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Abstract: (1) Objectives: Assessment of novel impedance parameters such as the post-reflux swallow-
induced peristaltic wave (PSPW) index and mean nocturnal baseline impedance (MNBI) have been
proposed to enhance the accuracy of gastroesophageal reflux disease (GERD) diagnosis. We aimed
to evaluate the clinical value of MNBI and the PSPW index in discerning different phenotypes of
GERD in children. (2) Methods: We conducted a prospective, observational study that included
49 children aged 5-18 years, referred for MII-pH monitoring due to negative endoscopy and persisting
gastroesophageal reflux symptoms despite acid-suppressant treatment. The PSPW index and MNBI
were assessed along with conventional metrics. (3) Results: Using a receiver operating characteristic
(ROC) curve analysis, MNBI (AUC 0.864) and the PSPW index (AUC 0.83) had very good performance
in differentiating between non-erosive reflux disease (NERD) and functional phenotypes. The PSPW
index (AUC 0.87) discriminated better between functional heartburn (FH) and reflux hypersensitivity
(RH) compared to the MNBI (AUC 0.712). A PSPW cut-off value of 65% provided a sensitivity of
76.9% and a specificity of 90% in distinguishing FH and RH. The PSPW index (AUC 0.87) proved
to have better performance than the MNBI (AUC 0.802) in differentiating between FH and non-FH
patients. MNBI diagnosed FH with a sensitivity of 84% and a specificity of 80.6% at a cut-off value
of 2563 Q). (4) Conclusions: The PSPW index and MNBI are useful to distinguish between GERD
phenotypes in pediatric patients.

Keywords: GERD; MNBL PSPW; children

1. Introduction

Gastroesophageal reflux disease (GERD) is defined as the reflux of gastric contents
into the esophagus, leading to a spectrum of bothersome symptoms and potential compli-
cations [1-3].

The prevalence of pediatric GERD differs among various age groups and populations,
with a global range of 0.2% to 40% [4]. In Asian infants, the prevalence was found to peak at
26.5% at six weeks of life and decreased to 1.1% by 12 months of age [5]. In the United States,
a range of 5.2% to 8.2% of children between the ages of 10 and 17 experience symptoms
of GERD on a weekly basis [6]. Also, 12.4% of children who underwent endoscopy were
diagnosed with erosive esophagitis [7]. Conversely, the United Kingdom had a reported rate
of 10.9 cases per 1000 inhabitants per year from 2000 to 2005, when individuals were newly
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diagnosed with reflux esophagitis [8]. In France, about 10% of children and adolescents
show gastroesophageal reflux (GER) symptoms and about 6% have GERD [9]. A systematic
review noted that in children older than 18 months, GERD symptoms are present in >10%
on a weekly basis and in 25% on a monthly basis, with an overall pooled prevalence from
four cross-sectional studies of 26.9% [4]. The prevalence rate of endoscopically proven reflux
esophagitis in children in Korea was reported to be 28.7%, according to Yang et al. [10].

In pediatric patients, GERD can present with a variety of manifestations. Symptoms
observed in infants and young children include regurgitation, gagging, irritability, crying
episodes, feeding difficulties, failure to thrive, and sleep disturbances. Additionally, infants
may exhibit extraesophageal symptoms such as coughing, wheezing, arching of the back
and neck, and even life-threatening events like choking or apnea. In older children and
adolescents, clinical presentations resemble those seen in adults, including gastrointestinal
symptoms like heartburn, retrosternal or epigastric pain, dysphagia, chronic regurgitation,
nausea, nocturnal pain, and sour burps or extraesophageal manifestations, including
chronic cough, wheezing, hoarseness, sore throat, and dental erosions [2,6,11,12].

Visible lesions of the esophageal mucosa detected during endoscopy serve as diag-
nostic markers for erosive reflux disease (ERD) [2,8,10,13]. However, over time, a subset
of patients with typical reflux symptoms showed a poor response to acid suppression,
indicating that acid might not be the only cause behind their symptoms [14]. Persistent
symptoms despite acid suppression prompted further diagnostic investigations, like com-
bined 24 h multichannel intraluminal impedance and pH monitoring (MII-pH), revealing
the involvement of other factors such as weakly acidic reflux, esophageal hypersensitivity,
functional issues in symptom perception, and motility disorders [15-21].

MII-pH monitoring is capable of detecting both acid and non-acid reflux by monitoring
changes in electrical impedance during the passage of liquid, solid, or gas bolus between
measuring electrodes at various esophageal levels, irrespective of the physical or chemical
characteristics of the bolus, as evidenced by several studies [22-33]. MII-pH monitoring is
the most sensitive diagnostic tool for assessing GERD, describing the correlation between
reflux and symptoms in patients exhibiting typical and atypical symptoms [12,34—42]
The current European and North American guidelines [2] recommended 24 h MII-pH
monitoring in children whose endoscopy results are normal but continue to have symptoms
despite receiving acid suppression therapy for 4-8 weeks.

The contemporary understanding of GERD in both adults and children now portrays
it as a spectrum of phenotypes [43,44] rather than a singular diagnosis, as emphasized
in the 2016 Rome 1V classification of functional esophageal disorders [2]. Patients with
negative endoscopy, having abnormal esophageal acid exposure observed during combined
24 h MII-pH, represent the phenotype that is described as non-erosive reflux disease
(NERD) [23,45-51]. Those patients with normal esophageal acid exposure and positive
symptom correlation are diagnosed with reflux hypersensitivity (RH), and those with
normal esophageal acid exposure and negative symptom correlation are categorized as
having functional heartburn (FH) [43]. Blasi et al. [52] described a fourth phenotype, normal
reflux index not otherwise specified (“normal RI-NOS”), consisting of patients characterized
by normal esophageal acid exposure time and an unreliable symptom association due
to less than three reported symptoms during MII-pH monitoring. While not explicitly
delineated by the Rome IV criteria, these patients are unlikely to have a positive response
to acid-suppressive medication because their esophageal acid exposure is normal.

Proper classification into these subgroups holds significant therapeutic implications,
as patients in each category may exhibit differential responses to medical and surgical
interventions. There are little data regarding the prevalence of GERD phenotypes in
pediatric patients and the treatment outcome [52,53].

Two new impedance-pH metrics have been proposed recently: post-reflux swallow-
induced peristaltic wave (PSPW) index and mean nocturnal baseline impedance (MNBI) [54].
MNBI quantifies the baseline electrical resistance of the esophageal mucosa during inter-
vals with no reflux episodes, potentially indicating mucosal integrity and the burden of
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reflux [55,56]. Conversely, the PSPW, characterized by an antegrade esophageal contraction
subsequent to reflux episodes, mirrors the efficacy of esophageal peristalsis in the reflux
clearance from the esophageal lumen [57].

The MNBI and PSPW index have emerged as promising objective metrics for improv-
ing the diagnostic accuracy of MII-pH monitoring, especially in distinguishing between
various phenotypes of GERD [58,59]. Very little data have been published about the utility
of the MNBI and PSPW index in children.

In adult studies, these parameters are regarded as providing a more accurate delin-
eation of the GERD phenotype, especially in cases of inconclusive acid exposure time [58,60],
enhancing the diagnostic process [57,61,62] and improving predictions of the efficacy of
anti-reflux therapies [63—-65]. The MNBI and PSPW index have demonstrated a high diag-
nostic yield for delineating GERD phenotypes of GERD, with several authors [54,59,66-68]
advocating their routine assessment despite concerns about the fact that the calculation is
time-consuming and can vary due to manual measurement. In this regard, expert recom-
mendations for a standardized identification of the PSPW index in clinical practice were
provided by the recent Wingate Consensus [69].

The addition of the PSPW index and MNBI to MII-pH monitoring protocols in adults
has notably enhanced GERD diagnostic abilities, offering clinicians essential ways to
improve patient care and treatment outcomes [70,71].

Nonetheless, the utility of the PSPW index and MNBI in pediatric GERD remains
not fully comprehended. While research conducted on adult cohorts has demonstrated
the diagnostic potential, the distinctive challenges and factors inherent to the pediatric
population may impact the relevance and interpretation of these parameters [72].

The aim of this study was to evaluate the clinical value of the MNBI and PSPW
index, to explore the potential association between these parameters, and to assess their
effectiveness in discerning different phenotypes of GERD in children.

2. Materials and Methods
2.1. Study Design and Patient Selection

We conducted a prospective, observational, single-center study between October 2019
and December 2023 at Emergency Clinical Hospital for Children, 3rd Pediatric Clinic, that
included pediatric patients aged 5-18 years, referred for MII-pH monitoring due to normal
endoscopy and persisting gastroesophageal reflux symptoms despite acid-suppressing
treatment. We included patients who were able to describe typical GERD symptoms
like heartburn, epigastric pain, and regurgitation. Other inclusion criteria were the ab-
sence of esophageal erosions during endoscopy and persisting symptoms after at least
4 weeks of acid-suppressing treatment. Only recordings with a duration of at least 20 h
were included. The exclusion criteria comprised individuals presenting with erosive or
eosinophilic esophagitis, a history of gastric or esophageal surgical interventions, diag-
nosed esophageal motor dysfunctions, peripheral and autonomic neuropathies, those with
neurological or psychiatric impairments, and those failing to meet the predefined inclusion
criteria. We used a convenience sample because the proportion of GERD patients is not
known among the Romanian pediatric population.

This study was conducted in accordance with the Declaration of Helsinki and was
approved by the local ethics committee (Nr. 299/11.09.2019). Written informed consent
was also obtained from parents of the children before inclusion in the study.

2.2. Twenty-Four-Hour Impedance-pH Monitoring

Twenty-four-hour MII-pH (Sandhill Scientific, Highlands Ranch, CO, USA) monitoring
was conducted concurrently in all patients. Catheters with a diameter of 2.13 mm/6.4 Fr
with seven impedance sensors and one pH sensor were used. Prior to each examination,
catheters were pre-calibrated in buffer solutions with pH of 4 and 7 and after that, were
inserted via the anterior nares. The six impedance sensors are located at 3, 5, 7, 9, 15,
and 17 cm above the lower esophageal sphincter at Z6 = 3 ¢cm, Z5 =5 cm, Z4 =7 cm,
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Z3 =9 cm,Z2=15cm, and Z1 = 17 cm, respectively. The catheter placement was established
according to the formula proposed by Mutalib et al. [73] and checked through fluoroscopy.
Patients had fasted for at least 4 h prior to the catheter insertion. Proton pump inhibitors,
histamine H2-receptor blockers, and prokinetic drugs were stopped seven days prior to the
investigation in accordance with the current recommendation [74].

Liquid reflux was defined as a drop in impedance to >50% of the baseline impedance
(BI) value starting from the most distal sensors and propagating up to at least the next two
proximal sensors. Reflux was classified as acid at pH < 4 or non-acid at pH > 4 for the
purpose of the study. An abnormal number of reflux episodes was considered >70 in 24 h,
although a rationale for these cut-off values does not exist yet. A reflux index (RI), also
known as acid exposure time (AET), above 7% was considered abnormal; a reflux index
below 3% was normal, and a reflux index between 3 and 7% was indeterminate, according
to most of the guidelines [1,41,74]. Classic parameters were calculated automatically by
the Sandhill Bioview Analysis software: mean acid clearance time (MACT); mean bolus
clearance time (MBCT); symptom index (SI) representing the number of reflux-related
symptoms in the total number of symptom episodes (x100%), considered to be positive
when >50%; symptom sensitivity index (SSI, reported as %), the percentage of symptom-
associated GER events divided by the total number of GER events, with a value of >10%
considered significant; and the symptom association probability (SAP), which represents
the likelihood that the patient’s symptoms are related to reflux episodes. By agreement,
the SAP is considered to be positive when it is >95% [2]. We considered a reliable SAP
when the symptom was reported at least 3 times. In patients with indeterminate RI and
positive SAP and/or SI, pathological number of reflux episodes distinguished between
NERD patients and those with RH.

MNBI was measured using the two most distal impedance channels (MNBI at 3 cm
above the low esophageal sphincter (LES) and MNBI at 5 cm above the LES) by two
methods. The conventional MNBI was measured as described by Martinucci et al. [75]
during the nighttime while the patients were in a recumbent position. MNBI value was
determined from the average value of three stable 10 min intervals at 1:00 AM, 2:00 AM,
and 3:00 AM, excluding pH drops, swallows, or reflux episodes.

PSPW is defined by a 50% drop in impedance occurring within 30 s of a reflux episode,
starting at the most proximal impedance channel and extending to the most distal one,
followed by at least a 50% return to baseline [57]. Manual analysis of the number of
episodes followed by the swallow peristaltic wave was required as the software does not
have an automatic measuring function. The PSPW index was calculated by dividing the
number of PSPWs by the number of reflux events. Time periods, including swallows,
refluxes, and pH drops, were avoided.

2.3. Statistical Methods

For the statistical analysis, Statistical Package for Social Sciences (IBM SPSS® version
29.0.2.0 for Windows, IBM Crop. Armonk, New York, NY, USA) and R version 4.0.5 with R
Commander were used (R Foundation for Statistical Computing, Vienna, Austria). Shapiro—
Wilk test, skewness, and kurtosis were used to evaluate quantitative data distribution.
Quantitative data with normal distribution were presented as mean =+ standard deviation
or median and interquartile ranges for non-normal distribution. We used the Chi-square
test to compare frequencies and Fisher’s exact test when the expected frequencies were
under 5. ANOVA analysis was used when comparing multiple groups, and Student’s
test was used when we compared quantitative data. To evaluate the correlation between
quantitative data, we used Pearson’s correlation coefficient. The diagnostic performance of
parameters such as MNBI and PSPW was evaluated using the area under the ROC curve
(AUROC) analysis, using the maximum Youden index. Cut-off values were determined
based on the ROC curve to optimize sensitivity and specificity, ensuring the best overall
diagnostic accuracy. A p-value of less than 0.05 was considered statistically significant.
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3. Results

Fifty-one patients were eligible for our study. Two were excluded due to technical
issues during the recording. Of the forty-nine patients included for analysis, 12 (24.5%)
had non-erosive reflux disease (NERD), 20 (40.8%) had reflux hypersensitivity (RH), 13
(26.5%) had functional heartburn, and 4 (8.2%) had a normal reflux index not otherwise
specified (RI-NOS). The general characteristics of the patients are presented in Table 1.
Our study included 23 male patients (46.9.6%) and 26 female patients (53.1%). There were
significantly more male patients having NERD and normal RI-NOS. No difference was
observed regarding the BMI percentile among the phenotypes.

Table 1. Demographic characteristics among phenotypes.

NERD (n =12) RH (n = 20) FH (n = 13) Normal RI-NOS (n = 4) p-Value
Age years (mean + SD) 13.42 £2.27 134 £3.6 14.46 £ 2.07 12.75 £ 4.72 0.69
Sex (male %) 75 40 23.08 75 0.03
BMI for age—percentile (%) 499 +£28.3 47.4 + 30.7 51.4 +38.4 63.5 1+ 40.84 0.85

NERD, non-erosive reflux disease; RH, reflux hypersensitivity; FH, functional heartburn; Normal RI-NOS, normal
reflux index not otherwise specified; SD, standard deviation; NS, not significant. BMI for age—percentile, body
mass index for age—percentile [76].

Figure 1 illustrates the prevalence of frequently reported symptoms during MII-pH
monitoring in the study population, as well as their distribution among NERD, RH, and
FH patients. Other reported symptoms included globus, belching, and hiccups. There was
no statistically significant association found between symptoms and gender.

Heartburn Abdominal pain Regurgitation Nausea Cough

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
B NERD  mReflux hypersensitivity B Functional heartburn

Figure 1. Symptoms reported during MII-pH monitoring by phenotype.

The MII-pH conventional metrics and the novel parameters among different pheno-
types are shown in Table 2. NERD patients had a significantly higher number of reflux
episodes compared to non-NERD patients (p = 0.003). There was no significant difference
in bolus clearance time among the four groups. FH and normal RI-NOS patients had fewer
proximal reflux episodes compared to NERD patients.
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Table 2. Esophageal multichannel intraluminal impedance and pH monitoring parameters.

NERD RH FH Normal RI-NOS p-Value
Reflux index (mean =+ SD) 783+ 12 153 +1.2 0.98 + 098 0.9 +0.61 <0.001
Total reflux episodes 94.7 + 443 66.3 4 45.4 32.8 4+ 15 36 +29.5 0.003
(mean + SD)

Acid reflux episodes 76.3 + 37.8 31.6 + 222 189 4+ 11.8 20.8 -+ 11.4 <0.001
Proximal reflux episodes 53.4 + 24 34 +27.1 158 4 6.7 17.3 + 15.02 0.001
Mean acid clearance time 120.6 + 79.8 62.7 + 46.7 53.8 + 51.8 445 +30.3 0.01

(s) (mean + SD)
Bolus clearance time (s) 12.3 + 3.55 154 + 5.9 12.5 + 3.18 16.5 + 6.76 0.16
(mean + SD)
MNBI at 5 cm above LES 1812 + 875 2645 + 984 3256 + 613 1941 + 1146 0.001
MNBI at 3 cm above LES 1121 + 773 2281 + 890 2882 + 526 1652 4 1225 <0.001
PSPW index (%) 36.1 + 13.9 47.6 + 14.8 69.9 + 14.4 65.4 +11.3 <0.001

NERD, non-erosive reflux disease; RH, reflux hypersensitivity; FH, functional heartburn; Normal RI-NOS, normal
reflux index not otherwise specified; SD, standard deviation; NS, not significant; MNBI, mean nocturnal baseline
impedance; PSPW, post-reflux swallow peristaltic wave; LES, low esophageal sphincter.

A significant negative correlation was found between the MNBI at 3 cm and the reflux
index (r = —0.52, p < 0.001). We found a significant statistical difference between the MNBI
at 5 cm and the MNBI at 3 cm values among GERD phenotypes (p = 0.001) presented in
Figures 2 and 3 FH patients had the highest value of MNBI at 5 cm, while NERD patients
had the lowest value, significantly different from patients with normal acid exposure
(p < 0.001). There was no difference between the MNBI at 3 cm, MNBI at 5 cm, and PSPW
index values comparing FH patients with those categorized as normal RI-NOS.

5000

4000 l

3000 —"

2000

1000

NERD RH FH

MNBI at5 cm

MNormal RI-NOS

Figure 2. Distribution of MNBI at 5 cm above the LES values between GERD phenotypes (p = 0.004).
MNBI, mean nocturnal baseline impedance; NERD, non-erosive reflux disease; RH, reflux hypersen-
sitivity; FH, functional heartburn; Normal RI-NOS, normal reflux index not otherwise specified.
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NERD RH FH Normal RI-NOS

MNBI at3 cm

Figure 3. Distribution of MNBI at 3 cm above the LES values between GERD phenotypes (p < 0.001).
MNBI, mean nocturnal baseline impedance; NERD, non-erosive reflux disease; RH, reflux hypersen-
sitivity; FH, functional heartburn; Normal RI-NOS, normal reflux index not otherwise specified; LES,

low esophageal sphincter.

The PSPW index values across GERD phenotypes were significantly different
(Figure 4). Patients with NERD had the lowest PSPW values, followed by the RH and FH
patients. We found a significantly higher PSPW index among patients with FH compared
to those with RH (p < 0.01) and compared to NERD patients (p < 0.01).

100%

80%

PSPW index

40%

20%

0%

NERD RH FH Normal RI-NOS

Figure 4. Distribution of PSPW index values among the GERD phenotypes. PSPW, post-reflux swal-
low peristaltic wave; NERD, non-erosive reflux disease; RH, reflux hypersensitivity; FH, functional
heartburn; Normal RI-NOS, normal reflux index not otherwise specified.

We assessed the performance of the MNBI at 5 cm, MNBI at 3 cm, and PSPW index in
differentiating between non-erosive phenotypes (Table 3).
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Table 3. Performance of MNBI at 5 cm, MNBI at 3 cm, and PSPW index in delineating GERD
phenotypes.

NERD vs. Non-NERD Phenotypes (RH, FH, and Normal RI-NOS)

AUC (CI195%) Cut-off Sensitivity Specificity PPV NPV p-Value

MNBI at 5 cm 0.795 (0.656-0.934) 2328 ) 72.97% 83.33% 93.1% 50% <0.001
MNBI at 3 cm 0.864 (0.756-0.972) 1457 O 89.19% 75% 91.67% 69.23% <0.001
PSPW index 0.83 (0.707-0.953) 43% 83.78% 75% 91.18% 60% <0.001

FH vs. RH

AUC (CI95%) Cut-off Sensitivity Specificity PPV NPV p-Value

MNBI at 5 cm 0.712 (0.532-0.891) 2537 Q) 92.32% 55% 57.14% 91.67% <0.001
MNBI at 3 cm 0.70 (0.513-0.887) 2596 O 70% 64.71% 64.71% 87.5% <0.001
PSPW index 0.87 (0.734-1.008) 65% 76.9% 90% 83.3% 85.71% <0.001

FH vs. Normal RI-NOS

AUC (CI195%) Cut-off Sensitivity Specificity PPV NPV p-Value

MNBI at 5 cm 0.865 (0.688-1.043) 2979 QO 76.92% 100% 100% 57.14 <0.001
MNBI at 3 cm 0.788 (0.424-1.153) 1706 O 100% 75% 92.86 100% <0.001
PSPW index 0.625 (0.322-0.928) 70% 61.54% 75% 88.89% 37.5% <0.001

FH vs. non-FH (NERD, RH, and Normal RI-NOS)

AUC (CI 95%) Cut-off Sensitivity Specificity PPV NPV p-Value
MNBI at 5 cm 0.801 (0.674-0.929) 2937 Q) 76.9% 80.6% 58.8% 76.9% <0.001
MNBI at 3 cm 0.802 (0.676-0.928) 2563 () 84.6% 80.6% 61.1% 93.55% <0.001
PSPW index 0.87 (0.103-0.386) 64% 76.9% 88.9% 71.4% 91.43% <0.001

A receiver operating characteristic (ROC) curve analysis revealed that the MNBI at
3 cm (AUC 0.864 and 95% CI 0.756-0.972) and the PSPW index (AUC 0.83 and 95% CI
0.707-0.953) demonstrated excellent ability to differentiate between NERD and non-NERD

phenotypes (Figure 5).
10
0&
£
:; 06
7]
c
1+
w
0.4
MMEBI at 5 cm
02 MMEBI at 3 cm
’ PSPW index
00
00 02 0.4 0.6 0.8 10

1 - Specificity

Figure 5. ROC curves for MNBI at 5 cm, MNBI at 3 cm, and PSPW index to differentiate NERD
patients from non-NERD patients.
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The MNBI at 3 cm was able to distinguish NERD from non-NERD phenotypes with a
sensitivity of 89.19% and a specificity of 75% at a cut-off value of 1457 ().

In distinguishing between FH and RH patients, the PSPW exhibited greater effective-
ness, having an AUROC of 0.87 (95% CI 0.734-1.008) compared to the MNBI at 5 cm with
an AUC of 0.712 (CI 95% 0.532-0.891). A PSPW cut-off value of 65% provided a sensitivity
of 76.9% and a specificity of 90% in discriminating RH from FH. The MNBI showed good
performance, with a sensitivity of 92.32% and a specificity of 55% at a cut-off value of
2537 Q).

All three metrics showed an excellent ability to discriminate functional heartburn FH
from the rest of the phenotypes. The PSPW index (AUC 0.87 and CI 95% 0.103-0.386) had a
similar performance to the MNBI at 3 cm (AUC 0.802 and CI 95% 0.676-0.928), being able
to diagnose FH with a sensitivity of 76.9% and a specificity of 88.9% at a cut-off value of
64%. However, the MNBI at 3 cm had the capacity of predicting the presence of FH with a
sensitivity of 84% and a specificity of 80.6% at a cut-off value of 2563 ().

For patients with inconclusive reflux index (3-7%), an acceptable differentiation capac-
ity between NERD and RH was observed for the MNBI at 5 cm, with a sensitivity of 66.6%
and a specificity of 66.67% (AUC = 55.6%) at a cut-off value of 2262 ().

A strong correlation was found between the MNBI at 3 cm and reflux index (r = —0.52
and p < 0.001). We evaluated if there was any correlation between the PSPW index and
the MNBI at 5 cm and the MNBI at 3 cm. Using the Pearson correlation coefficient, we
observed a significant statistically positive correlation between MNBI and PSPW (r = 0.438
and p = 0.002).

4. Discussion

Due to the wide use of MII-pH monitoring in patients with no esophageal lesions
detected during upper endoscopy, GERD has evolved to a spectrum of phenotypes, each
characterized by its distinct underlying pathophysiological mechanisms. Understanding
the mechanisms behind the range of GERD phenotypes in children is essential for tailoring
effective treatment. The prevalence of non-erosive phenotypes was examined in two studies
using the Rome IV criteria among children >5 years of age with negative endoscopy and
off-therapy. Mahoney et al. [53] showed that among 45 children, 27% were diagnosed as
having NERD, 29% as RH, and 44% as FH. Blasi et al. [52] confirmed, in a larger multicenter
study, that among 68 children, FH was the most prevalent phenotype at 38.2%, followed by
NERD at 26.5% and acid reflux hypersensitivity (RH) at 20.6%. The prevalence of NERD,
as shown in our study, is 24.5%, which is consistent with the data published. We found a
different prevalence of RH (40.8%) and FH (26.5%). By categorizing the 8.2% of our patients
with normal reflux index not otherwise specified (RI-NOS) as functional heartburn, the
prevalence of FH would be similar to the data presented in the previous studies. Adult
studies applying the same criteria found a lower prevalence of RH (14.6-35%); FH ranged
from 21.9 to 35.35%, and there was a higher prevalence of NERD (40-58.5%) [77-79].

4.1. MNBI

Studies showed that acid exposure disrupts intercellular junctional complexes within
the esophageal epithelium. This often causes a leakage between cells and the dilation of
intercellular spaces. This damaged epithelium has lower electrical resistance compared
to the normal one, resulting in low impedance in pH-MII [80-83]. We found a significant
correlation between the MNBI at 3 cm and acid exposure time (r = —0.52, p < 0.001). In
our study, a significantly different MNBI at 3 cm was found in children with an abnormal
reflux index compared to those with a normal reflux index. Several studies have shown
that pediatric patients with abnormal acid exposure have significantly lower MNBI values
compared to those with normal acid exposure time. Rosado-Arias et al. [84] and Blasi
et al. [52] reported that pediatric patients with severe esophagitis have a lower MNBI than
patients with non-severe esophagitis. This suggests that measuring nocturnal baseline
impedance may be a valuable diagnostic tool, potentially eliminating the need for upper
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gastrointestinal endoscopy in assessing esophagitis. Blasi et al. [52] described a lower
MNBI among children with NERD compared to those with functional phenotypes of GERD.
Sabban et al. [85] reported statistically significantly higher MNBI values in children with
FH compared to those diagnosed with RH (p = 0.001).

These findings align with data from adult patients, where MNBI has been shown to be
lower in patients with RH and NERD compared to those with functional heartburn and
healthy individuals [86]. Moreover, MNBI has been reported to differentiate FH patients
from those having NERD with increased accuracy [65,87].

Using a ROC curve analysis, we observed an excellent ability of the MNBI at 3 cm (AUC
0.864 and CI 95% 0.756-0.972) in differentiating between NERD and non-NERD phenotypes.

The MNBI at 3 cm was able to distinguish NERD from non-NERD phenotypes with a
sensitivity of 89.19% and a specificity of 75% at a cut-off value of 1457 (). To the best of our
knowledge, there is no published data on the accuracy of MNBI in distinguishing between
NERD pediatric patients and those with RH or FH. There is also limited data on the role
of MNBI in distinguishing GERD in pediatric patients. Rosado-Arias et al. [88] showed
that MNBI at channel 6 had an acceptable capacity to diagnose GERD in children, with an
AUC of 0.668, a sensitivity of 100%, and a specificity of 45% at a cut-off value of 2183 Q).
Eiamkulbutr et al. [72] showed that at a cut-off value of 1466 ohms, with a sensitivity of
50.0% and a specificity of 33.33%, MNBI could diagnose GERD in children. Concerning
the overall ability to diagnose GERD, Frazzoni et al. [57] found an AUC for the MNBI
of 0.876 (95% confidence interval, 0.833-0.918, and with the best cut-off value of 2292 ).
Another study [61] reported a cut-off of 2061 ohms, with an AUC of 0.792. This cut-off
yielded a sensitivity of 74.9% and a specificity of 67.4% [61]. There is no international
consensus on the MNBI or PSPW index cut-off values, neither in children nor in adults. A
multicenter study has redefined the cut-off values for the MNBI as 2000 ) [67]. Another
study conducted on the Chinese population indicated that the positive cut-off values for
proximal MNBI and distal MNBI were 1960.5 () and 1890.6 (), respectively, based on an
ROC analysis [89]. Additional research and validation are needed to create standardized
diagnostic criteria. In distinguishing between FH and RH patients, we found that the
MNBI at 5 cm had an AUC of 0.712 (CI 95% 0.532-0.891), showing good performance. It
had a sensitivity of 92.32% and a specificity of 55% at a cut-off value of 2537 ). Frazzoni
et al. [55] reported that the PSPW index had an AUC of 0.924 (95% confidence interval
0.879-0.969) and the MNBI had an AUC of 0.864 (95% confidence interval 0.809-0.919) in
distinguishing between FH and RH patients, suggesting that a diagnosis of RH can be
confirmed in most of the cases with a combined assessment of the MNBI and PSPW index,
independently of classic association metrics like SI or SAP. Gao et al. [90] showed that MNBI
yielded areas under the curve of 0.643 (95% CI 0.570-0.716), significantly distinguishing
between FH and RH. Impairment of mucosal integrity and chemical clearance can explain
the hypersensitivity of the esophageal mucosa even to normal acid exposure.

Both the MNBI at 5 cm and the MNBI at 3 cm showed an excellent ability to discrimi-
nate functional heartburn FH from the rest of the phenotypes. The MNBI at 3 cm (AUC
0.802 and CI 95% 0.676-0.928) was able to diagnose FH with a sensitivity of 76.9% and a
specificity of 88.9% at a cut-off value of 64%. However, the MNBI at 3 cm had the capacity
of predicting the presence of FH with a sensitivity of 84% and a specificity of 80.6% at a
cut-off value of 2563 ().

The MNBI at 5 cm demonstrated an acceptable differentiation capacity between NERD
and RH for patients with inconclusive reflux index (3-7%), with a sensitivity of 66.6% and
a specificity of 66.67% (AUC = 55.6%) at a cut-off value of 2262 (). In adult studies, MNBI
has proven effective in precisely evaluating GERD phenotypes, particularly in situations
where conventional metrics yield unclear outcomes. [16,58,59,65,91].

In pediatric patients, low MNBI values are correlated with endoscopically proven
reflux esophagitis. It may become a predictor of esophageal damage, offering the advantage
of being less invasive and not requiring fasting or sedation.
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4.2. PSPW

The PSPW index values across GERD phenotypes were significantly different. We
found a significantly higher PSPW index among patients with FH compared to those with
RH (p < 0.01) as well as compared to NERD patients (p < 0.01). Two studies conducted
on pediatric patients [44,92] reported a lower PSPW index in pediatric patients diagnosed
with GERD compared to those having NERD or functional phenotypes, demonstrating
a negative correlation between the PSPW index and acid exposure time. Blasi et al. [29]
confirmed this finding, suggesting a possible connection between a lower PSPW index and
increased acid exposure time.

In our study, the PSPW index had an excellent performance (AUC 0.83 and CI 95%
0.707-0.953) with a very good capacity to differentiate between NERD and non-NERD
phenotypes. Frazzoni et al. [66] reported an AUC for the PSPW index of 0.886, indicating
its high discriminatory ability between NERD and FH in adult patients.

Sabban et al. [85] conducted a study in which patients with RH had significantly
lower PSPW index values compared to those with FH (p = 0.01). In another study, Sabban
et al. [93] found a lower PSPW index in pediatric patients with respiratory symptoms
suggesting GERD compared to patients with typical gastrointestinal symptoms.

Differentiating between RH and FH is crucial due to different approaches in means of
treatment, but it remains challenging, especially when conventional metrics are inconclu-
sive [55]. Our study reveals that the PSPW index had an excellent ability to discriminate
between RH and FH patients, with an AUC of 0.87 (95% CI 0.734-1.008). At a cut-off value
of 54.5%, it provided a sensitivity of 76.9% and a specificity of 90% in discriminating RH
from FH. Similar data were obtained by Gao et al. [90] in adult patients, revealing a cut-off
value of 0.728 (95% CI 0.661-0.796).

Frazzoni et al. [94] demonstrated in a prospective study conducted in multiple centers
on adults that the PSPW index was the only parameter able to predict the lack of response
to GERD treatment (OR 1.082 and p = 0.007).

A recent study among patients exhibiting extraesophageal manifestations of GERD
was conducted by Ribolsi et al. [68] and revealed that assessing the PSPW index enhanced
the diagnostic accuracy of impedance-pH monitoring when compared to classic metrics
like AET, SAP, and the presence of typical symptoms. They reported a sensitivity of 75%
and a negative predictive value (NPV) of 76% for GERD diagnosis.

A study conducted on adult patients by de Bortoli et al. [95] revealed a negative
strong correlation between the PSPW index and the bolus clearance time (r = —0.889),
highlighting the role of esophageal clearance. Furthermore, a positive correlation between
the PSPW index and MNBI values has been found (r = 0.722) [58], indicating the role
of chemical clearance in preserving mucosal integrity. Rogers et al. [62] showed that
normal PSPW is associated with low acid exposure and low PSPW index is associated with
esophageal hypomotility.

As research in this area progresses, the role of artificial intelligence (Al) is likely to
become increasingly significant in improving the diagnosis and management of GERD.
Studies have shown that Al systems can aid in the automated analysis of MII-pH tracings,
particularly in calculating MNBI and the PSPW index [96,97]. The accuracy of Al in
identifying the PSPW has been reported to be as high as 82% [98]. The integration of Al
in the analysis of MII-pH tracings for GERD diagnosis shows promise in enhancing the
accuracy and efficiency of measuring MNBI and PSPW index.

Our study had some limitations. First, the relatively small sample size may have lim-
ited the generalizability of our findings. Another limitation was that we included patients
from a single tertiary center, which may not be representative of broader populations. We
did not perform esophageal manometry to determine the exact location of the LES. This
could lead to some uncertainty in our findings regarding the MNBI at different levels.
Future studies should include esophageal manometry to improve the accuracy of LES
localization. The current MII-pH software does not provide the automatic measurement of
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the novel metrics, so manual measurements of the MNBI and PSPW index were made, and
they are prone to human error.

Future multicenter prospective studies are warranted in order to establish cut-off
values and elaborate recommendations for standardized measurements.

5. Conclusions

Our study supports the use of the PSPW index and MNBI to distinguish between
GERD phenotypes in pediatric patients. Multicenter large-scale studies are needed to
establish an evidence-based recommendation for the assessment of the PSPW index and
MNBI as standard measurements of MII-pH monitoring in children with negative upper
endoscopy and suggestive GERD symptoms despite treatment.

Author Contributions: Conceptualization, R.S.P. and L.E.C.; methodology, R.S.P. and D.P; statistical
analysis, V.-I.N. and L.E.C.; validation, D.P., S.C.M. and D.L.D.; interpretation of the MII-pH tracings,
R.S.P,; writing—original draft preparation, V.-I.N. and R.S.P.; writing—L.E.C. and R.S.P.; supervision,
S.C.M. and D.L.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research was partially funded by “Iuliu Hatieganu” University of Medicine and
Pharmacy Cluj-Napoca, Romania, Doctoral Research Program, through the project PCD 2461/57/17
January 2020.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the University of Medicine and Pharmacy
Cluj-Napoca (Nr. 299/11.09.2019) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Vandenplas, Y.; Rudolph, C.D.; Di Lorenzo, C.; Hassall, E.; Liptak, G.; Mazur, L.; Sondheimer, ].; Staiano, A.; Thomson, M.;
Veereman-Wauters, G.; et al. Pediatric Gastroesophageal Reflux Clinical Practice Guidelines: Joint Recommendations of the
North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) and the European Society for
Pediatric Gastroenterology, Hepatology, a. J. Pediatr. Gastroenterol. Nutr. 2009, 49, 498-547. [CrossRef] [PubMed]

Rosen, R.; Vandenplas, Y.; Singendonk, M.; Cabana, M.; DiLorenzo, C.; Gottrand, F.; Gupta, S.; Langendam, M.; Staiano, A.;
Thapar, N.; et al. Pediatric Gastroesophageal Reflux Clinical Practice Guidelines: Joint Recommendations of the North American
Society for Pediatric Gastroenterology, Hepatology, and Nutrition and the European Society for Pediatric Gastroenterology,
Hepatology, and Nutritio. ]. Pediatr. Gastroenterol. Nutr. 2018, 66, 516-554. [CrossRef]

Rybak, A.; Pesce, M.; Thapar, N.; Borrelli, O. Gastro-Esophageal Reflux in Children. Int. J. Mol. Sci. 2017, 18, 1671. [CrossRef]
[PubMed]

Singendonk, M.; Goudswaard, E.; Langendam, M.; Van Wijk, M.; Van Etten-Jamaludin, E; Benninga, M.; Tabbers, M. Prevalence
of Gastroesophageal Reflux Disease Symptoms in Infants and Children: A Systematic Review. ]. Pediatr. Gastroenterol. Nutr. 2019,
68, 811-817. [CrossRef]

McLoughlin, V.Z.Y,; Suaini, N.H.A.; Siah, K.; Loo, E.X.L.; Pang, W.W.; Chong, Y.S.; Godfrey, KM.; Tan, K.H.; Chan, ] K.Y.; Goh,
AE.N; et al. Prevalence, Risk Factors and Parental Perceptions of Gastroesophageal Reflux Disease in Asian Infants in Singapore.
Ann. Acad. Med. Singap. 2022, 51, 263-271. [CrossRef] [PubMed]

Nelson, S.P; Chen, E.H.; Syniar, G.M.; Kaufer Christoffel, K. Prevalence of Symptoms of Gastroesophageal Reflux during
Childhood: A Pediatric Practice-Based Survey. Pediatric Practice Research Group. Arch. Pediatr. Adolesc. Med. 2000, 154, 150-154.
[CrossRef]

Ruigomez, A.; Wallander, M.A.; Lundborg, P.; Johansson, S.; Rodriguez, L.A.G. Gastroesophageal Reflux Disease in Children and
Adolescents in Primary Care. Scand. ]. Gastroenterol. 2010, 45, 139-146. [CrossRef]

Gilger, M.A.; El-Serag, H.B.; Gold, B.D.; Dietrich, C.L.; Tsou, V.M.; Mcduffie, A.; Shub, M.D. Prevalence of Endoscopic Findings of
Erosive Esophagitis in Children: A Population-Based Study. |. Pediatr. Gastroenterol. Nutr. 2008, 47, 141-146. [CrossRef]
Martigne, L.; Delaage, PH.; Thomas-Delecourt, F.; Bonnelye, G.; Barthélémy, P.; Gottrand, F. Prevalence and Management of
Gastroesophageal Reflux Disease in Children and Adolescents: A Nationwide Cross-Sectional Observational Study. Eur. J. Pediatr.
2012, 171, 1767-1773. [CrossRef]


https://doi.org/10.1097/MPG.0b013e3181b7f563
https://www.ncbi.nlm.nih.gov/pubmed/19745761
https://doi.org/10.1097/MPG.0000000000001889
https://doi.org/10.3390/ijms18081671
https://www.ncbi.nlm.nih.gov/pubmed/28763023
https://doi.org/10.1097/MPG.0000000000002280
https://doi.org/10.47102/annals-acadmedsg.2021411
https://www.ncbi.nlm.nih.gov/pubmed/35658149
https://doi.org/10.1001/archpedi.154.2.150
https://doi.org/10.3109/00365520903428606
https://doi.org/10.1097/MPG.0b013e31815eeabe
https://doi.org/10.1007/s00431-012-1807-4

Children 2024, 11, 773 13 of 16

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Yang, A.; Kang, B.; Choe, ].Y.; Kim, H.S.; Kim, K.; Choe, Y.H. Prevalence and Epidemiological Characteristics of Endoscopically
Proven Reflux Esophagitis in Children in Korea. Pediatr. Gastroenterol. Hepatol. Nutr. 2017, 20, 160-166. [CrossRef]

Poddar, U. Gastroesophageal Reflux Disease (GERD) in Children. Paediatr. Int. Child. Health 2019, 39, 7-12. [CrossRef] [PubMed]
Leung, A K.C.; Hon, K.L. Gastroesophageal Reflux in Children: An Updated Review. Drugs Context 2019, 8, 212591. [CrossRef]
[PubMed]

Sintusek, P.; Mutalib, M.; Thapar, N. Gastroesophageal Reflux Disease in Children: What’s New Right Now? World |. Gastrointest.
Endosc. 2023, 15, 84-102. [CrossRef] [PubMed]

Salvatore, S.; Pagliarin, F.; Huysentruyt, K.; Bosco, A.; Fumagalli, L.; Van De Maele, K.; Agosti, M.; Vandenplas, Y. Distress in
Infants and Young Children: Don’t Blame Acid Reflux. J. Pediatr. Gastroenterol. Nutr. 2020, 71, 465-469. [CrossRef] [PubMed]

Di Pace, M.R,; Caruso, A.M.; Catalano, P.; Casuccio, A.; De Grazia, E. Evaluation of Esophageal Motility Using Multichannel
Intraluminal Impedance in Healthy Children and Children with Gastroesophageal Reflux. J. Pediatr. Gastroenterol. Nutr. 2011, 52,
26-30. [CrossRef]

Ribolsi, M.; Gyawali, C.P; Savarino, E.; Rogers, B.; Rengarajan, A.; Della Coletta, M.; Ghisa, M.; Cicala, M. Correlation between
Reflux Burden, Peristaltic Function, and Mucosal Integrity in GERD Patients. Neurogastroenterol. Motil. 2020, 32, 1-7. [CrossRef]
Hallal, C.; Chaves, V.S.; Borges, G.C.; Werlang, I.C.; Fontella, FU.; Matte, U.; Goldani, M.Z; Carvalho, PR.; Trotta, E.A.; Piva, ].P;
et al. Acid and Weakly Acidic Gastroesophageal Reflux and Pepsin Isoforms (A and C) in Tracheal Secretions of Critically Il
Children. Chest 2015, 148, 333-339. [CrossRef] [PubMed]

Hila, A.; Agrawal, A.; Castell, D.O. Combined Multichannel Intraluminal Impedance and PH Esophageal Testing Compared to
PH Alone for Diagnosing Both Acid and Weakly Acidic Gastroesophageal Reflux. Clin. Gastroenterol. Hepatol. 2007, 5, 172-177.
[CrossRef] [PubMed]

Ghezzi, M.; Silvestri, M.; Guida, E.; Pistorio, A.; Sacco, O.; Mattioli, G.; Jasonni, V.; Rossi, G.A. Acid and Weakly Acid
Gastroesophageal Refluxes and Type of Respiratory Symptoms in Children. Respir. Med. 2011, 105, 972-978. [CrossRef]
Lopez-Alonso, M.; Moya, M.].; Cabo, J.A.; Ribas, J.; del Carmen Macias, M.; Silny, ]J.; Sifrim, D. Twenty-Four-Hour Esophageal
Impedance-PH Monitoring in Healthy Preterm Neonates: Rate and Characteristics of Acid, Weakly Acidic, and Weakly Alkaline
Gastroesophageal Reflux. Pediatrics 2006, 118, €299-e308. [CrossRef]

Pyun, J.E.; Choi, D.M.; Lee, ].H.; Yoo, K.H.; Shim, J.O. Achalasia Previously Diagnosed as Gastroesophageal Reflux Disease
by Relying on Esophageal Impedance-PH Monitoring: Use of High-Resolution Esophageal Manometry in Children. Pediatr.
Gastroenterol. Hepatol. Nutr. 2015, 18, 55-59. [CrossRef]

Mattioli, G.; Pini-Prato, A.; Gentilino, V.; Caponcelli, E.; Avanzini, S.; Parodj, S.; Rossi, G.A.; Tuo, P.; Gandullia, P.; Vella, C.; et al.
Esophageal Impedance/PH Monitoring in Pediatric Patients: Preliminary Experience with 50 Cases. Dig. Dis. Sci. 2006, 51,
2341-2347. [CrossRef] [PubMed]

Lopez Alonso, M.; Moya, M.].; Cabo, J.A.; Ribas, ].; Macias, M.C,; Silny, J.; Sifrim, D. Acid and non-acid gastro-esophageal reflux
in newborns. Preliminar results using intraluminal impedance. Cir. Pediatr. 2005, 18, 121-126. [PubMed]

Catalano, P.; Di Pace, M.R.; Caruso, A.M.; Casuccio, A.; De Grazia, E. Gastroesophageal Reflux in Young Children Treated for
Esophageal Atresia: Evaluation with PH-Multichannel Intraluminal Impedance. J. Pediatr. Gastroenterol. Nutr. 2011, 52, 686—690.
[CrossRef] [PubMed]

Shin, M.S. Esophageal PH and Combined Impedance-PH Monitoring in Children. Pediatr. Gastroenterol. Hepatol. Nutr. 2014, 17,
13-22. [CrossRef] [PubMed]

Condino, A.A.; Sondheimer, J.; Pan, Z.; Gralla, J.; Perry, D.; O’Connor, ].A. Evaluation of Gastroesophageal Reflux in Pediatric
Patients with Asthma Using Impedance-PH Monitoring. J. Pediatr. 2006, 149, 216-219. [CrossRef] [PubMed]
Prachuapthunyachart, S.; Jarasvaraparn, C.; Gremse, D.A. Correlation of Gastroesophageal Reflux Disease Assessment Symptom
Questionnaire to Impedance-PH Measurements in Children. SAGE Open Med. 2017, 5, 2050312117745221. [CrossRef] [PubMed]
Lee, S.H.; Jang, ].Y.; Yoon, L].; Kim, K.M. [Usefulness of multichannel intraluminal impedance-pH metry in children with
suspected gastroesophageal reflux disease]. Korean J. Gastroenterol. 2008, 52, 9-15. [PubMed]

Tanaka, A.; Shimono, R.; Kubo, H.; Fujii, T.; Miyatake, N. Evaluation of Antireflux Surgery Using Multichannel Intraluminal
Impedance-PH Measurement in Neurologically Impaired Patients. Pediatr. Surg. Int. 2015, 31, 911-916. [CrossRef]

Plocek, A.; Gebora-Kowalska, B.; Biatek, J.; Fendler, W.; Toporowska-Kowalska, E. Esophageal Impedance-PH Monitoring and
Pharyngeal PH Monitoring in the Diagnosis of Extraesophageal Reflux in Children. Gastroenterol. Res. Pract. 2019, 2019, 6271910.
[CrossRef]

Lei, X.-Y.; Cui, Z.-Z.; Huang, Y. Application of combined esophageal multichannel intraluminal impedance-pH monitoring
in infants and children with gastroesophageal reflux disease. Zhongguo Dang Dai Er Ke Za Zhi 2014, 16, 170-173. [CrossRef]
[PubMed]

Loépez, V.C.R;; Ursino, F.; Sabban, J.C.; Orsi, M. Multichannel intraluminal impedance-ph monitoring: A useful tool to study
apparent life-threatening events in infants. Acta Gastroenterol. Latinoam. 2021, 51, 52-56.

Ning, HJ.; Ma, X,; Zhu, D.; Gong, Y.Z.; Yao, K.Y.; Zhang, Y.L.; Zhong, X.M. Diagnostic value and application of 24 h multichannel
intraluminal impedance-pH monitoring in children with gastroesophageal reflux disease. Zhonghua Er Ke Za Zhi 2022, 60,
1312-1316. [CrossRef] [PubMed]


https://doi.org/10.5223/pghn.2017.20.3.160
https://doi.org/10.1080/20469047.2018.1489649
https://www.ncbi.nlm.nih.gov/pubmed/30080479
https://doi.org/10.7573/dic.212591
https://www.ncbi.nlm.nih.gov/pubmed/31258618
https://doi.org/10.4253/wjge.v15.i3.84
https://www.ncbi.nlm.nih.gov/pubmed/37034973
https://doi.org/10.1097/MPG.0000000000002841
https://www.ncbi.nlm.nih.gov/pubmed/32639449
https://doi.org/10.1097/MPG.0b013e3181e72c24
https://doi.org/10.1111/nmo.13752
https://doi.org/10.1378/chest.14-1967
https://www.ncbi.nlm.nih.gov/pubmed/25654241
https://doi.org/10.1016/j.cgh.2006.11.015
https://www.ncbi.nlm.nih.gov/pubmed/17296528
https://doi.org/10.1016/j.rmed.2011.01.016
https://doi.org/10.1542/peds.2005-3140
https://doi.org/10.5223/pghn.2015.18.1.55
https://doi.org/10.1007/s10620-006-9374-z
https://www.ncbi.nlm.nih.gov/pubmed/17120147
https://www.ncbi.nlm.nih.gov/pubmed/16209372
https://doi.org/10.1097/MPG.0b013e318202a3e5
https://www.ncbi.nlm.nih.gov/pubmed/21597403
https://doi.org/10.5223/pghn.2014.17.1.13
https://www.ncbi.nlm.nih.gov/pubmed/24749083
https://doi.org/10.1016/j.jpeds.2006.03.022
https://www.ncbi.nlm.nih.gov/pubmed/16887437
https://doi.org/10.1177/2050312117745221
https://www.ncbi.nlm.nih.gov/pubmed/29276590
https://www.ncbi.nlm.nih.gov/pubmed/19077485
https://doi.org/10.1007/s00383-015-3768-y
https://doi.org/10.1155/2019/6271910
https://doi.org/10.7499/j.issn.1008-8830.2014.02.015
https://www.ncbi.nlm.nih.gov/pubmed/24568912
https://doi.org/10.3760/cma.j.cn112140-20221028-00915
https://www.ncbi.nlm.nih.gov/pubmed/36444436

Children 2024, 11, 773 14 of 16

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Ristic, N.; Milovanovic, I.; Radusinovic, M.; Stevic, M,; Ristic, M.; Ristic, M.; Tepavcevic, D.K.; Alempijevic, T. The Comparative
Analyses of Different Diagnostic Approaches in Detection of Gastroesophageal Reflux Disease in Children. PLoS ONE 2017, 12,
0187081. [CrossRef]

Safe, M.; Cho, J.; Krishnan, U. Combined Multichannel Intraluminal Impedance and PH Measurement in Detecting Gastroe-
sophageal Reflux Disease in Children. J. Pediatr. Gastroenterol. Nutr. 2016, 63, €98—e106. [CrossRef] [PubMed]

Vardar, R.; Keskin, M. Indications of 24-h Esophageal PH Monitoring, Capsule PH Monitoring, Combined PH Monitoring with
Multichannel Impedance, Esophageal Manometry, Radiology and Scintigraphy in Gastroesophageal Reflux Disease? Turk. J.
Gastroenterol. 2017, 28, S16-S21. [CrossRef] [PubMed]

Pilic, D.; Frohlich, T.; Noh, E; Pappas, A.; Schmidt-Choudhury, A.; Kohler, H.; Skopnik, H.; Wenzl, T.G. Detection of Gastroe-
sophageal Reflux in Children Using Combined Multichannel Intraluminal Impedance and PH Measurement: Data from the
German Pediatric Impedance Group. J. Pediatr. 2011, 158, 650—-654.el. [CrossRef] [PubMed]

Hojsak, I; Ivkovi¢, L.; Trbojevi¢, T.; Pavi¢, L; Jadresin, O.; MiSak, Z.; Kolacek, S. The Role of Combined 24-h Multichannel
Intraluminal Impedance-PH Monitoring in the Evaluation of Children with Gastrointestinal Symptoms Suggesting Gastro-
Esophageal Reflux Disease. Neurogastroenterol. Motil. 2016, 28, 1488-1493. [CrossRef] [PubMed]

van Wijk, M.P; Benninga, M. A.; Omari, T.I. Role of the Multichannel Intraluminal Impedance Technique in Infants and Children.
I. Pediatr. Gastroenterol. Nutr. 2009, 48, 2-12. [CrossRef]

Wenzl, T.G.; Benninga, M.A.; Loots, C.M.; Salvatore, S.; Vandenplas, Y. Indications, Methodology, and Interpretation of Combined
Esophageal Impedance-PH Monitoring in Children: ESPGHAN EURO-PIG Standard Protocol. J. Pediatr. Gastroenterol. Nutr. 2012,
55,230-234. [CrossRef]

Quitadamo, P.; Tambucci, R.; Mancini, V.; Cristofori, F.; Baldassarre, M.; Pensabene, L.; Francavilla, R.; Di Nardo, G.; Caldaro, T.;
Rossi, P; et al. Esophageal PH-Impedance Monitoring in Children: Position Paper on Indications, Methodology and Interpretation
by the SIGENP Working Group. Dig. Liver Dis. 2019, 51, 1522-1536. [CrossRef] [PubMed]

Singendonk, M.M.].; Benninga, M.A.; van Wijk, M.P. Reflux Monitoring in Children. Neurogastroenterol. Motil. 2016, 28, 1452-1459.
[CrossRef]

Mabhoney, L.B.L.B.; Rosen, R. The Spectrum of Reflux Phenotypes. Gastroenterol. Hepatol. 2019, 15, 646—654.

Tortoriello, A.Q.; Moran, E.S.; Zarate-Mondragon, F.; Monjaraz, E.T.; Castillejos, P.G.; Osorio, G.M.; Berumen, L.E. Novel
Impedance Ph Monitoring Parameters in the Categorization of the Clinical Spectrum of Gastroesophageal Reflux Disease and
Functional Gastrointestinal Disorders in Children. J. Pediatr. Gastroenterol. Nutr. 2023, 77, S337-S338.

Castell, D.O.; Mainie, I.; Tutuian, R. Non-Acid Gastroesophageal Reflux: Documenting Its Relationship to Symptoms Using
Multichannel Intraluminal Impedance (MII). Trans. Am. Clin. Climatol. Assoc. 2005, 116, 321-334.

Mancini, V.; Ribolsi, M.; Gentile, M.; de’Angelis, G.; Bizzarri, B.; Lindley, K.]J.; Cucchiara, S.; Cicala, M.; Borrelli, O. Oesophageal
Mucosal Intercellular Space Diameter and Reflux Pattern in Childhood Erosive and Non-Erosive Reflux Disease. Dig. Liver Dis.
2012, 44, 981-987. [CrossRef]

Ishii, S.; Fukahori, S.; Asagiri, K.; Tanaka, Y.; Saikusa, N.; Hashizume, N.; Yoshida, M.; Masui, D.; Komatsuzaki, N.; Higashidate,
N.; et al. Severe Delayed Gastric Emptying Induces Non-Acid Reflux up to Proximal Esophagus in Neurologically Impaired
Patients. J. Neurogastroenterol. Motil. 2017, 23, 533-540. [CrossRef] [PubMed]

Tutuian, R.; Castell, D.O. Use of Multichannel Intraluminal Impedance to Document Proximal Esophageal and Pharyngeal
Nonacidic Reflux Episodes. Am. J. Med. 2003, 115, 119-123. [CrossRef] [PubMed]

Junko, F; Moore, D.; Omari, T.; Seiboth, G.; Abu-Assi, R.; Hammond, P.; Couper, R. Multichannel Impedance Monitoring for
Distinguishing Nonerosive Reflux Esophagitis with Minor Changes on Endoscopy in Children. Ther. Adv. Gastrointest. Endosc.
2021, 14, 26317745211030464. [CrossRef]

Condino, A.A.; Sondheimer, J.; Pan, Z.; Gralla, J.; Perry, D.; O’Connor, J.A. Evaluation of Infantile Acid and Nonacid Gastroe-
sophageal Reflux Using Combined PH Monitoring and Impedance Measurement. |. Pediatr. Gastroenterol. Nutr. 2006, 42, 16-21.
[CrossRef]

Orsi, M.; Cohen-Sabban, J.; Grandi, C.; Donato, M.G.; Lifschitz, C.; D’Agostino, D. Non Acid Gastroesophageal Reflux Episodes
Decrease with Age as Determined by Multichannel Intraluminal Impedance-PH Monitoring in Symptomatic Children. Rev. Fac.
Cien Med. Univ. Nac. Cordoba 2011, 68, 8-13. [PubMed]

Blasi, E.; Stefanelli, E.; Tambucci, R.; Salvatore, S.; De Angelis, P.; Quitadamo, P.; Pacchiarotti, C.; Di Nardo, G.; Crocco, E,; Felici,
E.; et al. Prevalence of Non-Erosive Esophageal Phenotypes in Children: A European Multicenter Study. J. Neurogastroenterol.
Motil. 2023, 29, 156-165. [CrossRef] [PubMed]

Mahoney, L.B.; Nurko, S.; Rosen, R. The Prevalence of Rome IV Nonerosive Esophageal Phenotypes in Children. . Pediatr. 2017,
189, 86-91. [CrossRef] [PubMed]

Frazzoni, M.; de Bortoli, N.; Frazzoni, L.; Tolone, S.; Savarino, V.; Savarino, E. Impedance-PH Monitoring for Diagnosis of Reflux
Disease: New Perspectives. Dig. Dis. Sci. 2017, 62, 1881-1889. [CrossRef]

Frazzoni, M.; de Bortoli, N.; Frazzoni, L.; Furnari, M.; Martinucci, I.; Tolone, S.; Farioli, A.; Marchi, S.; Fuccio, L.; Savarino, V.; et al.
Impairment of Chemical Clearance and Mucosal Integrity Distinguishes Hypersensitive Esophagus from Functional Heartburn. J.
Gastroenterol. 2017, 52, 444-451. [CrossRef] [PubMed]


https://doi.org/10.1371/journal.pone.0187081
https://doi.org/10.1097/MPG.0000000000001396
https://www.ncbi.nlm.nih.gov/pubmed/27574881
https://doi.org/10.5152/tjg.2017.06
https://www.ncbi.nlm.nih.gov/pubmed/29199161
https://doi.org/10.1016/j.jpeds.2010.09.033
https://www.ncbi.nlm.nih.gov/pubmed/21035128
https://doi.org/10.1111/nmo.12846
https://www.ncbi.nlm.nih.gov/pubmed/27137138
https://doi.org/10.1097/MPG.0b013e31818f0902
https://doi.org/10.1097/MPG.0b013e3182592b65
https://doi.org/10.1016/j.dld.2019.07.016
https://www.ncbi.nlm.nih.gov/pubmed/31526716
https://doi.org/10.1111/nmo.12922
https://doi.org/10.1016/j.dld.2012.08.001
https://doi.org/10.5056/jnm16211
https://www.ncbi.nlm.nih.gov/pubmed/28750491
https://doi.org/10.1016/S0002-9343(03)00209-2
https://www.ncbi.nlm.nih.gov/pubmed/12928087
https://doi.org/10.1177/26317745211030466
https://doi.org/10.1097/01.mpg.0000188008.66752.72
https://www.ncbi.nlm.nih.gov/pubmed/22011659
https://doi.org/10.5056/jnm22115
https://www.ncbi.nlm.nih.gov/pubmed/37019861
https://doi.org/10.1016/j.jpeds.2017.06.019
https://www.ncbi.nlm.nih.gov/pubmed/28711175
https://doi.org/10.1007/s10620-017-4625-8
https://doi.org/10.1007/s00535-016-1226-9
https://www.ncbi.nlm.nih.gov/pubmed/27241210

Children 2024, 11, 773 150f 16

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Patel, A.; Wang, D.; Sainani, N.; Sayuk, G.S.; Gyawali, C.P. 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. [CrossRef] [PubMed]

Frazzoni, M.; Savarino, E.; de Bortoli, N.; Martinucci, I.; Furnari, M.; Frazzoni, L.; Mirante, V.G.; Bertani, H.; Marchi, S.; Conigliaro,
R.; et al. Analyses of the Post-Reflux Swallow-Induced Peristaltic Wave Index and Nocturnal Baseline Impedance Parameters
Increase the Diagnostic Yield of Impedance-PH Monitoring of Patients With Reflux Disease. Clin. Gastroenterol. Hepatol. 2016, 14,
40-46. [CrossRef] [PubMed]

Sararu, E.R.; Peagu, R.; Fierbinteanu-Braticevici, C. Association between Mean Nocturnal Baseline Impedance (MNBI) and
Post-Reflux Swallow-Induced Peristaltic Wave Index (PSPW) in GERD Patients. Diagnostics 2023, 13, 3602. [CrossRef] [PubMed]
Visaggi, P.; Mariani, L.; Svizzero, F.B.; Tarducci, L.; Sostilio, A.; Frazzoni, M.; Tolone, S.; Penagini, R.; Frazzoni, L.; Ceccarelli,
L.; et al. Clinical Use of Mean Nocturnal Baseline Impedance and Post-Reflux Swallow-Induced Peristaltic Wave Index for the
Diagnosis of Gastro-Esophageal Reflux Disease. Esophagus 2022, 19, 525-534. [CrossRef]

Rengarajan, A.; Savarino, E.; Della Coletta, M.; Ghisa, M.; Patel, A.; Gyawali, C.P. Mean Nocturnal Baseline Impedance Correlates
With Symptom Outcome When Acid Exposure Time Is Inconclusive on Esophageal Reflux Monitoring. Clin. Gastroenterol. Hepatol.
2020, 18, 589-595. [CrossRef]

Wang, N.; Guo, Z.H.; Wu, Y.H.; Zhang, C. Mean Nocturnal Baseline Impedance: Influencing Factors and Diagnostic Value in
Gastroesophageal Reflux Disease. Technol. Health Care 2023, 31, 1875-1886. [CrossRef]

Rogers, B.D.; Rengarajan, A.; Ribolsi, M.; Ghisa, M.; Quader, F.; Penagini, R.; de Bortoli, N.; Mauro, A.; Cicala, M.; Savarino, E.;
et al. Postreflux Swallow-Induced Peristaltic Wave Index from PH-Impedance Monitoring Associates with Esophageal Body
Motility and Esophageal Acid Burden. Neurogastroenterol. Motil. 2021, 33, 1-9. [CrossRef]

Ribolsi, M.; De Bortoli, N.; Frazzoni, M.; Marchetti, L.; Savarino, E.; Cicala, M. Proximal Esophageal Impedance Baseline Increases
the Yield of Impedance-PH and Is Associated with Response to PPIs in Chronic Cough Patients. Neurogastroenterol. Motil. 2024,
36, €14775. [CrossRef] [PubMed]

Frazzoni, L.; Frazzoni, M.; de Bortoli, N.; Tolone, S.; Furnari, M.; Martinucci, I.; Bertani, H.; Marchi, S.; Conigliaro, R.; Fuccio, L.;
et al. Postreflux Swallow-Induced Peristaltic Wave Index and Nocturnal Baseline Impedance Can Link PPI-Responsive Heartburn
to Reflux Better than Acid Exposure Time. Neurogastroenterol. Motil. 2017, 29, 1-7. [CrossRef] [PubMed]

Wang, Y.; Ye, B.; Wang, M.; Lin, L.; Jiang, L. Esophageal Nocturnal Baseline Impedance and Post-Reflux Swallow-Induced
Peristaltic Wave Index in Identifying Proton Pump Inhibitor-Refractory Non-Erosive Reflux Disease. ]. Neurogastroenterol. Motil.
2021, 27,525-532. [CrossRef]

Frazzoni, L.; Frazzoni, M.; De Bortoli, N.; Tolone, S.; Martinucci, I.; Fuccio, L.; Savarino, V.; Savarino, E. Critical Appraisal of
Rome IV Criteria: Hypersensitive Esophagus Does Belong to Gastroesophageal Reflux Disease Spectrum. Ann. Gastroenterol.
2018, 31, 1-7. [CrossRef] [PubMed]

Frazzoni, L.; Frazzoni, M.; De Bortoli, N.; Ribolsi, M.; Tolone, S.; Russo, S.; Conigliaro, R.L.; Penagini, R.; Fuccio, L.; Zagari,
R.M,; et al. Application of Lyon Consensus Criteria for GORD Diagnosis: Evaluation of Conventional and New Impedance-PH
Parameters. Gut 2022, 71, 1062-1067. [CrossRef]

Ribolsi, M.; Guarino, M.P.L.; Tullio, A.; Cicala, M. Post-Reflux Swallow-Induced Peristaltic Wave Index and Mean Nocturnal
Baseline Impedance Predict PPI Response in GERD Patients with Extra Esophageal Symptoms. Dig. Liver Dis. 2020, 52, 173-177.
[CrossRef] [PubMed]

Gyawali, C.P; Rogers, B.; Frazzoni, M.; Savarino, E.; Roman, S.; Sifrim, D. Inter-Reviewer Variability in Interpretation of
PH-Impedance Studies: The Wingate Consensus. Clin. Gastroenterol. Hepatol. 2021, 19, 1976-1978.el. [CrossRef]

Xiao, Y.; Wu, J.C.Y,; Lu, C.L,; Tseng, PH.; Lin, L.; Hou, X; Li, Y;; Zou, D.; Lv, B.; Xiang, X.; et al. Clinical Practice Guidelines for
Esophageal Ambulatory Reflux Monitoring in Chinese Adults. J. Gastroenterol. Hepatol. 2022, 37, 812-822. [CrossRef]

Prakash Gyawali, C.; Kahrilas, PJ.; Savarino, E.; Zerbib, F.; Mion, F.; Smout, A.J].P.M.; Vaezi, M.; Sifrim, D.; Fox, M.R.; Vela, M.E;
et al. Modern Diagnosis of GERD: The Lyon Consensus. Gut 2018, 67, 1351-1362. [CrossRef] [PubMed]

Eiamkulbutr, S.; Dumrisilp, T.; Sanpavat, A.; Sintusek, P. Prevalence of Gastroesophageal Reflux Disease in Children with
Extraesophageal Manifestations Using Combined-Video, Multichannel Intraluminal Impedance-PH Study. World |. Clin. Pediatr.
2023, 12, 151-161. [CrossRef]

Mutalib, M.; Sintusek, P.; Punpanich, D.; Thapar, N.; Lindley, K. A New Method to Estimate Catheter Length for Esophageal
Multichannel Intraluminal Impedance Monitoring in Children. Neurogastroenterol. Motil. 2015, 27, 728-733. [CrossRef] [PubMed]
Mutalib, M.; Rawat, D.; Lindley, K.; Borrelli, O.; Perring, S.; Auth, M.K.H.; Thapar, N. BSPGHAN Motility Working Group
Position Statement: Paediatric Multichannel Intraluminal PH Impedance Monitoring-Indications, Methods and Interpretation.
Frontline Gastroenterol. 2017, 8, 156-162. [CrossRef] [PubMed]

Martinucci, I.; De Bortoli, N.; Savarino, E.; Piaggi, P; Bellini, M.; Antonelli, A.; Savarino, V.; Frazzoni, M.; Marchi, S. Esophageal
Baseline Impedance Levels in Patients with Pathophysiological Characteristics of Functional Heartburn. Neurogastroenterol. Motil.
2014, 26, 546-555. [CrossRef] [PubMed]

BMI Calculator Child and Teen. Healthy Weight. CDC. Available online: https://www.cdc.gov /healthyweight/bmi/calculator.
html (accessed on 22 April 2024).

Savarino, E.; Zentilin, P.; Savarino, V. NERD: An Umbrella Term Including Heterogeneous Subpopulations. Nat. Rev. Gastroenterol.
Hepatol. 2013, 10, 371-380. [CrossRef] [PubMed]


https://doi.org/10.1111/apt.13777
https://www.ncbi.nlm.nih.gov/pubmed/27554638
https://doi.org/10.1016/j.cgh.2015.06.026
https://www.ncbi.nlm.nih.gov/pubmed/26122764
https://doi.org/10.3390/diagnostics13243602
https://www.ncbi.nlm.nih.gov/pubmed/38132186
https://doi.org/10.1007/s10388-022-00933-6
https://doi.org/10.1016/j.cgh.2019.05.044
https://doi.org/10.3233/THC-220814
https://doi.org/10.1111/nmo.13973
https://doi.org/10.1111/nmo.14775
https://www.ncbi.nlm.nih.gov/pubmed/38424679
https://doi.org/10.1111/nmo.13116
https://www.ncbi.nlm.nih.gov/pubmed/28543861
https://doi.org/10.5056/jnm20073
https://doi.org/10.20524/aog.2017.0199
https://www.ncbi.nlm.nih.gov/pubmed/29333061
https://doi.org/10.1136/gutjnl-2021-325531
https://doi.org/10.1016/j.dld.2019.09.011
https://www.ncbi.nlm.nih.gov/pubmed/31623954
https://doi.org/10.1016/j.cgh.2020.09.002
https://doi.org/10.1111/jgh.15785
https://doi.org/10.1136/gutjnl-2017-314722
https://www.ncbi.nlm.nih.gov/pubmed/29437910
https://doi.org/10.5409/wjcp.v12.i3.151
https://doi.org/10.1111/nmo.12547
https://www.ncbi.nlm.nih.gov/pubmed/25824711
https://doi.org/10.1136/flgastro-2016-100796
https://www.ncbi.nlm.nih.gov/pubmed/28839903
https://doi.org/10.1111/nmo.12299
https://www.ncbi.nlm.nih.gov/pubmed/24433456
https://www.cdc.gov/healthyweight/bmi/calculator.html
https://www.cdc.gov/healthyweight/bmi/calculator.html
https://doi.org/10.1038/nrgastro.2013.50
https://www.ncbi.nlm.nih.gov/pubmed/23528345

Children 2024, 11, 773 16 of 16

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Zhang, A.; Yao, W.; Dj, J.; Cui, M.; Zhang, M.; Zhang, J. Esophageal PH-Impedance Monitoring of Reflux Patterns in Non-Erosive
Reflux Disease, Reflux Hypersensitivity and Functional Heartburn. J. South. Med. Univ. 2020, 40, 1507. [CrossRef]

Chu, C.; Du, Q.; Li, C,; Zhang, L.; Zhou, X.; Zuo, E; Zhang, Y.; Li, F; Xie, G.; Li, Y. Ambulatory 24-Hour Multichannel Intraluminal
Impedance-PH Monitoring and High Resolution Endoscopy Distinguish Patients with Non-Erosive Reflux Disease from Those
with Functional Heartburn. PLoS ONE 2017, 12, e0175263. [CrossRef] [PubMed]

Salvatore, S.; Salvatoni, A.; Van Steen, K.; Ummarino, D.; Hauser, B.; Vandenplas, Y. Behind the (Impedance) Baseline in Children.
Dis. Esophagus 2014, 27, 726-731. [CrossRef]

Sabban, J.C.; Bertoldi, G.D.; Ussher, F.; Christiansen, S.; Lifschitz, C.; Orsi, M.; Cohen Sabban, J.; Bertoldi, G.D.; Ussher, F.;
Christiansen, S.; et al. Low-Impedance Baseline Values Predict Severe Esophagitis. ]. Pediatr. Gastroenterol. Nutr. 2017, 65, 278-280.
[CrossRef]

Couselo, M.; Ibéiiez, V.; Lluna, J.; Vila, J.J. Role of Intraluminal Esophageal Impedance Baseline in the Diagnosis of Esophagitis in
Children. Eur. J. Pediatr. Surg. 2017, 27, 44-49. [CrossRef] [PubMed]

Pilic, D.; Hankel, S.; Koerner-Rettberg, C.; Hamelmann, E.; Schmidt-Choudhury, A. The Role of Baseline Impedance as a Marker
of Mucosal Integrity in Children with Gastro Esophageal Reflux Disease. Scand. ]. Gastroenterol. 2013, 48, 785-793. [CrossRef]
Rosado-Arias, YM.R.; Monjaraz, EM.T.; Mayans, J.A.R.; Mondragén, FE.Z.; Arellano, K.R.I,; Barrios, EM.; Leén, ] EC,;
Mayer, A.L.; Bustamante, R.C. Baseline Impedance and Mean Nocturnal Baseline Impedance Values in Children with Erosive
Oesophagitis. J. Pediatr. Gastroenterol. Nutr. 2021, 72, 207.

Sabban, J.C.; Ursino, F.; Micheletti, E.; De La Iglesia, P.; Orsi, M. Postreflux Swallow Induced Peristaltic Wave (PSPW) and
Nocturnal Baseline Impedance (MNBI) in Children with Different Reflux Phenotypes? |. Pediatr. Gastroenterol. Nutr. 2021, 72, 567.
Horton, A.; Sullivan, B.; Charles, K.; McIntosh, T.; Davis, A.; Gellad, Z.; Shimpi, R.; Gyawali, C.P; Patel, A. Esophageal
Baseline Impedance from High-Resolution Impedance Manometry Correlates with Mean Nocturnal Baseline Impedance from
PH-Impedance Monitoring. ]. Neurogastroenterol. Motil. 2020, 26, 455-462. [CrossRef] [PubMed]

Yoshimine, T.; Funaki, Y.; Kawamura, Y.; Tamura, Y.; Izawa, S.; Ebi, M.; Ogasawara, N.; Murotani, K.; Sasaki, M.; Kasugai, K.
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. [CrossRef]

Rosado-Arias, Y.; Toro-Monjaraz, E.M.; Cervantes-Bustamante, R.; Zarate-Mondragon, F.; Cadena-Leon, J.; Ignorosa-Arellano,
K.; Loredo-Mayer, A.; Ramirez-Mayans, ]. Low Mean Nocturnal Baseline Impedance Is Associated With a Pathological Acid
Exposure Time in Children. ]. Pediatr. Gastroenterol. Nutr. 2022, 74, 215-220. [CrossRef] [PubMed]

Sun, YM.; Gao, Y.; Gao, F. 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. [CrossRef]
[PubMed]

Gao, F; Gao, Y.; Chen, X.; Qian, J.; Zhang, ]. Comparison of Oesophageal Function Tests between Chinese Non-Erosive Reflux
Disease and Reflux Hypersensitivity Patients. BMIC Gastroenterol. 2017, 17, 67. [CrossRef]

Hoshikawa, Y.; Sawada, A.; Sonmez, S.; Nikaki, K.; Woodland, P.; Yazaki, E.; Sifrim, D. Measurement of Esophageal Nocturnal
Baseline Impedance: A Simplified Method. J. Neurogastroenterol. Motil. 2020, 26, 241-247. [CrossRef]

Di Chio, T.; Chanpong, A.; Savarino, E.; Thapar, N.; Salliakellis, E.; Peroni, D.; Lindley, K.J.; De Bortoli, N.; Borrelli, O. Mean
Nocturnal Baseline Impedance and Esophageal Chemical Clearance in a Pediatric Population of Patients with Suspected GERD:
The Real Add on Value. Neurogastroenterol. Motil. 2019, 31, e13626. [CrossRef]

Sabban, J.C.; Ursino, F.; Weinschelbaum, R.; Micheletti, E.; Romero, A.; Pagotto, V.; Orsi, M. Are There Differences in the Postreflux
Swallow Induced Peristaltic Wave or in the Nocturnal Baseline Impedance in Children According to Symptom Presentation? A
Two-Center Study. J. Pediatr. Gastroenterol. Nutr. 2021, 73, S103-5104.

Frazzoni, M.; Frazzoni, L.; Tolone, S.; De Bortoli, N.; Savarino, V.; Savarino, E. Lack of Improvement of Impaired Chemical
Clearance Characterizes PPI-Refractory Reflux-Related Heartburn. Am. J. Gastroenterol. 2018, 113, 670-676. [CrossRef] [PubMed]
de Bortoli, N.; Martinucci, I.; Savarino, E.V.; Frazzoni, M.; Tutuian, R.; Tolone, S.; Piaggi, P.; Furnari, M.; Russo, S.; Bertani, L.; et al.
Manually Calculated Oesophageal Bolus Clearance Time Increases in Parallel with Reflux Severity at Impedance-PH Monitoring.
Dig. Liver Dis. 2015, 47, 1027-1032. [CrossRef]

Rogers, B.; Samanta, S.; Ghobadi, K.; Patel, A.; Savarino, E.; Roman, S.; Sifrim, D.; Gyawali, C.P. Artificial Intelligence Auto-
mates and Augments Baseline Impedance Measurements from PH-Impedance Studies in Gastroesophageal Reflux Disease. J.
Gastroenterol. 2021, 56, 34—41. [CrossRef] [PubMed]

Wong, M.-W.; Rogers, B.D.; Liu, M.-X,; Lei, W.-Y,; Liu, T.-T.; Yi, C.-H.; Hung, J.-S.; Liang, S.-W.; Tseng, C.-W.; Wang, J.-H.;
et al. Application of Artificial Intelligence in Measuring Novel PH-Application of Artificial Intelligence in Measuring Novel
PH-Impedance Metrics for Optimal Diagnosis of GERD. Diagnostics 2023, 13, 960. [CrossRef]

Wong, M.W,; Liu, M.X,; Lei, W.Y;; Liu, T.T.; Yi, C.H.; Hung, J.S.; Liang, SW.; Lin, L.; Tseng, C.W.; Wang, ] H.; et al. Artificial
Intelligence Facilitates Measuring Reflux Episodes and Postreflux Swallow-Induced Peristaltic Wave Index from Impedance-PH
Studies in Patients with Reflux Disease. Neurogastroenterol. Motil. 2023, 35, €14506. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.12122/J.ISSN.1673-4254.2020.10.18
https://doi.org/10.1371/journal.pone.0175263
https://www.ncbi.nlm.nih.gov/pubmed/28384225
https://doi.org/10.1111/dote.12152
https://doi.org/10.1097/MPG.0000000000001496
https://doi.org/10.1055/s-0036-1593609
https://www.ncbi.nlm.nih.gov/pubmed/27769085
https://doi.org/10.3109/00365521.2013.793388
https://doi.org/10.5056/jnm19142
https://www.ncbi.nlm.nih.gov/pubmed/32388941
https://doi.org/10.1159/000490790
https://doi.org/10.1097/MPG.0000000000003331
https://www.ncbi.nlm.nih.gov/pubmed/34694265
https://doi.org/10.5056/jnm19056
https://www.ncbi.nlm.nih.gov/pubmed/31587542
https://doi.org/10.1186/s12876-017-0624-7
https://doi.org/10.5056/jnm19183
https://doi.org/10.1111/nmo.13626
https://doi.org/10.1038/s41395-018-0044-5
https://www.ncbi.nlm.nih.gov/pubmed/29681623
https://doi.org/10.1016/j.dld.2015.08.010
https://doi.org/10.1007/s00535-020-01743-2
https://www.ncbi.nlm.nih.gov/pubmed/33151406
https://doi.org/10.3390/diagnostics13050960
https://doi.org/10.1111/nmo.14506

	Introduction 
	Materials and Methods 
	Study Design and Patient Selection 
	Twenty-Four-Hour Impedance-pH Monitoring 
	Statistical Methods 

	Results 
	Discussion 
	MNBI 
	PSPW 

	Conclusions 
	References

