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Background/Aims
Mean nocturnal baseline impedance (MNBI) is a new reflux metric for mucosal integrity. It remains unclear whether MNBI can help 
identify evidence against pathological reflux by the Lyon Consensus in patients with refractory gastroesophageal reflux disease (GERD) 
symptoms.

Methods
Three hundred and forty-nine patients with refractory GERD symptoms enrolled in this study were subjected to high-resolution 
manometry, 24-hour multichannel intraluminal impedance-pH (MII-pH) monitoring, and endoscopy. Conventional indexes (ie, reflux 
events and acid exposure time) and the novel index (MNBI) of MII-pH monitoring were extracted and analyzed. The value of MNBI in 
diagnosing patients with evidence against pathologic reflux was evaluated by receiver-operating-characteristic analysis.

Results
There were 102 (29.2%) patients with evidence against pathologic reflux, 149 (42.7%) with inconclusive or borderline evidence and 
98 (28.1%) with conclusive evidence for pathologic reflux. The MNBI was significantly higher while the proportion of pathological 
MNBI was significantly lower in subjects with evidence against pathologic reflux than in patients with inconclusive or borderline 
evidence and in patients with conclusive evidence for pathologic reflux (2444.3 [1977.9-2997.4] vs 1992.8 [1615.5-2253.6] and 
vs 1772.3 [758.6-2161.3], both P < 0.001; 42.2% vs 79.7% and vs 80.0%, both P < 0.05). When identifying evidence against 
pathologic reflux in patients with refractory GERD symptoms, the MNBI yielded an area under the curve of 0.749 (P < 0.001) at a cut-
off value of 1941.8 Ω.

Conclusions
The MNBI has a good diagnostic value for evidence against pathological reflux in patients with refractory GERD symptoms. For its 
simplicity and reproducibility, we believe that MNBI should be referred to in reports of impedance-pH tracings by physicians.
(J Neurogastroenterol Motil 2022;28:121-130)
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Introduction 	

Gastroesophageal reflux disease (GERD) is becoming increas-
ingly prevalent worldwide. Refractory GERD, which is considered 
to be the persistence of typical reflux symptoms that are unrespon-
sive to proton pump inhibitor (PPI) treatment, is challenging in 
clinical practice.1 However, not all patients with refractory reflux 
symptoms are GERD patients.2 Given current concerns about the 
safety3 and financial burden4 of PPI treatment, it is becoming in-
creasingly important to identify these non-GERD patients to avoid 
unnecessary PPI therapy and determine proper subsequent treat-
ments.

The reflux evidence for refractory GERD symptoms is clas-
sified as evidence against pathological reflux, inconclusive or 
borderline evidence for pathological reflux, or conclusive evidence 
for pathological reflux as per the Lyon Consensus.5 The evidence 
against pathological reflux is drawn from normal endoscopic mani-
festations as well as the percentage of acid exposure time (AET) < 
4% and reflux episodes < 40 in multichannel intraluminal imped-
ance and pH (MII-pH) monitoring off PPIs. However, normal 
endoscopic manifestations exist widely in patients with heartburn,6,7 
and traditional reflux parameters of MII-pH monitoring also have 
many shortcomings. For example, although AET could reflect the 
cross-sectional acid burden, it is subject to day-to-day variation.8 In 
addition, identification of reflux events has to be confirmed manu-
ally, and sometimes there are discrepancies on what constitutes a 
reflux event even among experts.9-11

Mean nocturnal baseline impedance (MNBI) based on MII-
pH monitoring is a novel metric that can be obtained manually in 
a few minutes using a simple formula and has a very high inter-
observer reproducibility rate.6,12 It is considered to be a potential 
objective reflux metric and a marker that reflects longitudinal reflux 
burden, mucosal integrity,13 and the severity of esophageal mucosal 

damage, which has proved to be useful in both separating reflux-
unrelated (functional heartburn [FH]) patients from reflux-related 
(GERD14-17 and reflux hypersensitivity [RH]18,19) patients and as 
an independent potential predictor of symptoms responding to anti-
reflux therapy.20-23 Low MNBI is adjunctive evidence for incon-
clusive or borderline evidence for pathologic reflux (AET 4-6%, 
reflux episodes 40-80, or Los Angeles [LA] A or B), and can in-
crease the impression of conclusive evidence for pathologic reflux.5 
However, to the best of our knowledge, the contribution of MNBI 
towards evidence against pathological reflux for patients with refrac-
tory GERD symptoms as classified by the Lyon Consensus has not 
been explored. In this study, we aim to evaluate the role of MNBI 
in identifying evidence against pathological reflux in patients with 
refractory GERD symptoms.

Materials and Methods 	

Subjects
Adult patients (age > 18 years) who underwent endoscopy, 

high-resolution manometry (HRM), and MII-pH monitoring 
over a 4-year period (between October 2015 and January 2020) 
were enrolled consecutively in this retrospective study. The inclusion 
criteria consisted of patients with reflux symptoms (regurgitation 
and heartburn) refractory to PPIs. Patients with reflux symptoms 
improvement < 50% in the context of the use of a standard dose 
of PPI treatment for at least 8 weeks were referred to have refrac-
tory GERD symptoms.1 The exclusion criteria were inadequate or 
incomplete studies and studies on patients who were pregnant or 
had poor treatment adherence, tumors, presence of eosinophilic or 
infectious esophagitis, prior thoracic, esophageal, gastric or foregut 
surgery, or major motor disorders (jackhammer esophagus, absent 
contractility, distal esophageal spasm, esophagogastric junction out-
flow obstruction, and achalasia), as determined by HRM based on 
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the Chicago classification version 3.0 criteria.24

The Beijing Tong Ren Hospital Medical Ethics Committee 
approved the study (trxhzcfa01). All patients had signed informed 
consent (trxhzczp01). 

Endoscopic Examination 
Upper gastrointestinal (GI) endoscopic examination was 

performed for all patients using a GIF-260 upper GI endoscope 
(Olympus, Hamburg, Germany). Esophagitis was graded from 
LA A to LA D.7

Esophageal High-resolution Manometry 
HRM was performed after an overnight fast using a 22-chan-

nel transnasal multi-lumen polyvinyl catheter (diameter, 3.6 mm; 
Medical Measurement Systems Inc [MMS], Williston, VT, 
USA), which was perfused continuously with distilled water at a 
rate of 0.15 mL/min by a low-compliance pneumohydraulic capil-
lary infusion system (Solar GI; MMS). Esophageal motility was 
assessed by using 5 mL of ambient temperature water at 30-second 
intervals for at least 10 water swallows as previously described.25 

Multichannel Intraluminal Impedance and pH 
Monitoring

Immediately after HRM, the pH-impedance catheter (8 
impedance rings and 1 pH ring, Ref. No 261A; Given Imaging, 
Los Angeles, CA, USA) was placed in the nose such that the distal 
esophageal pH sensor was 5 cm proximal to the lower esophageal 
sphincter (LES) as located by HRM, and 6 impedance sensors 
were positioned 3, 5, 7, 9, 15, and 17 cm above the LES. MII-
pH was monitored after PPI withdrawal for at least 2 weeks and 
recorded continuously for at least 23 hours. The number of reflux 
events, the AET, the symptom index (SI)/symptom association 
probability (SAP), and the MNBI were recorded.

Physiological reflux episodes and physiological AET were 
defined as < 40 and < 4%, respectively. Pathological reflux events 
and pathological AET were defined as > 80 and > 6%, respec-
tively. When reflux episodes were between 40 and 80, or the AET 
was at 4-6%, they were considered to be inconclusive or borderline 
evidence.5 The SAP and SI were defined as positive when ≥ 95% 
and ≥ 50% respectively and positive reflux-symptom association 
was defined as the SI ≥ 50% and/or SAP ≥ 95%.26-28

The MNBI was evaluated when the patient was in a supine po-
sition at night. The 3 stable 10-minute time periods (around 1 AM, 
2 AM, and 3 AM) avoiding reflux episodes, swallows, artifacts, or 
pH-drops were manually selected by 2 observers (Y.W. and Z.G.) 

in a blinded fashion as previously described.6,12 If disagreement oc-
curred, a senior expert (C.Z.) would participate in making the final 
decision. The baseline impedance of each impedance channel was 
the mean baseline impedance of the 3 stable 10-minute periods.6,12 
The MNBI values were considered to be the average baseline 
impedance of 3, 5, 7, and 9 cm above the LES.22 MNBI less than 
2292 Ω was defined as abnormal.6 Data from pH-impedance 
monitoring were extracted from a special digital datalogger-MMS 
(Ohmega, Medical Measurement Systems, Enschede, the Nether-
lands).

Group Definition
Patients were classified into 3 groups as per the Lyon Consen-

sus.5 Group 1 or the evidence against pathological reflux (evidence 
against GERD) group included patients with normal endoscopic 
findings as well as AET < 4% and reflux episodes < 40 on pH-
impedance monitoring off PPIs. Of these, patients with normal en-
doscopic findings, normal AET, negative reflux-symptom associa-
tion in the setting of esophageal symptoms were considered as FH, 
and patients with normal endoscopic findings, normal AET, but 
positive reflux-symptom association were classified as RH by the 
Rome IV.29 Group 2 or the inconclusive or borderline evidence for 
pathologic reflux (inconclusive or borderline evidence of GERD) 
group included patients with LA grades A or B esophagitis, AET 
4-6%, or reflux episodes 40-80. In addition, adjunctive evidence 
(ie, reflux-symptom association, reflux episodes > 80, and low 
MNBI) could add confidence for a GERD diagnosis. Group 3 or 
the conclusive evidence for pathologic reflux (conclusive evidence 
of GERD) group included patients with LA grades C or D, long-
segment Barrett’s mucosa, or peptic strictures based on endoscopy 
or AET > 6% on ambulatory pH or pH impedance monitoring, 
any one of which was adequate for diagnosing GERD.

Statistical Methods
Continuous data were expressed as mean ± standard deviation 

and compared using the one-way ANOVA among 3 groups if the 
data followed a normal distribution. If the value of P was less than 
0.05, post hoc comparisons were made using the Bonferroni correc-
tion. Otherwise, they were reported as median (interquartile range) 
and compared using the Kruskal-Wallis H test among the 3 groups. 
The pairwise comparison was performed if P < 0.05. Qualitative 
data were reported as numbers (percentages), and categorical data 
were compared by the chi-squared test using the Bonferroni cor-
rection. The applicability of MNBI in diagnosing evidence against 
GERD in patients with refractory GERD symptoms was evaluated 
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Patients with refractory GERD symptoms

(N = 349)

AET > 6%, or LA C or D esophagitis,

or long-segment Barrett s mucosa,

or peptic strictures

Normal endoscopy, AET < 4%,

and reflux episodes < 40

LA A or B esophagitis, or AET 4-6%,

or reflux episodes 40-80

Conclusive evidence for

pathologic reflux (n = 98)

Evidence against

pathologic reflux (n = 102)

Borderline or inconclusive evidence

for pathologic reflux (n = 149)

Negative

SAP and SI

FH

(n = 87)

Positive

SAP or SI

RH

(n = 15)

Figure 1. Flow chart of 349 patients 
with refractory gastroesophageal reflux 
disease (GERD) symptoms as classi-
fied by the Lyon Consensus and Rome 
IV. AET, acid exposure time; LA, Los 
Angeles; SAP, symptom association 
probability; SI, symptom index; FH, 
functional heartburn; RH, reflux hyper-
sensitivity.

Table 1. Baseline Characteristics, Reflux Parameters of Multichannel Intraluminal Impedance and pH Monitoring and Endoscopy Results for 
Evidence Against Gastroesophageal Reflux Disease, Inconclusive or Borderline Evidence of Gastroesophageal Reflux Disease, and Conclusive 
Evidence of Gastroesophageal Reflux Disease in 349 Patients With Refractory Gastroesophageal Reflux Disease Symptoms

Items
Evidence against GERD 

(Group 1, n = 102)
Inconclusive evidence  of GERD 

(Group 2, n = 149)
Conclusive evidence of GERD

(Group 3, n = 98)
P-value

Age (yr) 55.9 ± 13.0 58.7 ± 12.9 60.4 ± 11.4 0.036
   P = 0.034 for Group 1 vs Group 3; P = 0.237 for Group 1 vs Group 2; P = 0.910 for Group 3 vs Group 2 

Male gender 27 (26.5%) 58 (38.9%) 45 (45.9%) 0.015
   P < 0.05 for Group 1 vs Group 3; P > 0.05 for Group 1 vs Group 2, Group 3 vs Group 2

BMI (kg/m2) 23.5 ± 3.7 23.8 ± 3.7 24.4 ± 3.2 0.159
   P = 0.193 for Group 1 vs Group 3; P > 0.999 for Group 1 vs Group 2; P = 0.447 for Group 3 vs Group 2

AET (%) 0.6 (0.1-1.3) 2.5 (0.9-4.3) 8.6 (6.4-15.8) < 0.001
   P < 0.001 for all pairwise comparisons

Reflux events (n) 24.5 (17.0-36.0) 42.0 (24.0-73.0) 37.5 (19.0-70.5) < 0.001
   P = 0.001 for Group 1 vs Group 3; P < 0.001 for Group 1 vs Group 2; P > 0.999 for Group 3 vs Group 2

Acidic refluxes (n) 1.0 (0.0-3.0) 5.0 (1.0-8.8) 19.0 (7.0-33.3) < 0.001
   P < 0.001 for all pairwise comparisons

Weakly acidic refluxes (n) 15.0 (9.0-23.3) 22.5 (12.0-41.8) 12.0 (5.0-24.0) 0.001
   P = 0.987 for Group 1 vs Group 3; P = 0.002 for Group 1 vs Group 2; P = 0.065 for Group 3 vs Group 2

Weakly alkaline refluxes (n) 4.0 (1.0-11.3) 8.0 (3.0-17.0) 2.0 (0.0-9.0) < 0.001
   P = 0.142 for Group 1 vs Group 3; P = 0.015 for Group 1 vs Group 2; P < 0.001 for Group 3 vs Group 2

MNBI (Ω) 2444.3 (1977.9-2997.4) 1992.8 (1615.5-2253.6) 1772.3 (758.6-2161.3) < 0.001
   P < 0.001 for Group 1 vs Group 3, Group 1 vs Group 2; P = 0.025 for Group 3 vs Group 2

Pathological MNBI 43 (42.2%) 118 (79.7%) 78 (80.0%) < 0.001
   P < 0.05 for Group 1 vs Group 3, Group 1 vs Group 2; P > 0.05 for Group 3 vs Group 2

Endoscopy results < 0.001
Normal 102 (100.0%) 40 (26.8%) 20 (20.4%)
LA-A or B 0 109 (73.2%) 45 (45.9%)
LA-C or D or BE 0 0 33 (33.7%)

GERD, gastroesophageal reflux disease; BMI, body mass index; AET, acid exposure time; MNBI, mean nocturnal baseline impedance; LA, Los Angeles; BE, 
Barrett’s esophagus.
Values are presented as mean± SD, median (interquartile range), or n (%).
Differences were significant when P < 0.05.
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by receiver operating characteristic analysis with calculation of the 
area under the curve (AUC) and the cutoff value. The diagnostic 
agreement was evaluated by using the interclass correlation coef-
ficient. P < 0.05 was required for statistical significance. SPSS 22.0 
software (IBM, Armonk, NY, USA) was used to perform statisti-
cal analysis.

Results 	

Demographic, Clinical Characteristics and 
Distribution of Evidence Against Gastroesophageal 
Reflux Disease, Inconclusive or Borderline Evidence 
of Gastroesophageal Reflux Disease, and Conclusive 
Evidence of Gastroesophageal Reflux Disease in 
Patients With Refractory Gastroesophageal Reflux 
Disease Symptoms

A total of 376 patients with refractory GERD symptoms were 
screened. Twenty-seven patients affected by reflux episodes, swal-
lowing, or artifact were excluded from the study. Finally, a total of 
349 patients with refractory GERD symptoms were enrolled in the 
study. Their mean age was 58.3 ± 12.6 years and their mean body 
mass index was 23.9 ± 3.6 kg/m2. Among them, 219 (62.8%) were 
females.

There were 102 (29.2%) patients with evidence against 
GERD, 149 (42.7%) with inconclusive or borderline evidence 
of GERD, and 98 (28.1%) with conclusive evidence of GERD. 
Among those with evidence against GERD, 87 (85.3%) patients 
were FH, and 15 (14.7%) patients were RH (Fig. 1). In addi-
tion, as shown in Table 1, the mean age and the proportion of male 

patients were significantly lower in patients with evidence against 
GERD than in patients with conclusive evidence of GERD 
(55.9 ± 13.0 vs 60.4 ± 11.4, P = 0.034; 26.5% vs 45.9%, P < 
0.05; respectively). There were no significant differences in body 
mass index among these 3 groups.

Comparison of Acid Exposure Time, Reflux Events 
by Multichannel Intraluminal Impedance and pH 
Monitoring and Endoscopic Findings Among These 
3 Groups

As shown in Table 1, patients with evidence against GERD 
showed significantly lower AET than patients with inconclusive 
or borderline evidence of GERD and patients with conclusive evi-
dence of GERD (0.6 [0.1-1.3] vs 2.5 [0.9-4.3] and vs 8.6 [6.4-
15.8], respectively, both P < 0.001). 

Patients with evidence against GERD had significantly lower 
total number of reflux events than patients with inconclusive or bor-
derline evidence and patients with conclusive evidence of GERD 
(24.5 [17.0-36.0] vs 42.0 [24.0-73.0] and vs 37.5 [19.0-70.5]; 
P < 0.001 and P = 0.001, respectively). Although the total 
number of reflux events was also lower in patients with conclusive 
evidence of GERD than in patients with inconclusive or borderline 
evidence of GERD, the difference was not statistically significant 
(P > 0.999). When further classifying refluxes into acidic refluxes, 
weakly acidic refluxes, and weakly alkaline refluxes, the number 
of acidic reflux events was significantly higher in patients with 
conclusive evidence of GERD than in patients with inconclusive 
or borderline evidence of GERD and in patients with evidence 
against GERD (19.0 [7.0-33.3] vs 5.0 [1.0-8.8] and 1.0 [0.0-3.0], 
respectively; both P < 0.001). It was also significantly higher in 
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patients with inconclusive or borderline evidence of GERD than in 
patients with evidence against GERD (5.0 [1.0-8.8] vs 1.0 [0.0-3.0]; 
P < 0.001). The weakly acidic reflux events were predominant in 
patients with evidence against GERD and in patients with incon-
clusive or borderline evidence of GERD.

The endoscopic findings were normal in all patients with evi-
dence against GERD. Among patients with inconclusive or bor-
derline evidence of GERD, 109 LA grades A or B and 40 normal 
endoscopic findings were found, accounting for 73.2% and 26.8%, 
respectively. By contrast, among patients with conclusive evidence 
of GERD, 33 LA grades C, D or BE, 45 LA grades A or B, and 
20 normal endoscopic findings were found, accounting for 33.7%, 
45.9%, and 20.4%, respectively (Table 1).

Comparison of the Mean Nocturnal Baseline 
Impedance Among These 3 Groups and the 
Role of the Mean Nocturnal Baseline Impedance 
in Identifying Patients With Evidence Against 
Gastroesophageal Reflux Disease

We obtained interclass correlation coefficient (interclass correla-
tion coefficient = 0.982) of MNBI values between the 2 observers 
(Supplementary Figure). Patients with evidence against GERD had 
significantly higher MNBI than patients with conclusive evidence 
of GERD and patients with inconclusive or borderline evidence of 
GERD (2444.3 [1977.9-2997.4] vs 1772.3 [758.6-2161.3] and 
vs 1992.8 [1615.5-2253.6], respectively; both P < 0.001) (Table 1 
and Fig. 2A). Patients with evidence against GERD displayed a sig-
nificantly lower proportion of pathological MNBI than patients with 
conclusive evidence of GERD and patients with inconclusive or 
borderline evidence of GERD (43 [42.2%] vs 78 [80.0%] and vs 
118 [79.7%], respectively; both P < 0.05) (Table 1 and Fig. 2B).

In patients with evidence against GERD, RH showed signifi-

cantly lower MNBI compared with FH (2231.4 [1899.1-2453.2] 
vs 2510.1 [1998.8-3087.9]; P = 0.042) (Fig. 3A). In patients with 
borderline or inconclusive evidence of GERD, 50 (33.6%) patients 
had a positive reflux-symptom association and 99 (66.4%) patients 
had a negative reflux-symptom association. The MNBI was lower 
in patients with a positive reflux-symptom association than in pa-
tients with a negative reflux-symptom association, but there was no 
statistical difference (1912.0 [1347.5-2259.8] vs 2048.5 [1710.9-
2254.6], P = 0.172) (Fig. 3B).

When using MNBI to identify patients with evidence against 
GERD, it yielded an AUC of 0.749 (95% CI, 0.690-0.807; P < 
0.001) at a cutoff value of 1941.8 Ω, with a sensitivity of 0.814 and 
specificity of 0.534 (Fig. 4).
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Discussion 	

In this retrospective study, we evaluated the value of the MNBI 
in differentiating evidence against pathological reflux from incon-
clusive or borderline evidence of GERD and conclusive evidence 
of GERD in patients with refractory GERD symptoms. The 
present study showed that up to 29.2% of patients with refractory 
GERD symptoms showed evidence against GERD. The MNBI 
value was significantly higher while the proportion of pathological 
MNBI was significantly lower in patients with evidence against 
GERD than in patients with inconclusive or borderline evidence of 
GERD and in patients with conclusive evidence of GERD. When 
using MNBI to identify patients with evidence against GERD, it 
yielded an AUC of 0.749 (P < 0.001) at a cutoff value of 1941.8 
Ω with a sensitivity of 0.814 and specificity of 0.534. Accordingly, 
we concluded that MNBI may help identify evidence against 
GERD in patients with refractory GERD symptoms. In addition 
to conventional reflux parameters, MNBI should be also reported 
by physicians in MII-pH monitoring.

In the present study, females accounted for the majority of the 
large cohort, consistent with a previous study showing that being fe-
male was a predictive factor of PPI-refractory GERD symptoms.30 
In addition, patients with conclusive evidence of GERD were sig-
nificantly older than patients with evidence against GERD, which 
may attribute to the mechanical impairment of the esophagogastric 
junction of elder patients, resulting in pathological reflux and its ac-
companying syndromes.31 Also, patients with conclusive evidence of 
GERD had a significantly higher proportion of males than patients 
with evidence against GERD, which was in line with a previous 
study showing that the proportion of males was higher in patients 
with GERD than in patients with FH.14 Evidence against patho-
logical reflux was found in 29.2% of the total enrolled patients in 
this study. Among these patients, FH (85.3%) was more predomi-
nant than RH (14.7%). Therefore, not all patients with refractory 
GERD symptoms were true GERD patients, which could be the 
reason that many patients failed to respond to PPI treatments.2 

Endoscopy and conventional impedance-pH monitoring are 
imperfect in identifying patients with evidence against pathologic 
reflux. Up to 70% of patients with heartburn showed negative find-
ings in upper endoscopic examinations in clinics.6,7 Accordingly, the 
proportion of patients with evidence against GERD may be overes-
timated. Therefore, impedance-pH monitoring is often performed 
and traditional reflux parameters (ie, AET and reflux events) and 
SAP are routinely evaluated. AET, which can be reliably extracted 

from automatic analysis, is the most reproducible among all tra-
ditional reflux parameters,32,33 but it is subjected to day-to-day 
variation.8 Moreover, previous studies have shown that automatic 
software analysis of reflux episodes could lead to false positive reflux 
episodes and overestimation of reflux episodes, which may influ-
ence the results of the symptom association analysis.34,35 Therefore, 
a time-consuming manual review of the tracing is needed although 
there may be inter-observer and intra-observer variability on what 
constitutes a reflux event.9-11

Low esophageal baseline impedance reflects the severity of 
acid reflux and epithelial structural abnormalities of the esophageal 
mucosa.36 Subsequently, the standardized measurement of baseline 
impedance, namely MNBI, was proposed.6,12 As a novel metric, 
MNBI is based on MII-pH monitoring. Thus, it requires no ad-
ditional testing. In addition, it can be obtained manually in a few 
minutes and has a very high inter-observer repeatability rate6 and 
resistance to circadian variations.37 

It is crucial to differentiate non-GERD (ie, FH) patients from 
GERD (ie, erosive esophagitis and non-erosive reflux disease) pa-
tients for prescribing different treatments. The MNBI has proven 
to be useful in distinguishing FH from GERD14-17 and FH from 
RH,18,19 with a high diagnostic accuracy off- as well as on-PPI 
therapy (Table 2), and in predicting symptomatic responses to anti-
reflux therapy.20-23 However, no study has explored its role in iden-
tifying evidence against GERD in patients with refractory GERD 
symptoms as classified by the Lyon Consensus, which includes evi-
dence against GERD group, conclusive evidence of GERD group, 
and inconclusive or borderline evidence of GERD group.5 

Given that, we evaluated the value of MNBI used for differ-
entiating evidence against GERD from inconclusive or borderline 
evidence of GERD and conclusive evidence of GERD in patients 
with refractory GERD symptoms. We found that MNBI was sig-
nificantly higher while the proportion of pathological MNBI was 
significantly lower in patients with evidence against GERD than in 
other patients. Because patients with evidence against GERD often 
have a physiological reflux burden, the degree of their mucosal in-
tegrity damage is lighter than that of other patients, thus leading to 
a higher MNBI.

Unexpectedly, the proportion of patients with pathological 
MNBI (42.2%) was very high in patients with evidence against 
GERD. According to the Lyon Consensus, pathological MNBI 
was defined as less than 2292 Ω.5 Frazzoni et al6 performed a pro-
spective study with 289 GERD patients and 50 healthy controls in 
Italy, which showed that 2292 Ω may be used as the cutoff imped-
ance values to distinguish GERD patients from healthy controls. 
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However, normative MNBI cutoff values may vary between 
regions and ethnicities. A single-center study from China showed 
that 1764 Ω could be used as the cutoff impedance values to dis-
criminate patients from healthy controls, which included 92 patients 
with typical reflux symptoms and 10 healthy controls.38 Given this, 
we speculate that abnormal MNBI cutoff values may be lower than 
2292 Ω in Asian populations, which may explain the high propor-
tion of pathological MNBI (< 2292 Ω) in patients with evidence 
against GERD in our study. Studies involving a larger sample size 
of healthy controls will be needed in Asia.

In line with previous studies,18,19 our study also showed the 
MNBI was significantly lower in RH than in FH, which may 
be associated with impairment of mucosal integrity resulting from 
dilated intercellular spaces in RH.18 Patients with positive reflux-
symptom association had similar MNBI to those with negative 
reflux-symptom association in borderline or inconclusive evidence 
of GERD group. That may be because the group of borderline or 
inconclusive evidence of GERD is very heterogeneous,5 so there 
may be no direct relationship between the reflux-symptom associa-
tion and MNBI in borderline or inconclusive evidence of GERD 
group.

In addition, we found that MNBI showed a good diagnostic 
value to differentiate patients with evidence against GERD from 
other patients, with an AUC of 0.749 (P < 0.001) at a cutoff value 
of 1941.8 Ω. The value of MNBI in identifying evidence against 
pathological reflux in patients with refractory GERD symptoms 
as classified by the Lyon Consensus was first found in our study, 
which was crucial for prescribing different treatments.

Our study has certain strengths. Firstly, it includes a large 
cohort of patients with refractory GERD symptoms. Secondly, it 
is the first study to evaluate the value of MNBI in differentiating 
evidence against GERD from conclusive evidence of GERD and 
inconclusive or borderline evidence of GERD in patients with re-
fractory GERD symptoms as classified by the Lyon Consensus.

However, some limitations are associated with this study. Pri-
marily, it was a retrospective analysis of a single-center institution. 
Given this, there may be potential selection bias although patients 
were enrolled consecutively between 2015 and 2020. Secondarily, 
the study did not include healthy volunteers. The study aimed to 
investigate the role of MNBI in identifying evidence against patho-
logical reflux in patients with refractory GERD symptoms, which 
was crucial for prescribing different treatments. Consequently, pa-
tients with refractory GERD symptoms were enrolled in the study 
without including healthy controls. Healthy controls may be good 
subjects if the study aimed to evaluate the role of MNBI in differ-

entiating GERD patients from healthy controls.
Overall, we found that MNBI has a good diagnostic value 

for evidence against pathological reflux in patients with refractory 
GERD symptoms. For its simplicity and reproducibility, we believe 
that MNBI should be referred to in reports of MII-pH tracings by 
physicians.
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