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Background/Aims
Recently, esophageal mean nocturnal baseline impedance (MNBI) and post-reflux swallow-induced peristaltic wave (PSPW) index 
have been proposed, which can increase the diagnostic role of multichannel intraluminal impedance and pH recording (MII/pH) for 
differentiating patients with heartburn. Therefore, our aim is to investigate the role of esophageal proximal MNBI, distal MNBI, and 
PSPW index in differentiating Chinese patients with heartburn. 

Methods
Patients with heartburn from the Beijing Anzhen Hospital, who underwent upper gastrointestinal endoscopy and 24-hour MII/pH, 
were enrolled in this study. 

Results
In all, 24 erosive esophagitis (EE), 46 non-erosive reflux disease (NERD), 52 reflux hypersensitivity (RH), and 78 functional heartburn 
(FH) patients were recruited. The respective median values for the EE, NERD, RH, and FH groups were as follows: proximal MNBI 
1858.0, 2147.5, 2374.3, and 2329.0 Ω (P = 0.053); distal MNBI 1243.4, 1506.5, 2451.2, and 2477.3 Ω (P < 0.001); and PSPWI 
15.0%, 25.0%, 25.0%, and 45.0% (P < 0.001). Spearman correlation analysis showed that distal MNBI and PSPW index were 
significantly negatively correlated with acid and bolus exposure time and acid reflux events. Receiver operating characteristic analyses 
showed that distal MNBI and PSPW index significantly discriminated FH from EE, NERD, and RH (P < 0.001), with cut-off values of 
1890.6 Ω and 27.5% and areas under the curve of 0.721 and 0.779, respectively. 

Conclusion
Esophageal distal MNBI and PSPW index could increase the diagnostic role of MII/pH, especially for differentiating Chinese patients 
with heartburn.
(J Neurogastroenterol Motil 2019;25:515-520)
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Introduction  

Heartburn is a typical symptom of gastroesophageal reflux dis-
ease (GERD). Subjects with GERD can be classified as having ei-
ther erosive esophagitis (EE) or non-erosive reflux disease (NERD) 
based on endoscopic examination. With 24-hour multichannel 
intraluminal impedance and pH recording (MII/pH), NERD 
can be further categorized into 3 phenotypes: true NERD, reflux 
hypersensitivity (RH), and functional heartburn (FH).1 Subjects 
with abnormal acid exposure time (AET) are diagnosed with true 
NERD. Subjects without objective evidence of reflux (normal up-
per gastrointestinal endoscopy and normal AET), but have a posi-
tive correlation between symptoms and reflux events are diagnosed 
with reflux hypersensitivity (RH). In contrast, subjects with normal 
upper gastrointestinal endoscopy, normal AET and reflux episodes, 
and no correlation between symptoms and reflux events are diag-
nosed with functional heartburn (FH).1-4

Recently, esophageal proximal mean nocturnal baseline imped-
ance (MNBI), distal MNBI, and post-reflux swallow-induced 
peristaltic wave (PSPW) index have been proposed, which can 
increase the diagnostic role of MII/pH for differentiating patients 
with heartburn.5-8 However, no study has explored the difference 
between proximal MNBI, distal MNBI, and PSPW index in Chi-
nese patients with heartburn. Therefore, we investigated the role of 
esophageal proximal MNBI, distal MNBI, and PSPW index in 
differentiating Chinese patients with heartburn.

Materials and Methods  

Ethics
The study was approved by the Beijing Anzhen Hospital 

Medical Ethics Committee (Serial No. 2017058X).

Patient Selection
Patients with heartburn from the Beijing Anzhen, who un-

derwent upper gastrointestinal endoscopy and MII/pH between 
January, 2014 and December, 2017, were selected. Patients with 
heartburn were diagnosed with EE by endoscopy. Endoscopy was 
performed whether or not the proton pump inhibitor (PPI) was 
prescribed and PPI was effective treatment in 41% of patients. 
Patients with an operation history of the stomach or esophagus, 
patients with eosinophilic esophagitis, or patients with esophageal 
motility disorders were excluded. Those with a normal upper gas-

trointestinal endoscopy and abnormal AET (> 6%) and/or reflux 
episodes (> 80) were diagnosed with NERD.9,10 Those without 
objective evidence of reflux (normal endoscopy and AET), but 
show a positive correlation between symptoms were diagnosed with 
RH,1 and those without objective evidence of reflux and symptom 
correlation were diagnosed with FH.1-3

Multichannel Intraluminal Impedance and pH 
Recording

Outpatients undertook MII/pH after fasting for night. The 
position of the lower esophageal sphincter was estimated using 
esophageal manometry. MII/pH was performed after a week of 
washout of PPI or histamine H2 receptor antagonists.

Upright, recumbent, and total AET, and acid, nonacid, and 
total reflux events, were recorded.11 The DeMeester score was cal-
culated. The symptom index ≥ 50% and/or symptom association 
probability ≥ 95% was considered positive for symptom correla-
tion.12,13 MNBI was measured from the impedance channels of 
MII/pH.14 Proximal MNBI was measured as the mean value of 
proximal 2 channels and distal MNBI was measured as the mean 
value of distal 4 channels.15 A PSPW was defined as a 50% drop in 
impedance from proximal to all distal impedance sites. PSPW also 
met the condition that wave reached the lowest distal impedance 
site and this should be occurred within 30 seconds after the reflux. 
PSPW index was calculated manually as the number of PSPW di-
vided by the number of total refluxes.16 All data were recorded and 
analyzed by Dr Y.M.S., using Bio-View Analysis software (Sandhill 
Scientific Inc, Highlands Ranch, CO, USA).

Comparison Groups
Four study groups were compared: Chinese EE, NERD, RH, 

and FH subjects.

Statistical Methods
Categorical data were described as numbers, and continuous 

data with a non-normal distribution were presented as median 
(interquartile range [IQR]). Data were compared using Kruskal-
Wallis or c2 tests. Between-group comparison was performed using 
Mann-Whitney U test with Bonferroni correction. Spearman’s 
correlation analysis was performed to assess the correlations among 
parameters. Receiver operating characteristic (ROC) curves were 
obtained followed by calculation of the area under the curve (AUC) 
and cut-off values to assess the ability of a parameter to distinguish 
FH from EE, NERD, and RH. P < 0.05 was taken to indicate 
statistical significance for each test. All data were analysed with the 
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Table 1. Demographic Data and 24-hour Multichannel Intraluminal Impedance and pH Recording Results

Items
Erosive esophagitis NERD Reflux hypersensitivity Functional heartburn

P-value
(n = 24) (n = 46) (n = 52) (n = 78)

Age (yr) 56.0 
(49.0-63.0)

59.0 
(52.0-63.0)

53.5
 (44.5-61.5)

55.0
(44.0-63.0)

 0.123

Sex (M/F) 11/13 24/22 21/31 28/50 0.199
MNBI (Ω)
    Proximal MNBI 1858.0

(1580.0-2476.0)
2147.5

(1654.4-2699.8)
2374.3a

(1872.1-2832.8)
2329.0a

(2013.8-2936.8)
0.053

    Distal MNBI 1243.4
(908.5-1686.6)

1506.5a

(1104.4-2085.6)
2451.2a,b

(1911.6-2764.5)
2477.3a,b

(2010.6-2986.2)
< 0.001

PSPW index (%) 15.0
(15.0-35.0)

25.0
(15.0-27.5)

25.0a,b

(25.0-47.5)
45.0a,b,c

(30.0-60.0)
< 0.001

DeMeester score 24.9 
(18.9-34.7)

22.2
(17.9-29.9)

3.6a,b

(1.6-6.7)
2.0a,b

(0.9-4.5)
< 0.001

Acid exposure (%)
    Upright 7.1 

(3.8-15.8)
8.6

(5.2-10.1)
1.2a,b

(0.3-2.9)
0.7a,b

(0.1-1.8)
< 0.001

    Recumbent 5.5 
(0.7-10.0)

3.9
(0.7-9.2)

0.0a,b

(0.0-0.4)
0.0a,b

(0.0-0.4)
< 0.001

    Total 7.0 
(5.0-10.5)

5.9
(4.7-8.7)

0.9a,b

(0.3-1.5)
0.5a,b

(0.1-1.0)
< 0.001

Bolus exposure (%)
    Upright 4.1 

(1.9-5.7)
3.1

(2.0-6.6)
2.1a,b

(1.1-3.1)
1.5a,b,c

(0.9-2.4)
< 0.001

    Recumbent 0.9 
(0.1-2.1)

0.6
(0.1-1.5)

0.0a,b

(0.0-0.6)
0.2a,b

(0.0-0.5)
< 0.001

    Total 2.6 
(1.5-3.8)

2.1
(1.1-4.1)

1.3a,b

(0.7-2.0)
0.8a,b,c

(0.5-1.4)
< 0.001

Reflux event (n)
    Proximal acid 13.0 

(4.0-23.0)
12.0

(7.75-21.50)
8.0a,b

(3.0-11.5)
5.5a,b

(2.0-10.0)
< 0.001

    Proximal nonacid 10.5 
(6.0-16.0)

8.0 
(4.0-15.0)

8.5
(5.0-15.0)

6.0a 
(3.0-10.0)

0.068

    Proximal total 25.0 
(18.5-37.5)

22.0
(16.5-33.5)

14.5a,b

(8.0-25.0)
11.0a,b 

(7.0-20.0)
< 0.001

    Distal acid 27.5 
(18.0-42.5)

27.0
(17.0-36.0)

11.0a,b

(6.0-17.0)
9.0a,b

(4.0-15.0)
< 0.001

    Distal nonacid 15.0 
(9.0-26.0)

15.0
(8.0-23.0)

22.0b

(12.0-27.0)
13.5c

(9.0-21.5)
0.035

    Distal total 47.0 
(34.5-66.5)

44.0
(29.0-55.0)

31.0a

(23.0-42.5)
26.5a,b,c

(15.5-35.5)
< 0.001

aP-value < 0.001 compared with erosive esophagitis.
bP-value < 0.001 compared with non-erosive reflux disease (NERD).
cP-value < 0.001 compared with reflux hypersensitivity.
Mann-Whitney U test was used to compare the differences between the 2 groups.
M, male; F, female; MNBI, mean nocturnal baseline impedance; PSPW, post-reflux swallow-induced peristaltic wave.
Data are presented as median (interquartile range [IQR]). 
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SPSS software (version 21.0; IBM Corp, Armonk, NY, USA).

Results  

The study enrolled 200 outpatients with heartburn who un-
derwent upper gastrointestinal endoscopy and MII/pH. Of these, 
24, 46, 52, and 78 were diagnosed with EE, NERD, RH, and 
FH, respectively. There was no significant difference in age and sex 
among the 4 groups.

Table 1 shows the MII/pH results of the 4 groups. The re-
spective median (IQR) values for the EE, NERD, RH, and FH 

groups were as follows: proximal MNBI (1858.0 [1580.0-2476.0], 
2147.5 [1654.4-2699.8], 2374.3 [1872.1-2832.8], and 2329.0 
[2013.8-2936.8] Ω; P = 0.053); distal MNBI (1243.4 [908.5-
1686.6], 1506.5 [1104.4-2085.6], 2451.2 [1911.6-2764.5], and 
2477.3 [2010.6-2986.2] Ω; P < 0.001); and PSPW index (15.0% 
[15.0-35.0], 25.0% [15.0-27.5], 25.0% [25.0-47.5], and 45.0% 
[30.0-60.0]; P < 0.001), respectively. The results of proximal 
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Figure 1. The result of proximal mean nocturnal baseline impedance (MNBI), distal MNBI, and post-reflux swallow-induced peristaltic wave 
(PSPW) index for erosive esophagitis (EE), non-erosive reflux disease (NERD), reflux hypersensitivity (RH), and functional heartburn (FH) 
groups. *P < 0.001.

Table 2. Correlation Coefficients From Spearman Correlation Analysis

Items
Proximal 
MNBI

Distal 
MNBI

PSPW 
index

DeMeester score –0.177 –0.589 –0.496
Acid exposure
    Upright NS –0.446 –0.405
    Recumbent NS –0.492 –0.414
    Total –0.177 –0.587 –0.494
Bolus exposure
    Upright NS –0.352 –0.392
    Recumbent NS –0.371 –0.286
    Total NS –0.399 –0.397
Reflux event
    Proximal acid NS –0.244 –0.229
    Proximal total NS –0.242 –0.230
    Distal acid NS –0.362 –0.318
    Distal total NS –0.228 –0.276

MNBI, mean nocturnal baseline impedance; PSPW, post-reflux swallow-
induced peristaltic wave; NS, not significant.

Figure 2. Receiver operating characteristic (ROC) curves for distin-
guishing functional heartburn (FH) from erosive esophagitis (EE), 
non-erosive reflux disease (NERD), and reflux hypersensitivity (RH). 
In ROC analyses, proximal mean nocturnal baseline impedance 
(MNBI), distal MNBI, and post-reflux swallow-induced peristaltic 
wave (PSPW) index yielded areas under the curve (AUC) of 0.577, 
0.721, and 0.779, with cut-off values of 1960.5 Ω, 1890.6 Ω, and 
27.5%, respectively. Distal MNBI and PSPW index could signifi-
cantly distinguish FH from EE, NERD, and RH. SE, standard 
error; CI, confidence interval; PPV, positive predictive value; NPV, 
negative predictive value.
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MNBI, distal MNBI, and PSPW index for the EE, NERD, 
RH, and FH groups are also exhibited in Figure 1. The 4 groups 
also exhibited significant differences in AET, bolus exposure time, 
and acid and total reflux events (P < 0.001). However, the 4 
groups showed similar proximal nonacid reflux events (P = 0.068).

Table 2 shows the results of Spearman’s correlation analysis. 
Distal MNBI and PSPW index significantly negatively correlated 
with DeMeester score, AET, bolus exposure time, and acid and 
total reflux events. However, distal MNBI and PSPW index were 
not correlated with nonacid reflux events. Proximal MNBI was 
only significantly negatively correlated with DeMeester score and 
total AET.

In ROC analyses, proximal MNBI, distal MNBI, and PSPW 
index yielded areas under the curve of 0.577, 0.721, and 0.779, with 
cut-off values of 1,960.5 Ω, 1890.6 Ω, and 27.5%, respectively. 
Distal MNBI and PSPW index could significantly distinguish 
FH from EE, NERD, and RH (Fig. 2).

Discussion  

According to the Lyon consensus, the modern diagnosis of 
gastroesophageal reflux disease (GERD) discriminates evidence of 
reflux into conclusive evidence for pathological reflux, borderline 
or inconclusive evidence, adjunctive or supportive evidence, and 
evidence against pathological reflux, depending on the results of up-
per gastrointestinal endoscopy, MII/pH, and high-resolution ma-
nometry (HRM).10 Any conclusive finding (Los Angeles C or D 
esophagitis, long-segment Barrett’s esophagus or peptic esophageal 
stricture, or AET > 6%) can clearly diagnose GERD. A normal 
upper gastrointestinal endoscopy combining with AET < 4% and 
reflux episodes < 40 can rule out the diagnosis of GERD. When 
inconclusive findings (Los Angeles A or B esophagitis, AET 
4-6%, and reflux episodes 40-80) arise, further supportive findings 
(esophageal histopathology, electron microscopy, low mucosal im-
pedance, positive symptom association probability, reflux episodes 
> 80, low MNBI, low PSPW index, hypotensive esophagogas-
tric junction, hiatus hernia, or ineffective esophageal motility) can 
increase confidence regarding the presence or absence of GERD. 
Therefore, MII/pH and HRM can provide conclusive or support-
ive evidence of GERD. 

RH is used to identify patients without evidence of pathological 
reflux, but with demonstrable triggering of symptoms (heartburn) 
with physiological reflux.1 Hence, combining upper gastrointesti-
nal endoscopy with MII/pH allows patients with heartburn to be 
discriminated into EE, NERD, RH, and FH groups. Apart from 

acid suppression, various treatments such as diet and lifestyle modi-
fication, anti-reflux surgery, modulation of pain perception, and 
alternative therapies may be appropriate for RH and FH patients.2,9

Recently, impedance values for evaluating esophageal mucosal 
integrity (eg, MNBI) and chemical clearance (eg, PSPW index) 
have been proposed.14-17 MNBI is calculated as the mean of 3 val-
ues obtained during 10-minute periods in the night, accurately re-
flecting the nocturnal period.14 PSPW index reflects the integrity of 
the esophageal primary peristalsis stimulated by refluxes.8,18 Analy-
sis of MII/pH based on MNBI and PSPW index can increase the 
diagnostic role of MII/pH,8 and MNBI and PSPW index were 
efficiently distinguishing PPI-refractory EE from FH, RH from 
FH, and lack of improvement of impaired PSPW index is a major 
determinant of PPI refractoriness.19,20

MNBI and PSPW index progressively decline during the 
progression from FH to NERD and EE,19,21-23 and they may in-
crease the diagnostic role of MII/pH, especially for differentiating 
GERD from those with FH.7-9 Therefore, we aim to explore the 
role of esophageal proximal MNBI, distal MNBI, and PSPW in-
dex for differentiating among Chinese patients with heartburn. Our 
data suggest distal MNBI and PSPW index could significantly 
distinguish FH from the different causes of GERD, with cut-off 
values of 1890.6 Ω, and 27.5%, respectively. According to these 
cut-off values, 13/78 (16.67%) FH patients had distal MNBI val-
ues less than 1890.6 Ω, 16/78 (20.51%) FH patients had PSPW 
index values less than 27.5%, and 6/78 (7.69%) FH patients had 
both abnormal values of dital MNBI and PSPW index. So, they 
may actually be classified into GERD compared to the conventional 
MII/pH. 

Our study has some limitations. First, all subjects were re-
cruited from one center, which may have resulted in selection bias. 
Second, the small number of patients might have limited the statisti-
cal power of the study. Third, there is no data of healthy volunteers 
as control. In addition, being retrospective study, there might be 
a possibility of misclassification of endoscopy negative patients in 
case of endoscopy carried out without stopping PPI. However, to 
our knowledge, this study is the first to show that esophageal distal 
MNBI and PSPW index could increase the diagnostic role of 
MII/pH in Chinese heartburn patients.

In the current study, distal MNBI and PSPW index values 
decreased significantly as the disease progressed from FH and 
RH to NERD and EE. In addition, distal MNBI and PSPW 
index values were significantly negatively correlated with acid reflux 
events, but not with nonacid reflux events. Therefore, acid reflux 
might be more damaging with respect to esophageal mucosal integ-
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rity and clearance function. In summary, esophageal distal MNBI 
and PSPW index could increase the diagnostic role of MII/pH, 
especially for differentiating Chinese patients with heartburn.
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