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Abstract: The purpose of this study was to examine the
characteristics of proximal and distal gastroesophageal
reflux in patients with gastroesophageal reflux disorder
and analyze their clinical symptoms. A total of 67 patients
with typical esophageal symptoms were selected for this
study. All participants completed the reflux disease ques-
tionnaire and a questionnaire survey of extraesophageal
symptoms. Diagnosis was made using a 24-h impedance-pH
detection and proton pump inhibitor. The results showed
that the proximal reflux group had a higher number of
acid reflux episodes compared to the distal reflux group
(P < 0.05). Similarly, the proximal reflux group also had a
higher number of gas reflux episodes compared to the
distal reflux group (P < 0.05). On the other hand, the distal
reflux group had a higher number of mixed reflux episodes
compared to the proximal reflux group (P < 0.05). These
differences were statistically significant. This study revealed
that acid reflux and gas reflux were more predominant in
the proximal reflux group, while mixed reflux was more
predominant in the distal reflux group.
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1 Introduction

Gastroesophageal reflux disease (GERD) is characterized
by the inadequate functioning of the lower esophageal
sphincter (LES), resulting from various local or systemic
causes. Here gastric and duodenal contents flow back
into the esophagus resulting in a series of symptoms
such as heartburn. As per the endoscopic findings, GERD
is generally classified into three types, namely, non-erosive
reflux disease, reflux esophagitis (RE), and Barrett’s eso-
phagus [1]. GERD has become one of the most common
gastrointestinal diseases in China, and is gaining greater
attention. Typical symptoms of GERD include heartburn,
acid reflux, and chest pain. Atypical symptoms encompass
abdominal discomfort, chronic cough, a sensation of a for-
eign body in the throat, and asthma, among others [2,3].

Epidemiological data show that the incidence of GERD
in western countries is higher than the Asia-Pacific region.
Estimates suggest that the prevalence of GERD in European
and American countries ranges from 10 to 15%, while in
Asia, it is reported to be around 5% [4]. The most recent
report from China estimates the prevalence to be 3.8% [5].

The pathogenesis of GERD is multifaceted and typically
encompasses the following aspects [6]: (1) The pressure of
LES is reduced, and the anti-reflux barrier function is wea-
kened. Using esophageal pressure measurement, Hou et al.
found that the pressure of LES was decreased in 59% of the
27 patients with GERD in their study. (2) Esophageal peri-
stalsis dysfunction leads to decreased esophageal clearance
ability; (3) It involves impairment of the esophageal mucosal
barrier function; (4) The diaphragm participates in the anti-
reflux barrier; (5) Angle of His; (6) Mental and psychological
factors. At the same time, diabetes is also closely related to
the incidence of GERD [7]. With improvements in living
standards, changes in dietary patterns, and increased daily
life stress and work pressures, there has been a global
increase in GERD cases in recent years [8].

The 24-h esophageal pH monitoring is a crucial diagnostic
method for GERD. This monitoring involves continuous pH
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monitoring of the esophagus over 24 h under normal physio-
logical conditions. It helps determine if the patient has patho-
logical acid reflux, assess the severity of reflux, examine the
pattern of acid reflux throughout the day and night, establish
the relationship between acid reflux and symptoms, and
assess the patient’s response to treatment. It was previously
considered the “gold standard” for diagnosing GERD [9]. Cur-
rently, GERD diagnosis mainly relies on the scoring system
developed by Johnson and DeMeester [10].

Recent studies have highlighted the significance of
weak acid and weak base reflux in GERD. Xu et al. [11]
found that weak alkaline reflux also plays an important
role in the pathogenesis of GERD. However, the traditional
24-h ambulatory esophageal pH monitoring technology can
only measure changes in H+ concentration and cannot
detect non-acid reflux (weak acid and weak base reflux),
let alone the composition of reflux. Therefore, with the
increasing challenge of diagnosing GERD, 24-h esophageal
multichannel intraluminal impedance monitoring com-
bined with pH-metry (24h MII-pH) technology has been
widely used in the diagnosis of GERD. 24-h MII-pH moni-
toring is considered to be the most sensitive method for
monitoring reflux events, which can not only help iden-
tify whether the reflux is acid reflux, weak acid reflux, or
weak base reflux but can also distinguish whether the
reflux is liquid, gas, or mixed reflux. This method enables
the detection of various types of esophageal reflux char-
acteristics, including fluid, gas, acid, and non-acid char-
acteristics [12].

Currently, due to its limited popularity, high equip-
ment cost, and poor patient tolerance, 24-h esophageal
impedance pH monitoring is not commonly available for
most GERD patients.

Proximal and distal reflux: These refer to the reflux of
impedance channel 15 and 5cm above LES, respectively.
24-h MII-pH monitoring not only can help monitor the
reflux 5cm above LES, but can also monitor the reflux
15 cm away from the proximal end of LES. However, there
is currently no consensus on the reference standard for
proximal esophageal reflux.

The findings of these studies indicate that proximal
reflux episodes could potentially contribute to respiratory
symptoms [13]. There is evidence that the proximal eso-
phagus seems to be more sensitive to the distal esophagus
than to heartburn and chest pain (typical symptoms) caused
by mechanical dilation, electrical stimulation, [14] and acid
reflux. A recent study [15] observed that the afferent nerves
in the proximal mucosa are shallower compared to those in
the distal region. This anatomical difference may explain the
heightened sensitivity to symptoms induced by proximal
esophageal reflux.

DE GRUYTER

2 Materials and methods

2.1 Study participants

In this study, we recruited patients with typical esophageal
symptoms, including acid reflux, heartburn, chronic cough, and
sensation of a foreign body in the throat, from the Department of
Gastroenterology, the First Affiliated Hospital of Henan University
of Science and Technology, Luoyang, Henan, China between
November 2018 and October 2019. We included patients aged
18-80 years, regardless of gender, and with chief complaints
that included extraesophageal symptoms.

Respondents completed questionnaires on reflux dis-
ease (the Reflux Disease Questionnaire or the RDQ) and
extraesophageal symptoms [16] under the guidance of phy-
sicians, and we calculated the RDQ score. GERD was indi-
cated when the total score was =12, and 24-h MII-pH mon-
itoring was done. Based on the symptom scores and 24-h
MII-pH monitoring results, we divided the patients into the
proximal reflux group and the distal reflux group, with 67
cases in total, consisting of 40 males and 27 females.

Inclusion criteria: (1) Patients who obtained a total
score of 12 on the RDQ; (2) Patients capable of cooperating
with 24-h MII-pH monitoring; (3) Patients within the age
range of 18-80 years; (4) Patients who had not taken acid
inhibitors, antacids, or prokinetic drugs in the 2 weeks
prior to the examination; (5) Among patients reporting a
sensation of a foreign body in the throat, only those whose
laryngoscopy indicated no significant injury to the throat
mucosa were included; (6) Patients with chronic cough
whose chest digital radiography results were normal; (7)
Patients without a history of neck, nasopharynx, or gastro-
intestinal surgery.

Exclusion criteria: (1) Pregnant and lactating women;
(2) Patients who had participated in a clinical trial within
the past 3 months or were currently enrolled in a trial; (3)
Chronic cough caused by other factors such as respiratory
tract infection or chronic bronchitis; (4) Patients whose
sensation of a foreign body in the throat was attributed
to other causes, such as chronic pharyngitis or chronic
tonsillitis; (5) Patients who had received anti-acid and pro-
kinetic drugs within 2 weeks prior to the examination; (6)
Patients with a previous history of neck, nasopharynx, or
gastroesophageal surgery.

2.2 General information

We collected various general details from the participants,
including age, gender, place of residence, height, weight,
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smoking history, drinking history, previous surgery his-
tory, as well as information on proton pump inhibitor’s
(PPD) dosage and duration.

2.3 RDQ and extraesophageal symptom
questionnaire

The RDQ was used to evaluate the severity and frequency
of acid reflux, heartburn, retrosternal pain, and reflux. The
severity of symptoms was evaluated using a 5-point rating
scale: 1 for asymptomatic, 2 for very mild symptoms that
did not significantly impact daily life, 3 for moderately
noticeable symptoms occasionally affecting daily activities, 4
for symptoms ranging between moderate and severe, and 5
for severe symptoms significantly impacting daily life and
activities.

The frequency of symptoms was rated using a 5-point
scale as follows: 0 if the symptom never occurred; 1 if the
symptoms lasted less than 1 day in the last 1 week; 2 if the
frequency of the symptom in the last 1 week was for 1 day;
3 if the symptom in the last 1 week lasted for 2-3 days; 4 if
the symptom occurred on 4-5 days within the last 1 week; 5
if the symptom occurred on 6 days or was felt every day
within the last 1 week. The overall RDQ score was calcu-
lated by summing the scores for symptom severity and
frequency. A score of >12 points indicated a diagnosis of
GERD (Tables 1-3).

2.4 Research methodology
2.4.1 Grouping method

Participants in the study completed the RDQ and a question-
naire survey on extraesophageal symptoms under the super-
vision of doctors. RDQ scores were calculated, and a diagnosis
of GERD was established if the total score was equal to or
higher than 12. All participants also underwent 24-h MII-pH
monitoring. Based on the symptom scale and 24-h MIl-pH

Table 1: Symptom frequency of reflux disease questionnaire
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Table 2: Symptom severity of reflux disease questionnaire

Symptom  Asymptomatic Slight Obvious Heavier Severe
Heartburn 1 2 3 4 5
Acid reflux 1 2 3 4 5
Food reflux 1 2 3 4 5
Chest pain 1 2 3 4 5

monitoring results, we divided the participants into the prox-
imal reflux group and the distal reflux group. There were 67
cases in total, consisting of 39 cases in the proximal reflux
group and 28 cases in the distal reflux group.

2.4.2 Preparation before the examination

(1) Pre-procedural preparation for patients: Patients were
required to be fasting and avoid drinking water for at

Table 3: Atypical symptoms and extraesophageal symptoms
questionnaire

Burning post-sternal discomfort and pain Yes No
Non-burning chest discomfort and pain Yes No
Feeling of the food sticking, staying, and abnormal Yes No
sensation of food passing through the esophagus

Difficulty and pain in swallowing Yes No
Lump sensation, foreign body sensation, burning Yes No
sensation, pain in the throat

Snoring, nocturnal sleep apnea Yes No
Hoarse voice Yes No
Pain in the upper abdomen (before/after meals) Yes No
Bloating Yes No
Food nausea and nausea Yes No
Hiccups, belching Yes No
Sour/bitter taste in the mouth Yes No
Dental caries, tooth erosion Yes No
Bronchiectasis, chronic bronchitis Yes No
Chronic or long-lasting cough Yes No
Asthma Yes No
Chronic obstructive pulmonary disease Yes No

Symptom Never <1dayin1week 1dayin1week 2or3daysin1week 4or5daysin1week 6 or7daysin1week
Heartburn 0 1 2 3 4 5
Acid reflux 0 1 2 3 4 5
Food reflux 0 1 2 3 4 5
Chest pain 0 1 2 3 4 5
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least 6-8 h to prevent vomiting and aspiration. Before
the examination, patients were required to also stop
taking medications that affect esophageal motility and
change the gastric pH value, PPI drugs, and other acid-
inhibiting drugs for 2 weeks, and asked to remain off
motility drugs for more than 1 week prior to the
procedure;

(2) After the electronic gastroscopy, high-resolution mano-
metry was arranged following an interval of more than
3 days;

(3) We collected the detailed medical history, including
symptoms (heartburn, acid reflux, dysphagia, chest
pain, and so on) and duration, heart disease, severe
lung disease, operation history, PPI usage, and history
of use of gastrointestinal motility drugs, and so on;

(4) Participants were given detailed information before
the examination to make them understand the process
of investigation, its necessity and importance, allay
their fears and stress to make them cooperate better
and successfully complete the examination;

(5) All participants provided their informed consent and
signed the necessary documentation for the 24 h MII-
PH monitoring and examination.

2.4.3 Instructions for participants

(1) 24 h MII-pH monitoring would record all types of gas-
troesophageal reflux;

(2) Fasting for 6-8 h before the examination was required;

(3) Withdrawal requirements before the examination: PPI
drugs and other acid inhibitors were stopped for 2
weeks and prokinetic drugs were stopped for more
than 1 week prior to the procedure;

(4) Participants were given normal diet during the 24h
MII-pH and asked to avoid acidic or alkaline food;

(5) Participants were required to fill in the inspection log
carefully and avoid smoking and drinking; if other-
wise, this was to be recorded in the log;

(6) During the 24 h MII-pH monitoring, the catheter should
be in place and prevented from falling off;

(7) Participants were requested to protect the examination
instrument from damage as it was a valuable and deli-
cate tool;

(8) Participants were requested to contact the team if
there was no digital display or if they noticed any
abnormal condition during the monitoring period;

(9) Participants were asked to return to the examination
room the next morning to remove the recorder and
hand over the inspection log.
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2.4.4 24 h pH impedance combined monitoring
procedure

A new No.5 battery, electrode catheter, calibration solution
of pH 4 and pH 7.01, data recorder, and satchel were pre-
pared for each participant. The new No. 5 battery for the
data recorder was fitted and the data recorder was placed
in the satchel. Once the electrode conduit connector was
connected to the interface of the corresponding color, the
data recorder displayed the calibration mode. After setting
the date and time, the confirm key was pressed to start
soaking the catheter. After soaking for 60s, the catheter
was wiped dry and put into the pH 4.0 buffer to start the
calibration. About 3 min later, after the calibration of pH
4.0, the catheter was put into clean water and wiped dry.
After that, a buffer solution of pH 7.01 was added to start
the calibration; After 3min of pH 7.01 calibration, the
catheter was placed in clean water and wiped dry. With
this, the pH calibration of the catheter was completed.

A lubricant (liquid paraffin) was applied along a 20 cm
length at the front end of the electrode catheter. The
patient was asked to sit and the catheter was inserted
into the nasal cavity. When the catheter was inserted about
15cm into the pharynx, the patient was instructed to
breathe normally and swallow. The catheter was inserted
into the esophagus in parallel to the patient swallowing,
until it was 5 cm above the LES, and allowed to enter the
stomach first and then pulled back. The position of LES was
determined by the change in pH value of the instrument
and compared with the position during manometry. After
determining the position, the catheter was fixed, the strap
position was adjusted, and the “start recording” button was
pressed.

The doctor recorded the starting time and guided the
patient on how to fill in the record log. After the 24-h
monitoring, the patient returned the instrument. The
data were imported into the data analysis software in
the computer along with the patient information and
saved. After confirming that the 24-h data were complete,
the participants were requested to stay for half an hour
and then leave. The data were transferred to the corre-
sponding patient’s file, double-clicked to enter the curve
interface, and the system automatically analyzed the data
and gave the report.

2.4.5 Observation index
Depending on the pH value of the reflux, it was divided

into acid reflux (pH < 4), weak acid reflux (pH 4-7), and
non-acid reflux (pH > 7). According to the impedance value
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of the reflux, reflux was divided into liquid reflux (at least
two continuous impedance channels appeared retrogra-
dely from the end impedance channel, and the impedance
value decreased by more than 50%), gas reflux (at least two
impedance channels appeared, and the impedance value
increased by more than 500 Q), and mixed reflux (gas
reflux occurred immediately before or simultaneously with
liquid reflux). Esophageal acid exposure time (AET) refers to
the percentage of episodes of pH < 4 in the total monitoring
time as measured by the pH electrode 5 cm above LES. AET >
4.2% indicated pathological acid reflux.

In this study, the main acquisition indicators included
reflux, total acid exposure time percentage, percentage of
episodes of pH < 4 in the total time which is the most
effective indicator to observe pathological acid reflux,
acid exposure time, frequencies of gas-liquid mixed reflux,
acid, weak acid, and non-acid reflux, liquid, gas, and mixed
reflux, proximal reflux, and distal reflux, symptom corre-
lation index, and DeMeester score, amongst others.

DeMeester score [17]: According to the longest number
of reflux episodes (>5min), the number of episodes of
reflux, the number of episodes (percentage) of pH < 4 in
supine position, the number of episodes (percentage) of
pH < 4 in upright position, and the number of episodes
(percentage) of total pH < 4. If the final comprehensive
score was more than 14.72, it was diagnosed as pathological
acid reflux. If the symptom correlation index was >50%
and symptom correlation probability was >95%, it indi-
cated that the symptoms were related to reflux, and reflux
referred to all types of reflux events.

2.4.6 Statistical analysis

Data analysis was performed using SPSS 23.0 statistical
software. If the measurement data were normally distrib-
uted and showed homogeneity of variance, they were pre-
sented as mean value + standard deviation. In this case, an
independent sample t-test was used to compare the data
between groups. If the measurement data did not follow a
normal distribution, quartiles (lower quartile, median, and
upper quartile) were used to represent the data. Non-para-
metric rank sum tests were employed to compare the data

Table 4: General information of patients included
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between groups in such cases. Count data were presented
as the number of cases and percentages. A chi-square test
was used to compare count data between groups, with
a significance level of P < 0.05 considered statistically
significant.

Ethics approval and consent to participate: This study
was conducted with approval from the Ethics Committee of
the First Affiliated Hospital of Henan University of Science
and Technology. This study was conducted in accordance
with the declaration of Helsinki. Written informed consent
was obtained from all participants.

3 Results
3.1 Comparison of clinical baseline data

Based on the symptom rating table and 24-h MII-pH mon-
itoring results, the 67 patients in our study were divided
into two groups: the proximal reflux group and the distal
reflux group. The proximal reflux group consisted of 28
patients (41.8%), including 17 males and 11 females, with
ages ranging from 34 to 77 years and a mean age of (57.46 +
10.83) years. The average body mass index (BMI) was (20.92
+ 3.21), and the RDQ score was 14 (13, 15.25).

In the distal reflux group, there were 39 patients
(58.2%), comprising of 23 males and 16 females, with ages
ranging from 18 to 77 years and a mean age of (52.31 + 11.85)
years. The average BMI was (21.02 + 2.56), and the RDQ
score was also 14 (13, 15.5). There were no significant differ-
ences in gender, age, and BMI between the two groups
(Table 4). RDQ scores of both groups were =12, and the
statistical analysis showed no significant difference between
them (details are given in Table 5).

3.2 Manifestation of symptoms

Based on the results of 24-h MII-pH monitoring, in addition
to experiencing typical symptoms, the proximal reflux group

Distal reflux group Proximal reflux group P
Number of cases (persons) 28 39 —
Male/female ratio (person) 17/M 23/16 0.886
Age 57.46 +10.83 52.31+ 11.85 0.078
BMI (kg/m?) 20.92 + 3.21 21.02 + 2.56 0.800
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Table 5: RDQ score of proximal and distal reflux patients

Proximal reflux Distal reflux Statistics P
group group
RDQ 14.00 (13.00, 15.50) 14.00 z=-1466 0.143
(13.00, 15.25)

frequently reported extraesophageal symptoms such as for-
eign body sensation in the throat and chronic cough. The
number of episodes of weak acid reflux, gas-liquid mixed
reflux, total number of proximal refluxes, number of prox-
imal weak acid reflux, and number of proximal non-acid
reflux in GERD patients with extraesophageal symptoms
were higher than those in GERD patients without extraeso-
phageal symptoms. There were no significant differences in
the total reflux times of pH < 4, the percentage of total reflux
times of pH < 4, the longest reflux time, DeMeester score,
acid reflux episodes, liquid reflux episodes, proximal acid
reflux episodes, or standing and lying position-related reflux
episodes.

3.3 24 h pH impedance monitoring results

The frequency of acid reflux in the proximal reflux group
was 37 times (31, 41), which was more than that in the distal
reflux group of 35 (30, 39), and the difference was statisti-
cally significant (z = -3.456, P < 0.05). The number of gas
reflux episodes in the proximal reflux group was 27 times
(23, 31.5), which was more than 19 (16, 23) in the distal
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reflux group, and the difference was statistically significant
(z = -22.023, P < 0.05). The number of mixed reflux episodes
in the distal reflux group was 29 (24.75, 35.25), which was
higher than 21 (18, 25) in the proximal reflux group (z =
-24.444, P < 0.05). In addition, there was no significant
difference in the number of times of weak acid reflux,
non-acid reflux, and liquid reflux between the two groups
(details are given in Tables 6 and 7).

4 Discussion

In this study, we compared the pH of reflux between the
proximal reflux group and the distal reflux group and
found that the frequency of weak acid reflux in GERD
patients with extraesophageal symptoms was significantly
higher than that in the typical GERD group, which can
explain why some patients only had cough symptoms but
no obvious acid reflux, heartburn, and other typical man-
ifestations. At the same time, compared with the typical
GERD group, the number of episodes of gas-liquid mixed
reflux in GERD patients with extraesophageal symptoms
was more, and the total number of episodes of proximal
reflux, the number of episodes of proximal weak acid reflux,
and the number of episodes of proximal non-acid reflux were
significantly higher, indicating that due to the lighter gas
mass, it was easier for the gas-liquid mixed reflux to move
to the proximal esophagus than the liquid reflux.

As the last barrier of anti-reflux, the high pressure of
the upper esophageal sphincter (UES) can cause a foreign

Table 6: Comparison of acid and base reflux in proximal reflux group and distal reflux group

Group Number of cases Reflux acidity and alkalinity

Acid reflux Weak acid reflux Non-acid reflux
Distal reflux group 28 35 (30, 39) 31(25.75, 35) 4.5 (2.75, 6.25)
Proximal reflux group 39 37 (31, 41) 31 (25.5, 36) 5(3, 6.5)
Statistics — z=-3.456 z=-2517 z=-1725
P — P =0.001 P=0.120 P=0.084
Table 7: Comparison of physical properties between proximal reflux group and distal reflux group
Group Number of cases Reflux acidity and alkalinity

Liquid reflux Gas reflux Mixed reflux

Distal reflux group 28 20 (17, 26.25) 19 (16, 23) 29 (24.75, 35.25)
Proximal reflux group 39 20 (18, 24.5) 31(25.5, 36) 21 (18, 25)
Statistics — z7=-2312 z=-22.023 z7=-24.444
P — P=0.210 P =0.000 P =0.000




DE GRUYTER

body sensation in the pharynx and even dysphagia. However,
the low pressure of UESP makes it easier for the reflux to
break through the anti-reflux barrier of the UES and enter the
pharynx and larynx, which can cause cough symptoms by
directly stimulating the cough receptors in the pharynx and
larynx. Under normal circumstances, cough symptoms are a
protective mechanism for the body, which can, to a certain
extent, prevent reflux from being inhaled into the airway by
mistake. Thus, it increases the risk of cough caused by direct
stimulation of the airway by reflux inhalation, aspiration
pneumonia, and even asphyxia.

Some research results have proved that [18] there is a
relationship between the occurrence of esophagitis and
gastroesophageal reflux. Acids in reflux can cause esopha-
geal squamous epithelium damage and produce inflamma-
tory reaction. At present, it has been confirmed in GERD
patients and RE models that inflammatory products that
cause esophagitis include prostaglandin and reactive oxygen
species [19]. This study provides a reference for further
research on esophagitis caused by gastroesophageal reflux
by exploring the substances of proximal reflux and distal
reflux.

Current research and understanding pertaining to GERD
is that esophageal motility disorders are generally considered
as due to the following factors: (1) Low or lack of LES pres-
sure, transient LES relaxation; (2) The function of clearing
esophageal reflux is weakened due to esophageal motility
disorder; (3) Changes in esophagogastric angle (angle of
His); (4) The barrier function of esophageal mucosa is
damaged; (5) The changes in mucosal function in the cardia;
(6) Psychological factors.

Among these, the dysfunction of esophageal anti-reflux
barrier is one of the important factors in the pathogenesis of
GERD, mainly manifested as transient relaxation of LES,
decreased LES pressure, and ineffective esophageal move-
ment. However, some studies suggest that the induction of
cough is related to the retention time of reflux in the eso-
phagus but not to the acidity of reflux. Gastroesophageal
reflux cough, as a form of GERD, with cough as the main
symptom, is generally considered as one of the most common
causes of chronic cough, like cough variant asthma, upper
airway cough syndrome, and eosinophilic bronchitis [20].

The typical symptoms of GERD are heartburn and acid
reflux, and extraesophageal symptoms are also common in
GERD patients. Extraesophageal symptoms refer to a series
of symptoms caused by the reflux of gastric contents above
the UES [21,22]. Extraesophageal symptoms of GERD may
exist alone or simultaneously with typical symptoms [23]. In
literature, GERD extraesophageal symptoms are referred to
by using a variety of different labels such as laryngopharyngeal
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reflux, posterior laryngitis, reflux laryngitis, supraesophageal
reflux, extraesophageal reflux, and gastroesophageal laryngeal
reflux, amongst others [24].

Patients with GERD commonly experience a variety
of extraesophageal symptoms, including throat clearing,
chronic cough, voice hoarseness, excessive laryngeal mucus,
postnasal drip sensation, dysphagia, chronic cough, burning
sensation in the throat, sensation of a foreign body in the
throat, and so on. The American Broncho-Esophagological
Association found that the most relevant symptoms of reflux
were clearing the throat (98.3%), intractable cough (96.6%),
heartburn or dyspepsia (95.7%), change in quality of the
voice (94.9%), sensation of a foreign body in the throat
(94.9%), choking asphyxia (90.7%), and dysphagia (86.3%)
[25]. Extraesophageal symptoms of GERD are also very
common in children. In children, gastroesophageal pharyn-
geal reflux can lead to apnea, recurrent upper respiratory
tract infections, laryngeal chondromalacia, subglottic ste-
nosis, otitis, and other conditions [26].

Compared to the typical symptoms of GERD, extraeso-
phageal symptoms tend to occur more frequently in the
upright position during the daytime, while typical symp-
toms are more commonly experienced in a regular pattern
during the supine position at night [27,28]. In a study con-
ducted by Lewin et al. in 2003 [29], they found that among
34 patients with GERD and extraesophageal symptoms,
reflux episodes occurring in the upright position accounted
for 91% of cases, which aligns with the distinction between
extraesophageal and typical GERD symptoms. With the
global attention and continuous research on GERD, there
has been steady research on GERD in China based on the
actual situation of Chinese people. This has resulted in the
establishment of the consensus for GERD treatment in
China through the efforts of the dynamic group of experts
from the gastrointestinal society of the Chinese Medical
Association.

Currently, there are limited studies both domestically
and internationally focusing on reflux types in patients
with GERD. More large-scale multicenter clinical studies
and related animal experiments are needed to explore
the mechanisms and influencing factors of reflux, aiming
to enhance the diagnosis and treatment efficacy of GERD.

5 Conclusion

The proximal reflux group exhibited a significantly higher
frequency of acid reflux and gas reflux compared to the
distal reflux group, indicating that acid reflux and gas
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reflux were more predominant in the proximal region. The
number of episodes of mixed reflux in the distal reflux
group was more than that in the proximal reflux group,
and the difference was statistically significant, which con-
firmed that the distal reflux group was predominated by
mixed reflux episodes. The number of episodes of weak
acid reflux and gas-liquid mixed reflux in patients with
GERD who had chronic cough were significantly more
than those in the control group. This finding suggests that
symptoms such as acid reflux and heartburn may not be
apparent in some patients. The increased frequency of prox-
imal weak acid and non-acid reflux further supports the
possibility of cough triggered by throat stimulation.
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24h MII - pH  24-h esophageal multichannel intralum-
inal impedance monitoring combined
with pH-metry

Acknowledgements: We would like to acknowledge the
hard and dedicated work of all the staff that implemented
the intervention and evaluation components of the study.

Funding information: Scientific Research Fund of Henan
Provincial Science and Technology Department (No.
182102310302, No. 222103810046, No. 232103810047) and
Luoyang public welfare special project (No. 2022001A).

Author contributions: Conceive and design of experiments:
Ping Wang; data analysis and interpretation: Jie Yu, Bing-Lin
Heng, and Hong Guo; data reduction: Yan Chen, and Hong
Guo; writing the manuscript: Ping Wang, Jie Yu, and Yan
Chen; manuscript revision: Ying-Jian Zhang, Hong Guo, and
Bing-Lin Heng.

Conflict of interest: The authors declare that they have no
competing interests.

Data availability statement: The datasets used and/or ana-
lyzed during the current study are available from the cor-
responding author on reasonable request.

DE GRUYTER

References

[11  Des Varannes SB, Marek L, Lecasble M, Colin R. Gastroesophageal
reflux disease in primary care. Prevalence, epidemiology and
quality of life of patients. Gastroenterol Clin Biol.
2006;30(3):364-70.

[2] El-Serag HB, Sweet S, Winchester CC, Dent J. Update on the epi-
demiology of gastro-oesophageal reflux disease: A systematic
review. Gut. 2014;63:871-80.

[3] Sidhwa F, Moore A, Alligood E, Fisichella PM. Diagnosis and treat-
ment of the extraesophageal manifestations of gastroesophageal
reflux disease. Ann Surg. 2016;265:63-7.

[4] Roman C, Bruley des Varannes S, Muresan L, Picos A,

Dumitrascu DL. A trial fibrillation in patients with gastroesophageal
reflux disease: A comprehensive review. World ] Gastroenterol.
2014;20(28):9592-9.

[5] Tan VP, Wong BC, Wong WM, Leung WK, Tong D, Yuen MF, et al.
Gastroesophageal reflux disease: cross sectional study demon-
strating rising prevalence in a chinese population. J Clin
Gastroenterol. 2015;17(5):179-86.

[6] Wang YT, Yazaki E, Sifrira D. High-resolution manometry: esopha-
geal disorders not addressed by the “chicago classification.”

J Neurogastroenterol Motil. 2012;18(4):365-72.

[71 Devendran N, Chauhan N, Armstrong D, Upton AR, Kamath MV.
GERD and obesity: Is the autonomic nervous system the missing
link. Crit Rev Biomed Eng. 2014;42(1):17-24.

[8] Lim SL, Goh WT, Lee JM, Ng TP, Ho KY, Community Medicine GI
Study Group. Changing prevalence of gastroesophageal reflux with
changing time: Longitudinal study in an Asian population.
Gastroenterol Hepatol. 2005;20(9):995-1001.

[9]1 Lee K], Kim YB, Kim JH, Kwon HC, Kim DK, Cho SW. The alteration of
enterochromaffin cell, mast cell, and lamina propria T lymphocyte
numbers in irritable bowel syndrome and its relationship with
psychological factors. Gastroenterol Hepatol. 2008;23(11):1689-94.

[10] Johnson LF, Demeester TR. Twenty-four-hour pH monitoring of the
distal esophagus. A quantitative measure of gastroesophageal
reflux. Am | Gastroenterol. 1974;62(4):325-32.

[11] Xu XR, Li ZS, Zou DW, Xu GM, Ye P, Sun ZX, et al. Role of duode-
nogastroesophageal reflux in the pathogenesis of esophageal
mucosal injury and gastroesophageal reflux symptoms. Can )
Gastroenterol. 2012;20(2):91-4.

[12] Khan MQ, Alaraj A, Alsohaibani F, Al-Kahtani K, Jbarah S, Al-
Ashgar H. Diagnostic utility of impedance-pH monitoring in
refractory non-erosive reflux disease. | Neurogastroenterol Motil.
2014;20:497-505.

[13] Zhang C, Wu J, Hu Z, Yan C, Gao X, Liang W, et al. Diagnosis and
anti-reflux therapy for GERD with respiratory symptoms: A study
using multichannel intraluminal impedance-pH monitoring. PLoS
One. 2016;11(8):139-53.

[14] Krarup AL, Olesen SS, Funch-Jensen P, Gregersen H, Drewes AM.
Proximal and distal esophageal sensitivity is decreased in patients
with Barrett’s esophagus. World ] Gastroenterol. 2011;17:514-21.

[15] Thoua NM, Khoo D, Kalantzis C, Emmanuel AV. Acid-related oeso-
phageal sensitivity, not dysmotility, differentiates subgroups of
patients with non-erosive reflux disease. Aliment Pharmacol Ther.
2008;27:396-403.

[16] Shaw M, Talley NJ, Beebe T, Rockwood T, Carlsson R, Adlis S, et al.
Initial validation of a diagnostic questionnaire for gastroesopha-
geal reflux disease. Am ] Gastroenterol. 2001;96:52-7.



DE GRUYTER

(71

[18]

[19]

[20]

[21]

[22]

[23]

Johnson LF, Demeester TR. Twenty-four-hour pH monitoring of the
distal esophagus. A quantitative measure of gastroesophageal
reflux. Am | Gastroenterol. 1974;62(4):325-32.

Altomare A, Guarino MP, Cocca S, Emerenziani S, Cicala M.
Gastroesophageal reflux disease: Update on inflammation

and symptom perception. World ] Gastroenterol.
2013;19(39):6523-8.

Jiménez P, Piazuelo E, Sdnchez MT, Ortego J, Soteras F, Lanas A.
Free radicals and antioxidant systems in reflux esophagitis and
Barrett’s esophagus. World ] Gastroenterol. 2005;11:2697-703.

Lai K, Chen R, Lin J, Huang K, Shen H, Kong L, et al. A prospective,
multicenter survey on causes of chronic cough in China. Chest.
2013;143:613-20.

Koufman JA, Belafsky PC, Bach KK, Daniel E, Postma GN. Prevalence
of esophagitis in patients with pH-documented laryngopharyngeal
reflux. Laryngoscope. 2002;112(9):1606-9.

Mosca F, Rossillo V, Leone CA. Manifestations of gastropharyngo-
laryngeal reflux disease. Acta Otorhinolaryngol Ital.
2006;26(5):247-51.

Ali MES. Laryngopharyngeal reflux: diagnosis and treatment of a
controversial disease. Curr Opin Allergy Clin Immunol.
2008;8(1):28-33.

Clinical characteristics of proximal and distal gastroesophageal reflux

[24]

[25]

[26]

[27]

[28]

[29]

-_ 9

Remacle M, Lawson G. Diagnosis and management of laryngo-
pharyngeal reflux disease. Curr Opin Otolaryngol Head Neck Surg.
2006;14(3):143-9.

Book DT, Rhee JS, Toohill R}, Smith TL. Perspectives in laryngo-
pharyngeal reflux: an international survey. Laryngoscope.
2002;112:1399-406.

Stavroulaki P. Diagnostic and management problems of laryngo-
pharyngeal reflux disease in children. Int J Pediatr
Otorhinolaryngol. 2006;70(4):579-90.

Koufman JA. The otolaryngologic manifestations of gastroesopha-
geal reflux disease (GERD): a clinical investigation of 225 patients
using ambulatory 24-hour pH monitoring and an experimental
investigation of the role of acid and pepsin in the development of
laryngeal injury. Laryngoscope. 1991;101(4 Pt 2 Suppl 53):1-78.
Postma GN, Tomek MS, Belafsky PC, Koufman JA. Esophageal
motor function in laryngopharyngeal reflux is superior to that in
classic gastroesophageal reflux disease. Ann Otol Rhinol Laryngol.
2001;110(12):1114-6.

Lewin JS, Gillenwater AM, Garrett D, Bishop-Leone JK, Nguyen
B.S. DD, Callender DL, et al. Characterization of laryngopharyngeal
reflux in patients with premalignant or early carcinomas of the
larynx. Amer Can Soc. 2003;97(4):1010-4.



	1 Introduction
	2 Materials and methods
	2.1 Study participants
	2.2 General information
	2.3 RDQ and extraesophageal symptom questionnaire
	2.4 Research methodology
	2.4.1 Grouping method
	2.4.2 Preparation before the examination
	2.4.3 Instructions for participants
	2.4.4 24h pH impedance combined monitoring procedure
	2.4.5 Observation index
	2.4.6 Statistical analysis


	3 Results
	3.1 Comparison of clinical baseline data
	3.2 Manifestation of symptoms
	3.3 24h pH impedance monitoring results

	4 Discussion
	5 Conclusion
	Abbreviations
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


