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Background/Aims

This study aim to evaluate the relationship between the Hill grade confirmed by esophagogastroduodenoscopy (EGD) and the degree
of gastroesophageal reflux (GER) by 24-hour multichannel intraluminal impedance-pH monitoring (MIl-pH) in children suspected of
having gastroesophageal reflux disease (GERD).

Methods

A retrospective review of 105 children and adolescents who underwent EGD and Mll-pH for the evaluation of GERD from March 2013
to July 2019 was performed. Clinical features and results of EGD and 24-hour MII-pH were collected and statistically analyzed.

Results

Hill grades 1, 2, 3, and 4 were identified using EGD in 56 (53.3%), 22 (22.0%), 16 (15.2%), and 11 (10.5%) patients, respectively. As
the Hill grade increased, the proportion of neurological diseases (P < 0.001) and endoscopic erosive esophagitis (P < 0.001) increased
significantly. The acid exposure index, bolus exposure index, number of reflux episodes, and number of GER reaching proximal extent
on MIl-pH increased significantly as the endoscopic Hill grade increased (all P < 0.001). Linear regression analysis revealed an increase
in the Hill grade by 1 increased the acid exposure index by 2.0%, bolus exposure index by 0.7%, number of reflux episodes by 18.9
episodes, and the number of GER reaching the proximal esophagus increased by 10.5 episodes on average (all P < 0.001).

Conclusions

Hill grade on EGD was associated with GER in children. Estimating the degree of GER by applying Hill grade in the retroflexion view
may be useful in practice when evaluating children suspected with GERD.
() Neurogastroenterol Motil 2021;27:191-197)

Key Words
Child; Endoscopy; Esophageal pH monitoring; Gastroesophageal reflux

Received: February 19, 2020 Revised: May 13, 2020 Accepted: October 24, 2020
® This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.
*Correspondence: Hye Ran Yang, MD, PhD
Department of Pediatrics, Seoul National University Bundang Hospital, Seoul National University, 82, Gumi-ro 173 Beon-gil,
Bundang-gu, Seongnam, Gyeonggi-do 13620, Korea
Tel: +82-31-787-7285, Fax: +82-31-787-4054, E-mail: hryang@snubh.org

() 2021 The Korean Society of Neurogastroenterology and Motility

J Neurogastroenterol Motil, Vol. 27 No. 2 April, 2021 191
www.jnmjournal.org


http://crossmark.crossref.org/dialog/?doi=10.5056/jnm20033&domain=pdf&date_stamp=2021-04-30

In Hyuk Yoo, et al

Introduction

Gastroesophageal reflux (GER) is defined as the passage of the
gastric contents into the esophagus and is called gastroesophageal
reflux disease (GERD) when GER leads to troublesome symp-
toms and/or complications.' Heartburn, epigastric pain, and regur-
gitation are well-known typical symptoms of GERD.? However,
atypical symptoms such as dysphagia, vomiting, poor weight gain,
wheezing, and chronic cough are also known to be associated with
GERD in children.”** GERD often produces atypical symptoms
or complications such as recurrent pneumonia, esophagitis, esopha-
geal stricture, and malnutrition especially in young children or chil-
dren with underlying diseases such as neurological impairment.™*
Thus, the diagnosis of GERD is important in pediatric populations
when GERD is suspected due to various clinical symptoms.

However, an accurate diagnosis of GERD is often difficult due
to the absence of a single gold standard investigation to diagnose
GERD in children." For adults with typical reflux symptoms, 1-2-
week trials of proton pump inhibitors (PPIs) are used to diagnose
GERD if symptoms improve with treatment.” However, the most
recently published pediatric GER clinical practice guidelines do not
recommend a PPI trial unless there are typical symptoms in older
children and adolescents." Therefore, in many cases, the PPI trial
cannot be used to diagnose GERD in children.’

The 24-hour multichannel intraluminal impedance-pH
monitoring (MII-pH) is a new technique that measures all reflux
episodes, including acidic, weakly acidic, and alkaline refluxes.” As
it is a method to objectively check the degree of reflux, the detection
of reflux episodes is more accurate than the conventionally used 24-
hour pH monitoring." Therefore, it is increasingly used as a test for
pediatric GERD."""” However, the MII-pH test is not available in
all hospitals and there are some difficulties in applying it to young
children.

The gastroesophageal flap valve (GEFV) is a 180° musculo-
mucosal fold opposite to the lesser curvature of the stomach as
viewed with a retroflexed esophagogastroduodenoscopy (EGD)."
GEFV, along with the lower esophageal sphincter, the crus of the
diaphragm, and the intra-abdominal esophagus, are known to play
an important role in blocking retrograde flow from the stomach."*
Since Hill et al”’ created the Hill grade, a grading system for
GEFV in 1996, several studies have reported that the Hill grade
was associated with acid reflux events and GERD complications in
adults.”™"

the association between MII-pH results and the Hill grade.” Fur-

* However, even in adults, there are only a few studies on

thermore, there has been only 1 study on the clinical implications
of endoscopic GEFV grading in children; thus, further studies are
needed.”’

Therefore, the aim of this study is to evaluate the relationship
between Hill grade, which can be confirmed by EGD, and the
degree of reflux through MII-pH in children suspected of having
GERD.

Materials and Methods

The study was carried out at the Seoul National University

Bundang Hospital. A retrospective review of 105 children and ado-
lescents from March 1, 2013 to July 31, 2019 was performed under
the official approval of the Institutional Review Board of Seoul Na-
tional University Bundang Hospital (IRB No. B-2002-594-103).

Inclusion criteria were those under 18 years of age who under-
went both EGD and MII-pH. Patients were examined for chronic
gastrointestinal symptoms including vomiting, abdominal pain,
dysphagia, or suspected extraesophageal manifestations of GERD
such as recurrent aspiration pneumonia, chronic cough, and falter-
ing growth. Children under 1 year of age were excluded because
the GEFV did not develop sufficiently during this period. Patients
who had previously undergone fundoplication operations and those
without retroflexion views on EGD images were also excluded. The
EGD and MII-pH tests were performed within the same hospital-
ization period.

EGD was performed using a GIF-Q260 or GIF-XP260 scope
(Olympus, Tokyo, Japan). Endoscopic images and reports were
evaluated by a pediatric gastroenterologist. The grades of GEFV
were evaluated using a retroflexed view of EGD as defined by the
Hill classification and the results were statistically analyzed along
with those of the MII-pH test. The grades of GEFV from grades
1 to 4 are shown in Figure 1. The presence of erosive esophagitis
was indicated according to the Los Angeles classification.””

Data for MII-pH test were recorded using an ambulatory
MII-pH monitoring system (ZepHr; Diversatek Healthcare,
Highlands Ranch, CO, USA). We used infant, pediatric, and ado-
lescent catheters according to the patient’s age. Each catheter had
7 impedance electrodes and a pH-sensitive electrode. The catheter
was introduced transnasally and the pH sensor was placed above
the third vertebral body above the diaphragm confirmed by chest
radiography.”* Anti-acid suppression therapy had been stopped in
all patients at least 3 days before the test. Additionally, the patients
were encouraged to maintain their usual activities and diet as much

as possible during the test. The MII-pH test was carried out for
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Hill grade 1

Hill grade 3

Hill Grade and Gastroesophageal Reflux

Hill grade 2

Figure 1. Hill grade on endoscopy. Grade I: presence of a prominent fold of tissue closely approximated to the shaft of the endoscope. Grade 1I:

the fold of tissue is less prominent and there are occasional periods of opening and rapid closing around the endoscope with respiration. Grade

T11: the fold is barely present, and the endoscope is not tightly gripped by the tissues. Grade IV: there is no fold, and the lumen of the esophagus is

open, often allowing the squamous epithelium to be viewed from below. A hiatal hernia is always present.

24 hours and in some patients for at least 20 hours. Consequently,
the acid exposure index, bolus exposure index, number of reflux
episodes, and number of GER reaching the proximal extent of the
esophagus were checked using a software program (Bioview Analy-
sis; Diversatek Healthcare) developed by the manufacturer.

Statistical Methods

Continuous variables were analyzed using the Kruskal-Wallis
test. Linear by linear association was used to compare categorical
variables. Linear regression analysis was used to quantify the rela-
tionship between the Hill grade and the 24-hour MII-pH test re-
sults (acid exposure index, bolus exposure index, number of reflux
episodes, and number of GER reaching the proximal extent). For
all statistical analyses, a two-sided P-value < 0.05 was considered
statistically significant. All statistical analyses were performed using
Predictive Analytics SoftWare Statistics (SPSS version 25.0; IBM
Corp, Armonk, NY, USA).

Results

Clinical and Endoscopic Features According to the
Hill Grade

A total of 105 children (57 boys, 48 girls; median age, 6.1
years; interquartile range, 3.3-11.6 years) were recruited in this

study. The baseline demographic data and clinical features accord-

ing to Hill grade are summarized in Table 1. A total of 40 patients
(38.1%) had severe underlying neurologic diseases and 16 patients
(15.2%) had endoscopic erosive esophagitis.

Hill grades 1, 2, 3, and 4 were identified in 56 patients (53.3%),
22 patients (22.0%), 16 patients (15.2%), and 11 patients (10.5%),
respectively. As the Hill grade increased, the proportion of neuro-
logic disease (P = 0.002) and endoscopic erosive esophagitis (P <
0.001) increased significantly.

Comparison of the Findings of Multichannel
Intraluminal Impedance-pH Monitoring According
to the Hill Grade

The 24-hour MII-pH test findings of acid exposure index,
bolus exposure index, number of reflux episodes, and number of
GER reaching proximal extent increased significantly according to
the gradual increase in endoscopic Hill grade (all P < 0.001), as
shown in Table 2 and Figure 2.

When the Hill grades and MII-pH results were analyzed by
linear regression analysis, an increase in Hill grade by 1 was ob-
served to increase the acid exposure index by 2.0% (P < 0.001), the
bolus exposure index by 0.7% (P < 0.001), the number of reflux
episodes by 18.9 episodes (P < 0.001), and the number of GER
reaching the proximal esophagus increased by 10.5 episodes (P <
0.001) on average, all of which were statistically significant.
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Table 1. Comparison of Clinical Features According to the Hill Grade Upon Endoscopy

Variable Hill grade 1 Hill grade 2 Hill grade 3 Hill grade 4 Povalue®
(n = 56) (n=22) (n = 16) (n=11)
Age (yr) 6.0 (3.8-10.7) 5.5(2.9-11.9) 6.7 (3.2-13.7) 6.6 (2.9-12.0) 0.947
Male 29 (51.8) 15 (68.2) 5(31.3) 8 (72.7) 0.739
Severe neurological disease 15 (26.8) 7(31.8) 11(68.8) 7 (63.6) 0.002
Endoscopic erosive esophagitis’ 3(54) 4(18.2) 3(18.8) 6(54.5) < 0.001
LA grade A 3 4
LA grade B 2 3
LA grade C 1 2
LA grade D 1
Hiatal hernia 1(1.8) 0(0.0) 5(31.3) 11 (100.0) < 0.001

‘Performed using the Kruskal-Wallis or the Linear by linear association, as indicated.

*Los Angeles (LLA) classification grade for reflux esophagitis on endoscopy.
Values are presented as median (interquartile range) or n (%).

Table 2. Comparison of the Findings of 24-Hour Multichannel Intraluminal Impedance-pH Monitoring Test With the Hill Grade on Endoscopy

. Hill grade 1 Hill grade 2 Hill grade 3 Hill grade 4 .
Variable P-value
(n = 56) (n=22) (n=16) (n=11)
Acid exposure index (%) 0.4 (0.1-0.9) 1.6 (0.2-2.7) 3.6 (1.5-7.9) 4.2 (3.3-11.5) < 0.001
Number of pH reflux episodes (episode) 7.1 (1.2-12.8) 16.6 (6.0-23.4) 20.9 (7.4-37.6) 35.1(20.0-48.4) < 0.001
Number of pH reflux episodes > 5 min (episode) 0.0 (0.0-0.0) 1.0 (0.0-1.9) 1.6 (0.3-3.0) 5.2(0.4-9.8) < 0.001
Mean acid clearance time (sec) 26.0(11.8-57.3)  86.0(27.3-166.8) 106.5 (83.0-238.8) 190.0 (67.0-233.0) < 0.001
DeMeester score 1.3 (0.9-2.8) 5.2(1.9-10.8) 9.9 (3.8-19.1) 13.3 (7.7-32.6) < 0.001
Number of reflux episodes (episode)
Total 28.0 (14.8-40.0)  45.5(26.0-57.5)  49.5(33.2-79.3)  90.0 (46.0-124.0) < 0.001
Acid 9.0 (3.0-18.8)  20.0(8.5-38.0)  25.5(9.0-42.8)  43.0(33.0-78.0) < 0.001
Weakly acidic 14.0 (7.0-22.0)  19.0(12.3-35.0)  19.0 (6.0-27.8)  20.0 (15.0-70.0) 0.048
Weakly alkaline 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-0.8) 0.0 (0.0-2.0) 0.720
Number of gastroesophageal reflux reaching proximal extent (episode)
Total 12.0 (6.3-19.8)  21.5(12.3-39.0)  23.5 (14.3-52.2)  33.0 (24.0-70.0) < 0.001
Acid 5.0 (1.0-10.8)  13.5(4.0-263)  15.0(6.0-30.0)  25.0(11.0-57.0) < 0.001
Weakly acidic 6.0 (2.0-10.0)  10.5 (4.0-18.0) 7.5 (2.0-12.8) 11.0 (5.0-24.0) 0.010
Weakly alkaline 0.0 (0.0-0.0) 0.0 (0.0-0.3) 0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.459
Bolus exposure index (%) 0.8 (0.3-1.1) 1.1(0.8-1.9) 1.6 (0.8-2.3) 2.3 (1.6-4.4) < 0.001
Mean bolus clearance time (sec) 12.0 (9.0-15.8) 14.0 (10.8-17.3) 13.5 (8.5-18.5) 13.0 (9.0-18.0) 0.371

‘Performed with the Kruskal-Wallis test.
Values are presented as median (interquartile range).

Discussion

The GEFV grading system (eg, Hill grade) is simple, repro-
ducible, and offers useful information when performing endoscopy
in patients suspected of having GERD." Since the Hill grade was
established in 1996, several studies have been conducted on the
correlation between the Hill grade and GERD symptoms and the
results of esophageal manometry or MII-pH in adults.”""" Nev-

ertheless, to our knowledge, only 1 study has been conducted on
this topic in children to date, demonstrating that abnormal GEFV
(Hill grades 3 and 4) was associated with acid reflux.”’ Thus, fur-
ther research is required to apply this concept to pediatric practice
with more evidence.

In the present study, the relationship between Hill grading on
endoscopy and the status of GER on MII-pH were evaluated in
children for the first time. In addition to the results of a previous pe-
diatric study, we found that the reflux significantly increased by the
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Figure 2. Comparison of the findings of 24-hour multichannel intraluminal impedance-pH monitoring test according to the Hill grade upon

endoscopy. (A) Significant positive correlation between Hill grade and acid exposure index. (B) Significant positive correlation between the Hill

grade and bolus exposure index. (C) Significant positive correlation between Hill grade and number of reflux episodes. (D) Significant positive

correlation between Hill grade and number of gastroesophageal refluxes (GER) reaching the proximal extent. Statistical analysis was performed

using the Kruskal-Wallis test.

gradual increase of the Hill grade. Also, the increase in the bolus
reflux was statistically significant. These results are similar to those
of previous studies on adults, demonstrating the clinical functional-
ity of the Hill grade even in pediatric patients.”

As the Hill grade increased, the proportion of endoscopic
erosive esophagitis was also significantly observed to increase in
our study. This result is similar to that of previous pediatric and
adult studies, showing a correlation between the Hill grade and
GER."""* The difference from the MII-pH results is that en-
doscopic erosive esophagitis did not increase significantly in Hill
grade 3, but increased rapidly in Hill grade 4. This suggests that
endoscopic erosive esophagitis is associated with the severe reflux
that occurs in Hill grade 4.

In our study, 40 of the 105 study subjects had underlying se-
vere neurological diseases. Underlying neurological diseases varied,

including cerebral palsy (n = 16, 40%), infantile spasm (n = 2,

5%), Lennox-Gastaut syndrome (n = 8, 20%), and brain injury
(n = 8, 20%). Patients with severe neurological disease were sig-
nificantly higher in Hill grades 3 and 4, and the patients with severe
neurological disease were at higher risk for GEFV dysfunction and
GERD. This may be explained by the weakening of GEFV caused
by reflux in association with many factors such as bed-ridden status,
seizures, spasticity, and liquid food feeding via oral or enteral route,
which are prevalent in patients with severe neurological disease.
GERD is a common diagnosis in children. When a patient
has typical symptoms of GERD such as heartburn, epigastric pain,
and regurgitation, a clinical diagnosis may be made through history
taking and physical examination.” However, in clinical practice, the
diagnosis is not easy because the symptoms are often atypical, and
in some cases, further evaluation is needed because the symptoms
do not improve easily. In these cases, accurate diagnosis of GERD

is important. The pediatric GER clinical practice guidelines pub-
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lished in 2018 recommend that if there is a suspicious alarm sign,
the tests are necessary to diagnose the disease, and if not, the EGD
and 24-hour MIT-pH tests should be performed in stages.'

MII-pH is an objective test to determine the degree of GER.”
However, there are various limitations in conducting the 24-hour
MII-pH test in actual clinical practice.”"” First, there are many hos-
pitals where MII-pH is not available, especially in children. In ad-
dition, the test takes a relatively long time (24-hour) with the probe
inserted. Since the test is very difficult for a child, the parents of the
patient often hesitate to receive the test. Therefore, even if MII-pH
is actually required, the test is often canceled or delayed.

EGD in the pediatric population has evolved over the last
30 years with an increasing number of diagnostic and therapeutic
applications.” EGD is not an essential test for the diagnosis of
GERD, but is useful in detecting the complications of GERD or
in diagnosing conditions that may mimic GERD or other gastroin-
testinal symptoms.’ Although EGD is an invasive test compared to
other imaging tests, the test time is much shorter and the patient’s
compliance is significantly better than that of MII-pH. Under
these circumstances, a method of indirectly predicting the degree of
reflux in patients undergoing EGD for various reasons may provide
additional clinical benefits. In addition, it may be beneficial if MII-
pH fails or is rejected by patients with suspected GERD symptoms
or complications.

The pediatric MII-pH guideline defines MII-pH abnormali-
ties when there are more than 70 reflux episodes in patients aged 1
year or older.”* Applying this to the interpretation of the results of
our study, it can be said that there may be abnormal reflux in some
Hill grade 3 patients and in a large number of Hill grade 4 patients.
Therefore, patients with Hill grade 3 or higher on EGD may be
considered to have some clinically significant reflux, which may be
helpful for the diagnosis and treatment of GERD when combined
with clinical symptoms and physical examination findings.

This study has a few limitations as it was performed in a retro-
spective manner. Although 1 investigator thoroughly reviewed all
previous endoscopic images to evaluate the Hill grade, the accuracy
may have decreased as the Hill grade was not evaluated at the time
of examination in all the study subjects. In addition, the symptom
index was not included in the MII-pH results as the study included
many patients with neurological diseases who were unable to con-
firm the exact symptom occurrence each time. Considering that the
symptom index is also important for the interpretation of MII-pH
results, this may be one of the limitations of our study.

In conclusion, endoscopic Hill grade was associated with GER
in pediatric patients. Estimating the degree of GER by Hill grade

through EGD can be an assistive aid in evaluating children sus-
pected of having GERD, which can be very useful clinically.
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