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Reduced mean baseline impedance aids diagnosis of
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Background: Laryngopharyngeal reflux (LPR) disease and gastroesophageal reflux disease (GERD) occur
due to gastric refluxate causing symptoms in the laryngopharynx and oesophagus, respectively. Baseline
impedance of esophageal mucosa has been shown to reduce with prolonged acid exposure. Mean nocturnal
baseline impedance (MNBI) is a novel measure that has shown promise in GERD but has not yet been
evaluated in LPR. This study aimed to assess the role of MNBI in LPR and GERD patients.

Methods: Off-therapy impedance-pH tracings were blindly reviewed for patients previously prospectively
allocated clinical diagnoses of LPR or GERD. One hundred and eighty-seven patients were identified with
an LPR diagnosis in 105 patients and GERD in 82. Conventional impedance-pH measures and MINBI were
analysed for the two groups.

Results: MNBI was reduced in both groups of refluxers. MNBI was significantly lower in the distal
esophagus in GERD patients compared with LPR (1,679+914 vs. 2,109+863; P=0.001). Similarly, in
the proximal esophagus, MNBI was lower in GERD than LPR (2,289+579 vs. 2,541+471; P=0.001).
In the pharynx, MNBI was similar between the two groups (2,116+699 vs. 2,133+770; P=0.878). Distal
acid exposure time (AET) and the number of distal acid reflux episodes negatively correlated with distal
esophageal MINBI (r=-0.195; P=0.007) and (r=-0.330; P<0.001) respectively.

Conclusions: Baseline impedance was reduced in both LPR and GERD at both distal and proximal
esophageal measurements, and more severely reduced in GERD. Baseline impedance is strongly and
inversely related to acid exposure in the esophagus. Pharyngeal MNBI was not reduced or different between
groups. Distal and proximal esophageal MNBI may be useful in diagnosis of LPR as well as GERD.
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Introduction

Multichannel intraluminal impedance (MII) monitoring is
currently used to investigate gastroesophageal reflux disease
(GERD). Electrical impedance is measured across multiple
paired electrodes mounted along a naso-esophageal catheter,
and detects liquid and gas reflux boluses as changes in
impedance travelling in antegrade fashion. Liquid, regardless
of acidity, will be detected as a momentary reduction in
impedance, since liquid acts as an excellent conductor.
Different to this is the baseline impedance of the resting state
of the catheter against oesophageal mucosa Between reflux
events and swallows, the esophageal lumen is collapsed,
and catheter contact with the esophageal wall provides a
measurable baseline impedance of the esophageal mucosa.

Prolonged acid exposure has been shown to reduce
baseline mucosal impedance in both animals and humans (1).
Kessing et al. (2) demonstrated significantly lower baseline
impedance levels in GERD patients with both pathological
and physiological acid exposure times (AET) compared
with healthy controls. AET has repeatedly been negatively
correlated with distal baseline impedance, further
demonstrating that baseline impedance is reduced by
persistent acid exposure (2-4).

Mean nocturnal baseline impedance (MNBI) is a
recently described measure of the baseline impedance of
three 10-minute periods during nocturnal recumbence,
when tracings are less affected by swallows and refluxes (3).
MNBI has been shown to increase diagnostic yield in
patients with GERD (5), distinguish GERD patients who
respond to proton pump inhibitors (PPIs) from those with
functional heartburn, that is: patients with symptoms of
GERD with negative endoscopic evidence of esophagitis,
negative impedance findings, and negative symptom
correlation (3), and predict improvements in symptomatic
severity with treatment (4).

Laryngopharyngeal reflux (LPR) refers to the reflux of
gastric contents to the larynx and pharynx causing extra-
esophageal symptoms such as dysphonia, globus, and
chronic cough, as well as observable signs on laryngoscopic
examination such as mucosal edema (6). Current catheter-
based investigations have limitations especially in measuring
pharyngeal and proximal esophageal impedance. Normative
reflux values for pharyngeal and proximal esophageal

4

channels are controversial (7), “pseudo-reflux” artefact
occurs due to drying or loss of catheter contact from
pharyngeal mucosa (8), and inter-observer reliability in

interpreting impedance results for pharyngeal reflux events
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is poor (9). Also, pharyngeal pH measurement (Restech)
measures only oropharyngeal acidity, and is less sensitive
than combined impedance-pH and with lesser symptom
association probability (10). Modified reflux scintigraphy
is a promising tool that we have shown to be sensitive
in detecting immediate and delayed laryngopharyngeal
contamination in LPR patients, and has been validated by
our group (11,12). There is a need for better diagnostic tools
that can accurately diagnose and assess laryngopharyngeal
symptoms of reflux.

There are few studies in the literature that assess MINBI
in patients with LPR. There are also few studies that
assess impedance in channels along the pharynx, proximal
esophagus, and distal esophagus in LPR patients. The
aim of the present study was to describe MNBI findings
in the pharynx, proximal esophagus, and distal esophagus
in a cohort of patients with LPR, and to evaluate the use
of MBI in investigating LPR. We present the following
article in accordance with the STARD reporting checklist
(available at https://www.theajo.com/article/view/10.21037/
ajo-21-18/rc).

Methods
Patient selection and study design

A consecutive cohort of patients with symptomatic LPR
and GERD with severe symptoms who had failed medical
treatment were identified from a prospectively maintained
database. Patients were grouped by the predominant symptom
profiles into either GERD or LPR diagnostic categories.

The selection of LPR patients involved those that had
a high pre-test probability of disease based on extensive
clinical and radiographic findings. Firstly, patients had
undergone multi-disciplinary investigation for differential
diagnoses prior to referral to a diagnostic facility for
consideration of treatment, for example, exclusion of
asthma or chronic obstructive pulmonary disorder. Next,
a standardised symptom assessment pro forma screened
for the presence of symptoms of typical GERD and LPR
symptoms. The senior author’s symptom assessment pro
forma captured all nine symptom categories assessed in
the Reflux Symptom Index (RSI) for LPR, as well as for
additional symptoms of typical heartburn, oesophageal
dysmotility, and delayed gastric emptying (Appendix 1).
Finally, all LPR patients underwent reflux aspiration
scintigraphy and were included as they had either
immediate or delayed evidence of pharyngeal contamination
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with refluxed radio-labelled tracer. The novel scintigraphic
technique that utilises digital quantification has been
previously described (11,12). Direct assessment with
laryngoscopy was not uniformly utilised throughout the
cohort, and was hence not included in analysis.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Data were
extracted from a research database with current approval by
the Sydney Local Health District Human Research Ethics
Committee (reference: LNR/12CRGH/248). Patients gave
written informed consent for study under the institutional
ethics committee guidelines.

Manometry measurement

All patients underwent standard water-perfused manometry
using a Dentsleeve, multi-channel catheter (Mui Scientific,
Ontario, Canada). The anatomic positions of the upper
esophageal sphincter (UES) and lower esophageal sphincter
(LES) were manometrically assessed, and distance from the
nares was noted to facilitate placement of impedance-pH
catheters.

Impedance-pH measurement

Twenty-four-hour dual pH and impedance monitoring was
performed after ceasing proton pump inhibitors for 5 days.
Under topical nasal anaesthetic, a 2.3 mm diameter trans-
nasal catheter (Zephyr device, Sandhill Co, Highlands
Ranch, Colorado, USA) was inserted through the nose.
pH sensors were positioned close to 5 and 15 cm above the
LES and exactly 2 cm above the upper border of the UES,
with six impedance monitoring sensors along the catheter.
Ingestion of acidic beverages was restricted but no other
dietary requirements were required. The catheter was
connected to an external monitoring Zephyr device which
stored data over the 24-hour period.

Impedance-pH data analysis

A liquid reflux episode was defined as a decrease in
impedance at least 50% of baseline, beginning in the most
distal impedance channel and travelling in a retrograde
fashion. The uppermost channel that detected the
continuing impedance drop categorised the reflux as either
a distal esophageal, proximal esophageal, or a pharyngeal
reflux event. A reflux episode starting in the most distal
channel and ending in the pharyngeal channels was
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classified as a pharyngeal reflux event. Reflux episodes with
pH <4 were classified as acidic, episodes with pH >4 were
classified as non-acidic. The time period when esophageal
pH <4 was divided by total monitoring time to give AET,
expressed as a percentage (%). Distal AET and proximal
AET were measured. The DeMeester score, a composite
score that has been validated for typical GERD which
includes the AET, as well as frequency and duration of
reflux episodes, was also recorded (13,14).

Baseline impedance was assessed during the night-time
recumbent period. Three stable 10-minute time periods
(1 am, 2 am, 3 am) were selected, and the mean baseline for
each 10-minute period was calculated. The mean the three
values was manually calculated to obtain the MNBI for each
patient. This method of calculating MNBI was performed
for the most distal esophageal channel, most proximal
esophageal channel, and pharyngeal channel to obtain
MNBI values for distal esophagus, proximal esophagus, and
pharynx, respectively. Time periods including swallows,
refluxes, and pH drops were avoided. Reviewers were
blinded to the clinical information of patients.

Statistical analysis

SPSS version 24.0 (IBM Corp, NY, USA) was used for
statistical analysis. Data were confirmed to be normally
distributed with Shapiro-Wilk test. Data are reported as
mean = standard deviation (SD). Categorical data were
analysed with the chi-squared test. Continuous data
were analysed with the independent #-test. Correlations
between continuous variables were analysed with Pearson’s
correlation coefficient. A P value <0.05 was considered
statistically significant.

Results
Clinical and demograpbic results

One hundred and eighty-seven consecutive patients were
studied, with 105 patients in the LPR group and 82 patients
in the GERD group. There was a higher proportion of
females in the LPR cohort than the GERD group (71.5%
vs. 56.1%; P=0.047), and were older than the GERD group
[mean age 58.5 (£15.1) vs. 50.7 (£16.2) years; P=0.002].

All patients in the GERD group reported heartburn
as a predominant symptom. Table 1 shows the symptoms
described by the LPR group. The most common extra-
esophageal symptom of LPR was cough (n=79, 75.2%),
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Table 1 Symptom profile in laryngopharyngeal reflux patients followed by throat clearing (n=77, 73.3%) and dysphonia
Symptoms (LPR) N=105 (%) (n=68, 64.8%). Three patients (2.9%) in the LPR group
Cough 79 (75.2) described a concomitant history of typical symptoms of

GERD, namely heartburn, with all three confirming the

Throat clearing (33 predominance of extra-esophageal symptoms. No patients
Dysphonia 68 (64.8) in the LPR group had evidence of erosive esophagitis or
Mucous 64 (61.0) hiatus hernia on endoscopy.
Globus 63 (60.0)
Regurgitation to throat 57 (54.3) Impedance-pH results
Sore throat 53 (50.5) Table 2 shows impedance-pH results. The GERD group
Dysphagia 41 (39.0) had a higher DeMeester score (P=0.037), longer distal
Dyspoea 35 (33.3) AET (P.<0.001), and more frequent acid 1.reﬂux episodes
to the distal esophagus (P=0.011) and proximal esophagus

Non-viral bronchitis 20 (19.0) (P=0.015) than the LPR group. AET measured in the
Laryngospasm 19 (18.1) proximal esophagus was similar between the two groups
Non-viral pneumonia 7(6.7) (P=0.591).
Aspiration 7 (6.7)
Atypical chest pain 2 (2.0) MNBI results
LPR, laryngopharyngeal reflux. Table 3 shows MINBI results. In the distal esophagus, MNBI
Table 2 Impedance-pH findings in LPR and GERD patients
Impedance-pH parameter LPR (n=105) GERD (n=82) P value
DeMeester score 5.5 (x13.6) 12.1 (x28.1) 0.037*
Distal AET (%) 1.7 (£3.9) 8.3 (x7.9) <0.001*
Proximal AET (%) 0.2 (+1.3) 0.4 (£3.2) 0.591
MBCT (seconds) 15.7 (+8.2) 16 (+8.9) 0.847
Distal reflux episodes 46.5 (x24.5) 64.4 (£39) <0.001*

Acid 12.6 (+14.8) 17.2 (£17.3) 0.011*

Non-acid 33.4 (+18.3) 44.4 (36.5) 0.067
Proximal reflux episodes 24.3 (x14.2) 33.6 (+26.8) 0.003*

Acid 6.6 (+8.5) 9.9 (+9.9) 0.015*

Non-acid 17.6 (+11.8) 24 (+26) 0.028*
Pharyngeal reflux episodes 7.4 (£7.2) 6.9 (+7.8) 0.683

Acid 0.21 (+1.3) 0.22 (+1.3) 0.959

Non-acid 7.2 (£7) 6.8 (+7.6) 0.725

*, significant result. AET, acid exposure time; LPR, laryngopharyngeal reflux; GERD, gastroesophageal reflux disease; MBCT, median bolus
clearance time.
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Table 3 MNBI and ratios in LPR and GERD patients

MNBI parameter LPR (n=105) GERD (n=82) P value

Distal MNBI (ohms) 2,109 (+863) 1,679 (£914) 0.001*

Proximal MNBI (ochms) 2,541 (+471) 2,289 (+579) 0.001*

Pharyngeal MNBI (ohms) 2,116 (+699) 2,133 (x770) 0.878

MNBI ratios
Pharynx:distal 1.58 (+1.45) 211 (£2.17) 0.009*
Proximal:distal 1.37 (£1.69) 2.12 (x2.44) 0.003*

*, significant result. MNBI, mean nocturnal baseline impedance; LPR, laryngopharyngeal reflux; GERD, gastroesophageal reflux disease.
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Figure 1 Distal AET inversely correlated with distal esophageal
MNBI (r=-0.195; P=0.007). AET, acid exposure time; MNBI,

mean nocturnal baseline impedance.

was significant lower in the GERD group compared to the
LPR group (1,679+914 vs. 2,109+863; P=0.001). Similarly,
in the proximal esophagus, MNBI was lower in the GERD
group than the LPR group (2,289+579 vs. 2,541£471;
P=0.001). In the pharynx, MNBI was similar between the
two groups.

The ratio of MNBI at the pharynx compared to distal
esophagus was >1 in both LPR and GERD groups, with the
pharynx to distal esophageal MNBI ratio being significantly
higher in the GERD group (P=0.009). Similarly, MNBI
ratio at the proximal esophagus compared to the distal
esophagus was raised in both groups, with this ratio being
significantly higher in the GERD group (P=0.003).

Subgroup analyses were performed on LPR patients
to investigate possible correlations of extra-esophageal
symptoms with MNBI measured at three levels: distal
esophageal, proximal esophageal, and pharyngeal. Patients
complaining of regurgitation had a higher mean pharyngeal
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Figure 2 Distal acid reflux episodes inversely correlated with distal
esophageal MNBI (r=-0.330; P<0.001). MNBI, mean nocturnal

baseline impedance.

MNBI compared with those that did not (2,286+518 vs.
2,218+879; P=0.005). Patients complaining of dysphagia
had a higher distal esophageal MNBI compared to those
that did not (1,949+745 vs. 1,931+915; P=0.05). No other
symptoms listed in Table I correlated with MNBI at any
anatomical level.

Relation of MINBI and reflux events

Distal AET negatively correlated with distal esophageal
MNBI (r=-0.195; P=0.007) (Figure I). The number of
distal acid reflux episodes negatively correlated with distal
esophageal MNBI (r=-0.330; P<0.001) (Figure 2). The
number of proximal acid reflux episodes also negatively
correlated with distal esophageal MNBI (r=-0.365;
P<0.001), as did the number of pharyngeal acid reflux
episodes (r=-0.149; P=0.042). Proximal AET did not
correlate with any measurement of MNBI at any pharyngo-
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Figure 3 ROC curve for MNBI measurements at the pharynx,
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baseline impedance; ROC, receiver operating characteristic.

esophageal locations.

Receiver operating characteristic (ROC) curve comparing
GERD and LPR

The ROC curve for MNBI measurements at the pharynx,
proximal esophagus, and distal esophagus is shown in
(Figure 3). The area under the ROC curves for distal
esophageal MNBI was 0.638 (95% CI: 0.557-0.718;
P=0.001), for proximal esophageal MNBI was 0.688 (95%
CI: 0.607-0.769; P<0.001), and for pharyngeal MNBI was
0.484 (95% CI: 0.399-0.569; P=0.702)

Discussion

The present study reports MNBI values in a cohort of
patients with LPR and a group of patients with treatment-
refractory GERD. This is the first study to compare MNBI
at three different anatomical levels between these two groups.

Both the LPR and GERD groups had reduced
distal MNBI compared with reported normative values
amongst healthy, asymptomatic volunteers in the
literature. Reports of distal MNBI in healthy controls are
2,827 ohms by Kessing ez al. (2), 3,317 ohms by Martinucci ez
al. (3), and 2,936 ohms by Frazzoni ez 4l. (5). The lattermost
study has established a distal MNBI value of 2,292 ohms as
being the best cutoff for diagnosing GERD. The two groups
of patients herein showed mean distal MNBI values under
2,292 ohms, confirming reflux abnormality. Other studies
have consistently demonstrated a reduced distal MNBI in
patients with pathologic AET (4), erosive reflux disease (15),
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and non-erosive reflux disease (16). Reduced esophageal
baseline impedance hence appears to be present in both
LPR and GERD, with a greater decrease in impedance in

the GERD group. Decreased distal MNBI may be a useful
adjunct to diagnosis in patients with appropriate symptoms.

GERD and LPR comparisons

The GERD group showed a significantly lower MNBI in
the distal and proximal esophagus compared with the LPR
group. Other reports that acid exposure reduces baseline
impedance (1,2) are supported by the present finding that
the GERD group had higher acid exposure throughout
the esophagus, with significantly higher AET and more
frequent acidic reflux episodes than the LPR group.
Similarly, Chen and colleagues found that distal MNBI was
significantly lower in patients with GERD compared with
LPR patients. However, different to the present study, they
report a lower proximal MNBI in patients with concomitant
LPR and GERD symptoms compared with patients with
pure LPR symptoms or pure GERD symptoms, despite
pure GERD-symptomatic patients having the highest
distal AET (17). This may suggest worse proximal mucosal
damage in the combined LPR and GERD grouping. The
report herein has shown higher levels of AET and episode
frequency of reflux congruent with this contention. Sakin
et al. also compared proximal and distal MNBI between
GERD and LPR patients, and did not report a difference
in distal MNBI between LPR and GERD patients (18).
Interestingly, they did not report a difference in distal AET
between the two groups, with both GERD and LPR groups
having pathological AET (6.1% and 6.8%, respectively).
It is possible that their LPR patients may have been
heterogenous, with some experiencing typical reflux-like
symptoms concurrently. The present study group of LPR
patients largely had pure LPR symptoms (with only three
patients having mixed LPR and GERD symptoms) and
would seem to offer a more pure comparison between the
two disease processes.

Inverse correlation between AET and MINBI

Several studies have reported an inverse correlation between
MNBI and AET, indicating that acid exposure reduces
baseline impedance (3,4,18). We report a similar correlation
in the distal esophagus only. Both distal AET and the
frequency of acid reflux episodes negatively correlated
with distal MNBI. This further supports the concept that
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acid exposure impairs mucosal integrity, reducing baseline
impedance. Dilated intercellular spaces (DIS) are a reflux-
related change in mucosal cellular tight junctions. DIS has
been shown to be induced by esophageal acid exposure,
and accounts for the reduction in electrical impedance of
mucosal tissue following prolonged acid exposure (1,19).

This study did not find that AET or the frequency
of acid reflux in the proximal esophagus correlated with
proximal esophageal MNBI. Congruent with the present
study, Patel ez a/. reported that distal (but not proximal)
esophageal MNBI decreased as AET values increased (4).
"This may be for two reasons: firstly, proximal reflux events
tend to be less acidic and therefore may have a lesser
effect on mucosal impairment (20). Secondly, clearance of
refluxate may differ between proximal and distal esophagus,
with proximal refluxate necessarily having to traverse the
distal esophagus, leading to greater AET. Indeed, AET in
the present cohort was far greater in the distal esophagus
compared to proximal esophagus. These hypotheses are
supported by the fact that baseline impedance was lowest in
the distal esophagus compared to the proximal esophagus.
The ratio of proximal to distal esophageal MNBI was >1 in
both study groups. Proximal to distal ratio of MNBI have
similarly been reported as >1 in other studies, indicating
congruence in readings between authors, and a lesser degree
of esophageal mucosal permeability proximally (18,21).

Symptoms analysis

When MNBI characteristics were examined by symptom
profile, it was found that patients complaining of
regurgitation had a higher pharyngeal baseline impedance
compared with those that did not, and that patients with
dysphagia had a higher distal esophageal baseline impedance
compared to those that did not. However, the magnitude
of difference was small, in the matter of merely 68 and
18 ohms, respectively. This is a statistically significant but
clinically insignificant finding.

Pharyngeal MNBI in LPR and GERD

The utility of pharyngeal MNBI is not known. Only two
studies have assessed baseline impedance in the pharynx.
Doo et al. reported lower pharyngeal MNBI in LPR
patients compared with healthy controls. MNBI was lowest
at the pharynx, then proximal esophagus, and highest at
the distal esophagus in both LPR and healthy controls (21).
Dulery ez al. found no difference in MNBI in the pharynx
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between LPR patients and healthy controls, nor did they
find a difference at the proximal or distal esophagus (22).
The present study reports no difference in pharyngeal
MNBI between LPR and GERD groups. Although the
majority of reflux episodes to the pharynx tend to be acid
or weakly acid reflux (23,24), the lack of difference in
pharyngeal baseline impedance may be due to pharyngeal
reflux events being too brief in duration to alter mucosal
integrity (22). As the pharynx is fairly capacious, integrity
of baseline measurement may not be as impaired as in
the distal esophagus. Indeed, pharyngeal impedance
measurement may be positional, we have previously
shown supine impedance measure may be advantageous
in detecting impedance reflux events in the pharynx (25).
The value of pharyngeal MNBI as a diagnostic tool awaits

further evaluation of normal values.

Effectiveness as a diagnostic tool

The effectiveness of MINBI as a tool for diagnosing LPR
was assessed by ROC analysis for three anatomical locations.
The area under the receiver operating characteristic curve
(AUROC) analyses for distal and proximal esophageal
MNBI in our study group were fair, and for pharyngeal
MNBI was poor. There are no other studies for comparison
of LPR and GERD findings as yet. Frazzoni ez al. report
an AUROC for distal MNBI of 0.876 to diagnose GERD,
which is excellent and supported by findings from other
studies that baseline impedance is reduced in GERD
and with symptomatic dysphagia (5,26). Pharyngeal
MNBI is not currently supportable as a diagnostic test in
differentiation of LPR from GERD.

Study limitations

The present study’s retrospective nature is a weakness.
Baseline demographic differences between LPR and GERD
groups existed. The LPR group were older and had more
females than the GERD group.

Conclusions

Baseline impedance is reduced in both LPR and GERD at
both distal and proximal esophageal measurements. Baseline
impedance is more severely reduced in the latter group.
Baseline impedance is strongly and inversely related to acid
exposure in the esophagus. Distal and proximal MNBI may
be useful in distinguishing LPR and GERD. Pharyngeal
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MNBI was not reduced or different between groups. MNBI
measurement in the pharynx does not appear to be useful in
differentiating LPR from GERD.
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Supplementary

Appendix 1

Reflux Symptom Sheet

Patient Name:
STICKER
DOB
Appointment Date: Medications Current:
Predominant Category:
O PR OGOR [OMHH
Predominant Symptom: Investigations
O Laryngoscopy
O CxrR
O Smoking (Past) (Present)
O PND
Symptoms
O High resolution CT
O Duration
O RFTs
O Heartburn /10
O Echo
[0 Regurgitation:
O low /10 LI Gastroscopy
O throat /10 | O manometry
O Odynophagia /10 O 24hr pH
O Dysphagia:
O typical /10 [0 Impedance
O slow transit /10 | Symptoms
O Vomiting /10 | O Anaemia /10
O Nausea /10 | O Syncope /10
O Anorexia /10 O Cough /10
O Dyspepsia /10 | O Cough duration
O Flatus /10 | O Cough response to PPI? Y/N
O Bloat /10 | O Globus /10
O Diarrhoea /10 | O Mucous /10
O Sleep Disturbance: O Throat Clearing /10
OO Sit up to Sleep /10 | O Sore Throat /10
O Dyspnoea O Dysphonia /10
O Exercise-induced /10 O Laryngospasm /10
O Post-prandial /10 o
O Other /10 [0 Aspiration /10
O Atypical Chest Pain O Bronchitis (non-viral) /10
0 Post-prandial /10 0 Pneumonia (non-viral) /10
O Other /10 | O Asthma:
O Palpitations /10 O Childhood_ Suspected
[0 Early Satiety /10 O Lateonset_ RFT proven
[0 Tiredness/Lethargy/Pre syncope /10 | O Singing (History) /10
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