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Abstract
AIM: To investigate the feasibility and safety of pH cap-
sule to monitor pH in patients with gastroesophageal 
reflux disease (GERD).

METHODS: Ninety-one patients with symptoms sug-
gestive of GERD were enrolled in this study, 46 of 
whom were randomized to the pH capsule group; the 
remaining 45 patients used the conventional catheter 
and pH capsule simultaneously. The pH data and traces 

were recorded via  automatic analysis, and capsule de-
tachment was assessed using X-ray images. All of the 
patients were required to complete a questionnaire re-
garding tolerance with the capsule.

RESULTS: The capsules were successfully attached 
on the first attempt, and no early detachment of the 
capsules was observed. Compared to the 24-h pH data 
recorded with the conventional catheter, the data col-
lected with the pH capsule showed no significant differ-
ences in 24-h esophageal acid exposure. The measure-
ments of esophageal acid exposure over 24 h collected 
with the two devices showed a significant correlation 
(r 2 = 0.996, P < 0.001). Capsule detachment occurred 
spontaneously in 89 patients, and 2 capsules required 
endoscopic removal due to chest pain. The capsule was 
associated with less interference with daily activity.

CONCLUSION: The wireless pH capsule provides a 
feasible and safe method for monitoring gastroesopha-
geal reflux and therefore may serve as an important 
tool for diagnosing GERD. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The new pH capsule (JSPH-1, made by Jin-
shan Science and Technology Co. Ltd, Chongqing, China), 
a wireless pH capsule developed in China, was intro-
duced as an alternative method for pH monitoring. 
Compared with the result recorded synchronously with 
MMS catheter, that obtained with JSPH-1 pH capsule 
was of uniformity. Our study suggested that JSPH-1 pH 
capsule is feasible, safe, well tolerated for monitoring 
reflux in patients with gastroesophageal reflux disease 
(GERD), therefore it may serve as an important tool for 
the diagnosis of GERD.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a condition 
which develops when the reflux of  stomach contents 
causes troublesome symptoms and/or adverse events[1]. 
This is a common condition with a prevalence rate of  
8.1%-27.8% in North America, 8.8%-25.9% in Europe, 
2.5%-7.8% in East Asia, 8.7%-33.1% in the Middle 
East, 11.6% in Australia, and 23.0% in South America[2]. 
Moreover, GERD profoundly affects societies in terms 
of  economic cost[3], quality of  life, and working ability[4]. 
According to previous investigations, the mean total cost 
per patient over a 12-mo follow-up period was €5237, of  
which €4674 (89%) was due to lost work productivity in 
France[5]; GERD resulted in a 6% to 40% reduction in 
workers’ efficiency[6]. Therefore, the burden of  GERD 
has promoted various efforts to identify appropriate di-
agnostic approaches and improve diagnostic modalities. 
Recent studies also suggest that the prevalence of  GERD 
in Asia is increasing[7].

Esophageal pH monitoring is a valuable tool for the 
diagnosis and management of  GERD. Conventional am-
bulatory esophageal 24-h pH monitoring is considered 
as the gold standard for diagnosing GERD and provides 
an objective diagnosis[8]. However, this measuring device 
is passed transnasally, can lead to discomfort and often 
requires patients to modify their daily activities or diets. 
Moreover, changing positions can lead to the migration 
of  the catheter electrode, and these changes may po-
tentially result in false-negative results[9-11]. In addition, 
esophageal acid exposure shows day-to-day variability 
and fluctuation, contributing to the inadequacy of  this 
24-h monitoring catheter system to record the extent of  
reflux events and related symptoms[12].

A new wireless technique, which was introduced by 
Medtronic, represents a significant advancement in bet-
ter tolerability and higher sensitivity in the diagnosis of  
GERD[13-15]. Recently, with the improved understanding 
of  GERD among patients and an increased demand for 
advanced diagnostic techniques in China, a new wireless 
pH capsule device (JSPH-1), was developed (Jinshan Sci-
ence and Technology Co. Ltd, Chongqing, China). 

In an effort to promote the clinical application of  the 
JSPH-1 pH capsule, the present study was designed to 
assess the clinical feasibility and safety of  the JSPH-1 pH 
capsule in patients with symptoms suggestive of  GERD. 

MATERIALS AND METHODS
Patients
Between December 2010 and June 2011, we enrolled 

patients with symptoms suggestive of  GERD from the 
inpatient and outpatient departments of  4 university 
hospitals in China. Before enrollment, each patient had 
undergone routine hematology and coagulation tests, 
and an electrocardiographic examination. Patients were 
instructed to stop taking proton pump inhibitors for 7 d, 
histamine 2 receptor antagonists for 5 d, and antacids for 
at least 24 h prior to the start of  the study procedures. 
The inclusion and exclusion criteria are listed in Table 
1. The enrollment and allocation flow of  patients with 
GERD is shown in Figure 1. 

All patients provided written informed consent to 
participate in the study. The protocol was approved by 
the ethics committees at each participating center (ap-
proval number: 2010-013) and the respective national 
authorities, as applicable. All authors had access to the 
study data and approved the statement. The trial was also 
registered in an independent clinical trial database (www.
chictr.org; ID: ChiCTR-DDT-12002374). 

Study design
This was a prospective, randomized, self-controlled, par-
allel-group, multicenter trial. The randomization sequence 
was generated by computer. The coded treatment as-
signments were kept at the coordinating center in sealed, 
consecutively numbered, opaque envelopes. Randomized 
assignments to the study groups were made by contacting 
the coordinating center by telephone.

Monitoring system
Esophageal pH data and traces were simultaneously 
monitored for 24 h using each system. The conventional 
catheter pH measurement system (MMS-Medical Mea-
surement Systems BV, The Netherlands) used a transna-
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Table 1  Inclusion and exclusion criteria

Inclusion criteria
   Age ≥ 18 yr and ≤ 65 yr
   Typical symptoms: regurgitation and heartburn
   Atypical symptoms: belching, chest pain, pharyngeal burning, foreign 
   body sensations, chronic unexplained pharyngitis, hoarseness, 
   bronchitis, and asthma
   Proton pump inhibitor therapy-positive
   Written informed consent
Exclusion criteria
   Nasopharynx or upper esophagus obstruction 
   Esophageal varices and severe esophageal mucosal erosion 
   Severe esophageal motility disorder (e.g., achalaisa, scleroderma, 
   diabetes mellitus, autonomic or peripheral neuropathy, and myopathy)
   In vivo congenital gastrointestinal malformation, gastrointestinal 
   obstruction, perforation, stricture, or fistula
   A recent history of stomach surgery or gastrointestinal bleeding 
   (within the past 6 mo)
   A history of bleeding tendency and taking anticoagulant drugs in the 
   long term
   Any implanted electrical device, such as cardiac pacemakers 
   Allergy to the polymer materials
   Various acute enteritis, severe ischemic disease, or radioactive colitis
   Pregnancy/lactation
   Unstable cardiopathy, psychotic diseases arrhythmia cordis, or being 
   uncooperative



sal antimony catheter. 
The JSPH-1 pH capsule (Jinshan Science and Technol-

ogy Co. Ltd, Chongqing, China) consisted of  a capsule at-
tached to the end of  a catheter delivery system, a portable 
receiver, and a computer workstation (Figure 2A). The pH 
capsule was attached to the esophageal mucosa through a 
vacuum connection hole fixed to a suction pump, which 
was released from the delivery system by triggering the 
activation knobs in sequence (Figure 2B). The capsule was 
rectangular in shape (26.5 mm × 5.5 mm × 6 mm) and 
weighed 1.4 g. The pH sensors (dry antimony electrode 
and reference electrode) were on the distal tip, and an 
internal battery and transmitter were settled within the 
capsule (Figure 2C). The life span of  the battery exceeded 
96 h, and the pH data were transmitted to a receiver via 
radiofrequency telemetry every 15 s and were recorded at 
3-s sampling intervals (frequency 0.33 Hz).

Esophageal pH monitoring
Prior to pH monitoring, the pH capsules were energized 
by removing the magnetic switches and then calibrated 
in buffer solutions (Sandhill Scientific, Inc., Highlands 
Ranch, CO, United States) of  pH 1.07, pH 4.00, and pH 
7.01. Endoscopy was performed under topical sedation 

with lidocaine hydrochloride mucilage. During the proce-
dure, the distance between the squamocolumnar junction 
(SCJ) and the incisors was measured. The delivery system 
was smeared with lubricant and then transorally delivered 
to the calibrated location in the esophagus. To attach the 
capsules to the mucosa, the vacuum gauge of  the pump 
was stabilized at 0.08 MPa for approximately 10 s. After 
the activation knobs on the handle were triggered in se-
quence, the pH capsule was released from the delivery 
system. Under vacuum pressure suction, the pH capsule 
could attach to the esophageal mucosa with the help of  
the clamping device.

The catheter pH electrode was calibrated in buffer 
solutions of  pH 1.07 and pH 7.01. After pH capsule 
placement, the catheter electrode was passed transnasally 
and placed at the same level as the pH capsule. As the 
catheter pH electrode was fixed, an X-ray was obtained 
to observe the location of  the 2 electrodes in order to 
confirm that they were at the same level. Simultaneous 
pH recording was also initiated.

Recording protocol
During the first 24 h of  recording, the patients were in-
structed to perform activities as normally as usual and to 
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Figure 1  Enrollment and allocation of patients with gastroesophageal reflux disease.

Assessed for eligibility 
(n  = 115)

Excluded (n  = 24)
Not meeting inclusion criteria (n  = 24)
   2 had achalasia
   4 had erosive esophagitis in Los Angeles D grade
   6 had gastrointestinal bleeding within past 6 mo
   2 had stomach surgery within past 6 mo
   5 had hiatus hernia
   3 were uncooperative
   2 had arrhythmia
Declined to participate (n  = 0)
Other reasons (n  = 0)

Randomized (n  = 91)

Allocated to intervention (n  = 45)
   Received allocated intervention (n  = 45)
   Did not receive allocated intervention (n = 0 )

Allocated to intervention (n  = 46)
   Received allocated intervention (n  = 46)
   Did not receive allocated intervention (n  = 0)

Lost to follow-up (n  = 0)
Discontinued intervention (n  = 0)

Lost to follow-up (n  = 0)
Discontinued intervention (n  = 0)

Safety and feasibility analysis (n  = 45) 
   Excluded from analysis (n  = 0)

Safety Analysis (n  = 46) 
   Excluded from analysis (n  = 0)
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during which the pH was < 4.0, and the total time and 
percentage of  the total time when the pH was < 4.0. 
Abnormal esophageal acid exposure was defined as the 
percentage of  the total time with a pH < 4.0[16], with a 
diagnostic threshold of  4.2% for catheter-based studies 
and 4.4% for wireless studies[17,18].

All adverse events were documented. Symptoms 
related to capsule attachment were assessed by a diary, 
including foreign body sensations, chest pain, nausea, 
and vomiting. In addition, foreign body sensations, saliva 
swallowing discomfort, chest discomfort, chest pain, dys-
phagia for solids or liquids, nausea, and vomiting were as-
sessed throughout the pH monitoring period. Procedural 
adverse events, such as mucosal trauma, severe bleeding, 
and esophageal perforation, were also evaluated. 

Tolerance evaluation was assessed by the patients, 
who also recorded their level of  satisfaction with the 
procedure. The patients also rated the interference with 
normal daily activities, diet, and sleeping as none, mild, 
moderate, or severe.

keep a diary to document meal times, food intake, and 
the time and type of  any symptoms. At the end of  the 
first 24 h, the catheter electrode was removed, and the 
capsule was retained for additional pH recording. The 
patients returned to the monitoring centers, where X-rays 
were collected to confirm capsule detachment. 

At the end of  the study, the pH data were down-
loaded from the receivers and analyzed using a standard 
computer software program (pH Capsule Data Analysis 
Workstation, Jinshan Science and Technology Co. Ltd, 
Chongqing, China). 

In addition, the patients were instructed to complete 
questionnaires describing tolerability, related symptoms, 
and modifications of  daily activities during pH capsule 
monitoring.

Study parameters
The summary data included a pH trace and statistics 
on the total number of  reflux episodes, the number of  
episodes longer than 5 min, the longest reflux episode 

pH sensor

Figure 2  JSPH-1 pH capsule measurement system. A: The system includes a JSPH-1 delivery system, a receiver, a pH capsule, and a computer workstation; B: 
Prepackaged pH capsule incorporating both a delivery system and a pH capsule. The handle of the delivery system is separated from the capsule by triggering the 
activation knobs; C: The pH sensors (antimony pH electrode and reference electrode) are located on the distal tip of the capsule, and an internal battery, a transmitter, 
and a printed circuit board are contained within the capsule.

pH capsule Duct
Vacuum connection

Handle

Transmitter Printed circuit board

pH sensor Battery

Activation knob

A

B

C
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Estimation of sample size
In a previous study[19], esophageal pH monitoring with a 
wireless system was associated with significantly greater 
esophageal discomfort (43%) compared to traditional 
catheter system. In another study[20], 48% of  patients 
using a wireless pH capsule complained of  throat dis-
comfort. Our unpublished pilot data showed that 2 of  
22 patients (9%) complained of  moderate chest pain or 
esophageal discomfort when using the JSPH-1 device. 
Our sample size calculations were based on an allowed 
error of  0.06 measured with the JSPH-1 pH capsule. 
Therefore, these data indicated that 88 patients would be 
adequate for the safety study. According to our unpub-
lished preliminary results, it was projected that the stan-
dard deviation of  the difference between the 2 techniques 
would be 0.77 and that the allowed error measured by the 
2 techniques would be 0.39. Using a type I error of  5.0% 
(2-sided) with a power of  90%, 43 patients were planned 
for the feasibility study.

Statistical analysis
Statistical analyses were performed using SPSS software 
(version 13.0). All data are expressed as mean ± SE, 
percentages, medians, and ranges. Comparisons of  the 
esophageal acid exposure measured during the 24 h of  
simultaneous recordings in the 45 patients with the 2 
systems were analyzed using Wilcoxon signed rank tests. 
Diagnostic concordance was calculated by dividing the 
number of  patients with the same diagnostic result from 
both methods by the total number of  patients and the 
kappa value. The correlation of  the pH data between the 
2 devices was determined using simple regression analy-
sis. In all analyses, P < 0.05 was considered statistically 
significant. 

RESULTS
Study population
We approached 115 patients with symptoms suggestive 
of  GERD for study eligibility. A total of  24 patients were 
excluded (Figure 1), and 91 patients entered this study. 
Forty-six of  the 91 patients randomized to JSPH-1 group 
did not receive the conventional catheter pH measure-

ment system (MMS) monitoring, and the remaining 45 
patients used the conventional catheter pH measurement 
system (MMS) and the JSPH-1 simultaneously.

A total of  91 patients with a mean age of  45.2 ± 12.8 
years (range: 21-65 years) were enrolled in the study. Of  
these, 49 (53.8%) were female (mean age: 47.0 ± 11.8 
years), and 42 (46.2%) were male (mean age: 43.1 ± 13.8 
years). The patients presented with heartburn (n = 14), 
regurgitation (n = 6), chest pain (n = 24), pharyngeal 
burning or foreign body sensations (n = 10), hoarseness (n 
= 1), heartburn and regurgitation (n = 23), and regurgita-
tion and chest pain (n = 13). 

Attachment
Placement of  the pH capsule was successful in all the 
patients at the first attempt. As shown in Figure 3A, en-
doscopy indicated that the pH capsule electrode was at-
tached 6 cm proximally to the SCJ. According to the prior 
study[21], recommended endoscopic pH capsule placement 
was 6 cm proximal to the SCJ, approximate to the con-
ventional pH catheter placement positioned 5 cm proxi-
mal to the upper margin of  the low esophageal sphincter 
(LES). Control X-rays revealed that the capsule and MMS 
catheter electrode were located at the same level in the 
esophagus (Figure 3B). After capsule detachment on day 
1, endoscopy revealed only mild localized mucosal trauma 
at the site of  attachment in all patients (Figure 3C). All pa-
tients successfully completed at least 24 h of  wireless pH 
monitoring. The diagnostic efficacy was 100%.

Prolonged monitoring time: The 48-h recording rate 
was 88% (80/91). Capsule detachment occurred between 
25 and 27 h in 10 patients, and incomplete data capture 
occurred in 1 patient. In addition, 38 of  the 91 patients 
underwent 96-h wireless pH monitoring during the study 
period. Capsule detachment occurred between 48 and 72 
h in 2 patients and between 72 and 96 h in 3 other pa-
tients. Thus, 96-h recordings were available in 33 (36%) 
patients. The overall mean recording time was 72 ± 24 h. 

Tolerability
The pH capsules were generally well tolerated, and only 1 
patient experienced strong discomfort due to capsule at-

Figure 3  Attached pH capsule and the fixed location. A: Endoscopy showing the pH capsule attached 5 cm proximal to the squamocolumnar junction; B: X-ray 
showing the pH capsule electrode and the catheter pH electrode at the same level; C: Esophageal mucosa showing procedural mild trauma after capsule detachment.

A B C
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tachment, as observed by endoscopy. Eight-five patients 
(93.4%) stated that they would be willing to undergo the 
procedure with capsule again. In addition, 34 (37.4%) pa-
tients reported mild or moderate interference with nor-
mal daily activities, diet, and sleeping during the capsule 
monitoring period. 

Safety
Forty-five (49.5%) patients experienced symptoms related 
to capsule attachment, including nausea in 29 (31.9%), 
foreign body sensations in 7 (7.7%), and chest pain in 11 
(12.1%). Two (2.2%) patients experienced more than 1 
symptom. Sixty patients (65.9%) experienced symptoms 
during the pH monitoring period, including discomfort 
when swallowing saliva in 13 (14.3%), dysphagia for solids 

in 21 (23.1%), foreign body sensations in 33 (36.3%), chest 
discomfort in 6 (6.6%), and chest pain in 3 (3.3%). Sixteen 
patients (17.6%) experienced more than 1 symptom. 

No patients were lost to follow-up during the study 
period. According to X-rays, capsule detachment oc-
curred spontaneously in 89 patients. The other 2 patients 
complained of  intolerable chest pain during the pH 
monitoring period on day 7, which required endoscopic 
removal. No serious adverse events occurred. The cap-
sule disappeared in all of  the patients after capsule de-
tachment on day 2.

Comparison of esophageal acid exposure monitored 
with JSPH-1 pH capsule and MMS-catheter
During the first 24-h period, esophageal acid exposure 
was monitored simultaneously with the JSPH-1 pH cap-
sule and MMS catheter in 45 patients. Correct positioning 
of  both probes was confirmed according to X-ray images 
in all patients.

The pH parameters of  esophageal acid exposure re-
corded with both devices during the initial 24 h period 
are shown in Table 2. There were no significant differ-
ences in the 24-h esophageal acid exposure recorded with 
the 2 devices in terms of  the total number of  reflux epi-
sodes (P = 0.305), the number of  episodes longer than 5 
min (P = 0.058), the longest reflux time (P = 0.125), or 
the percentage of  total time with a pH < 4.0 (P = 0.171) 
(Figure 4A-D). However, the median total duration with 
a pH < 4.0 recorded by the 2 devices was significantly 

Table 2  Comparison of esophageal acid exposure measured 
during 24 h of simultaneous recordings in 45 patients with 
pH capsule (JSPH-1) and the conventional pH measurement 
system 

Parameter JSPH-1 MMS P-value1

Reflux episodes (n)  17 (8-36.5) 16 (6-39.5) 0.305
Reflux episodes > 5 min (n)       0 (0-2) 1 (0-3.5) 0.058
Longest reflux time (min)   5.4 (2.1-14.2)   6.5 (1.8-15.4) 0.125
pH < 4, total time (min) 14.6 (4.0-53.8)    20 (5.6-54.1) 0.014
pH < 4, percentage of total time (%)  1.2 (0.3-4.1)2  1.5 (0.5-4.0)2 0.171

1Wilcoxon signed rank test; 2Results are median (25th-75th). MMS: 
Measurement system. 
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Figure 4  Comparison of esophageal acid exposure measured during 24 h of simultaneous recordings in 45 patients with the conventional pH measure-
ment system and the pH capsule (JSPH-1). A-D: There were no significant differences in pH parameters including the number of reflux episodes with a pH < 4 (P 
= 0.305), the number of episodes longer than 5 min (P = 0.058), the longest reflux time (P = 0.125), or the percentage of total time with a pH < 4 (P = 0.171) between 
the 2 systems; E: Overall median value of the total time with a pH < 4 was significantly shorter with the capsule system than with the catheter system (P = 0.014).
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different (P = 0.014; Figure 4E).
The difference in the percentage of  total time with 

a pH < 4.0 between the devices was less than 0.5%, and 
there was a strong significant correlation [r2 = 0.996, P 
< 0.001)] between the 24-h esophageal acid exposure re-
corded with the pH capsule and the MMS catheter (Figure 
5A-E). 

Abnormal esophageal acid exposure was identified 
in the same 11 patients by the two methods. Therefore, 
11 patients were diagnosed with reflux disease with two 
devices and the diagnostic concordance for GERD was 
100% (κ  = 1.000). 

A comparison of  the pH representative traces re-
corded with the 2 devices showed that the pattern and 

duration of  acid reflux events were consistent (Figure 6).

DISCUSSION
Wireless esophageal pH monitoring is a new diagnostic 
method for GERD and has shown some advantages over 
traditional methods. The Bravo pH monitoring system 
has proven to be a feasible, safe, and well-tolerated de-
vice for esophageal pH monitoring. Moreover, there is a 
strong correlation between the esophageal acid exposure 
recorded with the Bravo capsule and that with conven-
tional catheter monitoring systems[22,23]. The JSPH-1 pH 
capsule system is a new wireless diagnostic tool developed 
by Jinshan Science and Technology Co. Ltd, Chongqing, 
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China, which is slightly smaller and lighter than the Bravo 
capsule. The recording time of  the JSPH-1 capsule is 
over 96 h, compared to Bravo capsule (24-48 h). Impor-
tantly, the sampling frequency of  JSPH-1 capsule (1/3 s) 
was faster than that of  Bravo capsule (1/6 s).

Simultaneous data recorded using the JSPH -1 pH 
capsule and the MMS catheter showed no significant 
differences in 24-h esophageal acid exposure, with a 
minimal difference of  0.5%. The placement of  the pH 
capsule was successful, and evaluable 24-h recordings 
were available for all patients. We observed a statistically 
significant correlation between the acid exposure times 
recorded by the 2 devices, and the pH traces showed high 
levels of  consistency. These findings support the feasibil-
ity of  the JSPH-1 capsule for monitoring esophageal pH 
in patients with GERD. Moreover, our results with this 
device are similar to those reported with the Bravo wire-
less system[22,24]. 

It has previously been reported that wireless pH cap-
sule monitoring improves tolerance and produces less 
interference with daily activities and nasopharyngeal dis-
comfort than conventional catheter techniques[25-27]. The 
pH capsule is disposable and avoids the risk of  cross-
infection, which also increases its viability and popular-
ity[28,29]. Our data further suggested that most patients 
achieved overall satisfaction with the system and would 
be willing to accept a pH capsule test again. The capsule 
was also associated with less impairment in daily activities 
and diet modifications. Importantly, no serious adverse 
events and no signs of  gastrointestinal bleeding in terms 
of  hematemesis or melena occurred during the capsule 
detachment period. Therefore, our results indicate that 
the JSPH-1 pH capsule was safe and well-tolerated. 

As our study was conducted in 4 centers, it may 
in part reflect the real-life conditions of  using the pH 

capsule. However, the administration of  an objective 
questionnaire for monitoring adverse events during the 
JSPH-1 pH capsule monitoring period may have provid-
ed more relevant information. The main adverse events 
include throat discomfort, foreign body sensations, ody-
nophagia, mucosal injury, chest pain, esophageal perfora-
tion, and aspiration[30-33]. In our study, the incidence of  
throat discomfort (14.3%) and foreign body sensations 
(36.3%) were similar to those in other reports[18,30], which 
varied between 4% and 14% and between 33% and 34%, 
respectively. In our study, 6 patients (6.6%) complained 
of  chest discomfort, possibly due to the capsule causing 
mild injury at the site of  suction. It has previously been 
reported that chest pain due to endoscopic removal of  
the capsule occurs in less than 4% of  cases[34,35]. In our 
study, 2 (2.2%) patients with intolerable chest pain re-
quired endoscopic removal of  the capsule, and this pain 
may have been caused by esophageal hypercontractility 
triggered as a result of  capsule placement[36].

Our study confirms the feasibility and safety of  the 
JSPH-1 pH capsule for esophageal pH monitoring, es-
pecially for patients with typical symptoms and negative 
endoscopic findings. Our study also demonstrates that 
the device is well tolerated for pH monitoring in patients 
with GERD. However, further study is required to iden-
tify an effective means of  controlling capsule detach-
ment in a predicted time, and it would also be beneficial 
to extend the battery life beyond 96 h, thereby enabling 
the device to be used for monitoring the effectiveness of  
treatment interventions for GERD.
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geal reflux disease (GERD). As conventional catheter pH monitoring produces 
discomfort and interferes with daily activities, a new wireless pH capsule was 
recently introduced as an alternative method for pH monitoring. This study as-
sessed the feasibility and safety of pH capsule to monitor pH in patients with 
GERD.
Research frontiers
For its high prevalence and negative effect on quality of life, GERD is always 
the focus of the research. Esophageal pH monitoring is valuable for the diagno-
sis and management of GERD. Conventional ambulatory esophageal 24-h pH 
monitoring may lead to discomfort and often requires patients to modify their 
daily activities or diets. Moreover, changing positions can lead to the migration 
of the catheter electrode, and potentially results in false-negative results. In ad-
dition, the 24-h monitoring catheter system can not record day-to-day variability 
and fluctuation of esophageal acid exposure. So, it is necessary to develop a 
wireless esophageal pH capsule. 
Innovations and breakthroughs
The pH capsules were successfully attached at the first attempt, and no early 
detachment of the capsules was observed. Compared to the conventional 
catheter, the data from pH capsule showed a significant correlation in 24-h 
esophageal acid exposure. The capsule was associated with less interference 
with daily activities.
Applications
The JSPH-1 pH capsule can be used as an alternative method for pH monitor-
ing. Their results suggested JSPH-1 pH capsule is feasible, safe and well toler-
ated for monitoring reflux in patients with GERD, therefore it may serve as an 
important tool for the diagnosis of GERD.
Peer review
The authors assess the feasibility and safety of a new wireless pH capsule to 
monitor esophageal pH in GERD patients through carrying out a nice direct 
comparison between capsule and traditional pH studies. They concluded that 
the wireless pH capsule is a safe, effective and well-tolerated method for moni-
toring esophageal pH in patients with GERD, and showed a marginal advan-
tage of the new device over others. This is a very interesting paper.
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