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Abstract: Laryngopharyngeal reflux (LPR) is a variant of gastroesophageal reflux disease (GERD)
in which gastric refluxate irritates the lining of the aerodigestive tract and causes troublesome air-
way symptoms or complications. LPR is a prevalent disease that creates a significant socioeconomic
burden due to its negative impact on quality of life, tremendous medical expense, and possible can-
cer risk. Although treatment modalities are similar between LPR and GERD, the diagnosis of LPR
is more challenging than GERD due to its non-specific symptoms/signs. Due to the lack of pathog-
nomonic features of endoscopy, mounting evidence focused on physiological diagnostic testing.
Two decades ago, a dual pH probe was considered the gold standard for detecting pharyngeal acidic
reflux episodes. Despite an association with LPR, the dual pH was unable to predict the treatment
response in clinical practice, presumably due to frequently encountered artifacts. Currently, hypo-
pharygneal multichannel intraluminal impedance-pH catheters incorporating two trans-upper
esophageal sphincter impedance sensors enable to differentiate pharyngeal refluxes from swallows.
The validation of pharyngeal acid reflux episodes that are relevant to anti-reflux treatment is, there-
fore, crucial. Given no diagnostic gold standard of LPR, this review article aimed to discuss the
evolution of objective diagnostic testing and its predictive role of treatment response.
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Academic Editor: Michael Henein Laryngopharyngeal reflux (LPR) is characterized by individuals who present with
chronic laryngopharyngeal symptoms such as hoarseness, vocal fatigue, excessive throat
clearing, globus pharyngeus, cough, postnasal drip as well as laryngoscopic signs such as
erythema, edema, ventricular obliteration, postcricoid hyperplasia, and pseudosulcus
change [1]. Patients may or may not have typical reflux symptoms and, therefore, may
visit an otolaryngologist or a gastroenterologist, presumably depending on their primary
symptoms. Various non-reflux etiologies such as voice overuse, infection, allergy, or ex-
posure to environmental irritants may also contribute to similar symptoms and signs. De-
spite the development of “disease-specific” instruments to measure the disease severity
such as the Reflux Symptom Index (RSI) [2] and the Reflux Finding Score [3], the symp-
toms and signs remain “non-specific”. As a result, reflux itself is just one of a myriad of
conditions of the Creative Commons Caus€s which irritate the lining of aerodigestive tract. LPR is a prevalent disease which
Atribution  (CC BY) license  Was estimated to be 10% of the outpatients in the otolaryngology units [1]. The quality of
(httpsi//creativecommons.org/license  1ifé Of LPR patients is generally poor [4]; however, the management is challenging. Tradi-
s/by/4.0/). tionally, using empirical proton pump inhibitors (PPIs) once or twice daily is often a prag-

matic therapeutic strategy and those who are refractory to high dose PPIs treatment are
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recommended to refer for the reflux testing [5]. Such an algorithm was recently challenged
by the up-front testing using impedance-pH and manometry prior to anti-reflux therapy
in order to minimize the cost [6]. Moreover, there are discrepancies between otolaryngol-
ogy and gastroenterology guidelines regarding the indications of acid suppression ther-
apy [1,7]. The gastroenterology guidelines recommend against acid suppression therapy
in patients with isolated LPR symptoms because there is scarce evidence to show the su-
periority of PPIs to placebo in controlled trials, while the otolaryngology guideline states
that the majority of LPR patients do not have heartburn or esophagitis, i.e., isolated LPR
symptoms. Recent Lyon consensus for diagnosis of gastroesophageal reflux disease
(GERD) also questioned the utility of proximal esophageal or pharyngeal testing because
of the lack of consistent outcome studies [8]. The aim of this review is to discuss the evo-
lution of objective testing for LPR and its predictive role on anti-reflux therapy.

2. Definition and Disease Burden of LPR
2.1. Definition

Numerous terms describe airway symptoms/signs caused by gastroesophageal re-
flux, such as reflux laryngitis, laryngeal reflux, gastropharyngeal reflux, pharyngoesoph-
ageal reflux, supraesophageal reflux, extraesophageal reflux, or atypical reflux [1]. In 2002,
the American Academy of Otolaryngology —Head and Neck Surgery position statement
used the term LPR, defined as “the backflow of stomach contents into the throat, that is,
into the laryngopharynx”. However, under the conceptual definition of LPR, which
mainly focused on the direct contact of refluxate into the lining of upper airway, a subset
of patients with a reflexogenic mechanism of symptom generation, i.e., the stimulation of
a vagal reflex arc, could be underestimated [9]. This notion was supported by our recent
data showing that patients with isolated LPR symptoms (ILPRS) and pathological esoph-
agopharyngeal (either esophageal or pharyngeal) reflux may have much fewer pharyn-
geal acid reflux episodes than their counterparts who have concomitant typical reflux
symptoms (CTRS) [10]; while both distal esophageal acid exposure and response rate to
PPIs treatment were similar between the two, suggesting a reflexogenic mechanism in pa-
tients with ILPRS [11]. The Montreal definition describes “GERD is a condition which de-
velops when the reflux of gastric content causes troublesome symptoms” and uses the
term “extraesophageal syndromes of GERD” for LPR symptoms [12]. It is now clear that
heartburn and regurgitation, the cardinal symptoms of GERD, do not equate GERD [13].
This is even more true for LPR. Unfortunately, most clinical trials that adopted the LPR
symptom severity with or without laryngeal signs as the only inclusion criteria in this
inherently heterogeneous group may have inevitably generated heterogeneity between
studies [2,14]. In that sense, we consider LPR or extraesophageal reflux as a variant of
GERD in which gastric refluxate irritates the lining of the aerodigestive tract and causes
troublesome airway symptoms or complications.

2.2. Burden of LPR

Given that there are no specific laryngeal symptoms/signs and no established diag-
nostic gold standard for LPR, its prevalence is unclear. A survey of general practice in the
UK used an LPR-specific questionnaire, the RSI, and estimated a prevalence of 26.5%
among 951 participants based on a cut-off of 10 points of the RSI score [15]. Although the
data may not represent the genuine prevalence, the economic burden of caring for patients
with LPR was four to five times to that of typical GERD in the US, where PPIs were the
single greatest contributor to the cost of LPR management [16]; this indicates a substantial
medical burden and significant socioeconomic impact. Notably, the efficacy of PPI treat-
ment on LPR varies. Uncontrolled studies showed that 50% to 70% of patients with LPR
responded to PPI therapy [17], whereas controlled trials failed to show the superiority of
PPIs over placebo in a meta-analysis [18], suggesting the importance of objective diagnos-
tic testing. In patients with suspected LPR, the sensitivity of esophagoscopy is low [19],
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while the laryngoscopic findings suggestive of reflux were not associated with pathologi-
cal MII-pH data [20] and were common in normal volunteers [21]. Thus, it is conceivable
that the various etiologies in patients with LPR symptoms may have contributed to the
mixed results of the response to PPI therapy [22]. Owing to the vulnerability of airway
mucosa to pepsin-containing refluxate [23], current pharmacological therapeutic strate-
gies often adopt an empiric high dose (twice daily) and prolonged PPIs (3 to 6 months)
use [5]. Such a therapeutic strategy may not only increase medical cost but also carry an
increased risk of gut dysbiosis and potential subsequent complications for long-term users
[24]. Liquid alginate suspension is another anti-reflux medication that may be effective in
relieving LPR symptoms. Instead of acid suppression, it forms a gel raft to serve as a pH
neutral barrier at acid pocket in the proximal stomach to reduce reflux. However, the ther-
apeutic role of alginate in LPR is inconsistent between controlled trials. For example,
McGlashan et al. showed that liquid alginate suspension is more effective than no treat-
ment for relieving LPR symptoms [25], and Wilkie el al. found that co-prescription of high
dose PPIs with alginate did not offer additional benefit when comparing alginate alone
[26]. In contrast, Tseng et al. conducted a double-blind, placebo-controlled trial and found
no significant difference between alginate and placebo in relieving LPR symptoms and
signs [27]. Notably, all of the above trials only adopted LPR symptoms and signs as the
inclusion criteria for study populations. Therefore, there is an urgent need for objective
diagnostic biomarkers that may predict response to anti-reflux treatment.

3. Diagnostic Challenges of LPR
3.1. The Lack of Validated Objective Testing

In patients with typical GERD, heartburn and regurgitation are cardinal symptoms
in which the majority of patients may respond to PPIs therapy. Thus, symptom-based
empirical PPIs therapy remains the mainstay therapeutic strategy in patients with a low
risk of malignancy. On the other hand, endoscopy may provide evidence of reflux such as
reflux esophagitis or Barrett’s esophagus, as well as weak barrier of esophagogastric junc-
tion for reflux such as hiatal hernia despite its low sensitivity. However, this is not the case
in patients with suspected LPR as neither heartburn nor reflux esophagitis is common in
the majority of patients [1]. One study reported that among 128 patients with suspected
LPR, only 18% had reflux esophagitis and 0.8% had Barrett’s esophagus, whereas 81% had
pathological reflux detected by wireless pH monitoring. Notably, the presence of typical
reflux symptoms (heartburn or regurgitation) did not predict the presence of pathological
reflux in this study [19]. Therefore, reflux monitoring seems to be a prerequisite for
demonstrating evidence of reflux. Until now, several objective reflux tests were developed
to diagnose LPR, including dual or triple pH (simultaneous pharyngeal and esophageal
pH) monitoring, oropharyngeal pH monitoring, multichannel intraluminal impedance-
pH (MII-pH), and hypopharyngeal multichannel intraluminal impedance-pH (HMII-pH).
Unfortunately, neither methodology nor interpretation of these tests was standardized.
More importantly, outcome studies linked to objective tests are scarce [8].

3.2. The Lack of Validated Outcome Data Linked to the Testing

From a clinical point of view, exploring factors that predict response to anti-reflux
therapy may shed light on disease pathophysiology and be of diagnostic potential. There-
fore, objective biomarkers that predict symptom response to anti-reflux therapy are of
paramount importance. In a retrospective study to identify the predictors of response to
anti-reflux surgery, the response to acid-suppression therapy before surgery was associ-
ated with a long-term response to anti-reflux surgery in patients with LPR symptoms [28],
indicating a surrogate marker of clinical outcome. Several reflux-monitoring-based pa-
rameters linked to acid-suppression therapy were also investigated. Based on dual pH
monitoring, Ulualp et al. retrospectively found that pre-treatment documented pharyn-
geal acid reflux (PAR) episodes were not associated with symptom response to acid-
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suppression therapy in 39 patients with posterior laryngitis [29]. However, Park et al. con-
ducted a prospective cohort study in 85 patients with suspected LPR and found that the
baseline acid exposure time in both proximal and distal esophagi was marginally higher
in the PPI responders than the non-responders [30]. In addition, Wang et al. used MII-pH
in 92 patients with suspected LPR and found that both increased distal esophageal acid
exposure and increased pharyngeal bolus exposure time may predict response to PPI ther-
apy [31]. Taken together, these data suggest that reflux-monitor-based parameters encom-
passing both distal and proximal reflux may be more sensitive than those only monitoring
either proximal or distal reflux in patients with suspected LPR.

4. Evolution of Diagnostic Modalities
4.1. Past: Dual pH Probes Era
4.1.1. The Limitations of Dual pH Probes

In 2002, the ENT statement advocated ambulatory 24-hour dual pH (simultaneous
esophageal and pharyngeal) monitoring as the gold standard for the diagnosis of LPR [1]
and epidemiological data also supported a higher prevalence of PAR episodes in patients
with suspected LPR than asymptomatic controls [32]. However, neither accepted univer-
sal criteria of PAR episodes nor the threshold of PAR episodes relevant to anti-reflux ther-
apy [29] were established in the past two decades [33]. This is probably because of frequent
swallow-related artifacts that interfere in the interpretation of dual pH recording [34], as
demonstrated by HMII-pH monitoring [35]. Additionally, the location of hypopharyngeal
pH sensors, the placement of catheters with either endoscopy or manometry, and the pro-
posed cut-off number of PAR episodes may also contribute to the determination of patho-
logical PAR [36].

4.1.2. The Proposed Criteria of Candidate PAR Episodes

Using dual pH sensors, in 1999, Williams et al. found that that 92% of pharyngeal pH
decreases of 1 to 2 units were definite artifacts due to the lack of simultaneous or preceding
esophageal acidification. In contrast, 35 out of 45 (77%) pharyngeal pH decreases of
greater than 2 units, with a nadir pH of less than 5 within 30 sec, were temporally associ-
ated with simultaneous or preceding esophageal acidification [37]. Using triple pH-sen-
sors catheters, we proposed the aforementioned criteria of candidate PAR episodes and
found that 17% of 104 consecutive patients with suspected LPR have candidate PAR epi-
sodes that have good-to-excellent inter-observer agreement [38].

4.1.3. The Potential Diagnostic Role of Candidate PAR Episodes

The triple pH sensor is an ambulatory 24 h pH catheter incorporating three pH sen-
sors into a bifurcated probe with a single connector and recording box, and it is able to
simultaneously detect acid reflux in the hypopharynx, proximal esophagus, and distal
esophagus [39]. In their study, ninety percent of normal participants showed no PAR ep-
isodes or a single episode over a 24-hour period. Based on the proposed mechanisms in-
volving “reflux” and “reflex” for LPR symptom generation [9], we proposed a composite
pH parameter incorporating excessive candidate PAR episodes, i.e., 22 episodes/24 h and
excessive acid exposure time in the distal esophagus using triple pH sensors. We con-
ducted a prospective cohort study to evaluate the predictability of the proposed composite
pH parameter at baseline for the response to PPI therapy in 107 patients with suspected
LPR, including 65 with CTRS and 42 with ILPRS. Compared to those with a negative com-
posite pH among patients with ILPRS, we found that participants with a positive compo-
site pH at baseline had a 10-fold and an 8-fold likelihood of predicting a response to PPI
therapy at 8-week and 12-week time points, respectively. However, the association was
not significant among patients with CTRS, despite the existence of a trend toward a higher
response rate in patients with a positive composite pH [40]. One possible explanation for
the predictability in patients with ILPRS is that pathological reflux is likely the inducer of
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laryngeal symptoms (high positive predictive value) because of the high specificity nature
of pH-metry despite the low pretesting probability of pathological reflux given the ab-
sence of esophageal symptoms. In contrast, in those with CTRS, pathological reflux may
be either an inducer, a cofactor, or a bystander, because the pretesting probability of
pathological reflux is high irrespective of causation. It is possible that reflux is a cofactor
in patients with partial response to PPI therapy and their laryngeal symptoms were par-
tially due to non-reflux etiologies such as allergy. It is also possible that reflux is a by-
stander in those whose laryngeal symptoms are completely refractory to PPI therapy [41]
(Figure 1). Another possible explanation for the poor predictability of pathological reflux
to the response to PPI therapy in patients with CTRS and pathological reflux is that these
patients are more likely to have excessive PAR episodes than their ILPRS counterparts
[10]; thus, direct injury from either weakly acidic or non-acidic refluxate to the larynx may
not be eliminated despite the use of high dose acid-suppression therapy [42—44].
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Figure 1. (A) In patients with suspected LPR and concomitant typical reflux symptoms, the pre-
testing probability of a positive pH is high; thus, a positive composite pH may not predict laryngeal
symptom response to PPI therapy. It is likely that factors other than reflux may also contribute to
the laryngeal symptoms. (B) In patients with suspected isolated LPR symptoms, the pre-testing
probability of a positive composite pH is low. Thus, a positive composite pH may predict laryngeal
symptom response to PPI therapy and acid is likely the cause of the laryngeal symptoms [40]. LPR,
laryngopharyngeal reflux; PPI, proton pump inhibitors.

4.2. Present: Hypopharyngeal Multichannel Intraluminal Impedance-pH (HMII-pH) Era
4.2.1. Current objective Pharyngeal Reflux Testing

In addition to dual pH or triple pH sensor tests, current objective tests to diagnose
extra-esophageal reflux commonly used in the clinical setting include the salivary pepsin
test, oropharyngeal pH monitoring, and the HMII-pH. The salivary pepsin test is a non-
invasive diagnostic tool that contains two antibodies to human pepsin and can rapidly
detect the presence and quantify the concentration of pepsin in saliva. A positive result
indicates the presence of refluxate from the stomach to the mouth. Wang et al. found that
strong positive results of salivary pepsin test predicts better PPI response in 74 patients
with suspected LPR [45]. However, Yadlapati et al. compared the salivary pepsin
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concentrations between patients with CTRS, ILPRS, and healthy controls and found that
the CTRS group but not the ILPRS group had a higher concentration of salivary pepsin
than the control group and there was no significant difference in the positive rate among
the three groups, indicating a limited diagnostic role in distinguishing patients from
healthy participants [46]. Similarly, oropharyngeal pH monitoring is also unable to dis-
tinguish patients with LPR from healthy participants based on the percentage time below
pH 4.0, 5.0, 5.5, 6.0, or RYAN score [46]. It also did not predict 12-week PPI therapy in a
small-scale prospective cohort study [47]. Although the oropharyngeal pH monitoring is
originally designed to detect both liquid and aerosolized form pH, the accuracy in detect-
ing reflux remain uncertain because of frequent artifacts arising from swallows and its
poor correlation with simultaneous MII-pH monitoring recording [48,49].

4.2.2. Detection of Pharyngeal Acid Reflux Episodes

Twenty-four-hour ambulatory MII-pH monitoring is currently considered the gold
standard in diagnosing reflux episodes regardless of the form of gas/liquid or the acidity
of refluxate in the Lyon consensus. However, its role in diagnosing LPR remain uncertain
[8]. A novel configured MII-pH catheter called HMII-pH, which incorporates two trans-
upper esophageal sphincter impedance sensors, was designed to track refluxate along the
entire esophagus into the hypopharynx [50]. The preliminary data showed that the me-
dian number and the 95-percentile number of pharyngeal liquid or mixed gas-liquid re-
flux episodes in healthy participants for 24 h were 0 and 0 to 3, respectively [50-52]. How-
ever, the inter-observer reproducibility of manual analysis of pharyngeal reflux episodes
was poor, even when performed by experts [51]; this was presumably due to frequent
artifacts encountered from air trapped in between catheters and mucosa, as well as the
labor-intensive and time-consuming nature of manual analysis [53]. To reduce the burden
of interpretation of non-acid reflux episodes which are often overestimated by automated
analysis and are less relevant to acid-suppression therapy, we recently used HMII-pH
catheters to evaluate the aforementioned criteria of candidate PAR episodes and found
that 80% of 105 candidate PAR episodes were HMII-pH-proven PAR episodes, with an
interobserver reproducibility of more than 95% [54] (Figure 2). We also developed a deep-
learning-based artificial intelligence model to identify PAR episodes and found a sensitiv-
ity of 1.000 and a specificity of 0.909 in the test dataset, indicating the objectivity of the
diagnostic criteria of PAR episodes [55]. Future studies should investigate whether the
presence of pathological PAR alone is relevant to anti-reflux therapy and symptom-reflux
association.
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Figure 2. An example of pharyngeal acid reflux episodes detected by 24 h ambulatory hypopharyn-
geal multichannel intraluminal impedance-pH test. The mixed gas-liquid refluxate can be tracked
from the distal esophagus along the entire esophagus to the hypopharynx [54]. The arrow indicates
retrograde changes of pH and impedence levels.

4.2.3. Prediction of Anti-Reflux Treatment Response Using HMII-pH Parameters

To evaluate the physiological characteristics of patients with ILPRS as well as their
response to PPI therapy, we conducted a prospective multi-center study including 398
patients with suspected LPR [10]. A total of 252 patients including 40% PPI-naive patients,
underwent either triple pH sensors or HMII-pH catheters when off PPI at baseline. We
adopted the aforementioned composite pH criteria and found that 106 patients (42%) had
a positive composite pH, including 40 in the ILPRS group and 66 in the CTRS group, and
58% had a negative composite pH. Both ILPRS and CTRS groups had higher response
rates (63% and 57%) to 12-week PPI therapy than those with a negative composite pH
(32%), indicating the predictive value of the composite pH parameter. However, we found
that the number of candidate PAR episodes in the ILPRS group was significantly much
lower than that in the CTRS group, and did not differ between triple pH sensors and
HMII-pH catheters, suggesting a reflexogenic mechanism for symptoms generation in the
ILPRS group. We also found a lower rate for the positive esophageal acid perfusion test in
the ILPRS group, further supporting the distinct phenotype by the absence of esophageal
symptoms and esophageal hyposensitivity to acid (Figure 3). Further studies are needed
to explore the complex pathway involved in LPR symptom generation.
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Figure 3. Compared to LPR patients with concomitant typical reflux symptoms (A), patients with
isolated LPR symptoms (B) had fewer pharyngeal acid reflux episodes and a lower sensory response
to the acid perfusion test in the distal esophagus while showing a similar symptom response rate
to PPI therapy, suggesting a reflexogenic mechanism for symptoms generation [10]. The downward
solid-line arrow means decrease; the oblique dotted-line arrow means vago-vagal reflex or referred
pain. LPR, laryngopharyngeal reflux; PPI, proton pump inhibitors.

4.3. Future: The Role of Baseline Impedance in Diagnosing Pathological Reflux
4.3.1. Baseline Impedance as an Alternative in Diagnosing Pathological Reflux

Although the diagnostic role of HMII-pH and HMII-pH-based biomarkers that are
relevant to treatment outcome is promising, more data including controlled trials are
awaited. Recently, both ACG clinical guidelines for clinical use of esophageal physiologi-
cal testing [56] and ACG clinical guidelines for the diagnosis and management of gas-
troesophageal reflux disease recommended impedance-pH reflux monitoring in the diag-
nosis of LPR [57]. Up-front ambulatory reflux monitoring of acid suppression was sug-
gested instead of an empirical trial of PPI therapy by both guidelines in patients with
ILPRS. The policy will create a considerable need for testing, as the majority of LPR pa-
tients do not have CTRS [1]. Given concerns related to expense, availability, invasiveness,
and inconvenience arising from HMII-pH testing, it may not be feasible for widespread
use in the future. In this regard, baseline impedance measurements are a potential alter-
native that measures mucosal integrity and reflects chronic reflux burden; the magnitude
was inversely correlated with acid exposure time in patients with non-erosive reflux dis-
ease [58]. It could be measured through endoscopy, which has a promising future as a
complimentary approach for the measurement of acid exposure time by reflux monitoring
[59].

4.3.2. Potential Role of Baseline Impedance in Diagnosing LPR

Distal mean nocturnal baseline impedance (MNBI) measurements from MII-pH were
shown to increase the accuracy of the diagnosis of GERD compared to pH-only data as
well as to predict symptomatic outcomes after PPI therapy [60,61]. It is important to ex-
plore whether MNBI in either the distal esophagus or the proximal esophagus, or even
the hypopharynx may be of diagnostic value in patients with suspected LPR. Some au-
thors found that distal, but not proximal, MNBI is significantly lower in those with evi-
dence of acid reflux than in those without [62-64]; however, others showed that patients
with CTRS had lower proximal MNBI when compared to those with GERD alone [65,66].
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Although the role of MNBI in patients with LPR remains unclear, our recent data support
that distal MNBI is lower in patients with pathological reflux, which is defined as the
aforementioned composite pH. Moreover, we also found that distal MNBI is able to pre-
dict pathological reflux in both patients with CTRS and those with ILPRS [67]. From a
clinical point of view, the utility of MNBI in the latter group is more relevant since they
do not have esophageal symptoms and the pre-testing probability of pathological reflux
is low; however, more data linked to treatment outcomes are needed.

5. Discussion

A literature search about the instrumental diagnosis was conducted for the predic-
tion of treatment outcome. The selective criteria include: 1. baseline objective testing, 2.
definition of predictors, 3. definition of responders at endpoint, 4. defining treatment mo-
dalities and durations, and 5. statistical significance of outcome. Of 80 identified studies,
23 met the criteria for analysis, including 1909 participants. Table 1 shows dual or triple
or single pH-sensor [40,68-73], oropharyngeal pH [47,74], HMII-pH [10,31,75], MII-pH
[64,65,76-78], salivary/ laryngeal mucosal pepsin [45,79,80], laryngoscopy [30,81], and
esophagogastroduodenoscopy (EGD) [82], used in 7, 2, 3, 5, 3, 2, and 1 studies, respec-
tively. The definitions of predictors and responders varied across studies. Among 15 stud-
ies showing significantly predictive of responders, 7 used HMII-pH or MII-pH parame-
ters, including distal esophageal acid exposure time %, MNBI, PAR episodes, total reflux
number. All three pepsin studies also showed predictive of responders. Among eight
studies using HMII-pH or MII-pH, only one which consisted of 24 LPR patients using
baseline PAR episodes alone failed to predict treatment response [75]. These findings cor-
roborate the promising role of HMII-pH or MII-pH parameters and potential role of sali-
vary pepsin test in prediction of responders to anti-reflux therapy. Thus, we proposed a
management protocol for LPR based on two current ACG guidelines [56,57], i.e., the adop-
tion of the up-front impedance-pH testing prior to anti-reflux therapy in patients with
ILPRS and reserving empirical PPIs therapy in those with CTRS (Figure 4). In this proto-
col, we recommend EGD as the first line testing to exclude malignancy before the reflux
testing, because LPR symptoms may better predict esophageal adenocarcinoma than typ-
ical reflux symptoms [83]. In addition, the findings of reflux esophagitis Los angles classi-
fication B, C, or D, peptic esophageal stricture, or Barrett’s esophagus may justify the us-
age of anti-reflux therapy.

Table 1. Overviews of predictors for the treatment outcome of laryngopharyngeal reflux.

First Study Case Pre-Testin Predictors Responder Treatment Outcome
Authors  Design Number B Definition Modalities/Follow-Up
Proximal and  Cured laryngeal
i P i istal lesi 1 1
Garrigues Prospective 73 Dual pH dista esions and laryngea BID PPI 3 months Non-significant
[68] cohort esophageal symptoms
AET% improvement > 50%
1. PAR events > One level
. . 1; improvement of an
Will P t
tams FHoSpective g Dual pH 2. distal investigator TID PPI 3 months Non-significant
[69] cohort . .
esophageal designed 4-point
AET>4.9%  laryngitis grading
Randomize
Vaezi [70] d 145 Triple pH PARevents>1 Primary Symptom BID PPI 16 weeks Non-significant
controlled resolution
trial
Randomize
Dual pH, PAR >3; Global
Wo [71] d 39 uat b events23;  Global symptom 1y ppr 1 weeks Non-significant
controlled laryngoscopy RFS relief

trial
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P i h 4 igh RSI ion > 40.9% vs. 18.2%, p =
Vailati [74] rospective ” Oropharynge 9.4 (upright) S redL.lctlon 5 BID PPI 3 months 0.9% vs. 18.2%, p
cohort al pH and/or > 6.8 points 0.002
(supine)
Oropharyngeal
acid exposure
Post-treatment RSI <
Yadlapati Prospective Oropharynge (below pH of . C
[47] cohort 34 al pH 4.0,5.0,55,6.0 13 and ih;(r;gg/;e inRSI QD PPI 8-12 weeks Non-significant
and RYAN -
scores)
1. Presence of
pharyngeal AET (HR: 2.55;
Prospective bolus exposure Primary laryngeal [95%CI: 1.24-5.24];
Wang [31] co}})wrt 92 HMII-pH  time > 0.002% ; symptoms BID PPI 3 months pharyngeal bolus
2. distal improvement 50% exposure time (HR:
esophageal 2.61; [1.36-5.00])
AET >4%
Prospective Pharyngeal Primary laryngeal o
Dulery [75] cohort 24 HMII-pH reflux episodes symptoms BID PPI 8 weeks Non-significant
>1 improvement 50%
PAR events 22
. and/or Primary laryngeal ILPRS: OR 4.9 [95%
P t HMII-
Lien [10] “;iiitwe B8 e CXecssive symptoms BID PPI 12 weeks  CI: 1.8-13.3]; CTRS:
P pep esophageal acid improvement 50% OR 4.0 [1.7-9.3]
exposure
Distal .
Symptom reduction
esophageal .
Nennstiel Retrospecit AET >4% 23 points of the 66.7% vs. 16.7% (p <
P 45 MII-pH ’ investigator BID PPI > 12 weeks ' PO
[76] ve cohort and/or total . . 0.001)
designed 10-point
reflux likert scale
number >73
Retrospecit PSPWindex < Symptom P[S9PS‘:’>] l(IZlIC'kiX;I;R;'A
Ribolsi [64] """ }}1’ 2% MILpH 6%, distal royerﬁem 50y,  BIDPPI>8 weeks MNBL: RR 19 4
ve cono MNBI < 22920 POV ° faiaad
2.7]
Retrospecti Proximal and Global symptom Proximal and distal
Chen [65] P 63 MIl-pH . score improvement > BID PPI 12 weeks MNBI (p < 0.001 for
ve cohort distal MNBI
50% both)
Ribolsi [77] Retrospecit 178 MILpH Erosw.e. Fisman Severity BID PPI > 8 weeks OR [95% C.I].: erosive
ve cohort esophagitis, Score<1 esophagitis: 3.56
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distal [1.54-5.12], AET >
esophageal 6%: 3.61 [1.42-7.63],
AET > 6%, MNBI: 3.75 [1.61-
MNBI, PSPW, 8.74), PSPW: 4.81
typical [2.14-10.77], typical
symptoms, symptoms: 1.21
hypomotility, [1.04-
hiatal hernia 3.87],hypomotility:

3.82 [1.21-12.03],
hiatal hernia: 3.48
[1.31-9.32]

Proximal all Proximal all reflux

reflux time and

Kim [78] Lrospective g MII-pH proximal RSl decrease>50%  BID PPI8 weeks ¢ (P =0.004)and
cohort proximal longest
longest reflux
time reflux time (p = 0.02)
Prospective Peptest strong .
Wang [45] 74 Peptest .. RSI reduction > 50% QD PPI 8 weeks 79% vs. 50%, p = 0.03
cohort positive
Phase 1: BID PP1 4 High salivary pepsin
Yadlapati Prospective 31 Peptest Salivary pepsin RSI <13 and/or RSI weeks; Phase 2: Device cincentrati}(l) rI: (p_
[79] cohort P concentration  reduction >50% (reflux band) + PPI 4 0.01) p
weeks )
Interarytenoi Moderately or
i i > OO . . OO
Liu [80] Prospective 60 d mucosa stljo'ngly RSI improvement > BID PPI 12 weeks 72.0% vs. 14.3% p <
cohort . positive for 50% 0.01
pepsin .
pepsin
Pretherapy
Prethera interarytenoid
. py' mucosa and true
Prospective Laryngosco interarytenoid Primary symptom vocal folds
Park [30] P 85 yng P mucosa and . y symp o BID PPI 4 months .
cohort y true vocal folds improvement > 50% abnormalities (OR
abnormalities 1.99 [95%CI: 1.13—
3.51] and 1.96 [1.13-
3.39], respectivelly).
P Y
RFS and
A 1 P ti L RSI i t>
g[;i‘;,a rc;iiii:ve 33 aryngoscop extralaryngeal 5 1mp5r(c));/:emen QD PPI 8-12 weeks Non-significant
score
Hiatal hernia, Various combinations, Non-hiatal hernia (p
Lechi P i LE includi i =0.03), LE
echien Prospective 148 EGD . LI S RSS reduction > 20% II.lC uding diet, 0.03), LES
[82] cohort insufficiency by behavioral changes,PPIs, competence (p =
endoscopy alginate, or magaldrate 0.03)

HMII-pH, hypopharyngeal multichannel intraluminal impedance-pH; MII-pH, multichannel in-
traluminal impedance-pH; EGD, esophagogastroduodenoscopy; AET, acid exposure time; PAR,
pharyngeal acid reflux; MNBI, mean nocturnal baseline impedance; PSPW, post-reflux swallow-
induced peristaltic wave; LES, lower esophageal sphincter; RSI, Reflux Symptom Index; RFS, Re-
flux Finding Score; RSS, Reflux Symptom Score; PPI, proton pump inhibitors; ILPRS, isolated
laryngopharyngeal reflux symptoms; CTRS, concomitant typical reflux symptoms; OR, odds ratio;
HR, hazard ratio; RR, relative risk; CI, confidence intervals.
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[ Initial assessment patient with possible LPR |

4
] Laryngoscopy |

\

Extensive exclusion and treatment of possible non-reflux etiologies

Testing: CXR or LDCT, TNE or EGD, PFT (provocative test), Barium swallow

Trials: anti-allergy therapy, low-dose neuromodulators

Lifestyle modifications: diet, life stress, smoking, excessive voice use, substance or alcohol abuse
Environmental factors: air pollutants, ACEI... etc

Symptoms partially improved or unchanged

V
V

Continue therapy
and 3-6 mo follow up

CTRS

ILPRS |

v

v

BID PPI therapy 8 week

HRM and HMII-pH off PPI
Potential role of salivary pepsin biomarker

|Symptoms resolvedl |Symptoms partially improved or unchanged I IAcid or weakly acidic reﬁuxl I Dysmotility ] I No reflux
] ! Further non-reflux workup
nglte ’ HRM and_ HMIl-pH 9“ F,’PI BID PPI therapy 8 week FltailowﬁChtlpagz 0 48 to 96h wireless
Potential role of salivary pepsin biomarker classimcation 2.8 | o4 monitoring

\% \ \% v \%
i Acid or weakly || Symptoms partiall Symptoms
No reflux Dysmotility acidic reflux 4 inzlproved or unchazged resolved

i v v v v
Further non-reflux | |Follow Chicago Further non-reflux workup Titrate
workup classification 4.0 PPI add on neuromodulators, alginate, PPI
Replace PPl by or TLESR reducers
neuromodulators HMII-pH on BID PPI if anti-reflux surgery

or endoscopic therapy is considered

Figure 4. Management protocol of personalized approach for suspected LPR. LPR, laryngopharyn-
geal reflux; CXR, chest X-ray; LDCT, low-dose computed tomography of lungs; TNE, transnasal
esophagoscopy; EGD, esophagogastroduodenoscopy; PFT, pulmonary function test; ACEL angio-
tensin converting enzyme inhibitors; CTRS, concomitant typical reflux symptoms; ILPRS, isolated
LPR symptoms; HRM, high resolution esophageal manometry; HMII-pH, hypopharyngeal multi-
channel intraluminal impedance-pH; PPI, proton pump inhibitors.

6. Conclusions

LPR is akin to the eternally rolling boulder of King Sisyphus, and it continues to con-
fuse patients and frustrate physicians across the fields of otolaryngology, gastroenterol-
ogy, and general practice, as it has in the last three decades [11]. Unless we adopt a clini-
cally valid diagnostic tool, as well as understand the underlying pathophysiology, the
management of patients with LPR may still be very difficult given the presentation of
“atypical” symptoms. The advancement of HMII-pH technology may play a promising
role in precision diagnosis and make the understanding of the pathophysiology of LPR
and its phenotypes possible. Other tests measuring extra-esophageal refluxate such as
pepsin over airway may also be important [84,85], in concert with HMII-pH, to gather the
evidence of direct airway damage. Moreover, the possibility of overlapping reflux symp-
toms with non-reflux etiologies cannot be underestimated; thus, objective testing is im-
portant in evaluating the necessity of long-term PPI use for refluxers and to add a thera-
peutic strategy for non-reflux causes. In the future, the measurement of mucosal imped-
ance is welcome through the use of endoscopy in order to obtain evidence of pathological
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reflux in any patients with suspected LPR regardless of the presence or absence of typical
reflux symptoms.

Author Contributions: H.-C.L. and P.-H.L. conceived and designed the research; H.-C.L. and P.-
H.L. prepared figures/tables and drafted the manuscript; H.-C.L. and P.-H.L. edited and revised the
manuscript; H.-C.L. and C.-C.W. approved the final version of the manuscript. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was funded by National Science and Technology Council, Taiwan (MOST111-
2314-B-005-004-MY2). This funding agency played no role in the analysis of the data or the prepa-
ration of this manuscript.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

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

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Koufman, J.A.; Aviv, ].E.; Casiano, R.R.; Shaw, G.Y. Laryngopharyngeal reflux: Position statement of the committee on speech,
voice, and swallowing disorders of the American Academy of Otolaryngology-Head and Neck Surgery. Otolaryngol. Head Neck
Surg. 2002, 127, 32-35.

Belafsky, P.C.; Postma, G.N.; Koufman, J.A. Validity and reliability of the Reflux Symptom Index (RSI). ]. Voice 2002, 16, 274~
277.

Belafsky, P.C.; Postma, G.N.; Koufman, J.A. The validity and reliability of the Reflux Finding Score (RFS). Laryngoscope 2001,
111, 1313-1317.

Wu, C.P,; Liang, W.M.; Wang, C.C.; Chang, C.S.; Yeh, H.Z.; Hsu, ].Y.; Ko, CW,; Lee, SW.; Chang, S.C.; Sung, F.C,; et al. The
suitability of the GERDyzer instrument in pH-test-proven laryngopharyngeal reflux patients. Medicine 2016, 95, e4439.

Ford, C.N. Evaluation and management of laryngopharyngeal reflux. JAMA 2005, 294, 1534-1540.

Carroll, T.L.; Werner, A.; Nahikian, K.; Dezube, A.; Roth, D.F. Rethinking the laryngopharyngeal reflux treatment algorithm:
Evaluating an alternate empiric dosing regimen and considering up-front, pH-impedance, and manometry testing to minimize
cost in treating suspect laryngopharyngeal reflux disease. Laryngoscope 2017, 127 (Suppl. 6), S1-S13.

Kabhrilas, P.J.; Shaheen, N.J.; Vaezi, M.F.; Hiltz, SW., Black, E.; Modlin, .M.; Johnson, S.P.; Allen, J.; Brill, ].V.; American Gastro-
enterological Association. American Gastroenterological Association medical position statement on the management of gas-
troesophageal reflux disease. Gastroenterology 2008, 135, 1383-1391.

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

Burton, L.K,, Jr.; Murray, J.A.; Thompson, D.M. Ear, nose, and throat manifestations of gastroesophageal reflux disease. Com-
plaints can be telltale signs. Postgrad. Med. 2005, 117, 39—-45.

Lien, H.C.; Wang, C.C.; Kao, ].Y.; Yeh, H.Z,; Hsu, ].Y.; Lee, SW.; Chuang, C.Y.; Tsou, Y.A.; Wang, ].D.; Vaezi, M.F,; et al. Distinct
physiological characteristics of isolated laryngopharyngeal reflux symptoms. Clin. Gastroenterol. Hepatol. 2020, 18, 1466-1474.
Yadlapati, R.; Katzka, D.A. Laryngopharyngeal reflux is an eternally rolling boulder. Clin. Gastroenterol. Hepatol. 2020, 18, 1431-
1432.

Vakil, N.; van Zanten, S.V.; Kahrilas, P.; Dent, J.; Jones, R.; Global Consensus Group. The Montreal definition and classification
of gastroesophageal reflux disease: A global evidence-based consensus. Am. |. Gastroenterol. 2006, 101, 1900-1920.

Mittal, R.K. Montreal, Rome, and Lyon consensus: Will they resolve the conundrum of gastroesophageal reflux disease. Gastro-
enterology 2021, 161, 1776-1779.

Lechien ].R.; Schindler A.; Hamdan A.L.; Bobin F.; Barillari M.R.; Harmegnies B.; Dequanter D.; Rodriguez A.; Bartaire E.; Ayad
T.; et al. The development of new clinical instruments in laryngopharyngeal reflux disease: The international project of young
otolaryngologists of the International Federation of Oto-rhino-laryngological Societies. Eur. Ann. Otorhinolaryngol. Head Neck
Dis. 2018, 135, S85-591.

Lowden, M.; McGlashan, J.A.; Steel, A.; Strugala, V.; Dettmar, P.W. Prevalence of symptoms suggestive of extra-oesophageal
reflux in a general practice population in the UK. Logoped. Phoniatr. Vocol. 2009, 34, 32-35.

Francis, D.O.; Rymer, J.A; Slaughter, J.C.; Choksi, Y.; Jiramongkolchai, P.; Ogbeide, E.; Tran, C.; Goutte, M.; Garrett, C.G.;
Hagaman, D.; et al. High economic burden of caring for patients with suspected extraesophageal reflux. Am. |. Gastroenterol.
2013, 108, 905-911.

Vaezi, M.F.; Hicks, D.M.; Abelson, T.I; Richter, ].E. Laryngeal signs and symptoms and gastroesophageal reflux disease (GERD):
A critical assessment of cause and effect association. Clin. Gastroenterol. Hepatol. 2003, 1, 333-344.



Diagnostics 2023, 13, 1643 14 of 16

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Qadeer, M.A; Phillips, C.O.; Lopez, A.R,; Steward, D.J.; Noordzij, ].P.; Wo, ].M.; Suurna, M.; Havas, T.; Howden, C.W.; Vaezi,
M.E. Proton pump inhibitor therapy for suspected GERD-related chronic laryngitis: A meta-analysis of randomized controlled
trials. Am. ]. Gastroenterol. 2006, 101, 2646—-2654.

Fletcher, K.C.; Goutte, M.; Slaughter, J.C.; Garrett, C.G.; Vaezi, M.F. Significance and degree of reflux in patients with primary
extraesophageal symptoms. Laryngoscope 2011, 121, 2561-2565.

Jetté, MLE.; Gaumnitz, E.A.; Birchall, M.A.; Welham, N.V.; Thibeault, S.L. Correlation between reflux and multichannel intralu-
minal impedance pH monitoring in untreated volunteers. Laryngoscope 2014, 124, 2345-2351.

Hicks, D.M.; Ours, T.M.; Abelson, T.I; Vaezi, M.F.; Richter, J.E. The prevalence of hypopharynx findings associated with gas-
troesophageal reflux in normal volunteers. J. Voice 2002, 16, 564-579.

Lechien, J.R.; Akst, L.M.; Hamdan, A.L.; Schindler, A.; Karkos, P.D.; Barillari, M.R.; Calvo-Henriquez, C.; Crevier-Buchman, L.;
Finck, C,; Eun, Y.G.; et al. Evaluation and management of laryngopharyngeal reflux disease: State of the art review. Otolaryngol.
Head Neck Surg. 2019, 160, 762-782.

Adhami, T.; Goldblum, J.R; Richter, J.E.; Vaezi, M.F. The role of gastric and duodenal agents in laryngeal injury: An experi-
mental canine model. Am. ]. Gastroenterol. 2004, 99, 2098-2106.

Freedberg, D.E.; Kim, L.S.; Yang, Y.X. The risks and benefits of long-term use of proton pump inhibitors: Expert review and best
practice advice from the American Gastroenterological Association. Gastroenterology 2017, 152, 706-715.

McGlashan, J.A.; Johnstone, L.M.; Sykes, ].; Strugala, V.; Dettmar, P.W. The value of a liquid alginate suspension (Gaviscon
Advance) in the management of laryngopharyngeal reflux. Eur. Arch. Otorhinolaryngol. 2009, 266, 243-251.

Wilkie, M.D.; Fraser, H.M.; Raja, H. Gaviscon® Advance alone versus co-prescription of Gaviscon® Advance and proton pump
inhibitors in the treatment of laryngopharyngeal reflux. Eur. Arch. Otorhinolaryngol. 2018, 275, 2515-2521.

Tseng, W.H.; Tseng, P.H.; Wu, J.F.; Hsu, Y.C,; Lee, T.Y.; Ni, YH.; Wang, H.P.; Hsiao, T.Y.; Hsu, W.C. Double-blind, placebo-
controlled study with alginate suspension for laryngopharyngeal reflux disease. Laryngoscope 2018, 128, 2252-2260.

Krill, ].T.; Naik, R.D.; Higginbotham, T.; Slaughter, J.C.; Holzman, M.D.; Francis, D.O.; Garrett, C.G.; Vaezi, M.F. Association
between response to acid-suppression therapy and efficacy of antireflux surgery in patients with extraesophageal reflux. Clin.
Gastroenterol. Hepatol. 2017, 15, 675-681.

Ulualp, S.O.; Toohill, R.J.; Shaker, R. Outcomes of acid suppressive therapy in patients with posterior laryngitis. Otolaryngol.
Head Neck Surg. 2001, 124, 16-22.

Park, W.; Hicks, D.M.; Khandwala, F.; Richter, ].E.; Abelson, T.I.; Milstein, C.; Vaezi, M.F. Laryngopharyngeal reflux: Prospective
cohort study evaluating optimal dose of proton-pump inhibitor therapy and pretherapy predictors of response. Laryngoscope
2005, 115, 1230-1238.

Wang, AJ,; Liang, M.].; Jiang, A.Y,; Lin, ].K.; Xiao, L.Y.; Peng, S.; Chen, J.; Wen, W.P.; Chen, M.F. Predictors of acid suppression
success in patients with chronic laryngitis. Neurogastroenterol. Motil. 2012, 24, 432-437.

Merati, A.L.; Lim, H.J.; Ulualp, S.O.; Toohill, R.]. Meta-analysis of upper probe measurements in normal subjects and patients
with laryngopharyngeal reflux. Ann. Otol. Rhinol. Laryngol. 2005, 114, 177-182.

Roman, S.; Gyawali, C.P.; Savarino, E.; Yadlapati, R.; Zerbib, F.; Wu, J.; Vela, M.; Tutuian, R.; Tatum, R.; Sifrim, D.; et al. Ambu-
latory reflux monitoring for diagnosis of gastro-esophageal reflux disease: Update of the Porto consensus and recommendations
from an international consensus group. Neurogastroenterol. Motil. 2017, 29, 1-15.

Smit, C.F.; Mathus-Vliegen, L.M.; Devriese, P.P.; van Leeuwen, J.A.; Semin, A. Monitoring of laryngopharyngeal reflux: Influ-
ence of meals and beverages. Ann. Otol. Rhinol. Laryngol. 2003, 112, 109-112.

Desjardin, M.; Roman, S.; des Varannes, S.B.; Gourcerol, G.; Coffin, B.; Ropert, A.; Mion, F.; Zerbib, F. Pharyngeal pH alone is
not reliable for the detection of pharyngeal reflux events: A study with oesophageal and pharyngeal pH-impedance monitoring.
United European Gastroenterol. J. 2013, 1, 438—444.

Ulualp, S.O.; Roland, P.S.; Toohill, R.J.; Shaker, R. Prevalence of gastroesophagopharyngeal acid reflux events: An evidence-
based systematic review. Am. J. Otolaryngol. 2005, 26, 239-244.

Williams, R.B.; Ali, G.N.; Wallace, K.L.; Wilson, ].S.; De Carle, D.J.; Cook, 1]. Esophagopharyngeal acid regurgitation: Dual pH
monitoring criteria for its detection and insights into mechanisms. Gastroenterology 1999, 117, 1051-1061.

Lien, H.C.; Wang, C.C.; Hsu, J.Y,; Sung, F.C.; Cheng, K.F.; Liang, W.M.; Kuo, H.W.; Lin, P.H.; Chang, C.S. Classical reflux symp-
toms, hiatus hernia and overweight independently predict pharyngeal acid exposure in patients with suspected reflux laryngitis.
Aliment. Pharmacol. Ther. 2011, 33, 89-98.

Maldonado, A.; Diederich, L.; Castell, D.; Gideon, R.M.; Katz, P.O. Laryngopharyngeal reflux identified using a new catheter
design: Defining normal values and excluding artifacts. Laryngoscope 2003, 113, 349-355.

Lien, H.C.; Wang, C.C,; Liang, W.M.; Sung, F.C.; Hsu, ].Y.; Yeh, H.Z.; Chong, K.; Chang, C.S. Composite pH predicts esomepra-
zole response in laryngopharyngeal reflux without typical reflux syndrome. Laryngoscope 2013, 123, 1483-1489.

Stachler, R.J.; Francis, D.O.; Schwartz, S.R.; Damask, C.C.; Digoy, G.P.; Krouse, H.].; McCoy, S.J.; Ouellette, D.R.; Patel, RR,;
Reavis, C.C.W.; et al. Clinical practice guideline: Hoarseness (dysphonia) (update). Otolaryngol. Head Neck Surg. 2018, 158, S1—-
S42.

Borges, L.F.; Chan, W.W.; Carroll, T.L. Dual pH probes without proximal esophageal and pharyngeal impedance may be defi-
cient in diagnosing LPR. ]. Voice 2019, 33, 697-703.

Sereg-Bahar, M; Jerin, A.; Jansa, R.; Stabuc, B.; Hocevar-Boltezar, I. Pepsin and bile acids in saliva in patients with laryngopha-
ryngeal reflux— A prospective comparative study. Clin. Otolaryngol. 2015, 40, 234-239.



Diagnostics 2023, 13, 1643 15 of 16

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Lee, J.S.; Jung, A.R,; Park, ].M.; Park, M.]; Lee, Y.C.; Eun, Y.G. Comparison of characteristics according to reflux type in patients
with laryngopharyngeal reflux. Clin. Exp. Otorhinolaryngol. 2018, 11, 141-145.

Wang, C.P.; Wang, C.C; Lien, H.C.; Lin, W.J.; Wu, S.H.; Liang, K.L.; Liu, S.A. Saliva pepsin detection and proton pump inhibitor
response in suspected laryngopharyngeal reflux. Laryngoscope 2019, 129, 709-714.

Yadlapati, R.; Adkins, C.; Jaiyeola, D.M.; Lidder, A.K.; Gawron, A J.; Tan, B.K.; Shabeeb, N.; Price, C.P.; Agrawal, N.; Ellenbogen,
M.; et al. Abilities of oropharyngeal pH tests and salivary pepsin analysis to discriminate between asymptomatic volunteers
and subjects with symptoms of laryngeal irritation. Clin. Gastroenterol. Hepatol. 2016, 14, 535-542.

Yadlapati, R.; Pandolfino, J.E.; Lidder, A.K.; Shabeeb, N.; Jaiyeola, D.M.; Adkins, C.; Agrawal, N.; Cooper, A.; Price, C.P.; Ciolino,
J.D.; et al. Oropharyngeal pH testing does not predict response to proton pump inhibitor therapy in patients with laryngeal
symptoms. Am. ]. Gastroenterol. 2016, 111, 1517-1524.

Ummarino, D.; Vandermeulen, L.; Roosens, B.; Urbain, D.; Hauser, B.; Vandenplas, Y. Gastroesophageal reflux evaluation in
patients affected by chronic cough: Restech versus multichannel intraluminal impedance/pH metry. Laryngoscope 2013, 123,
980-984.

Becker, V.; Graf, S.; Schlag, C.; Schuster, T.; Feussner, H.; Schmid, R.M.; Bajbouj, M. First agreement analysis and day-to-day
comparison of pharyngeal pH monitoring with pH/impedance monitoring in patients with suspected laryngopharyngeal reflux.
J. Gastrointest. Surg. 2012, 16, 1096-1101.

Hoppo, T.; Sanz, A.F.; Nason, K.S.; Carroll, T.L.; Rosen, C.; Normolle, D.P.; Shaheen, N.J.; Luketich, ].D.; Jobe, B.A. How much
pharyngeal exposure is “normal”? Normative data for laryngopharyngeal reflux events using hypopharyngeal multichannel
intraluminal impedance (HMII). J. Gastrointest. Surg. 2012, 16, 16-24.

Zerbib, F.; Roman, S.; Bruley Des Varannes, S.; Gourcerol, G.; Coffin, B.; Ropert, A.; Lepicard, P.; Mion, F.; Groupe Francais De
Neuro-Gastroentérologie. Normal values of pharyngeal and esophageal 24-hour pH impedance in individuals on and off ther-
apy and interobserver reproducibility. Clin. Gastroenterol. Hepatol. 2013, 11, 366-372.

Wang, A],; Liang, M.],; Jiang, A.Y.; Lin, ] K.; Xiao, Y.L.; Peng, S.; Chen, J.; Wen, W.P.; Chen, M.H. Gastroesophageal and laryn-
gopharyngeal reflux detected by 24-hour combined impedance and pH monitoring in healthy Chinese volunteers. ]. Dig. Dis.
2011, 12, 173-180.

Kawamura, O.; Aslam, M.; Rittmann, T.; Hofmann, C.; Shaker R. Physical and pH properties of gastroesophagopharyngeal
refluxate: A 24-hour simultaneous ambulatory impedance and pH monitoring study. Am. J. Gastroenterol. 2004, 99, 1000-1010.
Chen, Y.Y.; Wang, C.C,; Lin, Y.C,; Kao, ].Y.; Chuang, C.Y.; Tsou, Y.A; Fu, ].C; Yang, S.S.; Chang, C.S; Lien, H.C. Validation of
pharyngeal acid reflux episodes using hypopharyngeal multichannel intraluminal impedance-pH. J. Neurogastroenterol. Motil.
2023, 29, 49-57.

Lee, P.H,; Fu, J.C; Yang, S.S.; Chang, C.S.; Lien, H.C. Artificial intelligence-based identification of pharyngeal acid reflux epi-
sodes in hypopharyngeal multi-channel intraluminal impedance-pH signals. Gut 2022, 71 (Suppl. 2), A173.

Gyawali, C.P.; Carlson, D.A.; Chen, ] W,; Patel, A.; Wong, R.J.; Yadlapati, R.H. ACG clinical guidelines: Clinical use of esopha-
geal physiologic testing. Am. ]. Gastroenterol. 2020, 115, 1412-1428.

Katz, P.O.; Dunbar, K.B.; Schnoll-Sussman, F.H.; Greer, K.B.; Yadlapati, R.; Spechler, S.J. ACG clinical guideline for the diagnosis
and management of gastroesophageal reflux disease. Am. J. Gastroenterol. 2022, 117, 27-56.

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.

Ates, F.; Yuksel, E.S.; Higginbotham, T.; Slaughter, ].C.; Mabary, J.; Kavitt, R.T.; Garrett, C.G.; Francis, D.; Vaezi, M.F. Mucosal
impedance discriminates GERD from non-GERD conditions. Gastroenterology 2015, 148, 334-343.

Frazzoni, M.; Savarino, E.; de Bortoli, N.; Martinucci, I.; Furnari, M.; Frazzoni, L.; Mirante, V.G.; Bertani, H.; Marchi, S.; Co-
nigliaro, R.; et al. Analyses of the post-reflux swallow-induced peristaltic wave index and nocturnal baseline impedance param-
eters increase the diagnostic yield of impedance-pH monitoring of patients with reflux disease. Clin. Gastroenterol. Hepatol. 2016,
14, 40-46.

Patel, A.; Wang, D.; Sainani, N.; Sayuk, G.S.; Gyawali, C.P. Distal mean nocturnal baseline impedance on pH-impedance moni-
toring predicts reflux burden and symptomatic outcome in gastro-oesophageal reflux disease. Aliment. Pharmacol. Ther. 2016,
44, 890-898.

Kurylo, C.M.; Eastwood, D.; Blumin, J.H.; Johnston, N.; Bock, ].M. Correlation of esophageal mean nocturnal baseline imped-
ance with markers of laryngopharyngeal reflux. Laryngoscope 2022. https://doi.org/10.1002/lary.30421. Online ahead of print.
Kavitt, R.T.; Lal, P.; Yuksel, E.S.; Ates, F.; Slaughter, J.C.; Garrett, C.G.; Higginbotham, T.; Vaezi, M.F. Esophageal mucosal im-
pedance pattern is distinct in patients with extraesophageal reflux symptoms and pathologic acid reflux. J. Voice 2017, 31, 347-
351.

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.
Chen, S.; Liang, M.; Zhang, M.; Tan, N.; Lin, Y.; Cao, P.; Xiao, Y. A study of proximal esophageal baseline impedance in identi-
fying and predicting laryngopharyngeal reflux. ]. Gastroenterol. Hepatol. 2020, 35, 1509-1514.

Sakin, Y.S.; Vardar, R.; Sezgin, B.; Cetin, Z.E.; Alev, Y.; Yildirim, E.; Kirazli, T.; Bor, S. The diagnostic value of 24-hour ambulatory
intraesophageal pH-impedance in patients with laryngopharyngeal reflux symptoms comparable with typical symptoms.
United Eur. Gastroenterol. |. 2017, 5, 632—640.



Diagnostics 2023, 13, 1643 16 of 16

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Lou, H.N.; Wang, C.C; Lin, Y.C,; Chuang, C.Y.; Tsou, Y.A,; Fu, ].C,; Yang, S.S.; Chang, C.S.; Lien, H.C. Distal mean nocturnal
baseline impedance predicts pathological reflux of isolated laryngopharyngeal reflux symptoms. J. Neurogastroenterol. Motil.
2023, 29, 174-182.

Garrigues, V.; Gisbert, L.; Bastida, G.; Ortiz, V.; Bau, I; Nos, P.; Ponce, ]. Manifestations of gastroesophageal reflux and response
to omeprazole therapy in patients with chronic posterior laryngitis: An evaluation based on clinical practice. Dig. Dis. Sci. 2003,
48, 2117-2123.

Williams, R.B.; Szczesniak, M.M.; Maclean, J.C.; Brake, H.M.; Cole, L.E.; Cook, L]. Predictors of outcome in an open label, thera-
peutic trial of high-dose omeprazole in laryngitis. Am. ]. Gastroenterol. 2004, 99, 777-785.

Vaezi, M.F; Richter, ].E.; Stasney, C.R.; Spiegel, ].R.; lannuzzi, R.A.; Crawley, ].A.; Hwang, C.; Sostek, M.B.; Shaker, R. Treatment
of chronic posterior laryngitis with esomeprazole. Laryngoscope 2006, 116, 254—260.

Wo, ].M.; Koopman, J.; Harrell, S.P.; Parker, K.; Winstead, W.; Lentsch, E. Double-blind, placebo-controlled trial with single-
dose pantoprazole for laryngopharyngeal reflux. Am. J. Gastroenterol. 2006, 101, 1972-1978; quiz 2169.

Qua, C.S.; Wong, C.H.; Gopala, K.; Goh, K.L. Gastro-oesophageal reflux disease in chronic laryngitis: Prevalence and response
to acid-suppressive therapy. Aliment. Pharmacol. Ther. 2007, 25, 287-295.

Masaany, M.; Marina, M.B.; Sharifa Ezat, W.P.; Sani, A. Empirical treatment with pantoprazole as a diagnostic tool for sympto-
matic adult laryngopharyngeal reflux. J. Laryngol. Otol. 2011, 125, 502-508.

Vailati, C.; Mazzoleni, G.; Bondi, S.; Bussi, M.; Testoni, P.A.; Passaretti, S. Oropharyngeal pH monitoring for laryngopharyngeal
reflux: Is it a reliable test before therapy? J. Voice 2013, 27, 84-89.

Dulery, C.; Lechot, A.; Roman, S.; Bastier, P.L.; Stoll, D.; de Gabory, L.; Zerbib, F. A study with pharyngeal and esophageal 24-
hour pH-impedance monitoring in patients with laryngopharyngeal symptoms refractory to proton pump inhibitors. Neuro-
gastroenterol. Motil. 2017, 29, e12909.

Nennstiel, S.; Andrea, M.; Abdelhafez, M.; Haller, B.; Schmid, R.M.; Bajbouj, M.; Becker, V. pH/multichannel impedance moni-
toring in patients with laryngo-pharyngeal reflux symptoms: Prediction of therapy response in long-term follow-up. Arab. J.
Gastroenterol. 2016, 17, 113-116.

Ribolsi, M.; Guarino, M.P.L.; Balestrieri, P.; Altomare, A.; Tullio, A.; Petitti, T.; Cicala, M. The results from up-front esophageal
testing predict proton pump inhibitor response in patients with chronic cough. Am. |. Gastroenterol. 2021, 116, 2199-2206.

Kim, S.I; Jeong, S.J.; Kwon, O.E.; Park, ] M.; Lee, Y.C.; Eun, Y.G.; Ko, S.G. 24-hour multichannel intraluminal impedance-pH in
proton pump inhibitor nonresponders vs responders in patients with laryngopharyngeal reflux. Otolaryngol. Head Neck Surg.
2022, 166, 910-916.

Yadlapati, R.; Pandolfino, J.E.; Greytak, M.; Cahoon, ].; Clarke, M.; Clary, M.; Fink, D.; Menard-Katcher, P.; Vahabzadeh-Hagh,
A.M.; Weissbrod, P.; et al. Upper esophageal sphincter compression device as an adjunct to proton pump inhibition for laryn-
gopharyngeal reflux. Dig. Dis. Sci. 2022, 67, 3045-3054.

Liu, C.P; Jiang, A.Y.; Chen, F.; Wu, J.; Wang, S.Y.; Cao, L.; Liao, T.; Zheng, Y.Q. Predictive value of laryngeal mucosa pepsin in
therapeutic response of laryngopharyngeal reflux. J. Voice 2022, in press, https://doi.org/10.1016/j.jvoice.2022.05.013.

Agrawal, N.; Yadlapati, R.; Shabeeb, N.; Price, C.P.; Lidder, A.; Shintani-Smith, S.; Bové, M.; Pandolfino, ].; Tan, B. Relationship
between extralaryngeal endoscopic findings, proton pump inhibitor (PPI) response, and pH measures in suspected laryngopha-
ryngeal reflux. Dis. Esophagus. 2019, 32, doy072.

Lechien, ].R.; Saussez, S.; Muls, V.; Dequanter, D.; De Marrez, L.G.; Hans, S.; Rodriguez, A.; Lisan, Q. Laryngopharyngeal reflux:
Evolution and predictive value of symptoms and ph-impedance features on clinical evolution. Otolaryngol. Head Neck Surg. 2022,
167, 852-859.

Reavis, K.M.; Morris, C.D.; Gopal, D.V.; Hunter, ].G.; Jobe, B.A. Laryngopharyngeal reflux symptoms better predict the presence
of esophageal adenocarcinoma than typical gastroesophageal reflux symptoms. Ann. Surg. 2004, 239, 849-856; discussion 856—
858.

Jiang, A.; Liang, M.; Su, Z.; Chai, L.; Lei, W.; Wang, Z.; Wang, A.; Wen, W.; Chen, M. Immunohistochemical detection of pepsin
in laryngeal mucosa for diagnosing laryngopharyngeal reflux. Laryngoscope 2011, 121, 1426-1430.

Wang, L,; Tan, J.J.; Wu, T.; Zhang, R.; Wu, ].N.; Zeng, F.F; Liu, Y.L.; Han, X.Y,; Li, Y.F,; Li, X.P. Association between laryngeal
pepsin levels and the presence of vocal fold polyps. Otolaryngol. Head Neck Surg. 2017, 156, 144-151.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(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.



