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INTRODUCTION

Abstract

Introduction and Objectives: Analysis of nocturnal basal impedance (IBNM) has been proposed as a way
to increase accuracy of GERD diagnosis. Our objective was to evaluate the diagnostic performance of this
test in a group of patients known to have GERD. Materials and methods: We included 123 individuals: 58
with GERD and 65 healthy controls. They underwent consecutive pH-impedance monitoring between January
2015 and June 2017. All had undergone endoscopy in the 6 months prior to testing. Criteria used for diagnosis
of GERD were abnormal acid exposure time (AET > 4.2%), pyrosis and/or regurgitation in the previous 6
months. We found 58 patients with GERD of whom 24 had erosive reflux disease (ERE) and 34 had non-
erosive reflux disease (NERD). The remaining 65 were asymptomatic healthy controls with normal endoscopic
results and pH impedance monitoring. A second observer who did not know the previous data measurements
analyzed all pH impedance monitoring traces for IBMN. Statistical analysis included multiple Bonferroni tests
for comparison between groups, linear regression for continuous variables, and receiver operating characte-
ristic (ROC) curve analysis to find high performance IBNM values. The IBNM cutoff point was used for diag-
nostic precision parameters. Statistical significance was set at p <0.01, and 95% confidence intervals were
used for all calculations. Results: IBNM measures were significantly lower for patients with ERE and NERD
than for the control group (p <0.01). A negative correlation was observed between IBNM and acid exposure
time values (r = 0.59, p = <0.001) and also between IBNM and number of reflux events (r = 0.37, p = <0.001).
ROC curve analysis found that the area under the curve for IBNM was 0.941 (95% CI: 0.894-0.987), and the
cutoff point with the highest efficiency was 1,102 ohms (sensitivity 98.5%, specificity 84.5%). Using this value
(<1.102), the IBNM had a sensitivity for detecting GERD of 91% (NERD 86% and ERE 100%) and a specificity
of 98%. Conclusion: IBNM has high sensitivity and specificity for diagnosis of GERD. Addition of this test to
conventional pH-impedance analysis and current methods for studying GERD can significantly improve our
ability to diagnose this disease.
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denoscopy (EGD) findings although the vast majority of
patients’ EGDs are normal. In patients who have not under-

Gastroesophageal reflux disease (GERD) is a condition
that develops when gastric contents cause symptoms in the
esophagus that are sufficiently intense to affect quality of
life or cause structural damage. (1) Diagnosis of the disease
can be based on symptoms and/or esophagogastroduo-

gone any sort of testing, GERD can be presumed in those
symptomatic patients who respond to PPIs. However, this
has important limitations, since many individuals without
GERD respond to these medications through the placebo
effect including when they have other diseases such as
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dyspepsia or eosinophilic esophagitis. In addition, some
patients with demonstrated GERD may fail to respond to
PPIs or may have partial and unsatisfactory clinical respon-
ses. (2-4) When symptoms persist despite proton pump
inhibitor (PPI) therapy, the diagnosis may be in doubt and
an objective evaluation is indicated. (4)

Currently, measurement of esophageal pH impedance
is considered to be the most complete direct test for ref-
lux. However, this test is not totally objective. Its efficiency
depends on many factors that are potential sources of error.
These include the accuracy with which the patient registers
symptoms during monitoring, the manual editing abilities of
doctors and the variability of day-to-day perception of symp-
toms and acid exposure time (AET). (5) For all of the above
reasons, the diagnostic accuracy of impedance pH monito-
ring based only on AET, symptom association probability
[SAP] and the symptom index [SI]) is far from ideal.

Several studies have reported that mean nocturnal baseline
impedance (MNBI), a proposed new diagnostic parameter,
is an appropriate predictor of GERD. Measurements are
significantly lower in patients with GERD than in control
subjects who do not have GERD. This new measurement
appears to be a potentially useful and easily applicable
parameter for diagnosis of GERD, but studies validating it
remain to be done. To date, studies of this new parameter
are very scarce everywhere in the world, and in Colombia
they are nonexistent. (6-11)

Based on these premises, we developed this analytical
study to determine the diagnostic effectiveness of this test
for detection of gastroesophageal reflux disease. The main
objective of this study was to establish the diagnostic yield
of MNBI in a group of patients with known GERD diagno-
ses. The study was conducted at an outpatient referral cen-
ter for studies of gastrointestinal physiology and motility.

MATERIALS AND METHODS

All patients considered for outpatient impedance pH moni-
toring to investigate GERD symptoms between January
2015 and June 2017 were considered for this consecutive
study. All accepted the procedure and signed an informed
consent form. The examinations were carried out at a refe-
rral outpatient center with recognized experience, which
has a high technology laboratory for gastrointestinal phy-
siology. The units of analysis are the impedance pH moni-
toring studies carried out during this period.

Inclusion Criteria

Patients were considered for inclusion if they were over 18
years of age, had cardinal symptoms of GERD (heartburn

and/or regurgitation) at least twice a week during the pre-
vious 6 months, had had upper digestive endoscopy perfor-
med during the previous six months, and had not used PPIs
in the previous four weeks.

Exclusion Criteria

The exclusion criteria were incomplete clinical data,
referral to the monitoring study for investigation of extra-
esophageal symptoms, Sjogren’s syndrome, scleroderma,
prior esophageal or gastric surgery, use of PPIs in the pre-
vious four weeks, major esophageal motor disorders such
as achalasia, jackhammer esophagus, distal esophageal
spasms, and absence of peristalsis, as well as histories of
esophageal or gastric cancer.

Sociodemographic variables for all patients were also
recorded. They included age, gender, body mass index
(BMI), socioeconomic status, occupation and origin. All
data were provided by patients consecutively before perfor-
mance of esophageal impedance pH monitoring. Data were
collected by two of the investigators, and stored separately.
To guarantee privacy and confidentiality patient identifi-
cation information was eliminated from study data forms.
All information was recorded in a data base designed for
that purpose. Cases were numbered in chronological order
from the one closest to the start date of the impedance pH
monitoring period.

Esophageal pH-impedance studies

In all cases, the lower esophageal sphincter was located
manometrically before transnasal insertion of the monito-
ring catheter. The catheter allowed monitoring of changes
in intraluminal impedance at 3, 5,7, 9, 15 and 17 cm while
pH was monitored with a sensor at 5 cm above the upper
edge of the lower esophageal sphincter as defined mano-
metrically. BioView Analysis software (Sandhill Scientific,
Inc., Highland Ranch, CO) which is specifically designed
for analysis of esophageal manometry, was used. All traces
were also analyzed manually by a single expert observer.
The analysis was done in two-minute windows, using the
zoom tool as needed. Symptomatic indexes were only exa-
mined for esophageal symptoms of heartburn and regur-
gitation if they occurred within five minutes following a
reflux event. Data for episodes of liquid reflux and mixed
liquid and gas reflux were analyzed to determine acid pH
(nadir of pH <4) and non-acidic pH (nadir of pH> 4). The
AET percentage, number of reflux events and percentage
of bolus exposure were calculated. SAP and SI were con-
sidered positive if they were greater than> 95% and 50%,
respectively.
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Measurement of mean night baseline impedance

MNBI was analyzed by a second observer who did not
know patients’ prior data. The MNBI was evaluated in the
most distal impedance channel with the patient in supine
position during the night. Three 10-minute periods around
1:00 a.m., 2:00 a.m. and 3:00 a.m. were selected (Figure 1).
The average baseline of each period was computed with the
help of the software. Time windows containing swallowing,
reflux or pH drop were avoided. The average of the three
measurements was calculated manually, and the result was
taken as the value of the MNBL

Clinical Groups

All subjects who had an AET> 4.2 as measured by pH-
impedance and who had cardinal esophageal symptoms
were included in the group of patients with GERD. These
patients were subdivided into two groups according to
endoscopic findings: those with erosive esophagitis and
those with NERD. Symptomatic indexes were not taken
into account for diagnosis of GERD, only abnormal AET.
The healthy controls were taken from a group of patients
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referred to our center who had no esophageal or gastroin-
testinal symptoms and whose endoscopy and pH-impe-
dance measurements were normal.

STATISTICAL ANALYSIS

Statistical tools used depended on need and the type of varia-
ble. The differences between and among the GERD, EE and
NERD, and healthy control groups were analyzed through
multiple pairwise tests with Bonferroni correction with a sig-
nificance of p <0.05. Simple linear regressions were construc-
ted between MNBI and AET and between MNBI and the
number of reflux events in order to determine the relationship
of these variables through the correlation coefficients.

A receiver operating characteristic (ROC) curve was
constructed to locate the point where the GERD and con-
trol groups differed most. By measuring the area under the
curve, the effectiveness of the MNBI cut-off point for deter-
mining differences was measured. The value of this cut-oft
point was used to calculate sensitivity, specificity, positive
and negative predictive values, and accuracy for the groups.
For each of these measures, 95% confidence intervals were
calculated.
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Figure 1. pH-impedance tracing in a 10-minute window at 2 a.m. The circle and the red arrow indicate the impedance measured
in the distal esophagus used to calculate the baseline impedance.
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ETHICAL ISSUES

This study is a review and reanalysis of pH-impedance
traces taken consecutively in patients suspected of
having GERD who had been referred to our physiology
unit for this test. All clinical, demographic and physio-
logical parameters used for the study were collected for
these routine studies. The patients who underwent the
examination had clear indications for the procedure and
signed informed consent forms before undergoing it and
in accordance with current regulations. No identification
or location of patients was used in order to guarantee
anonymity, privacy and confidentiality. A unique iden-
tification number for use in our database was assigned
to each of the eligible patients and their corresponding
study results. All of this was safeguarded under the res-
ponsibility of the institution’s research coordinator.
Consolidated anonymous information was shared in a
secure and confidential manner only with the team of
researchers and study collaborators.

According to Article 11 of Colombian Resolution 8430
of 1993, this investigation is be classified in the no risk cate-
gory. In addition, the first paragraph of Article 11 establis-
hes that the Ethics Committee of the research institution
may exempt the researcher from obtaining informed con-
sent for this category of investigation.

RESULTS
Demographic and Clinical Characteristics

The 123 individuals included in this study were subdivi-
ded into 3 groups. The EE group consisted of 24 patients:
four with grade C/D esophagitis, eight with grade B/D
esophagitis and 12 with grade A/D esophagitis (Los
Angeles classification). The NERD group included 34
patients, and the group of healthy controls included 65
people. The baseline characteristics of these individuals
are presented in Table 1. Patients in the EE group inclu-
ded 10 men and 14 women whose average age was 56 + 14
years. Patients in the NERD group included 9 men and 25
women whose average age was 54 £ 11 years. The control
group included 16 men and 49 women whose average age
was 52 + 12 years. There were no significant differences
with respect to age, gender and BMI, p = ns (not signifi-
cant) for all comparisons between groups. The prevalence
of hiatal hernia was higher in patients with EE (54%) than
in those with NERD (18%) and the control group (17%)
(p <0.05 between EE and the two remaining groups), but
there was no significant difference between the NERD
and the control groups (p = ns).

Acid exposure time and reflux events evaluated by
impedance analysis

The outpatient pH-impedance monitoring study was well
tolerated by patients, and there were no technical failures or
difficulties in the data analysis. The percentage of AET was
not significantly different between the EE and NERD groups
(8.7 + 3.4 and 7.5 + 4.8, respectively, p = ns), but was bet-
ween the control group and the other two (p <. 0.001). The
number of total reflux events showed a similar trend, there
were no differences between the EE and NERD groups (73
+ 53 and 73 + 33, respectively; p = ns), but these two groups
had significantly higher numbers of events than did the con-
trol group (41 + 28, p <0.001 vs. EE vs. NERD).

Analysis of the mean night baseline impedance

MNBI analysis of the three groups was performed accor-
ding to the protocol described in the methods section. The
MNBIs were lower in the EE group (614 + 230) than in the
NERD group (924 + 50) and the control group (1,888 +
602). The difference between the numbers for the ERGE
and NERD groups is not significant (p = ns), but the diffe-
rences between the control group and the other two groups
are significant (p <0001) (Table 1 and Figure 2). A negative
linear correlation was found between MNBI and AET (r =
0.59, p <0.001) (Figure 3). This negative correlation was
also observed between the MNBI and the total number of
reflux events (r = 0.37, p <0.001) (Figure 4).
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Figure 2. Mean night baseline impedance (MNBI) in patients with EE,
non-erosive reflux disease (NERD) and control group.
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Table 1. Demographic characteristics and pH-impedance data for patients with erosive esophagitis (EE), NERD and healthy controls

Variable EE NERD Control Pairwise comparison, P value
n=24 n=234 n=65 EE vs. NERD EE vs. control  NERD vs. control
Male (n) (%) 10 (42) 9(27) 16 (25) ns ns ns
Average age, years (SD) 56 (14) 54 (11) 52 (12) ns ns ns
Average BMI (SD) 25 (6) 26 (4) 24 (4) ns ns ns
Hiatal hernia (%) 13 (54) 6 (18) 11(17) 0.0253 0.0035 ns
Average AET (SD) 8.7(3.4) 7.5(4.8) 0.7 (0.9) ns <0.001 <0.001
Average reflux events, (SD) 73 (53) 73(33) 41 (28) ns <0.001 <0.001
MNBI (ohms) (DE) 614 (230) 924 (507) 1888 (602) ns <0.001 <0.001

SD: standard deviation; EE: erosive esophagitis; NERD non-erosive gastroesophageal reflux; MNBI: mean night baseline impedance; BMI: body

mass index; ns: difference not statistically significant; AET: acid exposure time in the esophagus.

Overall capacity to diagnose GERD was determined by
ROC analysis. The area under the curve (AUC) was 0.941
(95% CI: 0.894-0.987) for MNBI, and value that maximi-
zed the sum of sensitivity and specificity was 1,102 ohms
(sensitivity 98.5%, specificity 84.5%). This was used as the
cut-off point for evaluating prediction of GERD based on
normal or abnormal acid exposure time (Figure 5).

Diagnostic yield of mean baseline nocturnal
impedance in subgroups of patients with GERD

The cutoff point of the MNBI (1,102 ohms) showed high
sensitivity and specificity in patients with GERD (EE and

NERD). Diagnostic accuracy parameters for this test are
presented in Table 2. The sensitivity of the MNBI to detect
EE was higher than that for NERD (96% and 86%, respec-
tively), but the specificity was the same for both groups
(98%). In order to evaluate the capacity of MNBI to detect
GERD, the same procedure was carried out for both groups
of patients with high AET (GERD + NERD). The MNBI
test proved highly sensitive and specific for the detection of
all patients with GERD (91% and 98%, respectively).

The measurements for MNBI as a diagnostic test for the
groups studied are presented together with their respective
confidence intervals in Table 2. None of the patients in the
control group had an MNBI below 1,102 ohms, demons-
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Figure 3. Linear correlation (negative) between AET and MNBI. The shaded area shows the 95% CI of the regression line.
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Figure 4. Negative linear correlation between number of reflux episodes and night baseline impedance. The shaded area shows
the 95% CI of the regression line.
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Figure 5. ROC curve for IBN values, the area under the curve (AUC) was 0.941 (95% CI: 0.894-0.987). The value with the highest sensitivity and
specificity was 1,102 ohms (sensitivity 98.5%, specificity 84.5%).
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Table 2. MNBI diagnostic parameters in patients with GERD

n Sensitivity Specificity PPV PNV Accuracy

(95% CI) (95% Cl) (95% Cl) (95% CI) (95% Cl)
EE 24 1,0 (0,86-1,00) 0,98 (0,92-1,00) 0,96 (0,80-1,00) 1,00 (0,94-1,00) 0,98 (0,93-0,99)
NERD 34 0,86 (0,68-0,96) 0,98 (0,92-1,00) 0,96 (0,80-1,00) 0,94 (0,86-0,98) 0,94 (0,88-0,98)
GERD (EE + NERD) 58 0,91 (0,79-0,97) 0,98 (0,92-1,00) 0,98 (0,89-1,00) 0,93 (0,84-0,98) 0,94 (0,89-0,98)

GERD: gastroesophageal reflux disease; EE: erosive gastroesophageal reflux disease; NERD: disease due to non-erosive gastroesophageal reflux; CI:
confidence interval; NPV: negative predictive value; PPV: positive predictive value.

trating that healthy esophagi and low acid exposure of
the epithelium are associated with high levels of electrical
impedance of the mucosa. On the other hand, none of the
patients with EE and only five of the 34 with NERD (14%)
had normal MNBI measurements. In conclusion, all mea-
surements consistently demonstrate that low MNBI mea-
surements are more prevalent in patients with abnormal
exposure to acid and/or EE.

DISCUSSION

In this study, we reviewed the pH-impedance tracings of
58 patients with already confirmed GERD. All had cardinal
symptoms of reflux, heartburn and/or regurgitation and
abnormal acid exposure, that were serious enough to seek
medical attention. In addition, none of them had used PPIs
in the four weeks prior to the test to ensure total absence of
acid blockade. A new parameter (mean nocturnal baseline
impedance) was assessed to determine its ability to predict
GERD. The study has shown that its levels were signifi-
cantly lower for patients with EE and NERD than for 65
healthy controls which confirms its high pathophysiologi-
cal correlation with the integrity of the esophageal mucosa.
Through the ROC analysis, an abnormal MNBI value
<1,102 ohms was defined and adopted as a cut-off point.
Using this cut-off point, the sensitivity and specificity of
this test for identifying the two phenotypes of GERD, EE
and NERD, were both quite high and consistent.
PH-impedance monitoring is the most widely used test for
diagnosing NERD in patients with symptoms of reflux and
negative endoscopy for whom PPIs totally or partially fail.
(4, S) This test’s many attributes make it a candidate for the
best diagnostic test. Its quantifies the total number of reflux
events, determines the composition of the reflux material
(air, gas or mixed), measures esophageal clearance time and
bolus exposure time, determines the proximal level reached
by the retrograde bolus, classifies the pH of the material ref-
luxed as acidic, weakly acidic or weakly alkaline, and it can be
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used to establish whether there is any association between
these events and the symptoms felt by the patient. (4)

Despite all these advantages, pH-impedance monitoring
is far from being an ideal test. The number of reflux events
and acid exposure time of a given patient varies from day
to day, so the result can be negative on a day with little
pathophysiological abnormality. On the other hand, the
reliability of the IS and SAP symptomatic indexes directly
depend on the patient’s ability to record them accurately
during monitoring. Other issues that affect diagnostic yield
include the facts that pH-impedance events cannot be
reliably detected in patients with low intraluminal baseline
impedance and that automated analysis is unreliable and
does not replace manual review of the study. Finally, there
is wide interobserver variability among the doctors who
review and interpret examination data. All this makes the
sensitivity of conventional pH-esophageal impedance para-
meters depend a great deal on the individual conditions of
each patient, the standardization of the examination in the
different medical centers, and the experience of those who
interpret the results. (12, 13)

Consequently, a surrogate marker for the evaluation of
GERD that is not affected by these limitations is evaluation
of damage to mucosal integrity associated with acid expo-
sure. (6,7, 8,9, 10 11) Changes to mucosal integrity occur
through the dilation of intercellular spaces that fill with
electrolyte-rich liquids which are good conductors of elec-
tric current that produce a low impedance signal. (14, 15) In
addition, in-vivo acid exposure leads to decreasing epithelial
electrical impedance in control subjects and in patients with
NERD. (6) This alteration of the mucosal integrity can be
evaluated by measuring increases of ionic conductance thus
becoming the basis for measurement of intraluminal impe-
dance as a marker of mucosal damage. (16) Observational
studies have shown low intraluminal impedance in patients
with esophagitis and in patients with NERD.

A series of 35 patients with GERD and 17 patients with
functional heartburn has found that those with GERD
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had lower levels of impedance measured for 30 minutes at
night than did those with functional heartburn. In addition,
esophageal biopsies showed an inverse association between
the intracellular spaces and the baseline impedance in the
distal esophagus, suggesting a pathophysiological corre-
lation between these two phenomena. That study found
that an impedance cut-off point of 2,100 ohms identified
patients with GERD with positive and negative predictive
values of 75%. (6) Interestingly, patients with hypersensi-
tive esophagi have also been shown to have significantly
lower baseline impedance than do healthy controls with
similar acid exposure times. ()

Another study of 48 patients with GERD found that
mean baseline impedance rose from 886 to 1,372 ohms
after administration of PPIs, indicating that the reduction
of epithelial aggression factors not only decreases inflam-
mation but also reestablishes baseline impedance levels.
(8) In a cohort study of 30 patients with heartburn, the
baseline impedance was significantly lower in those who
responded to PPIs than in those who did not. (9) Another
similar study found that a baseline impedance of 2,446
ohms had positive and negative predictive values for identi-
fying patients with heartburn who respond to PPIs of 82%
and 96%, respectively. (10)

Finally, a very recent study of 289 patients with GERD
found that MNBI identified patients with EE and patients
with NERD with high levels of sensitivity and specificity.
Sensitivity for EE was 100%, and specificity for EE was 91%
while they were 99% and 86% respectively for pH positive
NERD and 77% and 56% respectively for pH negative
NERD. That study was based on diagnosis of patients with
GERD symptoms who had responded to treatment with
PPI. For this parameter the cut-off point for MNBI was 2,292
ohms. (11) The results of these studies indicate that baseline
impedance correlates with changes in mucosal integrity, and
that it can discriminate between NERD and hypersensitive
esophagus from functional heartburn and can serve as a pre-
dictor of PPI response in patients with GERD.

In this study, patients with GERD were defined as those
who had an abnormal AET greater than 4.2%. They were
divided into EE and GERD groups using ROC analy-
sis based on endoscopy. We defined the cut-oft value of
the MNBI that best separates patients with GERD from
healthy controls with high diagnostic accuracy.

According to the ROC analysis, the best level of AUC
for differentiating GERD patients from healthy patients
was achieved with 1,102 ohms. To avoid adverse effects of
PPIs on AUC performance, we only included patients who
had not used these drugs for the previous four weeks. Our
MNBI cut-off point is lower than those reported in pre-
viously mentioned studies. (9, 11) This is probably because
selection of healthy and sick patients in those studies was

based on the symptomatic response to PPIs. Consequently,
some healthy patients could have been wrongly categorized.
Also patients with milder forms of GERD such as hyper-
sensitive esophagus could have been wrongly categorized.
In our study, we only admitted patients with high values of
AET, with or without esophagitis, which guaranteed that all
patients with GERD were truly positive. For the same rea-
son, it is possible that the severity of the disease was greater
in our sample than in those of other studies.

We found that the MNBI is inversely related to AET and
to the total number of reflux events, two known parame-
ters of the pathophysiology of GERD. This suggests that
changes in MNBI are direct consequences of damage to the
integrity of the mucosa. The lowest levels of MNBI were
found in patients with EE which is consistent with the idea
that greater epithelial damage reduces baseline impedance
more and also suggests that baseline impedance could be
restored with the use of PPIs.

In our series, only five of 58 patients with GERD (8.6%)
had normal MNBI values (> 1,102 ohms). This corres-
ponds to a sensitivity of 91%. All these patients belonged
to the NERD group. In contrast, all patients with EE had
abnormal MNBIs (<1,102 ohms), highlighting the fact
that this parameter is directly related to the magnitude of
epithelial damage. On the other hand, only one (1.5%)
of the healthy controls had an abnormal value of MNBI
conferring a high level of specificity to the test (98%). This
means that the MNBI has a great capacity for ruling out
GERD when measurements are normal for a given patient.

Unlike conventional pH-impedance analysis and editing
that takes an average of 30 minutes, the MNBI calculation
is easy. It only takes a few minutes and is not operator-
dependent since it only requires measurements of the dis-
tal baseline impedance during three separate ten-minute
period. Our study did not allow us to conclude that this
new parameter should replace the complete impedance pH
monitoring examination, but it is an additional criterion
that can support or reject a diagnosis when the results are
borderline or the interpretation is erroneous.

Because of MNBI’s high levels of diagnostic sensitivity
and specificity, we believe when there is a high level of cli-
nical suspicion of GERD, but normal parameters of pH-
impedance measurement and abnormal values of MNBI, a
diagnosis of GERD cannot be ruled out. The usefulness of
this new parameter for predicting responses to surgical or
endoscopic antireflux procedures in patients with refractory
GERD or in those who do not respond to PPLis a point that
should be investigated in future prospective studies.

In conclusion, MNBI improves the diagnostic yield of
conventional esophageal impedance pH monitoring for
GERD. It is not affected by the known limitations of pH-
impedance because it is a reliable indicator of mucosal inte-
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grity. Adding the MNBI measurement to the conventional
criteria of impedance studies can significantly improve our
ability to diagnose GERD.
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