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Background/Aims
Low baseline impedance levels (BILs) have been suggested to be evidence of GERD. The aim of this study is to investigate the 
usefulness of esophageal BILs for the diagnosis of nonerosive reflux disease (NERD) and the proper time for measurement in 
endoscopy-negative Korean patients with esophageal or supraesophageal symptoms.

Methods
Endoscopy-negative patients with esophageal or supraesophageal symptoms who underwent esophageal multichannel intraluminal 
impedance-pH monitoring were included. BILs were measured in the proximal and distal esophagus around 10 minutes before meals, 
10 minutes and 30 minutes after meals, 30 minutes before the start of nighttime sleep, and 30 minutes and 60 minutes after the 
start of nighttime sleep.

Results
A total of 104 patients were included in the study. Distal and proximal esophageal BILs were decreased after meal ingestion. The 
BILs of the distal esophagus were significantly lower at all time points in the NERD group, but not in the reflux hypersensitivity (RH) 
group, compared with the functional group. The area under the receiver operating characteristic curve for the diagnosis of NERD was 
significant at all time points, but that for the diagnosis of RH was not. The cut-off value of 2375 Ω or 2125 Ω measured around 30 
minutes before or 60 minutes after the start of nighttime sleep, respectively, were appropriate for the diagnosis of NERD.

Conclusion
The BILs of the distal esophagus measured at time points before or after the start of nighttime sleep appear to be useful for the 
diagnosis of NERD, but not for the diagnosis of RH, in endoscopy-negative Korean patients with esophageal or supraesophageal 
symptoms.
(J Neurogastroenterol Motil 2020;26:463-470)
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Introduction  

Gastroesophageal reflux disease (GERD) is common, and its 
prevalence is increasing in Asian countries including South Ko-
rea.1-3 Based on the presence of erosions in the esophagus, GERD 
is classified into erosive reflux disease (ERD) and nonerosive reflux 
disease (NERD). NERD is known to be more common than 
ERD. When there is no evidence of ERD, symptoms may or may 
not be related to GERD. The ambulatory 24-hour esophageal 
pH-impedance monitoring can be used to confirm the presence of 
pathological gastroesophageal acid or non-acid reflux and the causal 
relationship between symptoms and reflux events in patients who 
are suspected to have NERD. Based on the Rome IV criteria, the 
presence of symptoms including heartburn or chest pain, normal 
endoscopy, absence of eosinophilic esophagitis or major esophageal 
motor disorders as the etiology of symptoms, positive symptom 
association with reflux events, and absence of pathological acid or 
nonacid reflux on pH-impedance monitoring suggest reflux hy-
persensitivity (RH).4 Although the gold standard for diagnosing 
GERD is considered to be 24-hour esophageal pH-impedance 
monitoring, it has disadvantages including inconvenience, time-
consuming, and the possibility of false negative results. It only de-
tects reflux activity occurring during the test period.

Intra-luminal baseline impedance measurement in the esopha-
gus can be used to evaluate changes in the integrity of the esopha-
geal mucosa. Increased paracellular permeability of the esophageal 
mucosa can result in the alteration of mucosal impedance. Actually, 
lower intra-luminal baseline impedance levels (BILs) have been 
suggested to be evidence of GERD.5-7 The esophageal lumen is be-
lieved to be collapsed except in reflux and swallowing episodes, thus 
the intra-luminal BIL is most likely to be determined by the sur-
rounding esophageal wall. Studies have shown that measurements 
of esophageal mucosal impedance can detect GERD.5-8 However, 
the cut-off value of esophageal baseline impedance for diagnosing 
GERD is not clearly established in Korean patients with esophageal 
or supraesophageal symptoms. Even, the cut-off values reported in 
previous studies are different.7-12 BILs were measured during night 
times in most of previous reports.7-12 The proper time for measure-
ment of esophageal BILs has not been clearly established. 

Thus, the aim of this study is to investigate the usefulness of 
esophageal BILs for the diagnosis of NERD and the proper time 
for measurement in endoscopy-negative Korean patients with 
esophageal or supraesophageal symptoms.

Materials and Methods 

Subjects
Consecutive endoscopy-negative patients with esophageal 

(heartburn and chest pain) or supraesophageal (globus and cough) 
symptoms who underwent 24-hour esophageal multichannel in-
traluminal impedance-pH (MII-pH) monitoring were eligible for 
inclusion in this study. Their MII-pH data were analyzed. Patients 
were excluded if they were taking medications which could influ-
ence esophageal motor function or gastric acid secretion, or if they 
had erosive or ulcerative esophagitis on endoscopy performed dur-
ing the medication (proton pump inhibitors [PPIs] and histamine 
H2 receptor antagonists)-off period. Patients with a history of up-
per gastrointestinal surgery, patients with eosinophilic esophagitis, 
or patients with major esophageal motility disorders were excluded. 
This study protocol was approved by the Institutional Review Board 
of Ajou University Hospital (AJIRB-MED-MDB-19-426). 

Twenty-four Hour Multichannel Intraluminal 
Impedance-pH Monitoring

MII-pH monitoring was performed in the fasting state at 
night after at least a week of washout of gastric acid suppressive 
or motility agents. The position of the lower esophageal sphincter 
(LES) was determined using esophageal manometry. Subsequently, 
the pH electrode was located at 5 cm above the upper margin of 
the LES, and segments measuring intraluminal impedance were 
positioned at 3, 5, 7, 9, 15, and 17 cm above the LES. Patients were 
asked to maintain normal activities and eat their usual meals at their 
normal times. They were encouraged to keep a diary in which they 
recorded the times for meals, sleep, postural changes, and symp-
toms. Data was analyzed using Bio-View Analysis software (Sandhill 
Scientific Inc, Highlands Ranch, CO, USA), and manual analysis 
was done particularly for impedance data.

An acid reflux episode was defined as a drop in pH to less than 
4.0, and pathological acid reflux was defined as the percentage of 
time with an acid reflux episode above 4.2%. A reflux episode was 
defined as a retrograde drop in impedance by more than 50.0% of 
the baseline in the distal 2 consecutive channels, and pathological 
nonacid reflux was defined as the percentage of time with a reflux 
episode above 1.4% in the absence of pathological acid reflux.13,14 
The symptom index ≥ 50% and/or symptom association probabil-
ity ≥ 95% was considered positive for symptom correlation.14,15 

Baseline impedance was measured in the proximal esophagus 
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(the mean value of 15 cm and 17 cm channels) and distal esophagus 
(the mean value of 3 cm and 5 cm channels) around 10 minutes be-
fore meal ingestion, 10 minutes after meal ingestion, 30 minutes af-
ter meal ingestion, 30 minutes before the start of nighttime sleep, 30 
minutes after the start of nighttime sleep, and 60 minutes after the 
start of nighttime sleep. Each single baseline value represents the 
average value of a 5-minute period around each time point avoid-
ing swallows, refluxes, and pH drops.14,15 MII-pH monitoring 
data were reviewed manually by investigators (Y.G.K. and K.J.L.) 
blinded for the information of the patients.

Statistical Methods
The subjects were classified into 3 groups as follows: (1) the 

NERD group, defined as the presence of pathological acid and/or 
nonacid reflux; (2) the RH group, defined as positive for symptom 
correlation in the absence of pathological acid or nonacid reflux; 
and (3) the functional group, defined as the absence of pathological 
acid or nonacid reflux and negative for symptom correlation. 

Data are expressed as means ± SD. Continuous variables were 
compared using Student’s t test or ANOVA with post hoc test. The 
chi-square test was applied to compare categorical variables between 
groups. Receiver operating characteristic (ROC) curves were used 
to determine the cut-off value with the maximal sum of sensitivity 
and specificity. Statistical analyses were performed using the SPSS 
version 23.0 software package (SPSS; IBM Corp, Armonk, NY, 
USA), which calculates the area under the curve and 95% confi-
dence intervals (CIs). A P-value < 0.05 was considered to be sig-
nificant.

Results 

Demographics and Characteristics of the Subjects
A total of 104 patients (57 males and 47 females) were included 

in the study. The mean age of subjects was 47.9 ± 13.9 years. Chief 
complaints included esophageal symptoms such as heartburn (39 
patients, 37.5%) and chest pain (28 patients, 26.9%), and supra-
esophageal symptoms such as globus and/or cough (37 patients, 
35.5%). The baseline characteristics of the subjects are summarized 
in Table 1. The prevalence of pathological acid exposure and RH 
were significantly higher in the heartburn group, compared with the 
globus and/or cough group.
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Figure 1. Changes of esophageal baseline impedance levels after meal 
ingestion. P, proximal; D, distal.

Table 1. Baseline Characteristics of the Subjects According to Chief Complaints

Characteristics 
Heartburn 
(n = 39)

Chest pain  
(n = 28)

Globus and/or cough  
(n = 37)

P-value

Gender 0.229
   Male 23 (59.0) 15 (53.6) 19 (51.4)
   Female 16 (41.0) 13 (46.4) 18 (48.6)
Age (yr) 46.8 ± 14.5 50.9 ± 13.4 46.9 ± 13.5 0.410
Pathological acid reflux 14 (35.9)a 7 (25.0)b 0 (0.0) < 0.001
Pathological non-acid reflux 6 (15.4) 7 (25.0) 13 (35.1) 0.139
Reflux hypersensitivity 9 (23.1)c 4 (14.3) 1 (2.7) 0.034

aP < 0.001, bP < 0.01, and cP < 0.05, compared with globus by Pearson chi-square or Fisher’s exact test, respectively.
Data are presented as number (%) or mean ± SD.
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Change of Esophageal Baseline Impedance Levels 
After Meal Ingestion or the Start of Nighttime Sleep

Esophageal BILs around 10 minutes and 30 minutes after 
meal ingestion were significantly lower in the proximal (P < 0.001) 
and distal esophagus (P < 0.001), compared with those around 10 
minutes before meal ingestion (Fig. 1). 

Significantly lower esophageal BILs were observed around 30 
minutes (P < 0.005) and 60 minutes (P < 0.005) after the start 
of nighttime sleep in the proximal esophagus, compared with those 
around 30 minutes before the start of nighttime sleep, which was 
not observed in the distal esophagus (Fig. 2). 

Comparison of Esophageal Baseline Impedance 
Levels in the Diagnostic Groups

The BILs of the proximal esophagus did not significantly differ 

at all time points among the NERD, RH, and functional groups 
(Table 2). The BILs of the distal esophagus were significantly lower 
at all time points in the NERD group, but not in the RH group, 
compared with the functional group (Table 3). 

The Area Under the Receiver Operating 
Characteristic Curve for the Diagnosis of Nonerosive 
Reflux Disease and Reflux Hypersensitivity 

The area under the ROC curve for the diagnosis of NERD 
was significant at all time points and the highest around 30 minutes 
before and after the start of nighttime sleep. The area under the 
ROC curve for the diagnosis of RH was not significant at all time 
points (Table 4). 

The area under the ROC curve for the diagnosis of NERD in 
patients with esophageal symptoms was the highest around 30 min-
utes before the start of nighttime sleep (0.821 [95% CI, 0.704-0.938, 
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Figure 2. Changes of esophageal baseline impedance levels after the 
start of nighttime sleep. P, proximal; D, distal.

Table 2. Baseline Impedance Levels of the Proximal Esophagus in the Diagnostic Groups

Time
Impedance (Ω)

NERD group (n = 42) RH group (n = 16) Functional group (n = 46) P-value

10 min before meal 2760 ± 1110 2540 ± 610 2750 ± 890 0.720
10 min after meal 1860 ± 820 1870 ± 930 2010 ± 970 0.691
30 min after meal 2190 ± 870 2200 ± 860 2110 ± 980 0.911
30 min before sleep onset 3010 ± 1180 3070 ± 640 2830 ± 1190 0.658
30 min after sleep onset 2220 ± 1170 2510 ± 800 2140 ± 960 0.472
60 min after sleep onset 2190 ± 1130 2700 ± 1020 2020 ± 830 0.069

NERD, nonerosive reflux disease; RH, reflux hypersensitivity.
Data are presented as mean ± SD.
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Figure 3. The receiver operating characteristic (ROC) curve for the 
diagnosis of nonerosive esophageal reflux disease in patients with 
esophageal or supraesophageal symptoms.
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P < 0.001]). The area under the ROC curve for the diagnosis of 
NERD in patients with supraesophageal symptoms was the highest 
around 60 minutes after the start of nighttime sleep (0.772 [95% 

CI, 0.608-0.936, P = 0.009]).

Cut-off Values for the Diagnosis of Nonerosive 
Reflux Disease 

When a cut-off value of 2375 Ω was selected around 30 min-
utes before the start of nighttime sleep in patients with esophageal 
or supraesophageal symptoms, the sensitivity and specificity for the 
diagnosis of NERD were 0.762 and 0.696, respectively (Fig. 3). 
When a cut-off value of 2375 Ω was selected around 30 minutes 
before the start of nighttime sleep in patients with esophageal symp-
toms, the sensitivity and specificity for the diagnosis of NERD 
were 0.833 and 0.696, respectively (Fig. 4). When a cut-off value of 
2125 Ω was selected around 60 minutes after the start of nighttime 
sleep in patients with supraesophageal symptoms, the sensitivity 
and specificity for the diagnosis of NERD were 0.833 and 0.739, 
respectively (Fig. 5).

Discussion 

The BILs of the distal esophagus measured during the ambu-

Table 4. The Area Under the Receiver Operating Characteristic Curve for the Diagnosis of Nonerosive Reflux Disease and Reflux Hypersensi-
tivity 

Time
AUC (95% CI)

NERD (n = 42) P-value RH (n = 16) P-value

10 min before meal 0.716 (0.608-0.824) < 0.001 0.433 (0.273-0.592) 0.426
10 min after meal 0.712 (0.605-0.819)  0.001 0.473 (0.309-0.637) 0.748
30 min after meal 0.747 (0.646-0.849) < 0.001 0.446 (0.293-0.599) 0.520
30 min before sleep onset 0.763 (0.659-0.867) < 0.001 0.457 (0.274-0.640) 0.612
30 min after sleep onset 0.764 (0.662-0.866) < 0.001 0.414 (0.250-0.578) 0.307
60 min after sleep onset 0.747 (0.644-0.850) < 0.001 0.447 (0.267-0.627) 0.530

AUC, area under the curve; NERD, nonerosive reflux disease; RH, reflux hypersensitivity. 

Table 3. Baseline Impedance Levels of the Distal Esophagus in the Diagnostic Groups

Time
Impedance (Ω)

NERD group (n = 42) RH group (n = 16) Functional group (n = 46) P-value

10 min before meal 1890 ± 940a 2730 ± 900 2550 ± 970 0.001
10 min after meal 1310 ± 690a 2070 ± 1010 1990 ± 1000 0.001
30 min after meal 1460 ± 690b 2340 ± 720 2460 ± 1960 0.004
30 min before sleep onset 1760 ± 1180a 2640 ± 1070 2570 ± 830 0.001
30 min after sleep onset 1670 ± 930c 2790 ± 880 2580 ± 900 < 0.001
60 min after sleep onset 1690 ± 830c 2700 ± 960 2460 ± 840 < 0.001

NERD, nonerosive reflux disease; RH, reflux hypersensitivity. 
aP < 0.005, bP < 0.05, and cP < 0.001, compared with the functional group by Student’s t test or ANOVA with post hoc test.
Data are presented as mean ± SD.
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Figure 4. The receiver operating characteristic (ROC) curve for the 
diagnosis of nonerosive esophageal reflux disease in patients with 
esophageal symptoms.
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latory 24-hour esophageal pH-impedance monitoring are consid-
ered to reflect esophageal reflux burden. Mean nocturnal baseline 
impedance has been negatively correlated with esophageal acid 
exposure time, and suggested to be a predictor of symptomatic im-
provement following anti-reflux therapy.16 The results of the present 
study indicated that BILs of the distal esophagus can be useful for 
the diagnosis NERD in endoscopy-negative Korean patients with 
esophageal or supraesophageal symptoms, but not for the diagnosis 
of RH. 

PPI therapy is regarded as the mainstay of pharmacologic 
treatment for GERD, and can also be used for the diagnosis of 
GERD in clinical practice. In patients with GERD-like symptoms, 
unsatisfactory response to a PPI trial represents the requirement 
of ambulatory esophageal pH-impedance monitoring to confirm 
GERD. Although ambulatory pH-impedance monitoring is con-
sidered to be the gold standard test for the measurement of reflux 
activity, it is not likely to be sufficient in the diagnosis of GERD. It 
has many disadvantages, and the diagnostic sensitivity for GERD 
is limited. Actually, in the Lyon consensus, the diagnosis of GERD 
needs a higher value of esophageal acid exposure time. We defined 
pathological acid reflux as the percentage of time with an acid re-
flux episode above 4.2%. The use of the Lyon consensus criteria 
remarkably reduces the number of patients with pathological acid 
reflux from 21 patients (20.2%) to 9 patients (8.6%). So, the use 
of the Lyon consensus criteria may reduce diagnostic yield for 
GERD, particularly for NERD, because acid reflux burden in 
NERD patients is considered to be lower than that in ERD pa-
tients. 

Recently, several studies suggest that mean nocturnal BILs of 

the distal esophagus and post-reflux swallow-induced peristaltic 
wave can increase the diagnostic yield of ambulatory esophageal 
pH-impedance monitoring.8,15-18 Abnormally low esophageal mean 
nocturnal baseline impedance is suggested to be an additional 
marker of GERD. Actually, esophageal BILs have been recently 
reported to be correlated with response of symptoms to antireflux 
therapy.19 Our findings of the present study suggest that low BILs 
of the distal esophagus measured around 30 minutes before the 
start of nighttime sleep was a marker of NERD in patients with 
esophageal symptoms such as heartburn or chest pain, whereas low 
BILs of the distal esophagus measured around 60 minutes after 
the start of nighttime sleep was a marker of NERD in patients with 
supraesophageal symptoms such as globus and/or cough. When 
considering this finding, supraesophageal NERD symptoms might 
be more associated with nighttime recumbent position than esopha-
geal NERD symptoms. 

Esophageal BILs are measured from the most distal imped-
ance channel during the nighttime recumbent period. Esophageal 
impedance levels may fluctuate within a day. In previous studies, 
mean nocturnal baseline impedance was measured during the over-
night rest for a 10-minute period at around 3 time points (1, 2, and 
3 AM), avoiding refluxes and swallows.10-18 In the present study, 
we found that BILs of the distal and proximal esophagus were 
decreased after meal ingestion. It is assumed that increased reflux 
or swallowing associated with meal ingestion plays a role in decreas-
ing BILs of the esophagus. The BILs of the proximal esophagus 
were significantly altered during the nighttime recumbent period, 
but those of the distal esophagus were not. These observations can 
provide evidence that the period before or after the start of night-
time sleep is appropriate to assess BILs of the distal esophagus for 
the diagnosis of NERD. Our findings showed that 2 time points (30 
minutes before and 60 minutes after the start of nighttime sleep) 
were most appropriate, and represented the highest value of area 
under the ROC curve for the diagnosis of NERD.

In the present study, we showed that BILs of the distal esopha-
gus were significantly lower at all time points in the NERD group, 
compared with the functional group. Whereas, the BILs of the 
proximal esophagus did not significantly differ at all time points 
among the diagnostic groups. These findings indicate that BILs of 
the distal esophagus may be useful for differentiating NERD and 
functional heartburn. However, we failed to demonstrate that mea-
surement of BILs is useful for differentiating RH and functional 
heartburn. Low BILs of the esophagus may be associated with 
high reflux burden or increased esophageal acid exposure. Kess-
ing et al19 suggest that baseline impedance is related to esophageal 

0.0

1.0

0.8

0.6

0.4

0.2

0.0
1.0

S
e

n
s
it

iv
it

y

1-Specificity

0.2 0.4 0.6 0.8

ROC curve

Figure 5. The receiver operating characteristic (ROC) curve for the 
diagnosis of nonerosive esophageal reflux disease in patients with su-
praesophageal symptoms.
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acid exposure, and could be a marker of reflux-induced changes in 
the esophageal mucosa. This is in line with previous observations 
showing that the acid exposure affects the baseline impedance.20 
Similarly, higher basal impedance levels are found to be related to 
functional heartburn.13 

There may be discrepancy between studies regarding the cut-off 
value for the diagnosis of GERD. The cut-off levels of 2292 Ω and 
2100 Ω for differentiation between NERD and functional heart-
burn have been reported.11,12 Whereas, the cut-off level of 1582 Ω 
for the diagnosis of GERD was also reported in another study.9 
The present study demonstrated that the cut-off value of 2375 Ω 
or 2125 Ω was useful for the diagnosis of NERD in patients with 
esophageal or supraesophageal symptoms. When the cut-off value 
of 2375 Ω was selected around 30 minutes before the start of night-
time sleep in patients with esophageal symptoms, the sensitivity 
and specificity for the diagnosis of NERD were 0.833 and 0.696, 
respectively. When the cut-off value of 2125 Ω was selected around 
60 minutes after the start of nighttime sleep in patients with suprae-
sophageal symptoms, the sensitivity and specificity for the diagnosis 
of NERD were 0.833 and 0.739, respectively.

In conclusion, distal and proximal esophageal BILs can be 
altered by meal ingestion. The BILs of the distal esophagus mea-
sured at time points around 30 minutes before or 60 minutes after 
the start of nighttime sleep appear to be useful for the diagnosis of 
NERD, but not for the diagnosis of RH, in endoscopy-negative 
Korean patients with esophageal or supraesophageal symptoms.
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