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ABSTRACT

Background & Aims: Gastroesophageal reflux disease (GERD) is one of the most frequent digestive
pathologies. The current diagnosis of GERD either by trial of proton pump inhibitors (PPIs), endoscopy or
by multichannel impedance pH study (MII/pH) has limitations. Our study aims to show if mean nocturnal
baseline impedance (MNBI) can differentiate between the GERD phenotypes.

Methods: We recruited 62 patients who underwent upper digestive endoscopy and MII/pH, with some patients
undergoing esophageal manometry to exclude motility disorders. Patients were separated into 4 GERD
phenotypes: erosive reflux disease (ERD), non-erosive reflux disease (NERD), reflux hypersensitivity (RH)
and functional heartburn (FH). Proximal MNBI was calculated as the mean value of the proximal 2 channels
(Z1 and Z2), and distal MNBI was calculated as the mean value of the distal 4 channels (23, Z4, Z5, Z6).
Results: Distal MNBI can help distinguish the abnormal acid exposure time (AET) phenotypes (ERD,
NERD) from normal AET phenotypes (RH, FH) with a decent performance (AUROC 0.857). Distal MNBI
has good accuracy in separating ERD from other phenotypes (AUROC 0.872). Furthermore, distal MNBI
can differentiate FH from ERD, NERD, RH with good accuracy (AUROC 0.879), and on top of that is able
to separate FH from RH (AUROC 0.817).

Conclusions: Our study showed that distal MNBI is a good method of differentiating GERD phenotypes
and should be taken into consideration in future studies to assess its validity in helping physicians make the
correct diagnosis.

Key words: GERD - NERD - MNBI - reflux hypersensitivity - functional heartburn.

Abbreviations: AET: acid exposure time; ERD: erosive reflux disease; FH: functional heartburn; GERD:
gastroesophageal reflux disease; MII/pH: multichannel impedance pH study; MNBI: mean nocturnal baseline
impedance; NERD: non-erosive reflux disease; RH: reflux hypersensitivity; SAP: symptom association
probability; SI: symptom index.

INTRODUCTION

It represents an important part of public health with an
enormous economic impact for the healthcare system and

Gastroesophageal reflux
disease (GERD) is one of
the most frequent digestive
pathologies encountered by
medical professionals in their
practices [1]. It is defined by the
most recent American College
of Gastroenterology guidelines
as “the presence of characteristic
mucosal injury seen at endoscopy
and/or abnormal esophageal acid
exposure demonstrated on a
reflux monitoring study” [2].

the global population [3]. The prevalence of GERD is on the
rise globally due to obesity epidemic and the dietary changes
of the last decades [3]. It can affect patients of all ages and
genders, with an estimated global prevalence of around 14%
[1]. The economic impact is vast and on the rise in recent
years, some studies putting the economic burden at around
10 billion dollars per year due in large part to the expenses
associated with treatment and diagnostic methods employed,
consequently making GERD one of the most expensive
digestive pathologies in the world [4]. The current diagnosis
of GERD either by trial of proton pump inhibitors (PPIs),
endoscopy or by multichannel impedance pH study (MII/
pH) has limitations [5].
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Patients with GERD can be divided based on upper
endoscopy results in patients with erosive reflux disease
(ERD) and non-erosive reflux disease (NERD) [5-7]. Patients
with ERD have the following upper endoscopy findings: Los
Angeles grade C, D esophagitis, peptic strictures or Barrett’s
esophagus, while Los Angeles grade A and B esophagitis is
considered borderline evidence for ERD [5, 7].

Using MII/pH, NERD can be further classified in 3
phenotypes: true NERD, reflux hypersensitivity (RH) and
functional heartburn (FH) [6-8]. An abnormal acid exposure
time (AET) defined as over 6% is currently the most reliable
pH study parameter to define NERD [7, 9, 10]. Meanwhile, RH
is defined by a normal AET (AET under 4%) with a symptom
association probability (SAP) of over 95% and symptom index
(SI) of over 50% [7]. Functional heartburn is characterized by
a normal AET (under 4%), a SAP of under 95% and a SI of
under 50% [7, 9, 10].

Although total AET is used as a predictive factor for anti-
reflux therapies, it has significant day-to-day variability [11,
12].

Consequently, new parameters have been proposed to
help facilitate the differend GERD phenotypes, such as mean
nocturnal baseline impedance (MNBI) which has less day-to-
day variability compared to AET [13, 14]. No formal guidelines
have been published on the proper way to measure MNBI; most
have focused on measuring MNBI at 3 cm and 5 cm above
the LES [13, 15-17]. Our study investigated if MNBI could
differentiate between the GERD phenotypes.

METHODS

We conducted a retrospective analysis of prospectively
collected data of 116 consecutive patients with heartburn; we
included patients between September 2020 until December
2021 from the Gastroenterology Department at the Bucharest
Emergency University Hospital, Romania. The study was

achieved in conformity with the Declaration of Helsinki and
was authorized by the local Ethics Committee. All patients in the
study provided informed consent prior to study enrolment. We
included patients over the age of 18 with findings that suggested
GERD based on symptoms (heartburn, regurgitation, non-
cardiac epigastric chest pain), MII/pH or endoscopy findings.
All patients underwent a complete medical exam with detailed
medical history, dietary habits, alcohol consumption, smoking
history. All patients underwent upper digestive endoscopy and
MII/pH, with some patients undergoing esophageal manometry
to exclude motility disorders. The impedance-pH catheters
allowed for monitoring of intraluminal impedance changes
at 3, 5,7, 9, 15, and 17 cm and intraluminal pH changes at
5 cm above the lower esophageal sphincter according to the
endoscopic measurements that were performed beforehand.

We excluded patients on PPIs in the last 2 weeks prior
to MII/pH (n=20), history of heavy alcohol use (over 30-
40 grams per day, n=10), patients with esophageal motility
disorders (n=5), surgical history of the esophagus or the
stomach (n=3), esophageal varices (n=>5), history of stroke
or severe neurological conditions (n=>5) and otolaryngologic
disorders (n=6). 62 patients were further investigated. Patients
were separated into 4 GERD phenotypes: ERD, NERD, RH,
FH (Fig. 1).

Gastroesophageal reflux disease phenotypes were
diagnosed according to Lyon Consensus and Roma IV criteria
[5, 7, 9]. Erosive reflux disease was diagnosed by upper
digestive endoscopy (esophagitis LA Grade A, B, C, D; peptic
strictures, Barrett’s esophagus) and with AET of more than 6%.
Patients with normal upper digestive endoscopy findings and
abnormal AET (>6%) were classified as NERD.

Patients with normal endoscopy and a normal AET (under
4%), with SAP over 95% and SI over 50% were classified as RH.
Patients with normal AET, SAP under 95% and SI under 50%
were defined as FH. Patients with borderline AET (between
4-6%) were excluded from the study.

Upper digestive
endoscopy findings

Esophagitis Grade A,B,C,D
Peptic strictures Yes
Barrett’s esophagus

Abnormal AET >6%

Esophageal
Mil-pH monitoring

SAP >95%

Normal AET <4%
SI>50%

SAP <95%
SI<50%

Fig. 1. Flowchart to diagnose GERD phenotypes. AET: acid exposure time; SAP: symptom association
probability; SI: symptom index; ERD: erosive reflux disease; NERD: non-erosive reflux disease; RH: reflux

hypersensitivity; FH: functional heartburn.
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Multichannel Intraluminal Impedance and pH

Monitoring

All patients underwent MII/pH using the Ohmega-
Ambulatory Impedance-pH Recorder device (MMS,
Netherlands) which contain a catheter with six impedance
and two pH channels. All patients had to stop treatment with
proton pump inhibitors and H, histamine receptor antagonist
14 days prior to MII/pH. Patients were instructed how to
use the event buttons in order to record meal time, position
(supine or upright) and symptom episodes. Recording lasted
approximately 24 hours and data was analyzed by physicians.

Software provided by Ohmega MMS was used to calculate
the DeMeester score, AET, total number of reflux episodes,
SAP and SI. The catheter was positioned trans-nasally and
MNBI was measured at all impedance channels (Z1-17 cm,
Z2-15 cm, Z3-9cm, Z4-7cm, Z5-5cm, Z6-3cm distance from
lower esophageal sphincter) as the mean value from 3 distinct
timeframes at 1:00 AM, 2:00 AM, 3:00 AM across stable
nocturnal 10-minute periods [14].

Proximal MNBI was calculated as the mean value of
the proximal 2 channels (Z1 and Z2), and distal MNBI was
calculated as the mean value of the distal 4 channels (23, Z4,
75, 76) [17].

Statistical Analysis

IBM SPSS 23 (Statistical Package for the Social Sciences
Inc, IBM corporation, Armonk, NY) and Microsoft Excel
(Microsoft Corporation, Redmond, WA) were used to analyze
the data. The parameter values are shown as the median
and interquartile range. Groups were compared using the
MannWhitney U test with the Bonferroni correction.

Diagnostic performance of parameters was assessed by
area under the ROC curve (AUROC) analysis. The cut-off
values were selected based on the ROC curve with the optimal
sensitivity and specificity and the best overall diagnostic
performance. A p value of under 0.05 was defined as statistically
significant.

RESULTS

Patients were separated by phenotypes and their
characteristics are presented in Table I. A total of 62 patients
were included, 30 patients were diagnosed with ERD, 11 with
NERD, 10 with RH and 11 with FH. Between these groups there
was significant statistical differences in proximal MNBI, distal

MNBI, DeMeester score and AET, there were no correlations
between age, gender or BML

A stepwise approach to distinguish the diagnostic accuracy
of proximal MNBI, distal MNBI, DeMeester score and AET
was used. On univariate analysis, all the parameters, proximal
MNBI (p<0.001), distal MNBI (p<0.001), DeMeester score
(p<0.001) and AET (p=0.05) were associated with the presence
of ERD, but on multivariate analysis only distal MNBI was
associated with the existence of ERD (p=0.002). Fig. 2 shows
the AUROC of proximal and distal MNBI in differentiating
ERD from the other phenotypes. Proximal MNBI had a
AUROC of 0.712 (CI 95%: 0.528-0.801), while distal MNBI
had a superior AUROC of 0.872 (95%CI: 0.781-0.963). For a
cut-off of value of 1683 (), distal MNBI was able to distinguish
ERD from NERD, RH, FH with a sensitivity of 82% and a
specificity of 80%.

ROC Curve

10
Source of the
Curve

MNBldistal
—— MNBlproximal
Reference Line

08

06

Sensitivity

04

02

00 02 04 08 08 10
1 - Specificity
Diagonal segments are produced by ties.

Fig. 2. Distinguish ERD from NERD, RH, FH. For abbreviations
see Fig 1.

The next step was to ascertain the diagnostic accuracy of
distinguishing normal AET phenotypes (FH and RH) from
abnormal AET phenotypes (ERD and NERD) of different
parameters. On univariate analysis all the parameters proximal
MNBI (p<0.001), distal MNBI (p<0.001), DeMeester score
(p<0.001) and AET (p<0.001) were associated with the
presence of ERD and NERD, but on multivariate analysis
only distal MNBI had a statistically significant correlation
(p<0.001). Fig. 3 illustrates the AUROC of proximal and
distal MNBI for separating normal AET phenotypes (FH and

Table I. Characteristics of patient population (n=62)

Characteristics ERD (n=30) NERD (n=11) RH (n=10) FH (n=11) P- value
Age (years) 539+ 14 48.7£9.9 449 £ 11.5 49.27 £ 12 0.330
Gender M/F 12/18 714 6/4 5/6 0.550
BMI 24.1+2 25+3.6 243 +3.8 23 +1.95 0.589
DeMeester Score 188 + 67 136 + 82.8 4+172 2+1.6 0.001
AET (%) 57.3+24.9 46.6 £27.3 38+1.8 3.6+1.62 0.003
MNBI (Q)

Proximal MNBI (Q) 1752+ 718 1806 + 708 2099 + 743 2295 + 440 0.023
Distal MNBI (Q) 1213+ 716 1510 + 806 2036 + 412 2457 + 380 >0.001

BMI: body mass index; AET: acid exposure time; MNBI: mean nocturnal baseline impedance.
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RH) from abnormal AET phenotypes. Proximal MNBI had a
AUROC of 0.682 (CI 95%: 0.545-0.818), while distal MNBI
had a superior AUROC of 0.857 (95%CI: 0.762-0.952). For
a cut-off value of 1865 (), distal MNBI was able to separate
normal AET phenotypes (FH and RH) from abnormal AET
phenotypes (ERD and NERD) with a sensitivity of 85.7% and
specificity of 80%.

The last step was to ascertain if distal MNBI was able to
distinguish FH from RH, ERD and NERD. Distal MNBI was
the single parameter able to diagnose FH after multivariate
statistical analysis (p=0.001) from the other phenotypes. The
AUROC was 0.879 (CI 95%: 0.789-0.969) for distal MNBI,
which was superior to proximal MNBI with an AUROC of
0.687 (95%CI: 0.545-0.829) (Fig. 4). A cut-off value of 2280
Q for distal MNBI was able to distinguish FH from RH, ERD,
NERD with a sensitivity of 84% and a specificity of 86%.

Finally, we tried to determine if MNBI could be used to
differentiate between FH and RH. Distal MNBI was able to
separate the two phenotypes with an AUROC of 0.817 (CI
95%: 0.635-1) as shown in Figure 5. A distal MNBI cut-off
value of 2164 Q) was capable of separating FH from RH with
a sensitivity of 84.6% and a specificity of 63%.

ROC Curve
10
Source of the
Curve
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Diagonal segments are produced by ties.

Fig. 3. Distinguish normal AET (FH, RH) from abnormal AET (ERD,
NERD) phenotypes. For abbreviations see Fig. 1.

ROC Curve
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Fig. 4. Distinguish FH from RH, ERD, NERD. For abbreviations
see Fig. 1.
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Fig. 5. Distinguish functional heartburn from reflux hypersensitivity.

DISCUSSION

Our study showed that distal MNBI could be a good
parameter for aiding the differentiation of GERD phenotypes
(TableII). Distal MNBI can help distinguish the abnormal AET
(>6%) phenotypes (ERD, NERD) from normal AET (<4%)
phenotypes (RH, FH) with a decent performance (AUROC
0.857). Distal MNBI has good accuracy in separating ERD
from other phenotypes (AUROC 0.872). Furthermore, distal
MNBI can differentiate FH from ERD, NERD, RH with good
accuracy (AUROC 0.879), and on top of that is able to separate
FH from RH (AUROC 0.817).

Baseline esophageal impedance values have been shown
to be correlated with histologic evidence of acid injury of the
esophageal mucosa [18]. Unfortunately, baseline esophageal
values are influenced by swallow and the reflux of gases or
liquids a lot during the day, these variations occur less at
nighttime which is why measurements taken during these
periods have higher correction rates. Thus, MNBI is more
stable over time and reflects the status of esophageal mucosal
integrity better at nighttime.

Previous studies have demonstrated that MNBI was
correlated to histological changes in the esophageal mucosa,
patients with low values of MNBI like those found in ERD
had wider intercellular spaces in the epithelium and tighter
junction proteins like claudin-1 [18]. Studies also demonstrated
that MNBI was negatively correlated with acid exposure, on
top of histological modifications [13, 14, 18]. Data has been
slowly building up, advocating for MNBI as diagnostic tool for
excluding reflux disease. Two separate European studies found
that MNBI could exclude the presence of reflux disease with
good accuracy [5, 13, 14]. Another study, this time conducted
in an Asian population by Zhong et al. [18], demonstrated the
same principle.

Previous studies have also demonstrated that MNBI was a
good method of differentiating between GERD phenotypes [15,
17, 19-21]. Similar to our study, Hoshikawa et al. [19] found
that MNBI measured at 3 cm or 5 cm above the LES was able
to separate abnormal AET phenotypes (ERD and NERD) from
normal AET (RH and FH) phenotypes [19]. In that particular
study MNBI measured at 3 cm above the LES had a sensitivity
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Table II. Distal MNBI results for separating GERD phenotypes

Distal MNBI AUROC Cut-Off Sensitivity Specificity
Separate ERD from NERD, RH, FH 0.872 1683 Q) 82% 80%
Separate AET abnormal (ERD, 0.857 1865 Q) 85.7% 80%
NERD) from AET normal (FH, RH)

Separate FH from RH, ERD, NERD 0.879 2280 Q) 84% 86%
Separate FH from RH 0.817 2164 Q 84.6% 63%

MNBI: mean nocturnal baseline impedance; For abbreviations see Fig. 1.

of 82.5% and a specificity of 89.7% for a cut-off value of 1785
Q, while MNBI measured at 5 cm had a sensitivity of 80% and
specificity of 90% for a cut-off value of 1943 Q; these cut-off
values were similar to those in our study [19]. While looking
at other GERD phenotypes, one study performed in Korea
found that NERD could be differentiated from RH and FH
with good accuracy (sensitivity 83%, specificity 69%) for a
cut-off value of 2125 Q, values which were slightly higher than
in our study [22].

Functional heartburn seems to be an intriguing GERD
phenotype to diagnose. From a histological point of view, it
has less dilated intercellular spaces that ERD and NERD, but
if MNBI is correlated to these histological changes remains
to be seen as very few studies exist [16, 17, 23]. Distal MNBI
was able to distinguish FH from other GERD phenotypes in a
study with an Asian population with good accuracy (AUROC
0.721) while using a cut-off value of 1890 (), which was lower
than the cut-off used in our study [17]. Yoshimine et al. [16]
revealed that MNBI was also useful in distinguishing FH
from PPI-refractory NERD with an AUROC of 0.73 in an
Asian population. Similarly, this time looking at a European
population (Germany), Kandulski et al. [23] found that MNBI
could separate NERD from FH with an AUROC of 0.73 while
using a cut-off value of 2100 Q (sensitivity 79%, specificity
71%). Interestingly, another European, this one done in Italy
by Tenca et al. [15] showed that MNBI can help separate FH
from NERD with a much higher accuracy (AUROC 0.960).

When it comes to separating the two normal AET
phenotypes (RH and FH) from each other, results using MNBI
have been varied [20, 21]. Frazzoni et al. [20] found that MNBI
can differentiate RH from FH with a good accuracy (AUROC
0.864), while Gao et al. [21] found that MNBI was a poor
method of separating the two entities (AUROC 0.643). Gomes
et al. [24] also found no significant differences between RH
and FH using MNBI.

The concept of using proximal MNBI calculated as the
mean value of the proximal 2 channels and distal MNBI
calculated as the mean value of the last 4 distal channels has
been used in another study by Patel et al. [25] based on a North
American population. The authors found that lower distal
MNBI values, but not proximal MNBI values, were associated
with increased pathologic esophageal acid exposure and better
symptomatic outcomes [25]. Thus, MNBI may complement
AET, especially if AET alone is inconclusive for diagnosing
reflux disease [25].

It is important to point out that MNBI values in the distal
esophagus has significant differences based on geographical
region, hence the wide range of cut-oft values found in studies

[26]. Distal MNBI values were higher in Asia and South Africa
compared to other regions [26]. Diet, genetic and cultural
differences seem to play a huge part in MNBI values across
the globe, making it even more difficult to ascertain its validity
as a diagnostic tool [24]. There also seem to be important
discrepancies of MNBI values based on the medical devices
used to record this parameter [26]. The MMS apparatus for
example, which is the same device used in our study recorded
higher MNBI values especially at 5 cm above the lower
esophageal sphincter compared to other medical devices [26].
Lastly, there are different ways of measuring and defining
MNBI, some studies measured MNBI just at 3 cm above the
lower esophageal sphincter, while others at 5 cm, and some like
our study used many references point to calculate an average
[25, 27, 28]. No official guidelines have been published for a
correct recording of MNBI. Further studies are required to
determine the usefulness of MNBI in differentiating GERD
phenotypes and different reference points from 3 cm to 17
cm above the LES need to be explored to assess their accuracy.

Our study has some limitations. Firstly, we had a very small
cohort and all the research was performed in one medical
institution. Secondly calculation of MNBI at different reference
points plus calculation of proximal and distal MNBI is a time-
consuming event that requires careful attention being prone to
human error, in the future this problem could be solved with
simple software updates implemented by MII/pH software
producers. Thirdly, we observed that the patients with abnormal
AET phenotypes (ERD and NERD) had a significantly high
AET. This could potentially be attributed to specific dietary
habits related to their geographical location, discrepancies in
the measurements taken by the MMS apparatus due to high
acid exposure or the fact that endoscopy guided the placement
of the MII/pH catheter. Many of the patients in our study
had a habit of drinking coffee and fizzy drinks that can cause
gastroesophageal reflux. They also consumed a lot of fatty,
spicy foods (such as hot peppers, garlic, pepper), chocolate
and alcoholic beverages like beer or wine that can relax the
lower esophageal sphincter and induce reflux. Smoking was
another common factor among the patients we studied as
most of them were smokers which may have contributed to
high AET values [29].

CONCLUSIONS

Our study showed that distal MNBI is a good method of
differentiating GERD phenotypes and should be taken into
consideration in future studies to assess its validity in helping
physicians make the correct diagnosis.

] Gastrointestin Liver Dis, September 2023 Vol. 32 No 3: 291-297



296

Sararu et al.

Conlflicts of interest: None to declare.

Authors’ contribution: R.S. and C.B.E. conceived and designed
the study. R.S. and R.P. collected and analyzed the data, drafted the
manuscript and revised it. C.B.E supervised the study and revised the

manuscript critically for important intellectual content. All the authors

read and approved the final version of the manuscript.

10.

11.

12.

13.

14.

REFERENCES

Nirwan JS, Hasan SS, Babar ZU, Conway BR, Ghori MU. Global
Prevalence and Risk Factors of Gastro-oesophageal Reflux Disease
(GORD): Systematic Review with Meta-analysis. Sci Rep 2020;10:5814.
doi:10.1038/s41598-020-62795-1

Katz PO, Dunbar KB, Schnoll-Sussman FH, Greer KB, Yadlapati R,
Spechler SJ. ACG Clinical Guideline for the Diagnosis and Management
of Gastroesophageal Reflux Disease. Am ] Gastroenterol 2022;117:27-
56. doi:10.14309/ajg.0000000000001538

. El-Serag HB, Sweet S, Winchester CC, Dent J. Update on the

epidemiology of gastro-oesophageal reflux disease: a systematic review.
Gut 2014;63:871-880. doi:10.1136/gutjnl-2012-304269

Sandhu DS, Fass R. Current Trends in the Management of
Gastroesophageal Reflux Disease. Gut Liver 2018;12:7-16. d0i:10.5009/
gnl16615

Gyawali CP, Kahrilas PJ, Savarino E, et al. Modern diagnosis of
GERD: the Lyon Consensus. Gut 2018;67:1351-1362. doi:10.1136/
gutjnl-2017-314722

Savarino V, Marabotto E, Zentilin P, et al. Esophageal reflux
hypersensitivity: Non-GERD or still GERD? Dig Liver Dis 2020;52:1413-
1420. doi:10.1016/j.d1d.2020.10.003

Ghisa M, Barberio B, Savarino V, et al. The Lyon Consensus: Does
It Differ From the Previous Ones? ] Neurogastroenterol Motil
2020;26:311-321. doi:10.5056/jnm20046

Aziz Q, Fass R, Gyawali CP, Miwa H, Pandolfino JE, Zerbib F. Functional
Esophageal Disorders. Gastroenterology 2016;150:1368-1379.
doi:10.1053/j.gastro.2016.02.012

Drossman DA, Hasler WL. Rome IV-Functional GI Disorders:
Disorders of Gut-Brain Interaction. Gastroenterology 2016;150:1257-
1261. doi:10.1053/j.gastro.2016.03.035

Frazzoni L, Frazzoni M, de Bortoli N, et al. Critical appraisal of Rome
IV criteria: hypersensitive esophagus does belong to gastroesophageal
reflux disease spectrum. Ann Gastroenterol 2018;31:1-7. doi:10.20524/
20g.2017.0199

Scarpulla G, Camilleri S, Galante P, Manganaro M, Fox M. The impact
of prolonged pH measurements on the diagnosis of gastroesophageal
reflux disease: 4-day wireless pH studies. Am ] Gastroenterol
2007;102:2642-2647. doi:10.1111/§.1572-0241.2007.01461.x

Ahlawat SK, Novak DJ, Williams DC, Maher KA, Barton F, Benjamin
SB. Day-to-day variability in acid reflux patterns using the BRAVO pH
monitoring system. ] Clin Gastroenterol 2006;40:20-24. doi:10.1097/01.
mcg.0000190753.25750.0e

Frazzoni M, de Bortoli N, Frazzoni L, et al. The added diagnostic value
of postreflux swallow-induced peristaltic wave index and nocturnal
baseline impedance in refractory reflux disease studied with on-therapy
impedance-pH monitoring. Neurogastroenterol Motil 2017;29:12947.
doi:10.1111/nmo.12947

Frazzoni M, Savarino E, de Bortoli N, et al. Analyses of the Post-reflux

Swallow-induced Peristaltic Wave Index and Nocturnal Baseline

] Gastrointestin Liver Dis, September 2023 Vol. 32 No 3: 291-297

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Impedance Parameters Increase the Diagnostic Yield of Impedance-pH
Monitoring of Patients With Reflux Disease. Clin Gastroenterol Hepatol
2016;14:40-46. doi:10.1016/j.cgh.2015.06.026

Tenca A, de Bortoli N, Mauro A, et al. Esophageal chemical clearance
and baseline impedance values in patients with chronic autoimmune
atrophic gastritis and gastro-esophageal reflux disease. Dig Liver Dis
2017;49:978-983. doi:10.1016/j.d1d.2017.04.005

Yoshimine T, Funaki Y, Kawamura Y, et al. Convenient Method of
Measuring Baseline Impedance for Distinguishing Patients with
Functional Heartburn from those with Proton Pump Inhibitor-Resistant
Endoscopic Negative Reflux Disease. Digestion 2019;99:157-165.
doi:10.1159/000490790

Sun YM, Gao Y, Gao E. Role of Esophageal Mean Nocturnal Baseline
Impedance and Post-reflux Swallow-induced Peristaltic Wave Index in
Discriminating Chinese Patients With Heartburn. ] Neurogastroenterol
Motil 2019;25:515-520. doi:10.5056/jnm19056

Zhong C, Duan L, Wang K, et al. Esophageal intraluminal baseline
impedance is associated with severity of acid reflux and epithelial
structural abnormalities in patients with gastroesophageal reflux
disease. ] Gastroenterol 2013;48:601-610. doi:10.1007/s00535-012-
0689-6

Hoshikawa Y, Sawada A, SonmezS$, etal. Measure of Esophageal Nocturnal
Baseline Impedance: A Simplified Method. ] Neurogastroenterol Motil
2020;26:241-247. doi:10.5056/jnm 19183

Frazzoni M, de Bortoli N, Frazzoni L, et al. Impairment of chemical
clearance and mucosal integrity distinguishes hypersensitive esophagus
from functional heartburn. J Gastroenterol 2017;52:444-451.
doi:10.1007/s00535-016-1226-9

Gao E Gao Y, Chen X, Qian J, Zhang J. Comparison of Esophageal
Function Tests in Chinese Patients with Functional Heartburn and
Reflux Hypersensitivity. Gastroenterol Res Pract 2017;2017:3596148.
doi:10.1155/2017/3596148

Kim YG, Noh CK, Lee KJ. The Usefulness of Esophageal Baseline
Impedance Levels for the Diagnosis of Nonerosive Reflux Disease
and the Proper Time for Measurement in Endoscopy-negative
Korean Patients With Esophageal or Supraesophageal Symptoms.
J Neurogastroenterol Motil. 2020;26:463-470. doi:10.5056/
nm20019

Kandulski A, Weigt J, Caro C, Jechorek D, Wex T, Malfertheiner
P. Esophageal intraluminal baseline impedance differentiates
gastroesophageal reflux disease from functional heartburn.
Clin Gastroenterol Hepatol 2015;13:1075-1081. doi:10.1016/j.
cgh.2014.11.033

Gomes AC, Sousa M, Lopes R, et al. Gastroesophageal Reflux
Disease Diagnosis by New Consensus in Clinical Practice: The
Additional Value of Mean Basal Impedance. Dig Dis 2022;40:261-265.
doi:10.1159/000517987

Patel A, Wang D, Sainani N, Sayuk GS, Gyawali CP. Distal mean
nocturnal baseline impedance on pH-impedance monitoring predicts
reflux burden and symptomatic outcome in gastro-oesophageal reflux
disease. Aliment Pharmacol Ther 2016;44:890-898. do0i:10.1111/
apt.13777

Sifrim D, Roman S, Savarino E, et al. Normal values and regional
differences in oesophageal impedance-pH metrics: a consensus analysis
of impedance-pH studies from around the world. Gut 2021;70:1441-
1449. doi:10.1136/gutjnl-2020-322627

Wu Y, Guo Z, Zhang C, Zhan Y. Role of the Mean Nocturnal Baseline
Impedance in Identifying Evidence Against Pathologic Reflux in
Patients With Refractory Gastroesophageal Reflux Disease Symptoms


https://dx.doi.org/10.1038/s41598-020-62795-1
https://dx.doi.org/10.14309/ajg.0000000000001538
https://dx.doi.org/10.1136/gutjnl-2012-304269
https://dx.doi.org/10.5009/gnl16615
https://dx.doi.org/10.5009/gnl16615
https://dx.doi.org/10.1136/gutjnl-2017-314722
https://dx.doi.org/10.1136/gutjnl-2017-314722
https://dx.doi.org/10.1016/j.dld.2020.10.003
https://dx.doi.org/10.5056/jnm20046
https://dx.doi.org/10.1053/j.gastro.2016.02.012
https://dx.doi.org/10.1053/j.gastro.2016.03.035
https://dx.doi.org/10.20524/aog.2017.0199
https://dx.doi.org/10.20524/aog.2017.0199
https://dx.doi.org/10.1111/j.1572-0241.2007.01461.x
https://dx.doi.org/10.1097/01.mcg.0000190753.25750.0e
https://dx.doi.org/10.1097/01.mcg.0000190753.25750.0e
https://dx.doi.org/10.1111/nmo.12947
https://dx.doi.org/10.1016/j.cgh.2015.06.026
https://dx.doi.org/10.1016/j.dld.2017.04.005
https://dx.doi.org/10.1159/000490790
https://dx.doi.org/10.5056/jnm19056
https://dx.doi.org/10.1007/s00535-012-0689-6
https://dx.doi.org/10.1007/s00535-012-0689-6
https://dx.doi.org/10.5056/jnm19183
https://dx.doi.org/10.1007/s00535-016-1226-9
https://dx.doi.org/10.1155/2017/3596148
https://dx.doi.org/10.5056/jnm20019
https://dx.doi.org/10.5056/jnm20019
https://dx.doi.org/10.1016/j.cgh.2014.11.033
https://dx.doi.org/10.1016/j.cgh.2014.11.033
https://dx.doi.org/10.1159/000517987
https://dx.doi.org/10.1111/apt.13777
https://dx.doi.org/10.1111/apt.13777
https://dx.doi.org/10.1136/gutjnl-2020-322627

Distal nocturnal baseline impedance and GERD phenotypes 297

as Classified by the Lyon Consensus. ] Neurogastroenterol Motil diagnosing gastroesophageal reflux disease. Therap Adv Gastroenterol
2022;28:121-130. doi:10.5056/jnm20277 2022;15:17562848221105195. doi:10.1177/17562848221105195

28. WuY, Guo Z, Zhang C, Zhan Y. Mean nocturnal baseline impedance, a 29. Kabhrilas PJ, Gupta RR. Mechanisms of acid reflux associated with
novel metric of multichannel intraluminal impedance-pH monitoring in cigarette smoking. Gut 1990;31:4-10. doi:10.1136/gut.31.1.4

] Gastrointestin Liver Dis, September 2023 Vol. 32 No 3: 291-297


https://dx.doi.org/10.5056/jnm20277
https://dx.doi.org/10.1177/17562848221105195
https://dx.doi.org/10.1136/gut.31.1.4

