
15

doi: 10.2169/internalmedicine.1356-18

Intern Med 58: 15-20, 2019

http://internmed.jp

【 ORIGINAL ARTICLE 】

Vertical and Circumferential Localization of Esophageal
Mucosal Breaks in Patients with Mild Reflux Esophagitis

Kyoichi Adachi 1, Takumi Notsu 1, Tomoko Mishiro 1, Mayumi Okada 2,

Eiko Okimoto 2 and Yoshikazu Kinoshita 2

Abstract:
Objective Esophageal mucosal breaks are considered to occur circumferentially in locations with high ex-

posure to acid. In the present study, we investigated the circumferential localization of esophageal mucosal

breaks based on their distance from the esophagogastric junction.

Methods The vertical and circumferential localization of 625 esophageal longitudinal mucosal breaks was

examined in 398 patients with mild reflux esophagitis.

Results The number of mucosal breaks in which the distal end was located 0-1 cm from the esophagogas-

tric junction was 454, while those in which the distal end was located 1-2, 2-3, and >3 cm from the junction

were 125, 28, and 18, respectively. There was a marked difference in the circumferential distribution among

the groups defined by distance from that junction. Esophageal mucosal breaks whose distal end were located

0-1 cm from the esophagogastric junction were mainly found on the right anterior wall of the esophagus,

while those located 1-2 cm from the junction were mainly found on the right wall, and those located 2-3 and

>3 cm from the junction were mainly found on the posterior wall.

Conclusion Esophageal mucosal breaks occurring relatively near the esophagogastric junction mainly exist

on the right anterior wall, whereas those farther from that junction tend to exist on the posterior wall of the

esophagus. The circumferential location of esophageal mucosa highly exposed to refluxed gastric contents

changes based on the distance from the esophagogastric junction.
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Introduction

The main location of esophageal mucosal breaks in pa-

tients with low-grade reflux esophagitis [A and B in the Los

Angeles (LA) classification] has been shown to be the right

anterior wall, while that in high-grade patients (grades C

and D) is generally the posterior wall of the distal esopha-

gus (1, 2). This difference in the localization of such mu-

cosal breaks between low- and high-grade esophagitis is

considered to be related to the area exposed to refluxed

acidic gastric contents. Indeed, an intra-esophageal pH

monitoring study showed that nocturnal gastroesophageal re-

flux is predominant in patients with high-grade esophagitis,

and the posterior wall of the esophagus may be exposed to

refluxed acid while in a supine position (3). In addition, a

study that utilized a catheter equipped with eight pH sensors

radially arrayed at the same level revealed that the location

of esophageal mucosal breaks fits with the area mainly ex-

posed to acid in patients with low-grade esophagitis (4).

Therefore, esophageal mucosal breaks in all types of esoph-

agitis are considered to occur in locations with high expo-

sure to gastric acid.

We noticed that esophageal mucosal breaks sometimes ex-

ist in areas relatively far from the esophagogastric junction.

The site of esophageal mucosal break is theoretically identi-

cal to the locations with high exposure to refluxed gastric

contents, even though the mucosal break exists apart from
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Figure　1.　Determination of the vertical and circumferential 
localization of esophageal mucosal breaks. The vertical local-
ization was determined based on distance from the distal end of 
the esophageal mucosal break to the esophagogastric junction 
(a, b: 0-1 cm; c, d: 1-2 cm; e, f: 2-3 cm; g, h: >3 cm). The cir-
cumferential localization was determined according to the 
numbers on a clock face (a: 1, b: 2, c: 4, d: 5, e: 7, f: 8, g: 10, h: 
11 o’clock).

the esophagogastric junction. However, the relationship be-

tween the vertical and circumferential localization of

esophageal mucosal breaks has not been examined.

The purpose of the present study was to investigate the

circumferential localization of esophageal mucosal breaks

that exist relatively far from the esophagogastric junction.

Materials and Methods

The study subjects were individuals who visited the

Health Center of Shimane Environment and Health Public

Corporation for an annual detailed medical checkup between

April 2015 and March 2016. All underwent upper endo-

scopic examinations. Those with a history of gastric surgery

were not included in this study, whereas subjects who had

taken medications, such as proton pump inhibitors or H2 re-

ceptor antagonists, were not excluded.

All upper endoscopic examinations were performed by li-

censed experienced endoscopists using an EG-530NW or

EG-L580NW device (Fujifilm, Tokyo, Japan). At our institu-

tion, upper endoscopic examinations are performed with the

subjects in an unsedated condition without anti-cholinergic

drug administration, and the endoscope is typically inserted

in a transnasal manner. The size of the diaphragmatic hiatus

was assessed during endoscopic observation by comparing

the width of the cardiac opening with the diameter of the

shaft using endoscopy at the cardiac portion, with the find-

ings used to divide the subjects into 3 groups based on the

hiatus size (<1.0, 1.0-2.0, >2.0 cm). Gastric mucosal atrophy

was evaluated based on endoscopic findings using the classi-

fication of Kimura and Takemoto, in which gastric mucosal

atrophy is classified into six groups (C1, C2, C3, O1, O2,

O3) (5). This classification has been shown to correlate well

with the histological features of atrophy. For the present

study, C1-C2 was defined as mild, C3-O1 as moderate, and

O2-O3 as severe gastric mucosal atrophy.

The endoscopic findings of reflux esophagitis were evalu-

ated using the LA classification (6), and individuals with a

grade of A, B, C, or D were diagnosed as positive for reflux

esophagitis. All endoscopic images were reviewed by one of

the authors (K.A.) who investigated the vertical and circum-

ferential localization of esophageal mucosal breaks. For this

study, only esophageal mucosal breaks that showed longitu-

dinal extension were analyzed so as to more clearly investi-

gate the relationship between the circumferential distribution

of mucosal breaks and distance from the esophagogastric

junction. Therefore, esophageal mucosal breaks that were

transversely extended in grade C and D cases were excluded

from the analysis. We defined the esophagogastric junction

as the distal margin of the palisade vessels, based on the cri-

teria of The Japan Esophageal Society (7). Vertical localiza-

tion was determined based on the distance between the dis-

tal end of the esophageal mucosal break and the

esophagogastric junction. The distance between the distal

end of the esophageal mucosal break and the esophagogas-

tric junction was examined by the scale on the endoscopic

shaft during the endoscopic procedure or by retrospectively

reviewing multiple endoscopic images of the lower esopha-

gus, with findings used to divide patients into 4 groups (0-1,

1-2, 2-3, >3 cm). In this study, we did not take the existence

of Barrett’s epithelium into account when the distance be-

tween the esophageal mucosal break and the esophagogas-

tric junction was determined. The circumferential location of

mucosal breaks in the esophageal wall was determined ac-

cording to the numbers on a clock face. For example, a mu-

cosal break in the anterior wall was considered to be located

in the 12 o’clock position, while that in the esophageal mu-

cosa leading to the gastric lesser curvature was located in

the 3 o’clock position. When multiple mucosal breaks were

present, the circumferential and vertical locations of each

were analyzed (Fig. 1-3).

Statistical analyses were performed using a chi-squared

test, Fisher’s exact test, and a paired t-test. The Stat View

5.0 (Abacus Concepts, Berkeley, USA) software program for

Macintosh was used to perform statistical analyses. A p

value <0.05 was considered to indicate statistical signifi-

cance.

This study was performed in accordance with the Decla-

ration of Helsinki, and the protocol was approved by the

ethics committee of the Shimane Environment and Health

Public Corporation. Written informed consent indicating that

the clinical data would be used for a clinical study without

the release of individual information was obtained from each

subject before performing the medical checkup.

Results

Among individuals who visited our institution for an an-

nual detailed medical checkup between April 2015 and
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Figure　2.　Representative subject with three esophageal mucosal breaks. The circumferential local-
ization of the esophageal mucosal breaks at 0-1 cm from the esophagogastric junction was noted at 12 
and 3 o’clock, while breaks at 2-3 cm from the esophagogastric junction were mainly noted at 6 
o’clock.

Figure　3.　Representative subject with five esophageal mucosal breaks. The circumferential local-
ization of the esophageal mucosal breaks at 0-1 cm from the esophagogastric junction was noted at 3 
and 11 o’clock, while breaks observed at 2-3 cm from the esophagogastric junction were noted at 2 
and 7 o’clock, and that observed >3 cm from the esophagogastric junction was noted at 5 o’clock.

March 2016, 404 were found to have reflux esophagitis. Of

those, 398 (356 men, 42 women; mean age 53.1 years) had

longitudinal esophageal mucosal breaks. In this study, a total

of 625 longitudinal breaks were analyzed for their vertical

and circumferential localization. The characteristics of the

subjects with esophageal mucosal breaks are shown in Ta-

ble. A total of 137 subjects had multiple mucosal breaks,

and these subjects were predominantly men, compared with

the subjects with a single mucosal break. Anti-secretory

drug use was more frequently observed in subjects with

multiple mucosal breaks than in those with a single mucosal

break, although the total number of subjects using anti-

secretory drugs was small. In addition, a larger diaphrag-

matic hiatus was significantly more frequently observed in

subjects with multiple mucosal breaks than in those with

single mucosal break.
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Table.　Characteristics of Subjects with Esophageal Mucosal Injury.

Number of mucosal injury
Mucosal breaks at least 2 cm 

from EGJ

Single Multiple Without With

Gender, male/female 226/35 130/7* 330/40 26/2

Age, years 52.6±8.9 53.9±8.3 52.9±8.8 55.0±7.4

BMI 24.4±3.0 24.9±3.5 24.6±3.2 24.3±3.1

Smoking habit 67 (25.7%) 41 (29.9%) 100 (27.0%) 8 (28.6%)

Alcohol drinking habit 152 (58.2%) 88 (64.2%) 226 (61.1%) 14 (50.0%)

Anti-secretory drug use 4 (1.5%) 8 (5.8%)* 9 (2.4%) 3 (10.7%)**

Gastric mucosal atrophy

mild 234 (89.7%) 116 (84.7%) 327 (88.4%) 23 (82.1%)

moderate 19 (7.3%) 12 (8.8%) 26 (7.0%) 5 (17.9%)

severe 8 (3.1%) 9 (6.6%) 17 (4.6%) 0

Diaphragmatic hiatus

<1 cm 190 (72.8%) 68 (49.6%)* 246 (66.5%) 12 (42.8%)**

1-2 cm 60 (23.0%) 54 (39.4%)* 106 (28.7%) 8 (28.6%)**

>2 cm 11 (4.2%) 15 (10.9%)* 18 (4.9%) 8 (28.6%)**

Mucosal injury at right anterior wall in distal esophagus#

220 (68.3%) 102 (31.7%)* 306 (82.7%) 16 (57.1%)**

Values are expressed as the mean±SD. The degree of gastric mucosal atrophy was endoscopically evalu-

ated using the classification of Kimura and Takemoto, with C1-C2 defined as mild, C3-O1 as moderate, 

and O2-O3 as severe gastric mucosal atrophy. #number of subjects with mucosal injury existed in 0-3 

o’clock at 0-1 cm from ECJ.

*Statistically significant difference between subjects with single and multiple esophageal mucosal 

breaks. **Statistically significant difference between subjects with and without esophageal mucosal 

breaks at least 2 cm from esophagogastric junction.

ECJ: esophagogastric junction, BMI: body mass index, Anti-secretory drug use: subjects administered 

with proton pump inhibitor or H2 receptor antagonist at time of study. 

The number of mucosal breaks in which the distal end

was located 0-1, 1-2, 2-3, and >3 cm from the esophagogas-

tric junction were 454, 125, 28, and 18, respectively. A total

of 28 subjects had mucosal breaks at �2 cm from the

esophagogastric junction. Of these, 4 had only mucosal

breaks at �2 cm from the esophagogastric junction, while a

mucosal break existed <2 cm from the esophagogastric junc-

tion in the other 24 cases. Subjects with mucosal breaks �2
cm from the esophagogastric junction tended to be older

than those without such mucosal breaks. In addition, anti-

secretory drug use was more frequently observed, and a

larger diaphragmatic hiatus was significantly more frequent

in subjects with mucosal breaks �2 cm from the

esophagogastric junction than in those without such mucosal

breaks, while the degree of gastric mucosal atrophy was not

markedly different between the groups.

A large number of esophageal mucosal breaks in the sub-

jects with a single mucosal break were located at 12-3

o’clock 0-1 cm from the esophagogastric junction. In addi-

tion, such mucosal breaks were less frequently observed in

the subjects with mucosal breaks at �2 cm from the

esophagogastric junction than in those without such breaks.

There was a marked difference in the circumferential dis-

tribution among the esophageal mucosal breaks when

grouped by distance from the esophagogastric junction.

Those 0-1 cm from the junction were mainly located on the

right anterior wall of the esophagus, while those 1-2 cm

from the junction were mainly found on the right wall. In

contrast, esophageal mucosal breaks 2-3 and >3 cm from

the esophagogastric junction were mainly located on the

posterior wall of the esophagus, although some were also

noted on the right wall (Fig. 4).

Discussion

In the present study, we investigated the relationship be-

tween the vertical and circumferential localizations of

esophageal mucosal breaks in patients with reflux esophagi-

tis, with results showing that the distribution of those breaks

was markedly different depending on the distance from the

esophagogastric junction. Indeed, those near the junction

were mainly found on the right anterior wall of the esopha-

gus, whereas breaks located farther away from the

esophagogastric junction tended to exist on the posterior

wall of the esophagus.

The localization of dysplastic and cancerous lesions in

short segment Barrett’s esophagus (SSBE) has shown that

they mainly exist in the right anterior wall of the lower

esophagus (8-10), a location that fits with the main location

of mucosal breaks associated with low-grade esophagi-

tis (1-3). In addition, Omae et al. showed that the circumfer-

ential location of lesions fit with locations with the greatest
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Figure　4.　The circumferential distribution of the esophageal mucosal breaks at different distances 
from the esophagogastric junction (a: 0-1 cm, b: 1-2 cm, c: 2-3 cm, d: >3 cm).

exposure to both acidic and non-acidic refluxed gastric con-

tents in 91% of patients with superficial Barrett’s esophageal

adenocarcinoma (11). Therefore, locations with high expo-

sure to refluxed gastric contents are likely to be associated

with not only the location of esophageal mucosal breaks but

also the location of tumorous lesions in patients with Bar-

rett’s esophagus. In contrast to the location of tumorous le-

sions related to SSBE, the main circumferential location in

patients with long segment Barrett’s esophagus (LSBE) has

not been determined. In the present study, we noted that the

location of esophageal mucosal breaks tended to change

from the right-anterior to the posterior side as the distance

from the esophagogastric junction increased. We believe that

it is important to investigate the circumferential location of

LSBE tumorous lesions in a future study with a focus on

the distance from the esophagogastric junction.

Our subjects with mucosal breaks at least 2 cm from the

esophagi-gastric junction tended to be older than those with-

out such mucosal breaks. It has been repeatedly shown that

the prevalence of hiatal hernia increases and the esophageal

motor function worsens with aging (12-14). In the present

study, the diaphragmatic hiatus size in subjects with mucosal

breaks �2 cm from the esophagogastric junction was larger

than in those without such mucosal breaks. In addition, a

larger diaphragmatic hiatus was observed significantly more

frequently in subjects with multiple mucosal breaks than in

those with a single mucosal break. Therefore, a large

amount of refluxed gastric acid is considered to correlate

with not only the occurrence of esophageal mucosal breaks

distant from the esophagogastric junction but also the forma-

tion of multiple mucosal breaks. Esophageal mucosal breaks

located in the right anterior wall of the distal esophagus

were frequently observed in subjects with a single mucosal

break as well as in those without mucosal breaks at least 2

cm from the esophagogastric junction. Thus, esophageal mu-

cosal breaks located in the right anterior wall of the distal

esophagus might easily occur with exposure to only a small

amount of refluxed gastric acid. Future studies should inves-

tigate whether or not the volume of refluxed gastric acid

correlates with the vertical and circumferential localization

of esophageal mucosal breaks.

This study has several limitations. Our study cohort was

not representative of the general population, as they were in-

dividuals who voluntarily visited our medical center for their

annual medical checkups, and the number of elderly subjects

was relatively small. The prevalence of reflux esophagitis

was shown to increase with aging (12-14). Therefore, an ad-

ditional study is needed to confirm the relationship between

the vertical and circumferential distribution of esophageal

mucosal breaks in aged individuals. Furthermore, we did not

perform esophageal pH monitoring to clarify the relationship

between the location of esophageal mucosal breaks and ar-

eas with high levels of exposure to gastric acid. However,

previous studies that used a catheter equipped with eight ra-
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dially arrayed pH sensors revealed that areas highly exposed

to refluxed gastric contents corresponded with the locations

of esophageal mucosal breaks in patients with reflux esoph-

agitis as well as in those with tumorous lesions associated

with Barrett’s esophagus (4, 11). In this study, only longitu-

dinal mucosal breaks in cases with LA grade A and B

esophagitis were analyzed, and the vertical localization of

mucosal breaks was determined by the distal end of the mu-

cosal breaks. Analyses concerning the transverse extension

of mucosal breaks in cases with LA grade C and D esoph-

agitis and the vertical length of mucosal breaks will be

needed to determine the precise area highly exposed to re-

fluxed gastric acid.

In conclusion, the present results showed that the circum-

ferential distribution of esophageal mucosal breaks markedly

differs in relation to the distance from the esophagogastric

junction. Esophageal mucosal breaks near the junction were

mainly found on the right anterior wall, whereas those rela-

tively far from the junction tended to be located on the pos-

terior wall of the esophagus.
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