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Background/Aims
The Lyon Consensus defined parameters based on upper endoscopy and 24-hour combined multichannel intraluminal impedance-
pH (MII-pH), that conclusively establish the presence of gastroesophageal reflux disease (GERD). However, the true role of upper 
endoscopy and MII-pH to evaluate patients with extraesophageal symptoms (EES) has not been well established. Hypopharyngeal MII 
(HMII), which directly measures laryngopharyngeal reflux (LPR) events, has been utilized to evaluate patients with EES suggestive of 
LPR.

Methods
This was a retrospective study involving patients with EES for > 12 weeks despite proton pump inhibitor therapy, and had no 
endoscopic confirmatory evidence for GERD and negative MII-pH. All patients were subsequently referred for further evaluation of EES 
with “unknown” etiology and underwent laryngoscopy and HMII. Based on HMII, abnormal proximal exposure (APE) was defined as 
LPR ≥ 1/day and/or full column reflux (reflux 2 cm distal to the upper esophageal sphincter) > 4/day. Patients with APE were offered 
antireflux surgery (ARS) and the outcome of ARS was objectively assessed using Reflux Symptom Index.

Results
Of 21 patients with EES which was thought to be GERD-unrelated based on endoscopy and MII-pH, 17 patients (81%) had APE. Eight 
patients with APE who had undergone ARS had significant symptomatic improvement in the Reflux Symptom Index score (19.6 ± 4.9 
pre-ARS to 5.8 ± 1.4 post-ARS, P = 0.008). 

Conclusions
A conventional diagnostic approach using endoscopy and MII-pH may not be sufficient to evaluate patients with EES suggestive of 
LPR. HMII is essential to evaluate patients with EES, and APE could be a reliable indicator for successful treatment outcomes.
(J Neurogastroenterol Motil 2022;28:69-77)
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Introduction  

Gastroesophageal reflux disease (GERD) is defined as a con-
dition that develops when the reflux of gastric contents into the 
esophagus causes troublesome symptoms and/or complications, in 
the Montreal Consensus.1 GERD can cause esophageal (typical) 
and extraesophageal (atypical) symptoms (EES). Typical symptoms 
include heartburn and regurgitation, while EES are nonspecific,2 
and includes various laryngeal symptoms such as chronic cough 
and hoarseness, as well as pulmonary and otolaryngological diseases 
such as laryngitis, asthma, dental erosion, pharyngitis, sinusitis, 
idiopathic pulmonary fibrosis, and recurrent otitis media.1 In par-
ticular, laryngopharyngeal reflux (LPR) disease (LPRD) has been 
considered to be present if the patients have EES, and LPR symp-
toms have been thought to be caused by direct exposure of gastric 
contents to the laryngopharynx. Although upper endoscopy is the 
first examination for GERD to assess the presence of esophageal 
mucosal injury such as esophagitis and Barrett’s esophagus, absence 
of esophageal mucosal injury cannot exclude GERD. More than 
half of the patients with GERD have non-erosive reflux disease 
(NERD). Therefore, it is crucial to objectively evaluate abnormal 
acid exposure to the distal esophagus, especially in the patients 
with NERD, and 24-hour esophageal multichannel intraluminal 
impedance-pH (MII-pH) monitoring is currently considered 
as the gold standard testing modality. Recently, gastroenterology 
experts have proposed the Lyon Consensus, which defined param-
eters on esophageal testing such as upper endoscopy and MII-pH, 
that can conclusively establish the presence of pathological GERD.3 
However, a diagnosis of LPRD is still challenging.1 Laryngoscopic 
findings such as hypopharyngeal inflammation are nonspecific,4,5 
and may be often seen in healthy population without any LPR 
symptoms.6 Although MII-pH is also indicated for the evaluation 
of EES,7 a true role of upper endoscopy and MII-pH to evaluate 
EES was not well established in the Lyon Consensus.

Hypopharyngeal MII (HMII) uses a special impedance cath-
eter to directly measure LPR, and has been utilized to evaluate pa-
tients with EES and pulmonary diseases.8,9 Based on the normative 

date established, abnormal proximal exposure (APE) was defined 
as LPR ≥ 1/day and/or full column reflux (FCR) (reflux 2 cm dis-
tal to the upper esophageal sphincter [UES]) > 4/day.10 Although 
the efficacy of HMII to identify patients with LPR symptoms, who 
would benefit from antireflux surgery (ARS) has been shown,11 the 
use of HMII has been still limited. The objectives of this study are 
to investigate the benefit of HMII for the evaluation of the patients 
with persistent EES which was thought to be GERD-unrelated 
based on endoscopy and MII-pH, and to assess the outcome of 
ARS in patients with APE as measured by HMII. 

Materials and Methods  

Study Design
This is a retrospective study which was conducted in accor-

dance with the Declaration of Helsinki under the approval of the 
institutional review board (No. 2356). The patient population in 
this study included those who presented with predominant or iso-
lated EES (LPR symptoms) that lasted for longer than 12 weeks 
despite proton pump inhibitor (PPI) therapy, were considered to 
have EES with GERD-unrelated “unknown” etiology based on 
no confirmatory evidence for GERD such as Los Angeles (LA) 
grade C/D esophagitis or Barrett’s esophagus on the prior upper 
endoscopy, and negative MII-pH, and were referred for further 
evaluation of LPR from July 1, 2015 to April 30, 2018. All patients 
subsequently underwent laryngoscopy and HMII by a single expe-
rienced laryngologist (T.S.). EES were defined as globus sensation, 
chronic cough, dysphonia, abnormal sensation in the mouth (hali-
tosis, dry mouth, and bitter or acidic taste), and of the laryngophar-
ynx. Patients with APE as measured by HMII were offered ARS, 
and subsequently underwent ARS by a single experienced surgeon 
(Y.S.). Detailed demographic data, subjective data (Reflux Symp-
tom Index [RSI]), and objective data (endoscopic, MII-pH, and 
HMII findings) were obtained from the medical records. The out-
come of ARS was objectively assessed using RSI before and after 
ARS. The following examination was similar to that in a recent our 
study;5 as such, the description of the methodology is abbreviated 
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below.

Endoscopic Evaluation
Upper endoscopy was performed by an experienced gastro-

enterologist. The severity of esophagitis was graded using the LA 
classification.12 

Laryngoscopy was performed by an experienced otolaryngolo-
gist to evaluate the laryngohypopharyngeal area and to rule out any 
known etiology of laryngopharyngeal symptoms.

Combined Multichannel Intraluminal Impedance-pH 
Testing

MII-pH used the catheter (ZAN-BG-44; Sandhill Scientific 
Inc, Highlands Ranch, CO, USA) (Fig. 1A), which was posi-
tioned 5 cm above the manometrically defined upper margin of the 

lower esophageal sphincter. 
HMII was performed using the specialized catheter (CAZI-

BL-55; Sandhill Scientific Inc), which has 2 pairs of impedance 
electrodes in the distal esophagus, proximal esophagus, and hy-
popharynx (Fig. 1B).13 The top electrode in the hypopharynx was 
placed 0.5 cm proximal to the upper border of the UES under 
laryngoscopic guidance (Fig. 1C).

MII-pH was performed OFF PPI in patients without prior 
evidence of erosive esophagitis, while MII-pH was performed ON 
PPI when erosive esophagitis was evident prior to PPI therapy. 
On the other hand, all HMII were performed after at least 10-day 
discontinuation of PPI. The catheter was inserted through the nos-
tril, and was connected to an ambulatory recording device (ZepHr 
Impedance/pH Reflux Monitoring System; Sandhill Scientific 
Inc). All measurements were recorded for 24 hours. Acid exposure 
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Figure 1. Location of the impedance electrode (A) A catheter for multichannel intraluminal impedance-pH (MII-pH) has impedance electrodes 
at 3, 5, 7, 9, 15, and 17 cm and pH probe at 5 cm above the upper border of lower esophageal sphincter (LES). (B) A catheter for hypopharyngeal 
MII (HMII) has 3 pairs of impedance electrodes (hypopharynx, proximal esophagus; 2 cm and 4 cm below upper esophageal sphincter [UES], 
and distal esophagus; 21 cm and 23 cm below UES). (C) The top impedance electrode in the hypopharynx indicated by arrows was placed 0.5 cm 
proximal to the upper border of the UES. 
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Figure 2. Flow chart of the study. EES, 
extraesophageal symptoms; PPI, proton 
pump inhibitor; MII-pH, multichannel 
intraluminal impedance-pH; HMII, 
hypopharyngeal multichannel intralumi-
nal impedance; LA, Los Angeles; LPR, 
laryngopharyngeal reflux; FCR, full 
column reflux; APE, abnormal proximal 
exposure; LPRD, laryngopharyngeal 
reflux disease; ARS, antireflux surgery.
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time (AET) was calculated automatically, and < 4% per day was 
defined normal. 

Multichannel Intraluminal Impedance-pH and 
Hypopharyngeal Multichannel Intraluminal 
Impedance Data Interpretation 

Impedance data were analyzed by the specific software (Bioview 
Analysis; Sandhill Scientific Inc). The software automatically iden-
tified any possible reflux events; however each event was individu-
ally reviewed to exclude false-positive events by experienced physi-
cians (T.M., Y.S., and T.H.). On MII-pH, a distal and a proximal 
reflux event was considered present when retrograde bolus transit 
occurred and reached the 5 cm and 17 cm impedance electrodes 
above the lower esophageal sphincter respectively. On HMII, an 
LPR event was considered present when retrograde bolus transit 
occurred across all ring sets and reached the hypopharynx. FCR 
was defined as reflux that reached the impedance 2 cm distal to the 
UES but did not reach the hypopharyngeal ring set. 

Symptom Association
The association between reflux events and clinical symptoms 

was assessed based on the symptom index (SI) and the symptom-
association probability (SAP). The SI was considered to be positive 
if the value was ≥ 50%. SAP values of 95% or greater were consid-
ered statistically significant.14

Diagnostic Criteria Based on Multichannel 
Intraluminal Impedance-pH and Upper Endoscopy 

Based on the Lyon Consensus, a pathological GERD was 
considered present when upper endoscopy demonstrated at least 
1 of the following findings: LA grade C or D esophagitis, peptic 
stricture or long-segment Barrett’s mucosa, and/or MII-pH dem-
onstrated AET > 6% per day. Endoscopic findings of LA grade 
A or B esophagitis and AET 4-6% were not adequate to confirm 
a pathological GERD, and additional evidence such as the total 
number of reflux events > 80 per day was therefore required to 
confirm a pathological GERD.

Diagnostic Criteria Based on Hypopharyngeal 
Multichannel Intraluminal Impedance 

Based on the normative data established for LPR and FCR, 
APE was defined as LPR of 1 or more events per day and/or FCR 
of 5 or more events per day.10 LPRD was considered present when 
APE was positive on HMII (Fig. 2).

Antireflux Surgery and Symptom Assessment
Laparoscopic Nissen fundoplication was a choice of ARS for 

the patients who had adequate esophageal motility based on high-
resolution manometry. To objectively assess clinical symptoms, all 
patients completed the RSI to quantify the nature and severity of 
EES the day before HMII (off PPI) and after ARS. RSI is made 
up of 9-items which ranges from 0 (no problem) to 5 (severe prob-
lem), with a maximum total score of 45. Any score of greater than 
13 is considered abnormal for EES.15 The outcome of ARS was 
assessed using before and the most recent RSI.

Statistical Methods
Values are expressed as median (range or interquartile range) 

except RSI score as mean ± SD. Statistical significance was deter-
mined by Mann-Whitney test and Wilcoxon signed rank test using 
SPSS software program (version 22; IBM, Armonk, NY, USA). 
Statistical tests were 2-tailed, and a P-value < 0.05 was considered 
statistically significant. 

Table 1. Demographics for Patients With Suspected Extraesophageal 
Symptoms

Characteristics Subjects (n = 21)

Sex
  Male 11/21 (52)
Age (yr) 66.0 [21-82]
BMI (kg/m2) 21.6 [15.8-32.7]
Primary EES
  Abnormal sensation in the laryngopharynx 6/21 (29)
  Globus sensation 5/21 (24)
  Chronic cough 5/21 (24)
  Dysphonia 3/21 (14)
  Halitosis 1/21 (5)
  Sore throat 1/21 (5)
Esophageal mucosal injury
  LA grade
    Normal 20/21 (95)
    A 1/21 (5)
Hiatal hernia 8/21 (38)
RSI 16.7 ± 10.2

EES, extraesophageal symptoms; BMI, body mass index; LA, Los Angeles; 
RSI, reflux symptom index.
Values are expressed as n (%), median (range), or mean ± SD.
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Results  

Patient Demographics
From July 1, 2015 to April 30, 2018, a total of 191 patients 

with EES underwent HMII. Of these 191 patients, 21 patients 
with EES, who had both MII-pH and HMII, were included in 
this study. The rest of the patients who did not undergo MII-pH 
prior to referral for HMII and were excluded from the further 
analysis. Median age and body mass index were 66.0 years (range, 
21-82 years) and 21.6 kg/m2 (range, 15.8-32.7 kg/m2), respectively 
(Table 1). Chief complaints included abnormal sensation in the 
laryngopharynx (n = 6; 29%), globus sensation (n = 5; 24%), 

chronic cough (n = 5; 24%), dysphonia (n = 3; 14%), halitosis 
(n = 1; 5%), and sore throat (n = 1; 5%). Twelve patients (57%) 
presented with isolated EES. Nine patients (43%) had concomitant 
typical GERD symptoms, and all of them had complete resolution 
of concomitant typical GERD symptoms with PPI therapy but 
continued to have EES. 

Upper Endoscopy and Multichannel Intraluminal 
Impedance-pH

Of 21 patients, 13 patients had MII-pH OFF PPI (MII-pH 
OFF PPI group), while 8 patients had MII-pH ON PPI (MII-
pH ON PPI group). None of 13 patients in the MII-pH OFF 
PPI group had esophagitis on endoscopy and all of them had nega-
tive MII-pH. Of 8 patients in the MII-pH ON PPI group, LA 

Table 2. Multichannel Intraluminal Impedance-pH and Hypopharyngeal Multichannel Intraluminal Impedance Measurements

MII-pH measurements 

Subjects

P-valueTotal  
(n = 21)

MII-pH ON PPI 
 (n = 8)

MII-pH OFF PPI 
(n = 13)

Reflux events
  Distal reflux 55 (36-72) 64.5 (56-83) 51 (28-69) 0.166
  Proximal reflux 23 (11-39) 31 (18-47) 15 (7-29) 0.057
AET 0.7 (0.2-1.1) 0.8 (0.1-1.3) 0.7 (0.3-1.1) 0.986
  AET > 6% 0/21 (0) 0/8 (0) 0/13 (0)
  AET 4-6% 1/21 (5) 1/8 (13) 0/13 (0)
  AET < 4% 20/21 (95) 7/8 (87) 13/13 (100)
Symptom index
  Positive for EES 1/21 (5) 1/8 (13) 0/13 (0)
  Positive for typical symptom 4/21 (19) 1/8 (13) 3/13 (23)
Symptom association probability
  Positive for EES 2/19 (11) 2/7 (29) 0/12 (0)
  Positive for typical symptom 2/19 (11) 1/7 (14) 1/12 (8)

HMII measurements

Reflux events
  Distal reflux 54.5 (46.5-66.5) 58.5 (45.5-73.5) 54.0 (47.0-65.0) 0.276
  FCR 6.0 (5.5-17.0) 10.0 (6.0-17.5) 6.0 (2.0-13.5) 0.287
  LPR 0.0 (0.0-1.5) 0.0 (0.0-2.5) 0.0 (0.0-1.5) 0.898
Positive APE 17/21 (81) 8/8 (100) 9/13 (69) 0.131
AET 6.0 (1.5-10.6) 6.1 (3.2-9.2) 3.9 (1.0-11.2) 0.683
Symptom Index
  Positive for EES 5/21 (24) 3/8 (38) 2/13 (15)
  Positive for typical symptom 6/21 (29) 3/8 (38) 3/13 (23)
Symptom association probability
  Positive for EES 3/21 (14) 2/8 (25) 1/13 (8)
  Positive for typical symptom 6/21 (29) 3/8 (38) 3/13 (23)

MII-pH, multichannel intraluminal impedance-pH; AET, acid exposure time; EES, extraesophageal symptoms; HMII, hypopharyngeal multichannel intraluminal 
impedance; FCR, full column reflux; LPR, laryngopharyngeal reflux; APE, abnormal proximal exposure.
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grade A esophagitis was found in 1 (5%) patient even after PPI 
therapy; however the number of distal reflux was < 80 and AET 
was < 4%. There was 1 patient without esophagitis whose AET 
was 4-6%; however the number of distal reflux was < 80. Three 
patients in the MII-pH OFF PPI group and 5 patients in the 
MII-pH ON PPI group were found to have small hiatal hernia (< 
2 cm). No patients had peptic stricture, histology proven eosino-
philic esophagitis or long-segment Barrett’s esophagus. Based on 
this, 13 patients in the MII-pH OFF PPI group were considered 
to have persistent EES without presence of pathological GERD, 
while 8 patients in the MII-pH ON PPI group previously had a 
diagnosis of pathological GERD, but currently there was no more 
endoscopic confirmatory evidence for GERD or abnormal acid 
exposure to the distal esophagus due to PPI therapy. Therefore, 
all 21 patients were thought to have persistent EES with GERD-
unrelated “unknown” etiology.

Laryngoscopy and Hypopharyngeal Multichannel 
Intraluminal Impedance 

Laryngoscopy did not show any known etiology of laryngo-
pharyngeal symptoms in the laryngopharynx. Of 21 patients, APE 
was found in 17 patients (81%) (Fig. 2); 8 patients (38%) and 17 
patients (100%) had an abnormal number of LPR events (median, 
2.5; range, 1.0-14.0) and events (median, 6.0; range, 5.0-26.0), re-
spectively. MII-pH and HMII measurements are summarized in 
Table 2. 

APE was identified in all 8 patients who had MII-pH ON 
PPI. On the other hand, APE was identified in 9 patients (69%) 
out of 13 patients who had MII-pH OFF PPI. The median AET 
on HMII OFF PPI, MII-pH OFF PPI, and ON PPI were 6.0 
(1.5-10.6), 0.7 (0.3-1.1), and 0.8 (0.1-1.3) (median [interquartile 
range]). Good symptom correlation with EES (both SI and SAP) 
was not frequently seen both in MII-pH and HMII.

Antireflux Surgery 
Of 17 patients with APE, 8 patients with chronic cough (n = 

3), globus sensation (n = 2), abnormal sensation of larynx (n = 2), 
and halitosis (n = 1) underwent laparoscopic Nissen fundoplica-
tion. The remaining 9 patients stayed on PPI therapy. During a 
median follow-up of 9 months (range, 6-36 months) after ARS, 7 
patients were able to discontinue PPI, although 1 patient had to re-
sume PPI because of non-steroidal anti-inflammatory drugs use for 
Herpes zoster. All 8 patients had significant symptomatic improve-
ment in the RSI scores after ARS compared to before ARS 
(19.6 ± 4.9 pre-ARS to 5.8 ± 1.4 post-ARS, P = 0.008). RSI 

scores normalized after ARS in all patients. RSI scores changed 
from 15.2 ± 13.6 pre-ARS to 4.8 ± 2.1 post-ARS in patients in 
the MII-pH OFF PPI group (P = 0.125), and from 24.0 ± 14.6 
pre-ARS to 6.8 ± 5.4 post-ARS in 4 patients in the MII-pH ON 
PPI group (P = 0.125). There was no difference in change values 
of RSI score between the groups (Fig. 3). 

Discussion  

This is the first study to investigate the prevalence of APE 
using HMII in patients with EES, who were not diagnosed with 
pathological GERD or were thought to have GERD-unrelated 
EES with “unknown” etiology based on endoscopy and MII-pH. 
In the present study, we demonstrated that 81% of patients with 
EES, who did not have objective evidence of pathological GERD 
or persistent GERD, had APE indicating LPRD. All patients 
with APE, who had undergone ARS, had significant symptomatic 
improvement, suggesting that endoscopy and MII-pH were not 
sufficient to evaluate the EES, and that the assessment of APE 
by HMII is essential to identify patients who could have LPRD-
related EES and would benefit from ARS.

The Lyon Consensus proposed the definitive evidence of 
pathological GERD such as endoscopic findings of LA grade C/
D esophagitis, esophageal stricture and long-segment Barrett’s 
esophagus, and abnormal acid exposure to the distal esophagus 
as evidenced by AET > 6% based on a conventional pH-metry. 
Additional evidence such as the number of distal reflux events > 
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Figure 3. Comparison of the reflux symptom index (RSI) between 
pre- and post-antireflux surgery (ARS) in multichannel intraluminal 
impedance-pH (MII-pH) ON proton pump inhibitor (PPI) group 
and MII-pH OFF PPI group. NS, not significant. *P < 0.05. 
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80 is required when upper endoscopy demonstrates LA grade A/
B esophagitis and AET is between 4% and 6%.3 As such, MII-
pH is currently a gold standard to assess acid exposure to the distal 
esophagus (both AET and the number of reflux events) for a di-
agnosis of pathological GERD, especially in patients with typical 
reflux symptoms such as heartburn and regurgitation. Malhotra 
et al16 performed MII-pH on 50 consecutive patients with EES 
refractory to acid suppressive therapy, and demonstrated that 16%, 
22%, and 2% patients were found to have EES due to acid reflux, 
nonacid reflux or both, respectively. This suggested that the imped-
ance technology such as MII-pH could increase a diagnostic yield 
by 36%, compared to a conventional pH-metry, in patients with 
EES. Therefore, MII-pH was also suggested to be performed in 
patients with GERD-related EES; however a true benefit of MII-
pH to evaluate EES has not been well discussed, and the outcome 
of ARS in patients with EES selected based on MII-pH remains 
unpredictable. 

There were 2 distinct patient phenotypes in this study. Patients 
in the MII-pH OFF PPI group were thought not to have patho-
logical GERD, while patients in the MII-pH ON PPI group had 
a prior diagnosis of pathological GERD, but there was no more 
endoscopic confirmatory evidence for GERD or abnormal acid 
exposure to the distal esophagus due to PPI therapy. The common 
characteristics of 2 phenotypes included (1) absence of esophageal 
mucosal injury, (2) normal acid exposure to the distal esophagus 
based on MII-pH, even with persistent EES, and (3) scarce 
symptom correlation between reflux events and EES on MII-pH. 
Based on this, this population was thought not to have NERD, 
which accounts for approximately 60% of GERD patients,17 or 
hypersensitive esophagus. Therefore, all patients were thought to 
have EES with GERD-unrelated “unknown” etiology. However, 
81% of these patients were found to have APE on HMII indicat-
ing LPRD, and all patients with APE, who had undergone ARS, 
had significant symptomatic improvement. This highly suggest that 
LPRD may be pathophysiologically a different entity from GERD 
or NERD, and a conventional approach to diagnose GERD based 
on endoscopy and MII-pH may not be sufficient to evaluate pa-
tients with EES suggestive of LPRD. 

There appears to be several unique characteristics in patients 
with LPRD. First, esophageal mucosal injury is not common in 
patients with LPRD. The previous studies have demonstrated only 
up to 10% of patients with LPRD had erosive esophagitis, and a 
majority of patients with LPRD did not have any esophageal muco-
sal injury.11,18 Second, patients with LPRD often have normal acid 
exposure to the distal esophagus. It was reported that only up to 

14% of patients with EES showed an abnormal AET on MII-pH 
even with laryngoscopic findings of LPRD, suggesting that both 
acid and non-acid reflux could cause EES.18,19 This was further 
supported by our previous studies, which demonstrated that a large 
number of APE-positive patients with EES such as chronic cough 
and adult-onset asthma had negative DeMeester scores and the 
number of total reflux events were normal.8,9,11 Third, EES is often 
unresponsive to PPI therapy. Several meta-analyses have demon-
strated no diagnostic or therapeutic benefit of PPI to manage pa-
tients with LPRD.20-22 Lastly, a symptom correlation between reflux 
events and EES is often scarce. The previous study demonstrated 
that only 3 LPR events a week could induce severe inflammation 
in the hypopharynx, leading to persistent LPR symptoms,23 and 
this suggest that patients could be symptomatic even without actual 
LPR events. Because of these unique characteristics of LPRD, it is 
crucial to measure a direct exposure of gastric contents to the hypo-
pharynx using HMII. 

The larynx is a sensitive organ to protect lower airway from 
aspiration, and the network of sensory neurons is therefore abun-
dantly distributed on laryngeal and pharyngeal epithelium.24 Any 
direct exposure of gastric contents to the hypopharynx regardless 
of whether it is acid or not, could cause EES. Since PPI therapy 
never reduces or stop reflux events, ARS could be theoretically an 
ideal treatment option for patients with EES refractory to medical 
therapy. ARS eliminates all types of reflux including LPR by ana-
tomically reconstructing the antireflux barrier function at the gastro-
esophageal junction. We have demonstrated promising outcomes of 
ARS for patients with EES selected based on HMII, suggesting a 
potential benefit of HMII to select patients with EES for ARS.8,9,11 
Approximately 70% of patients with EES such as chronic cough 
(n = 49) and adult-onset asthma (n = 31) had APE, and 90% of 
patients with APE had symptomatic improvement after ARS.8,9 
In the most recent study, we demonstrated that 73% of the patients 
with persistent EES despite PPI therapy (n = 52) had APE, and 
all 12 patients with APE had excellent symptomatic improvement 
after ARS.11 Carroll et al25 used the same HMII system to select 9 
patients with EES for ARS, all of whom achieved significant symp-
tomatic improvement after ARS based on RSI (31.7 pre-ARS to 10 
post-ARS, P < 0.01). In the present study, all 8 patients with APE 
had a significant symptomatic improvement after ARS, although 
none of them had abnormal endoscopic findings or abnormal acid 
exposure to the distal esophagus on MII-pH. These results sug-
gest that a conventional diagnostic approach using endoscopy and 
MII-pH may not be sufficient to evaluate patients with EES, and 
HMII may be a reliable diagnostic tool to achieve successful treat-
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ment outcomes for LPRD.
There are some limitations to this study. First, the AET based 

on HMII OFF PPI was higher than that based on MII-pH. The 
impedance catheter for HMII was placed based on the location of 
hypopharyngeal impedance electrodes under laryngoscopic guid-
ance, and the location of distal pH probe may not be exactly 5 cm 
proximal to the gastroesophageal junction. Therefore, the AET 
value may not be accurate. Depending on patients’ body habitus (eg, 
height and length of esophagus), the AET value could be higher or 
lower than accurately measured. However, the criteria of APE was 
constructed only based on the number of hypopharyngeal exposure 
such as FCR and LPR, and did not include the AET value. Ad-
ditionally, the recording was for only 24 hours and the results of 
MII-pH and HMII may vary, depending on patient’s conditions. 
Second, we did not use some of other parameters described in the 
Lyon Consensus, such as gastroesophageal junction morphology, 
motility value of HRM test, mean nocturnal baseline impedance, 
and post-reflux swallow-induced peristaltic wave index in MII-pH 
in the present study, although all parameters need to be put together 
to obtain the whole picture of disease;26 however all of these param-
eters could be supportive but not confirmatory for GERD. APE 
measured by HMII may be a promising confirmatory parameter to 
potentially establish the presence of LPR, causing EES. Last, the 
sample size was small. Further study involving a large sample size is 
required.

In conclusion, a conventional diagnostic approach using endos-
copy and MII-pH may not be sufficient to evaluate patients with 
EES suggestive of LPRD, although endoscopy and MII-pH are 
currently the gold standard for the diagnosis of GERD. HMII is 
essential for diagnosing LPRD by direct measurements of abnor-
mal proximal reflux events such as LPR that cause EES. APE as 
measure by HMII could be a reliable indicator for successful out-
come of ARS in patients with EES.
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