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Purpose: Minimal change esophagitis (MCE) is a reflux disease without mucosal breaks, known to be partially asso-
ciated with abnormal gastric motor function. Electrogastrography (EGG) is commonly applied to assess gastric motor
function in a noninvasive fashion. We aimed to determine the relationship between MCE and gastric myoelectrical
activity (GME) recorded on EGG in children.

Methods: We retrospectively assessed the records of 157 children without underlying disease who underwent both
EGG and upper gastrointestinal endoscopy at Gachon University Gil Medical Center between January 2010 and
June 2015. The children were stratified according to the appearance of the esophagus (normal vs. MCE).
Between-group differences in EGG parameters and their correlation with each MCE finding were statistically
analyzed.

Results: Only the power ratio, one of the EGG parameters analyzed, differed significantly between the two groups
(MCE, 1.68+3.37 vs. normal, 0.76+1.06; p<0.05), whereas the other parameters, such as dominant frequency, domi-
nant power, and the ratio of abnormal rhythm, showed no differences. Among children with MCE, significant correla-
tions were noted between erythema and power ratio (p <0.05), friability and postprandial dominant frequency (p <0.05),
and edema and/or accentuation of mucosal folds and pre-prandial frequency (p < 0.05). Helicobacter pylori infection
correlated with postprandial arrhythmia (MCE, 33.59+15.52 vs. normal, 28.10+17.23; p<0.05). EGG parameters
did not differ between children with normal esophagus and those with biopsy-proven chronic esophagitis.
Conclusion: In children with MCE, gastric dysmotility may affect the development of MCE, manifesting as EGG
abnormalities. H. pylori infection may also affect GME. However, larger prospective investigations are needed to
confirm these findings.
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INTRODUCTION

According to the guidelines put forth by the North
American Society for Pediatric Gastroenterology,
Hepatology and Nutrition and the European Society
of Paediatric Gastroenterology, Hepatology and
Nutrition, gastroesophageal reflux represents the
passage of gastric contents into the esophagus, with
or without regurgitation and vomiting [1]. While
gastroesophageal reflux is a normal physiological
phenomenon in children, its aggravation or pro-
gression can lead to gastroesophageal reflux disease
(GERD) and its associated symptoms [2]. The preva-
lence of GERD with heartburn and/or acid regur-
gitation symptoms lasting for at least one week is
10-20% across all age groups in western countries,
whereas lower rates have been reported in Asia [3].
Meanwhile, the prevalence of GERD in children has
not been fully estimated and varies according to age
and country. In Japan, the prevalence of GERD is
4.4% in individuals younger than 20 years, and
11.6% in those older than 20 years [4]. While there
have been no population-based studies in Korea, a
previous report indicated that 19.9% of children who
visited a tertiary hospital due to upper abdominal
pain were diagnosed with GERD [5].

According to the Los Angeles classification, GERD
is classified as being of erosive type (ERD) or
non-erosive type (NERD). Mucosal breaks are com-
mon endoscopic findings in ERD but not in NERD.
According to Nakamura et al. [6], endoscopic find-
ings of NERD are classified into endoscopically nor-
mal esophagus (i.e., no specific lesion) and minimal
change esophagitis (MCE, non-erosive lesion). The
Japanese Study Group for Esophageal Disorders rec-
ommends the use of a modified Los Angeles classi-
fication wherein the M grade includes erythema in-
distinguishable from the surrounding area and find-
ings of white turbid discoloration [7]. However,
MCE is excluded from the Los Angeles classification
because of disagreement among endoscopists [8].
Nonetheless, there are, in part, histologic similarities
between MCE and GERD, and some findings are
highly consistent among experts, with several pos-

itive reports on the association between symptoms
and response to medications [9].

Esophageal dysmotility is regarded as one of the
major factors in the pathogenesis of GERD [10].
Specifically, Kudara et al. [10] indicated that tran-
sient lower esophageal sphincter relaxations, hypo-
tensive lower esophageal sphincter, ineffective
esophageal peristalsis, and bolus transit abnormal-
ities were the main factors associated with the devel-
opment of GERD. Recent studies have also reported
that the incidence of such abnormalities increases
with the worsening of the reflux disease [11].

In the stomach, the interstitial cells of Cajal gen-
erate a slow-wave potential that periodically gives
rise to spike potentials, which cause smooth muscle
contraction [12]. Electrogastrography (EGG) can re-
cord the slow waves and has therefore been used for
the diagnosis of gastric dysmotilities [13]. Patients
with GERD usually have lower antral motility, de-
creased slow-wave potential, and delayed gastric
emptying time [14], indicating that gastric dysrhyth-
mias contribute to the pathogenesis of GERD [15].

Few studies have compared gastric motility be-
tween normal esophagus and MCE, especially in
children. Therefore, the purpose of the present study
was to investigate the potential differences in gastric
motility between endoscopically normal esophagus
and MCE in children with reflux symptoms, and to
determine whether endoscopic MCE is associated
with gastric dysmotilities.

MATERIALS AND METHODS

Study population

A retrospective study was conducted on 194 chil-
dren (age <18 years) who underwent both EGG
and upper gastrointestinal endoscopy at Gachon
University Gil Medical Center between January 2010
and June 2015. Of these, 157 children were included
in our study after excluding 37 children for the follow-
ing reasons: diagnosis of other diseases (eosinophilic
esophagitis diagnosed on biopsy, 6 patients; reflux
esophagitis with Los Angeles grade A, 5 patients; tes-
ticular germ cell tumor, 1 patient; biliary pancreatitis,
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1 patient), missing EGG data (16 children), and lack
of endoscopic findings (8 children). Of the 157 chil-
dren included in the study, 153 children underwent
tests to detect Helicobacter pylori infection.

Upper gastrointestinal endoscopy

MCE was diagnosed using eight endoscopic cri-
teria: erythema, blurring of the Z-line, friability, de-
creased vascularity, white turbid discoloration, ede-
ma and/or accentuation of mucosal folds, and whit-
ish or reddish change [16]. Upper gastrointestinal
endoscopy was performed by two endoscopists, and
the diagnosis of MCE was made under the consensus
of both endoscopists according to the guidelines pre-
sented by Kim et al. [16].

Recording and analysis of EGG findings

Gastric motility was assessed in terms of the fol-
lowing EGG parameters: pre/postprandial dominant
frequency, pre/postprandial dominant power, pre/
postprandial normogastria, pre/postprandial brady-
gastria, pre/postprandial tachygastria, pre/post-
prandial arrhythmia, and power ratio.

The slow waves measured on EGG can be classi-
fied as normogastria and arrhythmia waves.
Normogastria waves have a frequency of 2-4 cpm
(cycles per minute), whereas arrhythmia waves can
be subcategorized as bradygastric (dominant peak,
0.5-2.0 cpm), tachygastric (dominant peak, 4.0-9.0
cpm), or arrhythmic (dominant peak, <0.5 or >9.0
cpm). The power ratio, which represents the ratio be-
tween the dominant preprandial and postprandial
powers, is used as an indicator of changes in gastric
contractility. It is generally accepted that a power ra-
tio > 1 reflects an increase in gastric contractility af-
ter the intervention, whereas a power ratio <1 re-
flects a decrease in gastric contractility [17].

In all patients, EGG was performed within 5 days
before the endoscopic exam. EGG was recorded us-
ing a portable EGG recorder (Digitrapper EGG;
Synetics Medical, Stockholm, Sweden) after over-
night fasting. Medications such as proton pump in-
hibitors, histamine 2-receptor antagonists, and pro-
kinetics that can affect gastric motor function and
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acidity were stopped 48 hours prior to the evaluation
[18]. Electrodes were placed at three positions: be-
low the left costal margin, between the xyphoid
process and the umbilicus, and in the middle of the
right upper quadrant. The child was positioned with
the upper body at 45° inclination. A preprandial sig-
nal was acquired for 15 minutes. Afterwards, the
child was instructed to consume the test meal
(gimbap; dried seaweed rolls), and a postprandial
signal was acquired for another 15 minutes.

Study design

The medical records were examined retro-
spectively to extract demographic characteristics in-
cluding age, sex, weight, height, and body mass
index. The nature and duration of the chief com-
plaint were investigated, including abdominal pain
or heartburn, vomiting and/or nausea, dyspepsia,
and others. The following symptoms associated with
GERD were also investigated: nausea, vomiting,
hematemesis, diarrhea, anorexia, wheezing, stridor,
cough, weight loss or poor weight gain, and re-
current pneumonia. H. pylori infection was diag-
nosed when at least one of the following tests was
positive: urea-breath test, rapid urease test, stool H.
pylori antigen test, or biopsy.

Statistical analysis

The comparisons between groups employed the
chi-square test or Fisher’s exact test for categorical
variables, while Student’s t-test or the Mann-Whitney
U-test were used for the comparison of continuous
variables. Logistic regression analysis was used to es-
timate the correlation between each endoscopic
finding of MCE and each EGG parameter. A p-value
of <0.05 was considered to indicate statistical
significance. All statistical analyses were performed
using SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA).

Ethical statement

The study design was approved by the review
board of Gachon University Gil Medical Center (IRB
no. GCIRB2014-331).
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RESULTS

Demographics

The age was significantly higher among children
with MCE than among those with normal esophagus
(13.46%=3.08 vs. 11.11+3.46 years, p=0.007). The
Z-score was utilized to compare the groups in terms
of weight, height, and body mass index, which could
be affected by sex and age, and no significant be-
tween-group difference was found. Similarly, there
were no significant between-group differences in
chief complaint, symptoms and signs, or duration of
symptoms (Table 1).

Table 1. Demographic and Clinical Characteristics in Children
with Normal Esophagus or MCE

EGG parameters in children with normal
esophagus vs. MCE

Only the power ratio differed between children
with normal esophagus and those with MCE
(»=0.021), whereas other EGG parameters such as
pre- and postprandial dominant frequency, domi-
nant power, and percent of pre- or postprandial nor-
mogastria, tachygastria, or bradygastria did not dif-
fer between the groups (Table 2).

Correlation between each EGG parameter
and each MCE finding

Among children with MCE, a significant associa-
tion was identified between the finding of erythema
and power ratio (p=0.049), between the finding of
friability and postprandial dominant frequency
(»=0.032), and between the findings of edema
and/or accentuation of mucosal folds and pre-
prandial frequency (p=0.006). There was no sig-
nificant association between other findings of MCE

Table 2. Electrogastrography Parameters in Children with
Normal Esophagus or Minimal Change Esophagitis (MCE)

o Normal MCE
Characteristics esophagus p-value
(n=138)
(n=19)
Age (y) 11.11+3.46 13.46+3.08 0.007*
Sex (male) 6 63 0.247"
Body weight z-score —1.04=1.10 —0.89+£1.59 0.319*
Height z-score —0.99+1.12 —093*+145 0.637*
BMI z-score —0.78£0.90 —0.39*+1.21 0.092*
Chief complaints 0.8317
Abdominal pain or 13 99
heartburn
Nausea and/or vomiting 5 30
Dyspepsia 1 5
Others
Symptoms and signs
Nausea 10 61 0.489"
Vomiting 7 55 0.801"
Anorexia 4 14 0.2387
Hematemesis 0 4 1.000"
Respiratory symptoms§ 3 6 0.0797
Weight loss and/or 4 20 0.4967
poor weight gain
Duration of symptoms 0.109"
<2 weeks 3 47
>2 weeks 16 91

Values are presented as mean=standard deviation or number

only.

MCE: minimal change esophagitis, BMI: body mass index.
*Mann-Whitney U—test,Tchi—square test, T Fisher’s exact test.
§Respiratory symptoms: wheezing, stridor, cough, recurrent
pneumonia.

Normal MCE
Parameters esophagus p-value
(n=138)
(n=19)
Dominant frequency
Preprandial 2.46+0.47 2.55+0.48 0.439*
Postprandial 2.72+0.53 2.69+0.53  0.795*
Dominant power
Preprandial 4037+523  42.79+6.05 0.072"
Postprandial 44.27+747  45.79%+8.39  0.390*
Rhythm (%)
Normal rhythm
Preprandial 44.27+17.18 42.82+18.28 0.253*
Postprandial 50.02+17.39 54.52*19.72 0.286*
Bradygastria
Preprandial 2.11%+4.51 2.77+4.15 0.559*
Postprandial 8.02+6.13 6.91+6.60  0.492*
Tachygastria
Preprandial 1.53+3.64 1.25+3.08 0.836*
Postprandial 6.44+6.43 7.95+6.38 0.365*
Arrhythmia
Preprandial 58.53*+1543 52.45+1841 0.126*
Postprandial 35471438 3041%+16.76 0.154"
Power ratio 0.76*x1.06 1.68+3.37  0.021*
Values are presented as meanz=standard deviation.
*Mann-Whitney U-test, TStudent’s t-test.
www.pghn.org 23
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(blurring of the Z-line, decreased vascularity, white
turbid discoloration) and other EGG parameters
(preprandial dominant frequency; postprandial
dominant frequency and power; normogastria, ta-
chygastria, and bradygastria percentages of the pre-
prandial and postprandial rhythm) (Table 3).

Association of H. pylori infection with EGG
parameters and endoscopic findings

Only the association between H. pylori infection
and postprandial arrhythmias was identified as sig-
nificant (normal esophagus, 28.10+17.23; MCE,
33.59+15.52; p=0.041). There was no significant as-
sociation between H. pylori infection and other EGG
parameters or any endoscopic findings of MCE
(Table 4).

EGG parameters in children with normal
esophagus vs. chronic esophagitis

In the 121 (87.7%) children with MCE who under-
went biopsy, the biopsy findings revealed normal

esophagus in 58 cases (42.0%), chronic inflammation
in 57 cases (41.3%), and congestion in 6 cases (4.3%).
There were no significant differences in EGG param-
eters between children with normal esophagus and
those with chronic inflammation (data not shown).

DISCUSSION

In the present study, we found that the power ra-
tio, which is one of the EGG parameters analyzed,
was significantly different between children with
normal esophagus and those with MCE, and that
some EGG parameters correlated with certain endo-
scopic findings of MCE. These results are in agree-
ment with previous observations that gastric dysmo-
tility is a principal factor in the pathophysiology of
GERD [11].

There have been controversies about the diag-
nostic capabilities of EGG because of its noninvasive
nature and the dependence of EGG parameters on
antrum-skin distance [19]. However, Shimada et al.

Table 3. p-values for the Correlation between Electrostrography Parameters and Endoscopic Findings

Edema and/or

Parameters Erythema  Z-line blurring  Friability Decreas§d Whlte tur.b id accentuation of
vascularity discoloration
mucosal fold
Dominant frequency
Preprandial 0.674 0.904 0.275 0.558 0.579 0.006
Postprandial 0.929 0432 0.032 0.967 0.498 0.723
Dominant power
Preprandial 0.222 0.804 0.468 0.846 0.866 0.860
Postprandial 0.802 0.928 0.909 0.600 0.714 0.574
Rhythm
Normal rhythm
Preprandial 0.661 0.523 0.754 0.599 0.577 0.834
Postprandial 0.820 0.537 0.760 0.646 0.607 0.603
Bradygastria
Preprandial 0.836 0.605 0.642 0.606 0.587 0.832
Postprandial 0.835 0.549 0.759 0.641 0.599 0.598
Tachygastria
Preprandial 0.165 0.255 0.821 0.602 0.586 0.874
Postprandial 0.807 0.534 0.763 0.761 0.668 0.605
Arrhythmia
Preprandial 0.638 0.544 0.926 0.596 0.577 0.830
Postprandial 0.834 0.539 0.761 0.681 0.608 0.603
Power ratio 0.049 0.848 0.587 0.948 0.705 0.891

Correlations were obtained using logistic regression analysis.
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Table 4. Correlation between Electrogastrography Parameters
and Helicobacter pylori Infection Status

Non-infected Infected
Parameters group group p-value
(n=83) (n=66)
Dominant frequency
Preprandial 2.55+0.40 2.56+0.57 0.884*
Postprandial 2.70+0.53 2.70+0.54 0.872*
Dominant power
Preprandial 42.40+6.05 42.89+5.95 0.624*
Postprandial 46.38+8.68  44.99+7.88 0316
Rhythm (%)
Normal rhythm
Preprandial 42.67+18.18 41.54+18.18 0.705*
Postprandial 56.25+18.89 52.16x22.37 0.191*
Bradygastria
Preprandial 2.78+4.40 2.70£3.99  0.905*
Postprandial 7.49+6.95 6.57+5.31 0.376*
Tachygastria
Preprandial 1.68+3.79 1.05£6.69 0.250*
Postprandial 7.85+6.69 7.66+6.13  0.859*
Arrhythmia
Preprandial 52.38+19.71 53.89%16.52 0.609*
Postprandial 28.10+17.23 33.59+1552 0.041"
Power ratio 1.20+2.21 2.06*+4.14 0.114*

Values are presented as mean=standard deviation.
*Mann-Whitney U-test, TStudent’s t-test.

[19] reported that power ratio was independent of
antrum-skin distance. In our study, we found sig-
nificant differences in power ratio recorded on EGG
between children with MCE and those with normal
esophagus, suggesting that gastric motor dysfunc-
tion is associated with MCE in children. This con-
clusion is also supported by a previous finding that
delayed gastric emptying is associated with abnor-
mal power ratio on EGG [15].

According to previous research, the dominant
power, which is another EGG parameter analyzed
here, is higher in individuals with GERD than in
those with normal esophagus [20]. However, in our
study, there was no difference in dominant power
between the two groups (MCE vs. normal esoph-
agus). This inconsistency may originate from several
sources. First, GERD patients have pronounced en-
doscopic mucosal break, and have more evident
symptoms. In contrast, patients with MCE have
non-erosive endoscopic lesions and rarely show

symptoms. Second, the reliability of EGG parameters
ought to be considered. As mentioned above, the di-
agnostic capability of EGG parameters has been con-
troversial because of their dependence on the an-
trum-skin distance, as well as because of the scarcity
of research on this topic [19]. For example, Han et al.
[21] reported that there is incomplete correlation be-
tween dominant power and gastric activity.

The body of literature currently available suggests
that there is little agreement among endoscopists re-
garding the diagnosis of MCE [8]. However, accord-
ing to Armstrong et al. [22], diagnostic consensus is
higher for erythema than for other findings in MCE.
Another report indicated that, on histological exami-
nation, multiple papillary vasodilation, which is
commonly observed in GERD, is also observed in er-
ythema of MCE [23]. Our present study revealed that
the power ratio of erythema was significantly differ-
ent between children with normal esophagus and
those with MCE, suggesting that erythema in MCE
may be similar to GERD in terms of pathophysio-
logical characteristics, which represents further evi-
dence supporting the inclusion of erythema findings
in the category of GERD.

We also evaluated the correlation between H. pylori
infection and EGG parameters. The relationship be-
tween H. pylori infection and reflux disease has been
under debate. For example, Eren et al. [24] found no
correlation between H. pylori infection and reflux dis-
ease, whereas Lupu et al. [25] found an inverse rela-
tionship between H. pylori infection and GERD.
Other studies indicated that H. pylori infection corre-
lates with antral hypomotility in patients with
non-ulcer dyspepsia [26]. In our study, there was
significant correlation between H. pylori infection
and the EGG parameter postprandial arrhythmia (p
<0.05). However, there was no correlation between
H. pylori infection and endoscopic findings of MCE.
Therefore, in the context of previous research, our
findings suggest that the arrhythmia associated with
H. pylori infection could be caused by gastric dysmo-
tility without reflux disease. Nevertheless, a more
in-depth study assessing the correlation between
EGG parameters and H. pylori infection is needed.
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To our knowledge, this was the first investigation
to directly assess the correlation between endoscopic
findings and EGG parameters, which represents the
key strength of the present study. Nevertheless,
some limitations of the present study should be
noted. First, the group of children with MCE was sig-
nificantly larger than the group of children with nor-
mal esophagus, and the age distribution of the two
groups was also significantly different. This limi-
tation is associated with the retrospective, sin-
gle-center design of our study. Second, we only
measured the correlation of each EGG parameter
with each endoscopic finding, and did not consider
any objective measures of disease severity. Third, as
mentioned previously, the exact relevance of each
EGG parameter remains unclear. Moreover, we did
not assess the correlation between EGG parameters
and endoscopic findings in children with normal
esophagus. Fourth, although 24-hour esophageal pH
monitoring represents a good evaluation for the di-
agnosis of NERD, we could not perform 24-hour
esophageal pH monitoring in this study because of
the reluctance of the pediatric patients and their
parents. Finally, there was no follow-up evaluation
of children with MCE after treatment. Further
in-depth studies with prospective design and larger
sample size, and covering several age groups, are
necessary. Specifically, a study on whether the se-
verity of symptoms, recurrence, medication, or other
medical conditions and evaluations are reflected in
EGG parameters would be helpful.

Despite its limitations, the present study indicated
that the EGG parameter power ratio differs sig-
nificantly between normal esophagus and MCE, and
that several EGG parameters correlate with specific
endoscopic findings of MCE. We also found that H.
pylori infection was associated with increased post-
prandial arrhythmias, thereby implying that H. pylori
infection is associated with gastric dysmotility.
These results suggest that gastric dysmotility may
have a certain role in the development of MCE in
children, and that H. pylori infection may affect gas-
tric myoelectric activity.
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