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Abstract: Introduction: Gastroesophageal reflux disease (GERD) is one of comorbid diseases, that worsen the
course and outcomes of respiratory pathology. The study aimed to determine role of esophageal symptoms in
the diagnosis of GERD in children with recurrent and chronic respiratory diseases (RCRD). Methods: The
study included 125 children (70 boys, 55 girls), median 3,75 years (interquartile range, IQR —1,21-9,38 years),
with RCRD, refractory to standard therapy. GERD was diagnosed on the basis of clinical and complex
instrumental examination, including fluoroscopy esophagus with contrast, esophagogastroduodenoscopy
(EGDS), 24-hour esophageal pH-monitoring, dual pH-multichannel intraluminal impedance (pH-MII). Results:
In children with RCRD, the frequency of GERD was 86,4%. Among children without esophageal
manifestations of GERD, pathological reflux was confirmed by instrumental methods in 81% of patients; in
children with esophageal manifestations - 92%, with no statistically significant differences (p = 0,0637).
Nonacid reflux is more common in patients without esophageal manifestations of GERD. Conclusions: The
frequency of GERD in children with RCRD is very high. It is possible to screen GERD in children with RCRD,
independent on the presence of clinical esophageal symptoms.

Keywords: GERD; respiratory diseases; diagnosis.

1. INTRODUCTION

Respiratory diseases occupy a leading place in the
structure of morbidity and mortality in children around the
world, especially in developing countries. There are comorbid
diseases that worsen the course and outcomes of respiratory
pathology. One of these diseases is gastroesophageal reflux
disease (GERD) - a chronic recurrent disease characterized by
esophageal and extraesophageal clinical manifestations and
various morphological changes in the esophageal mucosa due
to retrograde reflux of gastric or gastrointestinal contents into
esophagus. The extraesophageal manifestations of GERD
include a variety of cardiovascular, otorhinolaryngological
(for example, recurrent otitis media), dental pathology, but the
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most numerous groups of diseases associated with
extraesophageal manifestations of GERD are respiratory.
Respiratory manifestations of GERD include chronic
pharyngitis, chronic laryngitis, recurrent (spastic) croup,
recurrent aspiration bronchitis, recurrent pneumonia,
bronchiolitis  obliterans, bronchiolitis obliterans  with
organizing pneumonia, bronchiectasis. In newborns and
children in the first months of life, symptoms of GERD wiill
be pathological regurgitation, low rates of weight gain, refusal
to feed, dysphagia, chronic cough, and the development of
apnea [1]. However, GERD often occurs without any
esophageal symptoms, including in patients with respiratory
diseases. Thus, in infants with wheezing, GERD was
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diagnosed in 60,5% of cases, while 60,9% of these patients
did not have typical esophageal symptoms [2]. From 1/3 to
1/2 of patients with asthma and GERD do not have
characteristic esophageal symptoms [3], in another study
typical symptoms of GERD, such as heartburn, were present
only in 16% of patients with extraesophageal manifestations
of the disease [4, 5].

The symptoms of GERD are known to vary widely with
the age of children and are nonspecific. Poor weight gain is an
important symptom that requires clinical alertness. In infants,
crying, irritability, sleep disturbances, intestinal cramps, and
Sandifer syndrome are considered equivalents of heartburn
[1].

Diagnosing GERD is challenging because there is no best
test method. Esophagogastroduodenoscopy (EGDS) is the
only diagnostic tool for identifying esophagitis, however,
according to the results of the studies, erosive esophagitis was
diagnosed in 15-71% of the examined patients [6]. It has been
shown that dual pH-multichannel intraluminal impedance
(pH-MII) is the most accurate method for diagnosing GERD,
since it detects up to 96% of all refluxes, while isolated 24-
hour pH-monitoring (24-pH) revealed only 76% of refluxes
[7, 8].

The aim of the study was to determine role of esophageal
symptoms in the diagnosis of gastroesophageal reflux disease
in children with RCRD, refractory to standard therapy.

2. MATERIALS AND METHOD

2.1. Study population

All children with RCRD, hospitalized for a cause of poor
response to respiratory-specific therapy, at the Department of
Thoracic Surgery of the Morozovskaya Children's City
Clinical Hospital, from November 2017 to September 2019
were enrolment for an uncontrolled cohort, prospective,
single-center, comparative study.

Inclusion criteria included the presence of RCRD
refractory to standard therapy: chronic pharyngitis, chronic
laryngitis, recurrent otitis media, recurrent croup,
bronchopulmonary dysplasia, recurrent pneumonia, recurrent
bronchitis, recurrent obstructive bronchitis, bronchial asthma,
obliterating bronchiolitis, bronchiolitis obliterans with

Table 1. GERD-Q Questionnaire [9,10]
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organizing pneumonia, bronchiectasis; age from 3 months to
17 years.

Exclusion criteria included established diagnoses of
cystic fibrosis, primary ciliary dyskinesia, foreign bodies of
the respiratory tract, congenital malformations of the
respiratory  tract, pulmonary tuberculosis, primary
immunodeficiency; lack of RCRD; age less than 3 months; the
use of antireflux therapy during the study of 24-pH and pH-
MII.

At the first stage of the study, all patients were divided into
2 groups based on the identification of esophageal
manifestations of GERD based on the results of a
guestionnaire survey or identification of disease equivalents
(depending on age). Group A consisted of 63 children with
typical esophageal symptoms of GERD or their equivalents,
group B - 62 children without this symptomatology. We
compared main characteristics between 2 these groups,
including age, sex, structure of RCRD, duration of respiratory
diseases.

At the second stage, the frequency of GERD diagnosed
based on the results of different instrumental methods was
compared between groups A-B, and calculated totally. Then
the relationship between esophageal manifestations of GERD
and parameters of these methods were performed.

2.2. Diagnostic criteria and instrumental methods
Diagnostic criteria for RCRD and GERD

Diagnoses of RCRD are established on the basis of
appropriate diagnostic criteria, international and Russian
conciliatory documents. Respiratory diseases that, despite
treatment and prevention, recur for unknown reasons; chronic
respiratory  diseases often have exacerbations (eg,
uncontrolled asthma).

Clinical diagnosis of GERD was carried out in the
presence of characteristic clinical symptoms that cause
anxiety in the patient over 7 years old using GERD-Q
questionnaire, according to which the number of points >8
testified to GERD [9,10], or GER equivalents in children
under 7 years of age (regurgitation, sleep disturbance, delayed
weight gain, irritability, Sandifer syndrome).

Questions: during the last week Odays 1lday 2-3 4-7
days  days
Number of points
1. How often do you have heartburn? 0 1 2 3
2. How often do you feel the rush of food (liquid or food) from the stomach into the 0 1 2 3
pharynx or mouth (regurgitation)?
3. How often do you have upper abdominal pain? 3 2 1 0
4. How often do you get nausea? 3 2 1 0
5. How often do you experience sleep disturbances due to heartburn or regurgitation? 0 1 2 3
6. How often do you take medication to treat heartburn or regurgitation? 0 1 2 3

The number of points >8 testified to GERD

The diagnostic criteria for GERD when carrying out
instrumental research methods were the following: reflux
esophagitis during EGDS [11]; insufficiency of the cardia
with the identification of grade 1-4 GER in the X-ray
examination of the esophagus with contrast [11]; DeMeester

score > 14,72 based on the results of 24-pH [6,11]; DeMeester
score > 14,72 and / or impedance reflux > 53 episodes per day
with pH-MI1 [12].
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Instrumental methods

pH-MII was performed according to the standard method
using an Ohmega-TM instrument. The catheter was selected
according to the age of the patient, inserted intranasally in the
supine position under the control of esophageal fluoroscopy,
and then connected to the recording unit for 24 hours. The
following parameters were decoded: by pH-channel -
DeMeester score, reflux index; by impedance channel - the
total number of refluxes, the number of acid, weakly acid,
alkaline refluxes in 24 hours.

Reflux was considered acid at pH <4, weakly acid at 4 <
pH <7, alkaline if pH >7. Reflux index was defined as the
percentage of time at which pH <4. GERD was considered
abnormal in infants with a reflux index > 10%, in children
over 1 year of age - > 5%.

The criteria for the diagnosis of GERD by the pH channel
was the DeMeester score above 14,72 [6,11]; by the
impedance channel GERD was confirmed if the daily reflux
episodes were more than 53 [12]. This study was carried out
in 42 patients at the age of 4 months. - 17 years old (Me —
2,75; 1QR 1,08-9,42).

24-hour pH-monitoring: In conditions of impossibility of
conducting pH-MII, in children over 1 year old, 24-hour pH-
monitoring was carried out using the GastroScan-GEM
device. Patients were prepared in the same way as during the
pH-MII. The following parameters were decoded: DeMeester
score, reflux index. This study was conducted in 20 patients
at the age of 1 year and 9 months. - 17 years old (Me — 9,5;
IQR 5,2325 — 12,4375).

X-ray esophagus with contrast. The following
interpretation of the results was used: no GER - no reflux of
gastric contents into the esophagus; insufficiency of the cardia
1st degree - reflux of gastric contents to the lower third of the
esophagus, 2nd degree - to the middle third of the esophagus,
3rd degree - to the upper third of the esophagus, 4th degree -
to the oropharynx [11]. This study was conducted in 107
patients aged 3 months up to 17 years 8 months (Me 3,92; IQR
1,17-9,42).

EGDS was performed using Fujinon EG-530NW, Fujinon
FG-1ZP gastroscopes. The following parameters were
performed: reflux esophagitis (catarrhal esophagitis, erosive
esophagitis, without pathology) and accompanying upper
gastrointestinal tract lesions (insufficiency of the cardia,
gastroesophageal prolapse, gastritis, duodenitis). To assess
the degree of damage to the esophageal mucosa, we used the
classification of reflux esophagitis in children according to G.
Tytgat modified by V.F. Privorotsky et al. 2005 [11]. This
study was conducted in 82 patients aged 3 months to 17 years
8 months (Me 5,92; IQR 1,67-9,83).

Other methods, including fibrolaryngoscopy, computed
tomography of the lungs, bronchoscopy, neonatal screening
for cystic fibrosis, sweat test, testing for tuberculosis, immune
status, allergostatus, have been used to exclude other diseases,
which may aggravate respiratory illness - as listed in exclusion
criteria. Depending on the private RCRD disease of each
patient, different methods were selected for screening.
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2.3. Statistical method

Statistical data processing was performed using Microsoft
Excel 2019 and IBM SPSS Statistics 20. Frequencies of the
trait were calculated for all qualitative indicators, and the
median (interquartile range) was calculated for each of the
quantitative indicators in the entire sample and in the study
groups. The statistical significance of differences between the
frequency indicators of groups with expected frequencies of 5
or more was assessed using the y2 test (chi-square). For n <20
or the presence of expected frequencies of 5 or less, Fisher's
exact test was used. Normality was tested using the
Kolmogorov-Smirnov test (n> 50) or the Shapiro-Wilk test (n
<50). The statistical significance of differences between the
guantitative indicators of groups with an abnormal
distribution or with a small sample was assessed using
nonparametric methods. Mann-Whitney U-test was used to
assess the statistical significance of differences between 2
independent groups, Wilcoxon rank test - 2 dependent groups,
Kruskal-Wallis test - more than 2 groups. At p <0,05, the
differences were considered statistically significant.

2.4. Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki (1964), revised in Edinburgh (2000),
approved by the Ethics Committee of the RUDN University.
All participants were explained and requested for written
informed consent.

3. RESULTS

The study included 125 children (70 boys, 55 girls), aged
3 months to 17 years, median 3,75 years (interquartile range,
IQR — 1,21-9,38 years), with RCRD, unexplained poor
response to standard therapy.

At the first stage, all 125 patients were divided into 2
groups based on clinical diagnosis - detection of esophageal
manifestations of GERD based on the results of a
questionnaire survey or identification of disease equivalents
(depending on age). Group A consisted of 63 children with
esophageal symptoms of GERD or their equivalents, group B
- 62 children without them.

Group A and Group B patients were compared in terms of
main characteristics. The distribution of patients by age, sex,
structure and duration of RCRD is presented in Table 2.

Most of the characteristics, including gender, age (from 1
year to 7 years and from 12 years to 17 years), structure and
duration of RCRD, were comparable between the two groups.
In addition, in the group of patients with esophageal
manifestations, there were more children under the age of 1
year, in whom esophageal manifestations of GERD are not
specific and there are many equivalents, for example,
irritability, delayed weight gain, Sandifer syndrome, etc. In
general, the 2 groups were comparable in terms of the
structure of respiratory diseases of the upper and lower
respiratory tract. In the group of children with esophageal
manifestations of GERD, there were statistically significant
more patients with recurrent obstructive bronchitis, and fewer
with bronchial asthma.

At the next stages of the study in groups A and B, the
frequency of GERD based on the results of instrumental
studies was compared.
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Table 3 shows the frequency of GERD based on
instrumental examination methods in children with RCRD,
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refractory to standard therapy, in general and depending on
the presence of clinical esophageal manifestations of GERD.

Table 2. Distribution of patients by sex, age, structure and duration of RCRD depending on the presence / absence of esophageal

manifestations of GERD

Group A Group B
(with oesophageal (without esophageal
Criteria symptoms of GERD) symptoms of GERD) p-value
n=63 n=62
n/ Total (%) n / Total (%)
Age 3 months - <1 year 21 (33) 6 (10) 0,0019*
1 - <3years 16 (25) 11 (18) 0,3430
3 - <7 years 15 (24) 14 (22) 0,7913
7 - <12 years 5(8) 17 (27) 0,0053*
12 — 17 years 6 (10) 14 (23) 0,0509
Sex Male 40 (63) 30 (48) 0,0928
Female 23 (37) 32 (52) 0,0928
RCRD structure
Upper respiratory tract diseases (n = 18) 9 (14) 9 (15) 0,9747
Chronic pharyngitis 3(5) 4(7) 0,6389
Chronic laryngitis 5(7) 3(5) 0,6394
Recurrent otitis media 0 (0) 2(3) 0,1677
Recurrent croup 1(2) 0(0) 0,2650
Lower respiratory tract diseases (n = 107) 54 (86) 53 (85) 0,9747
Bronchopulmonary dysplasia 1(2) 1(2) 1
Recurrent pneumonia 17 (27) 9 (15) 0,1012
Recurrent bronchitis 7 (11) 6 (10) 0,8559
Recurrent obstructive bronchitis 13 (20) 4(7) 0,0345*
Bronchial asthma 6 (10) 25 (39) 0,0002*
Obliterating bronchiolitis 8 (12) 6 (10) 0,7220
Bronchiolitis obliterans with organizing 1(2) 0 (0) 0,2650
pneumonia
Bronchiectasis 1(2) 23 0,7212
Duration of respiratory diseases
<1 year 29 (46) 23 (37) 0,3092
1-4 years 24 (38) 21 (34) 0,6427
>4 years 11 (18) 17 (27) 0,2299
Table 3. Frequency of diagnosis of GERD by different methods in children with / without esophageal symptoms
Group A Group B Total
Methods (with esophageal symptoms) (no esophageal n=125 p-value
n=63 symptoms)
n =62
n/ Total (%) n/ Total (%) n/ Total (%)
EGDS 32/43 (74) 27/39 (69) 59/82 (72) 0,6036*
Fluoroscopy 48/54 (89) 39/53 (74) 87/107 (81,3) 0,042*
24-pH 4/9 (44) 1/11 (9) 5/20 (25) 0,127**
pH-MII 24/26 (92) 16/17 (94) 40/43 (93) 1**
Total 58/63 (92) 50/ 62 (81) 108/125 (86,4) 0,0637*

p-value was calculated using the test: * chi-square, ** Fisher's exact test

The overall frequency of GERD based on instrumental
methods in the examined children, as can be seen from table
3 accounted to 86,4%; in children with esophageal
manifestations of GERD - 92%, without them - 81%, without
statistically significant differences (p> 0,05). With the
maximum frequency, GER was detected using pH-MII (93%),
which was 3,7 times more often compared with isolated pH-
monitoring. 63 patients were examined by >2 methods. EGDS
was performed in 43 of 63 patients of group A with
esophageal manifestations of GERD, while among 43
patients, 32 cases of GERD were diagnosed, in 11 - no

pathology of the esophageal mucosa was detected. In 7 (64%)
of these 11 patients, GERD was confirmed by 24-pH or pH-
MI1 and was defined as non-erosive reflux disease (NERD).

A more detailed description of the results of instrumental
examinations of patients in groups A and B is presented in
Table 4-7.

Table 4 presents the result of fluoroscopy of the esophagus
with contrast and water-siphon test in children with RCRD.
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Table 4. Frequency of absence of gastroesophageal reflux and degree of cardia insufficiency according to fluoroscopy in children
with / without esophageal manifestations of GERD

Group Al Group B1
Fluoroscopy of the esophagus with contrasting  (with esophageal symptoms) (no esophageal p-value

n=54 symptoms)

n=>53
n/ Total (%) n/ Total (%)

No gastroesophageal reflux 6 (11) 14 (26) 0,0464*
Insufficiency of the cardia 1st degree 15 (28) 16 (30) 0,8205
Insufficiency of the cardia 2nd degree 9 (17) 13 (25) 0,3117
Insufficiency of the cardia 3rd degree 23 (42) 10 (19) 0,0102*
Insufficiency of the cardia 4th degree 1(2) 0(0) 0,3030

p-value was calculated using Chi-square test, Fisher's exact test

Table 5. Visual changes according to esophagogastroduodenoscopy in children with / without esophageal manifestations of
GERD

Group A2 Group B2
Pathology (with esophageal symptoms) (no esophageal symptoms) p-value
n=43 n=239
n/ Total (%) n/ Total (%)

Catarrhal esophagitis 23 (53) 23 (59) 0,587
Erosive esophagitis 6 (14) 2 (5) 0,172
Esophageal stricture 2 (5) 0 (0) 0,159
Insufficiency of the cardia 11 (26) 8 (21) 0,597
Gastroesophageal prolapse 3(7) 4 (10) 0,627
Gastritis 18 (42) 21 (54) 0,280
Duodenitis 11 (26) 17 (44) 0,089
Without pathology 4 (9) 2 (5) 0,484
Biopsy of the esophageal mucosa, n = 14, abs.

Barrett's esophagus 1 0 0,323

Reactive changes 0 3 0,059

p-value was calculated using Chi-square test, Fisher's exact test
Table 6. 24-pH parameters in children with / without esophageal manifestations of GERD

Group A3 Group B3
24-pH parameters (with esophageal symptoms), (no esophageal symptoms), n =11 p-value
n=9
Median (IQR) Median (IQR)
DeMeester score 13,18 (5,655-30,17) 3,5 (2,38-6,62) 0,046*
Reflux Index 4,31 (2,085-11,67) 1,04 (0,57-1,95) 0,025*

p-value * <0,05 calculated using nonparametric Mann-Whitney U-test

Table 7. The relationship between esophageal manifestations of GERD and GER parameters according to pH-MII data

Group A4 Group B4
Indicators (with esophageal symptoms), n =25  (no esophageal symptoms), n =17 p-value
Median (IQR) Median (IQR)
pH-MII parameters by pH channel
DeMeester score 29,54 (7,58-56,015) 5,73 (2,66-15,955) 0,003*
Reflux Index 8,5 (2,05-14,8) 1,1 (0,55-4,45) 0,001*
pH-MII parameters by impedance
General reflux! 115,2 (40,7-170,9) 188,8 (122,4-375,9) 0,003*
Acid refluxt 40,5 (11,15-90,05) 26,3 (13,35-56,4) 0,311
Weakly acid reflux? 51,7 (12,35-88,1) 127,6 (53,3-312) 0,001*
Alkaline reflux! 0 (0-4,25) 10,6 (1,75-47,3) 0,001*

1 number of episodes in 24 hours, 2 seconds, p-value * <0,05 was calculated using the nonparametric Mann-Whitney U-test (pH-MII
parameters), IQR - interquartile range

In children with esophageal manifestations of GERD, and less often the absence of GER compared with the group
insufficiency of the cardia 3rd degree was more often recorded of children without esophageal manifestations of GERD.
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Visual changes in the mucous membrane of the esophagus,
stomach and duodenum and the results of biopsy of the
esophagus are presented in Table 5.

From Table 5 it can be seen that with EGDS, catarrhal
esophagitis was most often detected (in 46 of 82 patients).
Among concomitant diseases, the most frequent were gastritis
and duodenitis (in 48% and 34% of patients, respectively).
Based on this study, esophageal manifestations of GERD are
not associated with the degree of damage to the esophageal
mucosa according to the results of EGDS (p> 0,05).

Table 6 shows the characteristics of gastroesophageal
reflux according to the data of 24-pH.

According to the data of 24-pH in patients with esophageal
manifestations of GERD, in comparison with the group
without such manifestations, the DeMeester score and reflux
index was recorded higher.

The relationship between esophageal manifestations of
GERD and GER parameters according to pH-MII data is
presented in Table 7.

You can see in Table 7, in patients without esophageal
manifestations of GERD, the number of general reflux
episodes, episodes of weakly acid, alkaline reflux were
statistically significantly more frequent, compared with
patients with esophageal manifestations.

Similarly to the results of 24-pH, according to the pH-
channel of pH-MII in patients with esophageal manifestations
of GERD, the DeMeester score, reflux index were also higher.

4. DISCUSSION

According to the data of the study, GERD was diagnosed
in 86,4% of children with RCRD. This result corresponds to
the data of previous studies, according to which, short-term
(within 2-3 hours) pH-monitoring revealed GERD in 47-
100% (on average in 76%) children with recurrent respiratory
diseases, long-term pH-monitoring revealed reflux in 92-94%
of the examined children with these diseases [13-16].
According to V.F. Privorotsky et al. (2004) in 65% of children
with BA, 88% of children with cystic fibrosis and 50% of
children with recurrent bronchitis, GERD of varying severity
was identified based on clinical, radiological and endoscopic
examination methods [17]. Among the patients examined by
us, in 81% of children without esophageal manifestations of
GERD, pathological GER was confirmed by instrumental
methods. The high frequency of detecting GERD in children
with RCRD examined by us may be a consequence of an
increase in intra-abdominal pressure and an increase in
negative pleural pressure during coughing, hyperinflation of
lung tissue, as well as the result of the use of bronchodilators,
that relax the lower esophageal and pyloric sphincters, which
increases the frequency and severity of gastroesophageal and
duodenal reflux. GERD and RCRD interact according to the
type of a closed pathophysiological circle: irritation of the
esophageal mucosa by gastric contents can cause
bronchospasm mediated through n. vagus, as well as due to a
direct effect on the receptors of the larynx, trachea and bronchi
during micro- or macroaspiration of gastric contents, which
leads to nonspecific hyperreactivity of the bronchi and the
development of an inflammatory process in the
tracheobronchial tree [18].
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In our study, in order to identify clinical criteria for the
diagnosis of GERD in children over 7 years old, we used the
GERD-Q questionnaire. In adult patients, GERD-Q is a very
valuable questionnaire in the diagnosis of GERD. According
to V.O. Kaibysheva et al. (2013) the sensitivity of the
questionnaire in adults was 65,4%, specificity — 91,7%, tested
by the method of 24-pH [10]. However, GERD-Q assesses
only the esophageal symptoms of GERD (heartburn,
regurgitation), which are usually caused by acid reflux
[19,20], while weakly acid and alkaline reflux, more often
associated with non-esophageal manifestations of GERD, as
shown in our study (table 7), are detected only by pH-MII [21-
23]. In the children examined by us with RCRD, without
esophageal manifestations of GERD, according to the results
of pH-MII, the most frequent variant of reflux was weakly
acid reflux. The obtained result coincides with the results of
the study by X. Xu et al. (2014), in which the GERD-Q
questionnaire and the pH-MII were used to diagnose GERD
in adults with chronic cough. GERD was confirmed in 68
(97,1%) of 70 GERD-Q-positive patients with esophageal
symptoms, while most of them (50 of 68, which was 73,5%)
had acid reflux verified. In the group of GERD-Q-negative
patients who did not have esophageal symptoms, GERD was
detected in 34 (60,7%) of 56 patients with a predominance of
non-acid GER, including weakly acid and alkaline reflux (29
patients, which was 85,3%). while acid reflux was detected
only in 5 (14,7%) patients [24].

According to the data of 24-pH, the overall detection rate
of GERD in children with RCRD in our study was low (25%),
while in patients with clinical esophageal manifestations of
GERD it was 44,4%, in the group of children without them —
9,1%. In comparison with the results of GERD verification by
means of 24-pH, the frequency of GERD diagnostics in
children with RCRD based on pH-MII was very high (93%).
This result is explainable. pH-MII differs from 24-pH in that
it has an additional impedance channel. According to this
channel, there was currently no unified standard for
diagnosing GERD, we used according to the protocol of the
programmed machine Ohmega-TM, taking 95th percentile
value of daily reflux episodes, which is more than 53 episodes
in patients off therapy [12]. The sensitivity of 24-pH in
determining alkaline reflux is very low and amounts to 28%
[25]. 24-pH assesses acid reflux, while pH-MII records all
types of reflux (acid, weakly acid, alkaline). So, according to
the results of pH-MII, weakly acid refluxes prevailed in the
patients we observed, which were not accompanied by
characteristic esophageal symptoms. This can explain the high
frequency of GERD-Q-negative patients (49,6%) among
patients with RCRD on the background of GERD. Despite the
fact that pH-MII is currently regarded as the most informative
method for diagnosing GERD, this method is not available in
most hospitals, its cost is high, the study lasts 24 hours,
causing discomfort in the patient, and if patients have motility
disorders and severe esophagitis, then due to a decrease in the
baseline impedance values, the pH-MII can underestimate the
number of refluxes [6]. For these reasons, the number of
patients simultaneously examined by pH-MII and other
methods was limited. Another limitation of the study may be
the fact that the sample size was not pre-calculated. In this
regard, it is impossible to generalize the obtained data for the
entire population of patients with RCRD.
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According to world studies, non-acid reflux in pediatric
practice, especially in children in the first months of life, is a
common occurrence, accounting for 45-89% of all reflux
episodes [26], which is consistent with our data. There is an
opinion that the presence of duodenal contents in refluctate, in
other words, the presence of weakly acid or alkaline reflux,
detected only with the help of pH-MII, may be the cause of a
more severe course of GERD, ultimately complicated by the
development of Barrett's esophagus and esophageal
adenocarcinoma [27,28]. This provision requires further
research based on the study of the long-term follow-up of
patients. Thus, pH-MII is an indispensable method for
diagnosing GERD in children with RCRD.

According to our study, changes in the esophageal mucosa
and clinical esophageal manifestations of GERD are not
related to each other. According to Y. Vandenplas et al. (2019)
there are no specific symptoms of esophagitis [29]. Even in
patients with Barrett's esophagus, severe clinical symptoms
have not been reported [30].

Conclusion

In children with RCRD, refractory to standard therapy, the
frequency of GERD was high. It is possible to screen for GERD
in children with RCRD, independent on the presence of clinical
esophageal symptoms of GERD.
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