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Abstract
Background Current gold standard for the diagnosis of gastroesophageal reflux disease (GERD) is 24-hour pH metry though 
it fails to detect non-acidic reflux. The sensitivity of 24-hour pH metry alone (both catheter-based and Bravo capsule) is 
questionable, especially if gastric acid secretion is low due to reduced parietal cell mass, Helicobacter pylori–induced gas-
tric atrophy and antisecretory therapy. Accordingly, we analyzed the diagnostic ability of 24-hour pH metry as compared to 
impedance monitoring in relation to the gastric pH without antisecretory therapy.
Methods A retrospective analysis of prospectively collected data from 150 patients with suspected GERD undergoing a 
24-hour pH impedance study was done.
Results Among 150 patients with symptoms suggestive of GERD, 106 (70.6%) had confirmed GERD diagnosed either 
by 24-hour pH metry alone (10 [9.4%]), impedance monitoring alone (49 [46.2%]) or both (47 [44.3%]). Abnormal reflux 
of acidic and non-acidic gastric contents was detected by 24-hour pH metry and 24-hour impedance monitoring in 57/106 
(53.7%) and 96/106 (90.5%) of patients, respectively (p < .00001). Patients with GERD diagnosed by 24-hour impedance 
monitoring had a higher mean gastric pH (2.9 [median 1.3, IQR 5.3]) than those diagnosed by 24-hour pH metry (2.1 [median 
1.4, IQR 2.6]) or both (1.6 [median 1.2, IQR 2.1]) (p = 0.001).
Conclusion Twenty-four-hour impedance monitoring detects GERD more often than 24-hour pH metry. Patients with higher 
mean gastric pH leading to non-acidic reflux were more often diagnosed by 24-hour impedance monitoring than 24-hour pH 
metry. Thus, 24-hour pH metry alone is inferior to additional impedance monitoring in the diagnosis of GERD, particularly 
in presence of reduced gastric acid secretion.
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Introduction

The current gold standard for the diagnosis of gastroe-
sophageal reflux disease (GERD) is 24-hour-pH monitor-
ing, which measures pH in the distal esophagus [1–3]. 
Esophageal pH monitoring may be done using either a 
catheter-based system or a wireless pH monitoring cap-
sule (Bravo capsule) [1, 4]. In the catheter-based system, 
a catheter with pH electrodes, connected to an external 
recorder, is introduced trans-nasally into the esophagus [5, 
6]. The proximal electrode is placed 5 cm above the lower 
esophageal sphincter (LES), determined by manometry 
and the distal electrode is placed in the stomach to record 
gastric pH. Based on esophageal pH monitoring, GERD 
is diagnosed based on acid exposure time (AET, percent-
age of time with an esophageal pH < 4) of the total time 
[7–9]. However, an ambulatory 24-hour esophageal pH 
monitoring neither detects non-acidic reflux episodes, nor 
characterizes the nature of the refluxed contents (liquid, 
gaseous or mixed) [10].

In 1996, a novel method of esophageal function assess-
ment was described by Skopnik and Silny, based on the 
principle of impedance [11]. This technique involves 
measuring the electrical conductivity of esophageal con-
tents with a probes inserted transnasally. The results are 
interpreted based on differences in electrical conductivity 
and impedance between liquids, gas and solids. Electrical 
impedance (expressed in Ohms) around the catheter in an 
area between a pair of electrodes is inversely proportional 
to the electrical conductivity [12]. Liquid contents flowing 
from the stomach back into the esophagus cause increased 
electrical flow or decreased impedance due to its high ion 
concentration, whereas in the case of gaseous esophageal 
contents (belching), the impedance value is high, as there 
is no electrical flow between the electrodes. Incorpora-
tion of impedance and pH measuring channels in a single 
catheter system (multichannel intraluminal impedance 
monitoring combined with pH metry; MII-pH) has greatly 
improved the accuracy in the diagnosis of  GERD [10, 13]. 

The distribution of impedance electrodes along a catheter 
also allows differentiation between antegrade propagation 
of esophageal contents (swallow) and retrograde bolus 
movements (reflux episodes). Combined esophageal pH 
impedance monitoring enables detection and characteri-
zation of all types of reflux episodes (acid, weakly acid, 
liquid, gaseous or mixed) [14–17]. This technique, thus, 
most importantly, can detect non-acid (pH > 4) reflux epi-
sodes, which are undetectable by pH monitoring alone.

There have been concerns about the sensitivity of 
24-hour esophageal pH monitoring alone (both catheter-
based and Bravo capsule) compared to 24-hour imped-
ance monitoring in the detection of GERD, especially, if 
gastric acid secretion is low due to reduced parietal cell 
mass, Helicobacter pylori-induced gastric atrophy and in 
subjects on antisecretory therapy. Accordingly, we aimed 
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Fig. 1  Study flow diagram. GERD  gastroesophageal reflux disease

Bullet points of the study highlights

What is already known?
• Current gold-standard for diagnosis of gastroesophageal reflux disease (GERD) is 24-hour pH metry though 

it does not detect non-acidic reflux, which is common.
What is new in this study?

• Twenty-four-hour pH metry alone is inferior to additional impedance monitoring in the diagnosis of GERD, 
particularly in the presence of reduced gastric acid secretion.

What are the future clinical and research implications of the study findings?
• Twenty-four-hour pH metry alone is not the best gold standard for diagnosis of GERD and 24-hour impedance 

monitoring should be added to it.

526



Indian Journal of Gastroenterology (July–August 2023) 42(4):525–533

1 3

at analyzing the diagnostic ability of 24-hour esophageal 
pH monitoring as compared to 24-hour impedance moni-
toring in relation to the gastric pH value in patients off-
antisecretory therapy.

Methods

A retrospective analysis of prospectively collected data of 
150 patients with suspected GERD referred to the GI Patho-
physiology and Motility Laboratory for 24-hour pH imped-
ance monitoring was done.

Patients

Consecutive patients with heartburn and regurgitation 
attending the gastroenterology outpatient service of a multi-
level teaching institution were screened for GERD during 
four years (between December 2017 and November 2021) 
(Fig. 1). GERD was diagnosed clinically by the presence of 
typical symptoms of heartburn and/or regurgitation, which 
were bothersome to the patient, impairing quality of life and 
requiring consultation with a physician. Patients with large 
hiatus hernia, esophageal stricture or diverticula, gastric 
outlet obstruction, gastrointestinal (GI) neoplasms, peptic 
ulcer and previous history of GI surgery were excluded from 
the study. Those who met the inclusion criteria underwent 
24-hour pH impedance monitoring while remaining off 
proton pump inhibitors (PPIs) and prokinetics for at least 
two weeks before the study and after obtaining informed 
consent. None of the patients enrolled in the study had his-
tory of intake of nitrates, calcium channel blockers or any 
other drug known to alter lower esophageal sphincter pres-
sure or GI motility.

24‑hour pH impedance monitoring

Combined 24-hour pH impedance monitoring was per-
formed after an overnight fast using  MII-pH monitoring sys-
tem (Zephyr; Sandhill Scientific Inc., Highlands Ranch, CO, 
USA). The MII-pH probe had six impedance channels (four 
channels located in the distal esophagus at 3 cm, 5 cm, 7 cm, 
and 9 cm above the LES, while two channels were placed in 
the proximal esophagus at 15 cm and 17 cm above the LES) 
and two pH sensors placed 15 cm apart at the distal end of 
the probe. The pH probes were calibrated using standard 
buffers of pH 4.0 and pH 7.0 before each procedure. Before 
the start of impedance-pH metry, all patients had to undergo 
high-resolution esophageal manometry using a 32-pressure-
channel solid-state system (Sandhill Scientific, Inc., High-
lands Ranch, CO, USA) to localize and measure LES pres-
sure. After localizing the LES, the proximal pH probe was 
placed 5 cm above it, while the distal probe was placed in 

the stomach. The former recorded the esophageal pH, while 
the latter recorded the gastric pH during the 24-hour study 
period. Patients were allowed to carry out regular activities 
and take regular meals but were advised against the intake 
of sour foods during the study period. Each patient was pro-
vided with a diary to record changes in posture, intake of 
meals and symptoms experienced during the study period. 
After the 24-hour study, data were transferred from the data 
logger to a computer for analysis of esophageal acid expo-
sure (mean esophageal pH, percent total time pH less than 4 
and per cent time pH less than 4 during upright and supine 
postures), gastric acid profile (mean gastric pH and per cent 
time gastric pH less than 4) and bolus exposure using imped-
ance measurement.

24‑hour pH and impedance analysis

Abnormal 24-hour esophageal acid exposure was consid-
ered when the per cent time esophageal pH was less than 4 
for more than 4.2% of the total time on 24-hour pH metry 
based on the manufacturer’s instruction and earlier studies 
[8, 9, 18–21]. Patients were classified as having combined 
esophageal acid reflux if the per cent time esophageal pH 
was less than 4 during upright and supine postures were 
more than 6.3% and 1.2%, respectively, during the 24-hour 
study period.

Liquid bolus exposure was defined as a retrograde drop 
in impedance by 50% of the baseline. Abnormal 24-hour 
esophageal bolus exposure by impedance was defined as the 
percent time bolus exposure of more than 1.4% of total time. 
Combined GERD was defined when the per cent time bolus 
exposure during upright and supine postures was observed 
to be more than 2.1% and 0.7%, respectively, during the 
24-hour study period. Reflux episodes detected by imped-
ance were classified as “acidic” if the pH sensor recorded a 
decline in pH below 4 or “non-acidic” if the pH remained 
above 4 during the presence of bolus in the esophagus.

Statistical analysis

Data were checked for normal distribution using the 
Shapiro–Wilk test. Categorical variables were presented as 
proportion and inter-group comparisons of these data were 
performed by Chi-squared test with Yates’ correction, as 
applicable, or Fisher’s exact test. Continuous parametric 
and non-parametric data were presented as mean (standard 
deviation [SD]), median (inter-quartile range [IQR]). 
Comparison of parametric and non-parametric data of the 
two groups was done by unpaired t and Mann–Whitney 
U tests, respectively. Such data of more than two groups 
were compared using one-way analysis of variance and 
post-hoc Schiffe test or Kruskal–Wallis H test based on the 
distribution. Correlation between two continuous variables 
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Fig. 2  Venn diagram showing 
gastroesophageal reflux disease 
(GERD) diagnosed either 
by 24-hour pH metry alone, 
24-hour impedance monitoring 
alone or both

Fig. 3  Figure showing that 
patients with gastroesophageal 
reflux disease (GERD) who 
had less acid secretion in the 
stomach (high pH, pH > 4) 
were more often diagnosed as 
GERD by 24-hour impedance 
monitoring than 24-hour pH 
metry alone
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was performed using Pearson’s correlation method. P 
values of less than 0.05 were considered significant in all 
types of analysis. Statistical analysis was performed by R, 
EpiCalc and R Studio software (R Development Core Team, 
Vienna, Austria), MedCalc version 14 (Warandeberg 3, 1000 
Brussels, Belgium) and Orange (Bioinformatics Lab at the 
University of Ljubljana, Slovenia).

Results

Among 150 patients with symptoms suggestive of GERD 
who underwent 24-hour pH impedance monitoring, 106 
(70.6%) had confirmed GERD diagnosed either by 24-hour 
pH metry alone (10 [9.4%]), 24-hour impedance monitor-
ing alone (49 [46.2%]) or both (47 [44.3%]) (Fig. 2). Both 
24-hour pH and impedance monitoring were within the 
normal range in the remaining 44 patients (Fig. 3). Abnor-
mal reflux of acidic and non-acidic gastric contents were 
detected by 24-hour pH metry and 24-hour impedance moni-
toring in 57 (53.7%) and 96 (90.5%) patients, respectively 
(p < 0.00001). Sixteen patients had small hiatus hernia on 
esophagogastroduodenoscopy, five had esophagitis (Los 
Angeles grade A in one and B and C each in two patients), 
and three had Barrett’s esophagus.

Demographic characteristics (Table 1)

Subjects diagnosed as GERD (either by 24-hour pH metry, 
24-hour impedance monitoring or both) were more often 
males (70%, 71.4%, and 70.2%, respectively) as compared 
to those who had a normal study (45.5% males) (p = 0.035). 
GERD patients, positive by 24-hour pH metry were younger 
at presentation (31.8 ± 10.8) compared to those diagnosed 
by impedance monitoring (40.5 ± 12.4) or both (44.1 ± 15.6) 
(p = 0.049).

Esophageal acid exposure

Among 10 patients diagnosed with GERD by pH metry alone, 
six (60%) had reflux in the supine posture, four (40%) had 
reflux in both upright and supine positions and none had reflux  
in the upright posture alone. Among 47 patients diagnosed 
with GERD, both by pH and by impedance monitoring, nine 
(19.1%) had reflux in the supine posture, six (12.8%) had reflux 
in an upright posture and 32 (68.1%) had reflux in both posi-
tions. Abnormal esophageal acid reflux was absent in 48 (98%) 
patients with GERD diagnosed by 24-hour impedance moni-
toring. The total percentage time of esophageal acid reflux 
was observed to be higher in patients with GERD diagnosed 
by 24-hour pH metry (5.8% [median 4.9, IQR 17.4]) and 

Table 1  Demographic and 24-hour pH impedance monitoring parameters of subjects without gastroesophageal reflux disease (GERD) and those 
with GERD diagnosed by 24-hour pH metry, 24-hour impedance monitoring or by both

GERD gastroesophageal reflux disease, SD standard deviation, IQR inter-quartile range

Parameters Normal (n = 44) GERD on pH 
metry (n = 10)

GERD on 
impedance 
(n = 49)

GERD by combined pH 
and impedance (n = 47)

p value

Age (year, mean ± SD) 43.8 ± 13.4 31.8 ± 10.8 40.5 ± 12.4 44.1 ± 15.6 0.049
Male gender 20 (45.5%)   7 (70%) 35 (71.4%) 33 (70.2%) 0.035
Mean gastric pH (median, IQR)   3.1 (1.6,4.4)   2.1 (1.4,2.6)   2.9 (1.3,5.3)   1.6 (1.2,2.1) 0.001
Mean esophageal pH (median, IQR)   6.2 (5.7,6.5)   4.9 (3.6,5.2)   6.3 (5.9,6.6)   5.1 (3.4,5.7)  < 0.001
Refluxer by pH  < 0.001
 Negative 44 (100)   0 (0) 48 (98)   0 (0)
 Positive in supine   0 (0)   6 (60)   1 (2)   9 (19.1)
 Positive in upright   0 (0)   0 (0)   0 (0)   6 (12.8)
 Combined positive   0 (0)   4 (40)   0 (0) 32 (68.1)

Refluxer by impedance  < 0.001
 Negative 44 (100)   9 (90)   0 (0)   0 (0)
 Positive in supine   0 (0)   0 (0)   2 (4.1)   7 (14.9)
 Positive in upright   0 (0)   1 (10) 14 (28.6)   6 (12.8)
 Combined positive   0 (0)   0 (0) 33 (67.3) 34 (72.3)
 Total % time in reflux (median, IQR)   0.2 (0,1)   5.8 (4.9,17.4)   0.7 (0.1,2.1) 13 (7.9,26.2)  < 0.001
 Number of episodes of reflux over 5-min duration 

(median, IQR)
  0 (0,0)   2.6 (1.4,6)   0 (0,0)   7.3 (4,13.2)  < 0.001

 The longest episode of reflux (in minutes) (median, 
IQR)

  1.1 (0.3,3.6) 48.3 (41.1,77.1)   2.9 (0.8,4.1) 38.5 (19.6,94.1)  < 0.001

 Composite DeMeester score (median, IQR)   1.4 (0.9,5.2) 22.4 (19.8,56.6)   3.3 (1,7.4) 44.6 (27,85.2)  < 0.001
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combined 24-hour pH impedance monitoring (13% [median 
7.9, IQR 26.2]) as compared to those diagnosed by impedance 
monitoring alone (0.7% [median 0.1, IQR 2.1]; p < 0.001). The 
number of episodes of acid reflux over five minutes was noted 
to be significantly higher in patients with GERD diagnosed 
by combined 24-hour pH impedance monitoring (7.3 [median 
4, IQR 13.2]) and 24-hour pH metry (2.6 [median 1.4, IQR 
6]) as compared to those diagnosed by 24-hour impedance 
monitoring alone, which recorded none (p < 0.001). Further, 
it was observed, GERD diagnosed by 24-hour pH metry and 
combined 24-hour pH impedance monitoring had significantly 
longer episodes of reflux (48.3 minutes [median 41.1, IQR 
77.1]) and (38.5 minutes [median 19.6, IQR 94.1]), respec-
tively, as compared to those diagnosed by 24-hour impedance 
monitoring alone (2.9 min [median 0.8, IQR 4.1]). The com-
posite DeMeester scores were significantly higher in patients 
with GERD diagnosed by combined 24-hour pH imped-
ance monitoring (44.6 [median 27, IQR 85.2]) and 24-hour 
pH metry (22.4 [median 19.8, IQR 56.6]) in comparison to 
those diagnosed by 24-hour impedance monitoring alone (3.3 
[median 1, IQR 7.4]; p < 0.001).

Esophageal bolus exposure

Among 49 patients diagnosed with GERD by 24-hour 
impedance monitoring, two (4.1%) had bolus reflux in the 
supine posture, 14 (28.6%) had bolus reflux in an upright 
posture, while 33 (67.3%) had bolus reflux in both positions. 
Among 47 patients diagnosed with GERD by combined 
24-hour pH impedance monitoring, seven (14.9%) had bolus 
reflux in the supine posture, six (12.8%) had bolus reflux in 
an upright posture, while 34 (72.3%) had bolus reflux in both 
positions. Esophageal bolus exposure was undetectable in 
nine (90%) patients with GERD diagnosed by 24-hour pH 
metry alone.

Trends of mean gastric pH and mean esophageal pH 
in patients with GERD

Patients diagnosed with GERD by 24-hour impedance mon-
itoring had a higher mean gastric pH (2.9 [median 1.3, IQR 
5.3]) as compared to those diagnosed by 24-hour pH metry 
(2.1 [median 1.4, IQR 2.6]) or both (1.6 [median 1.2, IQR 
2.1]; p = 0.001). It was also observed that those diagnosed 
with GERD by impedance monitoring had a higher mean 
esophageal pH (6.3 [median 5.9, IQR 6.6]) as compared 
to those diagnosed by 24-hour pH metry (4.9 [median 3.6, 
IQR 5.2]) or both (5.1 [median 3.4, IQR 5.7]; p < 0.001). As 
seen in Fig. 3, most patients with GERD diagnosed either 
by 24-hour pH metry alone or both by pH-impedance moni-
toring had mean gastric pH less than 4 than those diagnosed 
either by impedance monitoring alone or not having GERD.

Discussion

The current study showed that (i) 24-hour pH metry alone 
missed the diagnosis of GERD in more than 90% of our 
study population and 24-hour impedance monitoring was 
far more superior to pick up the diagnosis of GERD and (ii) 
patients with GERD diagnosed by 24-hour impedance moni-
toring had a higher mean gastric pH than those diagnosed by 
24-hour pH metry suggesting that the diagnosis of GERD 
was missed in a large proportion of patients with high gas-
tric pH leading to non-acidic or weakly acidic reflux. Both 
these findings have considerable clinical implications in the 
management of patients with GERD.

Twenty-four-hour pH metry has been considered the gold 
standard for diagnosis of GERD in the recent past though 
currently, it has been largely replaced by combined pH-
impedance monitoring [1–3]. However, even now some 
centers do perform 24-hour pH metry alone to diagnose 
GERD. Moreover, Bravo Calibration-free Reflux Capsule 
(Medtronic, Houston, TX, USA) and Alphaone (Chong Qing 
Jinshan Science and Technology Group Co. Ltd., Chong-
qing, China) pH metry, in which pH-sensitive capsules are 
placed in the distal esophagus endoscopically to record 
pH for more than 24 hours, have been also popularized for 
diagnosis of GERD. A few studies compared the diagnos-
tic utility of 24-hour catheter-based pH metry with a pro-
longed recording of distal esophageal pH by Bravo capsule 
to diagnose GERD [22, 23]. Some of these studies showed 
the superiority of a prolonged recording of distal esophageal 
pH by Bravo capsule compared to the 24-hour recording 
by catheter-based pH metry [23–25]. Since we missed the 
diagnosis of GERD in more than 90% of patients on 24-hour 
pH metry alone, our data raise considerable doubt on the 
diagnostic ability of prolonged pH metry by Bravo capsule 
or similar technologies. Moreover, since Bravo capsule pH 
metry records only the distal esophageal and not gastric pH, 
the investigators do not have the opportunity to be particu-
larly careful while interpreting the results in patients with  
less acidic stomach. A comparative study on catheter-based 
24-hour pH-impedance monitoring and longer recording 
of esophageal pH by Bravo capsule is urgently needed.

The diagnostic utility of impedance monitoring is 
expected to be particularly high in patients with non-acidic 
reflux [16]. Non-acidic reflux is expected to be higher among 
Indian patients with GERD due to multiple reasons. Pari-
etal cell mass is known to be less in Indian subjects [26]. 
Pangastritis and gastric atrophy due to H. pylori infection 
are associated with reduced gastric acid secretion [27]. We 
earlier found gastric acid secretion and degree of esophagi-
tis among patients with GERD with H. pylori infection to 
be lesser than those without the infection [28]. Moreover, 
over-the-counter availability and widespread use of PPIs 
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are further expected to reduce gastric acid secretion among 
Indian subjects due to their misuse. Though for the diagno-
sis of GERD, 24-hour pH metry is performed without anti-
secretary agents such as PPI for two to three weeks, patients 
may not comply with this advice as troublesome symptoms 
may recur following the withdrawal of drugs. Multichan-
nel intra-luminal impedance monitoring combined with pH 
metry (MII-pH) enables detection and characterization of all 
types of reflux episodes (acid, weakly acid, liquid, gaseous 
or mixed) [15–17]. It is particularly useful in diagnosing 
reflux events, while on treatment with acid-lowering agents 
regardless of the pH value of the refluxate [29]. It also aids 
in investigating patients with atypical symptoms of GERD 
[30–33]. The Indian consensus on GERD by Indian Society 
of Gastroenterology states that 24-hour impedance pH moni-
toring off PPI is currently the gold standard for the diagnosis 
of GERD [34].

We further noted that patients with GERD diagnosed 
by 24-hour pH metry were younger compared to those 
diagnosed by 24-hour impedance monitoring or a com-
bined method. This observation probably reflects the fact 
that, with higher age and longer duration of GERD, pro-
longed and frequent use of antisecretory therapy (PPI) 
leads to higher gastric pH due to gastric atrophy, par-
ticularly in the presence of H. pylori infection; this may 
be associated with increased non-acidic reflux, which is 
more often detected by 24-hour impedance monitoring. A 
few studies suggested that patients with H. pylori infec-
tion treated with PPI over a prolonged period may develop 
gastric atrophy [35]. Moreover, we have previously dem-
onstrated that genetic factors, especially IL-1B-511*T/
IL-1RN*1 haplotype, is associated with reduced risk of 
GERD, particularly among patients with H. pylori infec-
tion, probably because of higher gastric mucosal IL-1beta 
levels [36–39].

Data from our study may also have therapeutic impli-
cations. In patients with refractory GERD symptoms 
with low gastric secretion, as shown by the pre-treatment 
24-hour pH metry study, but persistent non-acidic reflux 
on impedance monitoring, instead of increasing the dose 
of  PPIs or addition of potassium competitive acid block-
ers, measures to reduce non-acidic or weakly acidic 
volume reflux with pharmacotherapy (e.g. prokinetics, 
baclofen, sodium alginate), surgical or endoscopic anti-
reflux therapies may be tried.

Our study has a few limitations. Though infection with 
H. pylori, which is common in Indian population, [40] is 
expected to reduce gastric acid secretion due to gastric atro-
phy, [34, 36, 41] we did not perform gastric biopsy to look 
for the presence and degree of gastric atrophy and tests for 
H. pylori. As per our protocol, all patients had combined 
pH-impedance monitoring. We only analyzed the data of pH 

and impedance separately. None of the patients underwent 
pH metry alone. We did not systematically follow-up the 
patients for response to PPI treatment. Most of our patients 
had non-erosive disease. This might have resulted from the 
fact that those who had symptoms suggestive of GERD, 
but erosive disease, might not be  referred for 24-hour pH-
impedance monitoring to investigate for GERD. An unex-
pectedly large proportion of patients had high gastric pH 
(Fig. 3) in our study. This might result from multiple fac-
tors such as gastric atrophy, H. pylori infection and most 
importantly prolonged effect of prior PPI  treatment and non-
adherence to advise to stop PPI. We do not believe that the 
pH probe was incorrectly placed  in such a large proportion 
of patients. Since our study is a real-life study, it may be of 
considerable clinical value. In fact, it supports our point on 
need for impedance monitoring in addition to 24-hour pH 
metry with greater degree to diagnose GERD in real-life 
situation.

In conclusion, the present study shows that 24-hour 
impedance monitoring detects GERD more often than 
24-hour pH metry. Patients with higher mean gastric 
pH leading to non-acidic reflux were more often diag-
nosed by 24-hour impedance monitoring than 24-hour 
pH metry. Thus, 24-hour pH metry alone is inferior to 
additional impedance monitoring in the diagnosis of 
GERD, particularly in the presence of low gastric acid 
secretion. We consider that the current “gold standard” 
for diagnosis of GERD (24-hour pH metry) should be 
replaced with 24-hour pH impedance monitoring.
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