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-ABSTRACT-

Factors influencing on esophageal baseline impedance levels in
patients with suspected symptoms of gastroesophageal reflux disease

Background/Aims: Measurements of mucosal impedance can detect GERD with highlevels
of specificity and positive predictive values. However, it remains unclear whether mucosal
impedance changes frequently during a day and is influenced by the time from themeal
period and sleeping time.The aim of the study was to investigate factors influencing on
esophageal baseline impedance levels,such as time from the meal period, sleep onset, and the
location of measurement, in patients with suspected symptoms of GERD.
Methods:Consecutive endoscopy-negative patients with suspected symptoms of GERD such
as heartburn, chest pain, and/or globus who underwent 24h esophageal multichannel
intraluminal impedance-pH (MII-pH) monitoring were eligible for inclusion in this study.
Baseline impedance was measured in the proximal esophagus (the average of 15 and 17 cm)
and the distal esophagus (the average of 3 and 5 cm) at 5 min before meal, 5 min after the
meal period, 30 min after the meal period, 30 min before sleep, 30 min after sleep onset and
60 min after sleep onset. Each single baseline value represents the average value of a 30-s
time period around each time point.
Results:Baseline impedance levels did not significantly differ according to gender or age.
Baseline impedance levels at 5 min and 30 min after meal were significantly lower in the
proximal (p<0.001) and distal esophagus (p<0.001), compared with those at 5 min before
meal. Significantly lower baseline impedance levels were observed at 30 min (p<0.005) and
60 min (p<0.005) after sleep onset in the proximal esophagus, compared with those at 30
min before sleep onset, but not in the distal esophagus. Baseline impedance levels in the
distal esophagus weresignificantly lower in patients with pathologic reflux, compared with
the GERD-unrelated group. No significant difference in the baseline impedance levels was
observed between patients with positive symptom index alone and the GERD-unrelated
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group.
Conclusions: The time from the meal period or sleep onset, and the presence of pathological
acid reflux or pathological bolus reflux appear to influence on esophageal baseline
impedance levels.However, sex, age, and the presence of esophageal hypersensitivity do not
seem to be associated with esophageal baseline impedance levels.

Key words: Gastroesophageal reflux disease, Combined Multichannel intraluminal
impedance, Non-erosive reflux disease
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I.INTRODUCTION

Gastro-esophageal reflux disease (GERD) is common, and its prevalence is increasing in
Asian countries including South Korea. Based on the presence of erosions in the esophagus,
GERD is classified into erosive reflux disease (ERD) and non-erosive 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 (Dent J et al, 1999).The ambulatory
24hr esophageal pH-impedance monitoring to confirm the causal relationship between
symptoms and gastroesophageal reflux is not considered to be satisfactory, because itcan
only measure reflux activity. Therefore, patients with suspected GERD symptoms who do
not have reflux events during the test period have falsely negative results.
Intra-luminal baseline impedance measurement can be used to evaluate changes in the
integrity of the esophageal mucosa. Alterations in the integrity of the esophageal mucosa are
associated with trans-epithelial resistance. Accordingly, changes in intra-luminal baseline
impedance levels are suggested to be evidence of GERD. The esophageal lumen is collapsed
except reflux episodes and swallowing episodes, thus the resulting baseline impedance level
is determined by the surrounding esophageal wall. Studies have shown the association
between changes of baseline impedance levels and GERD symptoms. A recent study
demonstrated that measurements of mucosal impedance can detect GERD with higherlevels
of specificity and positive predictive values than wirelesspH monitoring(Ates et al, 2015).
However, it remains unclear whether mucosal impedance changes frequently during a day
and is influenced by the meal time and sleeping time.Moreover, it is still uncertain whether
mucosal impedance differs according to the location of measurement.
Thus, the aim of this study was to investigate factors influencing on esophageal baseline
impedance levels,such as time from the meal period, sleep onset, and the location of
measurement, in patients with suspected symptoms of GERD.

-1-

II. PATIENTS AND METHODS

A. Study Population
Consecutive endoscopy-negative patients with suspected symptoms of GERD such as
heartburn, chest pain, and/or globus who underwent 24h esophageal multichannel
intraluminal impedance-pH (MII-pH) monitoring were eligible for inclusion in this study.
TheirMII-pH data performed at Ajou University Hospital were analyzed. Patients were
excluded if they were taking medication which could influence esophageal motor function or
gastric acid secretion, or if they had erosive or ulcerative esophagitis on endoscopy, achalasia,
or a history of upper gastrointestinal surgery.

B. 24hr MII-pH monitoring
Each study was done using stationary MII-pH system (Sandhill, Scientific, Denver, CO).
MII-pH monitoring was performed after discontinuing therapy such as acid-suppressing or
motility agents one week before the monitoring. We calibrated the MII-pH catheter in buffer
solutions of pH 4.0 and 7.0, and passed the catheter through the nose after the lower
esophageal sphincter (LES) location was detected by esophageal manometry. The pH
electrode was located at 5cm above the upper margin of the LES, and segments monitoring
intraluminal impedance were positioned at 3, 5, 7, 9, 15, and 17cm above the LES. Patients
were discharged and were asked to maintain normal activities, sleep schedule and eat their
usual meals at their normal times. They were encouraged to keep a diary in which they
recorded the times for meals, postural changes and vice versa, and symptoms. Impedance
and pH information was analyzed using a dedicated software program (BioView Analysis,
Sandhill Scientific, Inc.) and visual analysis.
An acid reflux episode was defined as a drop in pH to less than 4.0, and pathological acid
reflux was defined as the % 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% of baseline in the distal
two consecutive channels, and pathological reflux was defined as the % of time with a reflux
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episode above 1.4%. Symptom index (SI) was defined as the number of symptoms
associated with reflux divided by the total number of symptoms during 24 hours multiplied
by 100, and SI more than or equal to 50% was defined as positive SI. When there was
pathological acid reflux, pathological reflux, or positive symptom index, patients were
considered to have GERD-related symptoms.
Baseline impedance was measured in the proximal esophagus (the average of 15 and 17
cm) and the distal esophagus (the average of 3 and 5 cm) at 5 min before meal, 5 min after
the meal period, 30 min after the meal period, 30 min before sleep, 30 min after sleep onset
and 60 min after sleep onset. Each single baseline value represents the average value of a 30s time period around each time point avoiding swallows, refluxes, and pH drops. MII-pH
monitoring was performed and tracing data were reviewed manually by investigator blinded
for the information of the patients.

C. Statistical Analysis
Data are expressed asmeans ± standard deviations (SDs). Continuous variableswere
compared using Student’st-test or ANOVA. Chi-square test was applied to compare
categorical variables between groups. Statistical analyses were conducted using SPSS
version 18.0 (IBM Corp., Armonk, NY, USA). A P-value < 0.05 was taken as statistically
significant.
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III. RESULTS
GERD-related and GERD-unrelated symptoms
A total of 104 patients (57 males, mean age 47.9 ± 13.9 [Range, 20-74] years) were
enrolled in thestudy. The chief complaints were heartburn in 39 patients, chest pain in 28
patients, globus in 20 patients, and chronic cough in 17 patients. Each symptom
groupshowed no statistical difference in gender ratio and age (Table 1). Seventy-four percent
of subjects who complained heartburn were considered to be GERD-related. GERD-related
symptoms were confirmed in 74% of the heartburn group, 53% of the chest pain group, 40%
of the globus group, and 35% of the chronic cough group. Heartburn was most correlated
with GERD.A total of 42 patients showed pathologic acid reflux or bolus reflux. Positive
symptom index was observed in 16 patients. A total of 46patients showed negative results
for 24-h MII-pH monitoring, and was diagnosed to be GERD-unrelated.

Table 1.GERD-related and GERD-unrelated symptoms
Predominant

GERD-related, n

Sex (M:F)

Age (<60 : ≥60)

Heartburn (n=39)

23:16

30:9

29 (74%)

Chest pain (n=28)

15:13

19:9

15 (53%)

Globus (n=20)

11:9

17:3

8 (40%)

8:9

12:5

6 (35%)

0.872

0.556

0.015

symptom

Chronic cough
(n=17)
P value
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Comparison of baseline impedance levels in the distal esophagus according to sex and
age
When comparing the baseline impedance levels measured in the distal esophagus at 5 min
before a meal, 5 min after a meal, 30 min before sleep onset, and 30 min after sleep onset,
there was no difference between males and females (Table 2). Baseline impedance levels did
not significantly differ betweenthe age group< 60 years old and the age group ≥60 years old
(Table 3).

Table 2. Comparison of baseline impedance levels in the distal esophagus between
males and females
Impedance (Ω)
Male (n=57)

Female (n=47)

P value

5 min. before meal

2.28 ± 1.0

2.36 ± 1.01

0.685

5 min after meal

1.60 ± 0.90

1.89 ± 0.98

0.117

30 min after meal

1.84 ± 0.87

2.27 ± 1.96

0.141

30 min before sleep

2.09 ± 0.99

2.46 ± 1.18

0.086

30 min after sleep

2.12 ± 1.03

2.40 ± 0.99

0.171

60 min after sleep

2.02 ± 0.84

2.39 ± 1.03

0.056
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Table 3. Comparison of baseline impedance levels in the distal esophagus between the
age group < 60 years old and the age group ≥60 years old
Impedance (Ω)
< 60 (n=78)

>= 60 (n=26)

P value

5 min. before meal

2.13 ± 0.95

2.37 ± 1.01

0.287

5 min after meal

1.65 ± 1.00

1.75 ± 0.93

0.625

30 min after meal

2.28 ± 2.53

1.95 ± 0.90

0.327

30 min before sleep

2.40 ± 0.99

2.21 ± 1.13

0.441

30 min after sleep

2.30 ± 1.02

2.23 ± 1.03

0.752

60 min after sleep

2.21 ± 0.88

2.18 ± 0.97

0.894

Comparison of baseline impedance levels in the proximal esophagus according to sex
and age
When comparing the baseline impedance levels measured in the proximal esophagus at 5
min before a meal, 5 min after a meal, 30 min before sleep onset, and 30 min after sleep
onset, there was no difference between males and females (Table 4). Baseline impedance
levels did not significantly differ betweenthe age group < 60 years old and the age group ≥60
years old (Table 5).
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Table 4. Comparison of baseline impedance levels in the proximal esophagus between
males and females
Impedance (Ω)
Male (n=57)

Female (n=47)

P value

5 min. before meal

2.76 ± 0.96

2.67 ± 0.95

0.626

5 min after meal

1.91 ± 0.45

1.94 ± 0.86

0.867

30 min after meal

2.26 ± 0.88

2.04 ± 0.94

0.222

30 min before sleep

2.97 ± 1.09

2.90 ± 1.15

0.755

30 min after sleep

2.21 ± 0.99

2.26 ± 1.08

0.787

60 min after sleep

2.13 ± 0.96

2.27 ± 1.06

0.482

*p<0.05, **p<0.01 and ***p<0.005, compared with the GERD-unrelated group

Table 5. Comparison of baseline impedance levels in the proximal esophagus between
the age group < 60 years old and the age group ≥60 years old
Impedance (Ω)
Age < 60 (n=78)

Age ≥ 60 (n=26)

P value

5 min. before meal

2.50 ± 0.91

2.80 ± 0.95

0.164

5 min after meal

1.90 ± 0.97

1.94 ± 0.88

0.864

30 min after meal

2.18 ± 0.92

1.95 ± 0.91

0.902

30 min before sleep

2.64 ± 1.19

3.04 ± 1.08

0.117

30 min after sleep

2.05 ± 0.88

2.29 ± 1.07

0.313

60 min after sleep

2.05 ± 0.82

2.29 ± 1.07

0.411
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Comparison of baseline impedance levels according to the time from the meal period
Baseline impedance levels at 5 min and 30 min after meal were significantly lower in the
proximal (p<0.001) and distal esophagus (p<0.001), compared with those at 5 min before
meal (Figure 1).

Figure 1.Baseline impedance levels in the proximal (P-esophagus) and distal esophagus
(D-esophagus) according to the time from the meal period
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Comparison of baseline impedance levels according to the time from sleep onset
Significantly lower baseline impedance levels were observed at 30 min (p<0.005) and 60
min (p<0.005) after sleep onset in the proximal esophagus, compared with those at 30 min
before sleep onset, but not in the distal esophagus (Figure 2).

Figure 2.Baseline impedance levels in the proximal (P-esophagus) and distal esophagus
(D-esophagus) according to the time from sleep onset

Comparison of baseline impedance levels between GERD-related and GERD-unrelated
groups
The baseline impedance levels of the proximal esophagus did not show a significant
difference at any measurement time between the GERD-related and GERD-unrelated groups
(Table 6). However, the baseline impedance levels of the distal esophagus were significantly
lower at all measurement times in the GERD-related group than in the GERD-unrelated
group (Table 7).
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Table 6. Baseline impedance levels of the proximal esophagus in the GERD-related and
GERD-unrelated groups
Impedance (Ω)
GERD-related
(n=58)

GERD-unrelated
(n=46)

P value

5 min. before meal

2.70 ± 1.00

2.75 ± 0.89

0.780

5 min after meal

1.86 ± 0.84

2.01 ± 0.97

0.390

30 min after meal

2.19 ± 0.86

2.11 ± 0.98

0.665

30 min before sleep

3.03 ± 1.05

2.83 ± 1.19

0.371

30 min after sleep

2.30 ± 1.08

2.14 ± 0.96

0.438

60 min after sleep

2.33 ± 1.11

2.02 ± 0.83

0.122

Table 7. Baseline impedance levels of the distal esophagus in the GERD-related and
GERD-unrelated groups
Impedance (Ω)
GERD-related
(n=58)

GERD-unrelated
(n=46)

P value

5 min. before meal

2.12 ± 0.99*

2.55 ± 0.97

0.032

5 min after meal

1.52 ± 0.85*

1.99 ± 1.00

0.012

30 min after meal

1.70 ± 0.80**

2.46 ± 1.96

0.009

30 min before sleep

2.00 ± 1.21**

2.57 ± 0.83

0.008

30 min after sleep

1.98 ± 1.04***

2.58 ± 0.90

0.003

60 min after sleep

1.97 ± 0.97**

2.46 ± 0.84

0.008

*p<0.05, **p<0.01 and ***p<0.005, compared with the GERD-unrelated group
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Comparison of baseline impedance levels among the pathologic reflux (PR), positive
symptom index alone (PSI), and GERD-unrelated groups
In the proximal esophagus, there was no difference in the baseline impedance levels
among the PR, PSI and GERD-unrelated groups (Table 8).However, baseline impedance
levels in the distal esophagus weresignificantly lower in the PR group at all measurement
times, compared with the GERD-unrelated group (Table 9). No significant difference in the
baseline impedance levels was observed between the PSI and GERD-unrelated groups.

Table 8. Baseline impedance levels of the proximal esophagus in the pathologic reflux
(PR), positive symptom index alone (PSI), and GERD-unrelated groups
Impedance (Ω)
PR (n=42)

PSI alone
(n=16)

GERDunrelated

P value

(n=46)
5 min before meal

2.76 ± 1.11

2.54 ± 0.61

2.75 ± 0.89

0.720

5 min after meal

1.86 ± 0.82

1.87 ± 0.93

2.01 ± 0.97

0.691

30 min after meal

2.19 ± 0.87

2.20 ± 0.86

2.11 ± 0.98

0.911

30 min before
sleep

3.01 ± 1.18

3.07 ± 0.64

2.83 ± 1.19

0.658

30 min after sleep

2.22 ± 1.17

2.51 ± 0.80

2.14 ± 0.96

0.472

60 min after sleep

2.19 ± 1.13

2.70 ± 1.02

2.02 ± 0.83

0.069

pathologic reflux (PR), positive symptom index alone (PSI)
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Table 9. Baseline impedance levels of the distal esophagus in the pathologic reflux (PR),
positive symptom index alone (PSI), and GERD-unrelated groups
Impedance (Ω)
PR (n=42)

PSI alone
(n=16)

GERDunrelated

P value

(n=46)
5 min before meal

1.89 ± 0.94*

2.73 ± 0.90

2.55 ± 0.97

0.001

5 min after meal

1.31 ± 0.69*

2.07 ± 1.01

1.99 ± 1.00

0.001

30 min after meal

1.46 ± 0.69*

2.34 ± 0.72

2.46 ± 1.96

0.004

30 min before
sleep

1.76 ± 1.18*

2.64 ± 1.07

2.57 ± 0.83

0.001

30 min after sleep

1.67 ± 0.93*

2.79 ± 0.88

2.58 ± 0.90

<0.001

60 min after sleep

1.69 ± 0.83*

2.70 ± 0.96

2.46 ± 0.84

<0.001

*p<0.005 compared with the GERD-unrelated group
pathologic reflux (PR), positive symptom index alone (PSI)
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IV. DISCUSSION
Previous studies have shown that patients with GERD or several esophageal disorders
havelow distal baseline impedance during MII-pH monitoring. (Conchillo et al, 2006;
Blonskiet al, 2008) The reason why the distal baseline impedance in patients with GERD is
low includes the disruption of mucosal integrity of the esophagus, such as that seen
inesophagitis or Barrett esophagus. (Domingues et al, 2005) Recent studies have shown that
mucosal impedance values are significantly lower at the distal esophagus in patients with
GERD than in those without GERD, suggesting the possibility of the measurement of
mucosal impedance in diagnosing GERD. (Sarutas et al, 2012; Ates et al, 2015) Our results
of the present study demonstrated that the measurement time from the meal period or sleep
onset affected the baseline impedance of the esophagus. Although the baseline impedance
did not differ according to gender and age, it was decreased after the meal ingestion and after
the sleep onset. These findings indicate that factors including meal and sleep should be
considered in measuring the baseline impedance for the diagnosis of GERD.
When the subjects with suspected GERD symptoms do not have erosive changes in the
esophagus, the confirmation of the relationship between GERD and symptoms is generally
difficult. In that case, ambulatory 24hr MII-pH monitoring is considered to be a gold
standard test. However, a catheter-based study is troublesome and its false negative rate is
relatively high. The baseline impedance reflects mucosal integrity. An impaired mucosal
integrity in patients with erosiveesophagitis has been demonstrated. Dilated intercellular
spaces (DIS) are a condition similar to an impaired mucosal integrity. DIS can be induced by
stress(Cho et al, 2011). Moreover, it is observed in the non-affected mucosa of patients with
erosive esophagitis and in non-erosive reflux disease patients.(Caviglia et al, 2007, Solcia et
al, 2000; Hopwood et al, 1979; Neumann et al, 2011; Ribolsi et al, 2009; Malenstein et al,
2008; Vela et al, 2011; Ravelli et al, 2006). The presence of an impaired mucosal integrity is
associated with heartburn perception in NERD patients (Barlow et al, 2005; Orlando et al,
2009).Proton pump inhibitors reverse DIS, which is accompanied by improvementof
heartburn (Calabrese et al, 2005; Xue et al, 2008).Similarly, PPI therapy improves mucosal
integrity (Loots et al, 2011). The baseline impedance correlates well with acid exposure time,
number of acidic, and weakly acidic reﬂux episodes and total number of reﬂux
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events(Borrelli et al, 2012; Loot et al, 2012). These studies are in keeping with our
results.The present study revealed that the baseline impedance levels of the distal esophagus
were significantly lower in the GERD-related group than in the GERD-unrelated group.
Particularly, lower baseline impedance levels in the distal esophagus were observed in
patients with pathologic gastroesophageal reflux, compared with the GERD-unrelated group,
but not in patients with positive symptom index alone. The latter is called as hypersensitive
esophagus. Therefore, abnormally increased reflux appears to decrease baseline impedance
in the esophagus. It is also possible that microscopic or minimal changes of esophagitis
induced by gastroesophageal reflux cause the reduction of baseline impedance.
Baseline impedance was decreased after the meal period. This finding may be attributed to
the postprandial increase of gastroesophageal reflux. Increased retention of stomach contents
in the postprandial period may decrease baseline impedance. Exposure to gastric contents
including acid, pepsin, and/or bile acid can damage the esophageal epithelium, leading to
impaired mucosal integrity (Farré et al, 2011; Ribolsi et al, 2012).Thus, baseline impedance
appears to be influenced by the time from the meal period. In the present study, sleep also
affected the baseline impedance. Supine position and/or prolonged retention of reflux
contents might contribute to the decrease in the baseline esophageal impedance levels. The
change of esophageal baseline impedance in the postprandial period and sleep period was
observed in both the GERD-related and GERD-unrelated groups (data not shown).Studies
using esophageal impedance data excluded meal time (Borrelli et al, 2012; Farré et al, 2011;
Martinucci et al, 2014). However, our results of the present study suggest that the time from
the meal period and from sleep onset should be considered in measuring baseline impedance
in the esophagus.
Since this study was performed retrospectively, there was noasymptomatic control group.
GERD was not able to be completely excluded in symptomatic subjects with GERDunrelated esophageal symptoms, because false negative results may be produced by the 24h
MII-pH study. Thosearethe limitations of our study.
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V. CONCLUSION

Baseline impedance levels in the esophagus were significantly lower in the postprandial
period and in the sleep period. Baseline impedance levels in the distal esophagus were
significantly lower in patients with pathological reflux, compared with GERD-unrelated
patients, but this was not observed in patients with positive symptom index alone. Therefore,
the time from the meal period or sleep onset, and the presence of pathological acid reflux or
pathological bolus reflux appear to influence on esophageal baseline impedance
levels.However, sex, age, and the presence of esophageal hypersensitivity do not seem to be
associated with esophageal baseline impedance levels.
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- 국문요약 -

위식도 역류 질환이 의심되는 증상을 가진 환자에서 식도 기저
임피던스에 영향을 주는 인자

목적: 위식도역류질환에 있어 다채널 강내 임피던스 측정은 특이도와 양성
예측도가 높은 것으로 알려져 있다. 하지만 식도 강내 임피던스가 식사, 잠 등의
요인들로 인해 하루 중 어떠한 변화를 보이는 지에 대해서는 아직 알려진 바가
없다. 따라서 이 연구는 위식도 역류 질환이 의심되는 증상을 갖은 환자 군에서
임피던스가 하루중 식사, 잠, 측정 위치 등의 요인에 의해 어떠한 변화를 보이는
지에 대해 밝히고자 하였다.
방법:가슴 쓰림, 흉통, 목의 이물감 등 위식도 역류 질환의 증상으로 의심되는
환자 중 상부 위장관 내시경상 미란 등의 특이 소견을 보이지 않는 환자 군에게
시행한 24 시간 다채널 식도 강내 임피던스-pH 검사를 시행한 사람들이 연구
대상에 포함되었다. 상부 식도 임피던스는 카테터의 15cm 과 17cm 의
임피던스의 평균으로 구했으며, 하부 식도 임피던스는 3cm 과 5cm 에서 평균을
구하였으며, 각각 식사 5 분전, 5 분후, 30 분후 그리고 수면 30 분전, 30 분후
60 분후의 값을 구하였다. 하나의 임피던스 값은 각 시간대에서 안정된
상태에서 30 초간의 임피던스의 평균으로 구하였다.
결과:기저 임피던스는 성별이나 나이에 따라 다르지 않았다. 식후 5 분, 30 분의
임피던스는 식사 5 분전 임피던스에 비해 상부 식도(p<0.001)와 하부
식도(p<0.001) 모두에서 낮았다. 수면 30 분 후와 60 분후의 상부 식도
임피던스는 수면 30 분전에 비해 통계적으로 유의하게 낮아졌다 (p<0.005).
하지만 하부 식도의 임피던스는 통계적인 차이를 보이지 않았다 (p>0.05).
GERD 와 비연관성을 보인 환자군에 비해 병적 역류를 보인 환자군에서 하부
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식도에서의 임피던스는 식전, 식후, 수면 전, 후에 있어 모두 통계적으로 감소
소견을 보였다. 하지만 증상지수에서 양성을 보인 환자는 GERD 와 비연관성을
보인 환자군에 비해 통계적으로 임피던스의 차이를 보이지 않았다.
결론:식사와

수면

그리고

병적 역류에 의해 식도의 임피던스를 낮춘다고

결론지을 수 있겠다. 그러나 성별, 나이, 식도 과민성은 식도의 기저 임피던스에
유의한 영향을 주지 못한다는 결론을 얻을 수 있었다.

핵심어 :위식도역류질환, 비 미란성 역류질환, 다채널 강내 임피던스-pH 검사
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