in all

GERD subtypes (NERD, EE, and BE). We observed
more DIS in patients with BE (2.72 ± 1.35 µm (5 cm) >
1.71 ± 0.48 µm (2 cm) (p = 0.001). DIS was less in the
erosive and non-erosive varieties and exhibited showed
no differences at biopsy sites.
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