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Objectives: To investigate the therapeutic benefit of proton pump inhibitors (PPIs) over placebo in patients with laryngo-
pharyngeal reflux (LPR) and to analyze the epidemiological factors of heterogeneity in the literature.

Methods: An electronic literature search was conducted to identify articles published between 1990 and 2018 about clinical
trials describing the efficiency of medical treatment(s) on LPR. First, a meta-analysis of placebo randomized controlled trials (RCTs)
comparing PPIs versus placebo was conducted according to diet. The heterogeneity, response to PPIs, and evolution of clinical
scores were analyzed for aggregate results. Second, a systematic review of diagnosis methods, clinical outcome of treatment, and
therapeutic regimens was performed using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.

Results: The search identified 1,140 relevant publications, of which 72 studies met the inclusion criteria for a total of 5,781
patients. Ten RCTs were included in the meta-analysis. The combined relative risk was 1.31 in favor of PPIs and increased to
1.42 when patients did not receive diet recommendations. Randomized controlled trials were characterized by a significant het-
erogeneity due to discrepancies in clinical therapeutic outcomes, diagnosis methods (lack of gold standard diagnostic tools), and
therapeutic scheme. The epidemiological analysis of all articles supports the existence of these discrepancies in the entire litera-
ture. In particular, many symptoms and signs commonly encountered in LPR are not assessed in the treatment effectiveness. The
lack of diagnosis precision and variability of inclusion criteria particularly create bias in all reported and included articles.

Conclusion: This meta-analysis supports a mild superiority of PPIs over placebo and the importance of diet as additional
treatment but demonstrates the heterogeneity between studies, limiting the elaboration of clear conclusions. International rec-
ommendations are proposed for the development of future trials.
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INTRODUCTION
Laryngopharyngeal reflux (LPR) is an inflammatory

condition of the upper aerodigestive tract tissues related
to direct and indirect effect of gastric or duodenal content
reflux, which induces morphological changes in the upper
aerodigestive tract. Laryngopharyngeal reflux may affect
approximately 4% to 10% of outpatients visiting ear,
nose, and throat (ENT) departments1,2 and up to 75% of
patients with refractory ENT symptoms.3,4 Laryngophar-
yngeal reflux is associated with pharyngolaryngeal disor-
ders, profuse media otitis, rhinitis, resistant chronic
rhinosinusitis, and many inflammatory disorders of the
upper aerodigestive tract.3–5 The common symptoms
encountered in LPR are hoarseness, globus, throat clear-
ing, cough, sore throat, and excessive phlegm.6,7 The
usual laryngeal findings related to LPR are arytenoid
and vocal cord erythema, posterior commissure hypertro-
phy, and arytenoid edema.6–9 Currently, these signs and
symptoms are used to suspect the LPR diagnosis with
subsequent testing for gastroesophageal or pharyngeal
reflux employing 24-hour pH with or without impedance
monitoring.

The main controversy in LPR concerns the lack of
gold standard in establishing the LPR diagnosis because
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impedance-pH metry is not perfect (i.e., high false-
positive and false-negative rates, interpretation difficul-
ties, placement probe, cost, anatomical differences,
limitation of the recording sensors in interrogating the
entire cavity the pharynx).10,11 For this reason, many
physicians increasingly consider the clinical response to
empirical medical treatment a reliable alternative
approach to confirm the diagnosis.7,12,13 In this
approach, only patients unresponsive to empiric therapy
undergo ambulatory reflux testing. Treatment efficiency
is most commonly evaluated through evolution of signs
and symptoms posttherapy. Optimal therapeutic regi-
men for patients with suspected LPR remains aggres-
sive acid suppressive therapy with proton pump
inhibitors (PPIs).14 Therapeutic response to PPI therapy
has been mixed and clinically controversial. This is
especially important given the potential association
between PPI therapy and the occurrence of chronic
adverse affects.15

Thus, the primary objective of this study was to
investigate the therapeutic benefit of PPI therapy over
placebo in patients suspected of having LPR in the con-
text of placebo randomized controlled trials (RCTs). In
addition, based on this meta-analysis we propose a list
of recommendations for the development of future
trials.

MATERIALS AND METHODS
The criteria for considering studies for the systematic

review were based on population, intervention, comparison, and
outcome framework.

Types of Studies
Double-blind placebo RCTs were initially included to real-

ize the meta-analysis. For the systematic review, we included
clinical and observational studies published as full-scale original
articles in peer-reviewed journals. The studies should be written
in English or French.

Participants
Diagnosis of LPR had to include symptoms ± signs ± objec-

tive examination(s). Patients with a positive pH metry or pH-
impedance metry were considered as LPR patients. Patients with
a positive response to empirical therapeutic trial were considered
as highly suspected of LPR but not as LPR patients.12,13 Patients
included on the basis of LPR symptoms ± signs without known
response to PPI therapy were considered as suspected LPR
patients.

Intervention
The patient may have been treated with diet and lifestyle

modifications, medication (i.e., PPIs, alginate, antihistamine,
gastroprokinetic), or placebo for at least 4 weeks.

Comparison and Outcomes
Authors may have followed natural history of symptoms

with no active treatment or may have not conducted any
comparisons.

Search Strategy
A PubMed, Biological Abstracts, BioMed Central, Cochrane,

and Scopus search was conducted to identify articles published
between January 1990 and March 2018 about clinical trials describ-
ing the efficiency of medical treatment(s) on LPR clinical and symp-
toms. The keywords used were “reflux,” “laryngopharyngeal,”
“laryngitis,” “symptom(s),” “gastroeosophageal,” “treatment,” and
“sign(s).” In addition, references were obtained from citations
within the retrieved articles or in review publications. Three inde-
pendent authors (J.R.L., S.S., and L.G.DM.) screened and selected each
study that had database abstracts, available full texts, or titles
referring to the condition. This study was conducted according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses checklist for reviews and meta-analysis.16

Epidemiological Characteristics, Outcomes, and
Interventions

Three investigators (J.R.L., S.S., and L.G.DM.) analyzed trials
for number of subjects, age, sex, study design, inclusion and
exclusion criteria, quality of trial, evidence level (EL), symp-
toms and signs used as outcome treatment, and treatment
types.

Exclusion criteria adopted in trials were extracted and were
classified in seven categories (cat.): cat. 1, authors carefully
excluded patients with ENT and respiratory toxic or infectious
disorder(s) within the last month; cat. 2, smoker, alcoholic, and
subjects with active allergy; cat. 3, patients with anti-reflux
treatment already started in the previous month (i.e., PPIs, H2

receptor antagonists, over-the-counter antacids, gastroprokinetic,
and surgery); cat. 4, patients with current/history of malignan-
cies, radiotherapy, laryngeal trauma, and head and neck previ-
ous surgery; cat. 5, benign laryngeal lesions including cyst,
nodules, polyps, and papillomatosis; cat. 6, severe neurologic and
psychiatric disorders (i.e., severe depression, dementia, psycho-
sis); and cat.7, subjects with other ENT diseases that may lead
to confounding ENT complaints.

The three investigators performed the extraction of
symptoms and signs used as therapeutic outcomes. For this
purpose, to be included the studies had to precisely describe
symptoms and/or signs assessed throughout the treatment
course. Therefore, symptom and sign outcomes could consist of
clinical questionnaires or simply history/observation taken by
the clinician. In cases of discrepancies between investigator’s
results, a second analysis of the content of the publication
was made.

Validity Evaluation, Tools, and Risk of Bias
The grade of recommendation was determined for each

publication.17 Risk of bias was assessed using the Tool to
Assess Risk of Bias in Cohort Studies (TARB) developed by the
Clarity Group and Evidence Partners and included an analysis
of selection, detection, performance, attrition, and reporting
biases.18

Statistical Analysis
Data were analyzed for aggregate results for two endpoints:

the response to PPIs (as binary endpoint) and the evolution of
the scores assessed for signs and symptoms (as continuous out-
come). Analyses were focused on placebo RCTs employing PPI
therapy.

For response to PPI, we calculated individual relative risks
for PPI effect (when the numbers of responders as well as
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numbers of randomized patients were available per arm), and we
aggregated them first with a fixed effect method (Peto method).
That is, we we applied the formulas provided by Cucherat
et al.19 to calculate: the individual relative risks, the logarithms
of those relative risks, and their variances. The inverses of the
variances were used as weights to calculate the logarithm of the
aggregated relative risk and its variance. Finally, the estimate of
the aggregated risk was obtained together with a 95% confidence
interval (CI), assuming a normal distribution on the logarithmic
scale. A test statistic following a chi square distribution was
obtained from the individual weights and individual logarithms
of the relative risks.

In cases of heterogeneity detected using a chi square test
for heterogeneity, we also applied a random effects model. This
means that the weights used to aggregate the individual relative
risks on the logarithmic scales were modified to integrate the
measure of the heterogeneity between studies according to the
formulas of Cucherat et al.19

We planned a subgroup’s analysis according to the fact
that patients had diet as complementary treatment or not. We
considered the aggregated relative risk as showing statistically
significant effect if the 95% CI for the aggregated relative risk
did not overlap with 1. For scores, we defined as continuous
measure in each treatment arm the score differences before and
after treatment. We calculated a standardized treatment effect
per trial, and we also calculated an aggregated standardized
treatment effect using a weighted mean of individual treatment
effects as for the response to PPI (as binary endpoint). The
same steps were followed, adapting the formulas to these indi-
vidual estimates of the treatment effects (all the formulas avail-
able in Cucherat et al.19). All analyses were performed using a
modified version of Microsoft Excel 2016 (Microsoft Corp., Red-
mond, WA).

Overview of Clinical and Epidemiological
Characteristics in the Entire Literature

In addition to the meta-analysis (i.e., combined relative risk
and heterogeneity), we extended our epidemiological analysis to
all trials conducted during the 3 past decades with the aim to
assess the clinical efficiency of LPR treatment(s). Thus, in a sec-
ond step, the three investigators performed the same extraction
and analysis of data (i.e., patients age, sex, diagnosis method,
exclusion criteria, outcomes used, and treatment types) for all
controlled or uncontrolled, prospective or retrospective studies
conducted within the 3 past decades. The intent of this analysis
was to allow robust overview of trials characteristics of the cur-
rent literature in LPR, which may allow the elaboration of rec-
ommendations for future trials.

RESULTS
We identified 1,140 relevant publications from 72 per-

tinent references accounting for 5,781 suspected or con-
firmed LPR patients. Of the 72 qualified articles, we found
15 placebo RCTs, 13 prospective controlled trials (with
or without randomization), 40 prospective uncontrolled
studies, and four retrospective case series (Supporting
Supporting information Table 1).2,3,7,11,13,20–85 The ELs
are described in Figure 1. Seven studies were excluded
due to overlapping patient populations.78,87–92

Two placebo RCTs included in previous meta-analy-
sis93 were excluded because focusing on patients with
chronic cough attributed a posteriori to LPR.94,95 The
degree of agreement between investigators was high

because only three articles have been discussed about the
inclusion.

Meta-Analysis Results
Among the 15 placebo RCTs, two trials were

excluded from the analysis because the treatment was
only based on alginate29,33; one study was excluded due
to use of voice therapy in addition to PPIs.28 Two studies
were considered as inadmissible due to insufficient infor-
mation in the publications (i.e., percentage of patients
who had > 50% of symptoms improvement).30,31 Thus,
our analysis concerned a total of 10 placebo RCTs,
accounting for 480 patients (220 in the placebo arms and
260 in the PPI arms; not all trials used a 1:1 allocation
ratio).11,20–27,32

Employing a fixed effects model, we obtained a com-
bined relative risk of 1.26 (95% CI: 1.07–1.46) in favor of
PPIs. However, significant heterogeneity was detected
(chi square = 15.65; 9 degrees of freedom, P = 0.05).
Using a random effects model, combined relative risk
increased to 1.31 with a broader 95% CI (1.03–1.67), but
statistical significance was maintained in favor of PPIs.
The relative risks of placebo RCTs are described in
Figure 2.

Subgroups analysis assessed role of diet in three
studies (74 patients in the placebo arms and 70 patients
in the PPI arms). Combined relative risk with Peto
method was 1.27, 95% CI (1.01–1.59), without detecting
any significant heterogeneity. On the other hand, looking
at the seven studies with PPIs but without systematic
diet proposed to the patients (respectively 146 patients
for placebo and 190 patients for PPI), we had to use a
random effects model and got a nonsignificant result with
a combined relative risk of 1.42, 95% CI from 0.96 to 2.09
(Fig. 2). In the subgroup analysis, additional data regard-
ing dietary implementation were gathered post hoc by
contacting the primary investigators if such data were
not detailed in the article.

Laryngopharyngeal Reflux Patient Charac-
teristics, Diagnosis, and Treatments. Among the
10 placebo RCTs, we identified seven diagnosis methods,
10 lists of exclusion criteria, 10 combinations of clinical
outcomes used throughout treatment, nine therapeutic
regimens, and three treatment durations. Moreover, some
authors combined the intake of a placebo with diet and
behavioral changes,20,24,32 whereas other did not pre-
scribe diet.11,21–23,25–27

Clinical Outcomes as Treatment Effectiveness.
Among the 10 placebo RCTs included in our meta-analy-
sis, there was significant heterogeneity across studies
about clinical therapeutic outcomes because a total of
10 different combinations of symptoms and signs were
employed to determine the PPIs/placebo effectiveness. In
addition, only a small number of placebo RCTs provided
information about the evolution of individual symptoms
or signs throughout the treatment.11,24,27 Only four25–27,32

authors used standardized tools to assess signs (Reflux
Finding Score [RFS] and chronic posterior laryngitis
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index) and symptoms (Reflux Symptom Index [RSI])
throughout treatment. No authors performed blinded
assessment of laryngo(strobo)scopic signs with regard to
the symptoms of patients.

Overview of Clinical and Epidemiological
Characteristics in the Entire Literature

Epidemiological Characteristics of Studies. To
investigate the heterogeneity factors in the current

literature, we extended the epidemiological analysis to all
prospective and retrospective studies (N = 72). Support-
ing information Table 1 summarizes the 72 studies,
which are classified according to their ELs.2,3,7,11,13,20–86

The sample sizes ranged from 10 to 1,044 subjects. Fifty-
seven percent of patients were women, and the average
patient age at diagnosis was 48.9 years old. There was an
important heterogeneity among studies regarding the
diagnosis method. The diagnosis was based on the evalu-
ation of symptoms and signs without standardized tool in

Fig. 1. Flow chart shows the process of article selection for this study.
RCT = randomized controlled trials; EBM = evidence-based medicine; JRL = Jerome R. Lechien; LDM = Lisa G. De Marrez.

Laryngoscope 129: May 2019 Lechien et al.: Laryngopharyngeal Reflux

1177

 15314995, 2019, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lary.27591 by T

hirion Paul - D
ge, W

iley O
nline L

ibrary on [29/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



the majority of publications, followed by the pH-
impedance monitoring and utilization of RSI and RFS
scores with many validated and unvalidated thresholds
(Table I). Among the trials using pH-impedance studies,
the criteria used to perform the diagnosis were inaccu-
rate75,86 or significantly different across studies
(Table II). Thus, a few authors consider the occurrence of
a/multiple pharyngolaryngeal drop(s) with a pH below
4 or 511,51,56 for the diagnosis, whereas others used com-
posite criteria involving the use of Ryan score or other.
26,43,84–86 In trials that based the diagnosis on both signs
and symptoms, more than 40% of the included studies did
not provide information about the exclusion
criterias37,39,45–50,52,53,55–58,62,75,76,85,86 or did not exclude
some major cofounding factors such as smoking or alco-
holism, representing a selection bias according to our
analysis with TARB.3,21,31,33,40–42,50,59,72,82,83 Overall, four
main different medical regimens were identified with a
duration ranging from 4 to 54 weeks:

1. PPIs alone once a day (N = 18), twice a day (N = 45),
or three times a day (N = 2);

2. PPIs in association with other drugs including gastro-
prokinetic (N = 5), H2 receptor antagonists (N = 1),
rikkunshito (N = 1);

3. PPIs combined with speech therapy (N = 2);
4. Other drugs or diet or placebo alone (especially in con-

trolled studies, N = 6).

Clinical Outcomes of Open Labelled Studies. In
more than 50% of included studies, symptoms were
mainly evaluated along the treatment with unstandar-
dized composite questionnaires (Supporting information
Table 1). Authors usually excluded patients who did not
complete the therapeutic course, reducing the risk of
attrition bias. The evaluation of videolaryngo(strobo)sco-
pic signs was mainly performed with RFS, followed by
unstandardized composite instrument or without instru-
ment/score. Only a few authors used a blinded assess-
ment for the videolaryngo(strobo)scopic signs.7,54,59,63 The
precise symptoms and signs used to assess the medical
treatment effectiveness are described in Table III. As
described in Table IV, at the moment of evaluation of the
signs the vast majority of authors were not blinded to
patient clinical improvement or cure, representing a
detection bias according to our analysis with TARB. Over-
all, signs and symptoms described in RFS and RSI were
the most commonly assessed clinical outcomes through-
out therapeutic course. Some usual laryngeal and extra-
laryngopharyngeal signs related to LPR disease were not
often described in the current literature (Fig. 3). In addi-
tion, as found in placebo RCTs, a few studies provided
information about the evolution of individual symptoms
or signs throughout the treatment.7,28,30,31,52,60

Table IV (supplementary file) provides bias analysis
of included studies according to TARB. This table exhibits
the high heterogeneity between studies according to

Fig. 2. Meta-analysis results of placebo randomized controlled trials included in the meta-analysis.
PPI = proton pump inhibitors; RCT = randomized controlled trials; PI = pantoprazole/proton pump Inhibitor; RR = relative risk; BC = behavioral
changes.
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diagnosis, exclusion criteria, outcomes evaluations, and
treatment regimens. In the large majority of studies, the
risk of bias was high.

DISCUSSION
Our meta-analysis highlights two main findings: On

the one hand, our relative risk analysis supports a mod-
est superiority of PPIs over placebo but exhibits a signifi-
cant heterogeneity between studies. On the other hand,
the relative risk of trials, including diet and behavioral
changes in both PPIs and placebo arms, is lower than the
relative risk of trials that compared PPIs versus placebo
without diet and behavioral changes.

Demonstration of the superiority of PPIs over pla-
cebo does not corroborate the results of the most recently
published meta-analysis of Guo et al.93 Many reasons
explain this inconsistency. First, the trials included in
our two meta-analyses differ significantly. Because the
quality of placebo RCTs included in a meta-analysis had
a dramatic impact of the results of the meta-analysis, we
decided to adopt strict inclusion criteria. Thus, in the pre-
sent study we only included placebo RCTs focused on the
efficiency of PPIs over placebo in the context of LPR dis-
ease. In the study of Guo et al., authors included one con-
trolled study comparing diet versus PPIs (without

placebo arm)42 and two trials that studied patients with
chronic cough94,95 without clinical or objective demonstra-
tion of LPR. Moreover, two placebo RCTs were excluded
from our analysis with regard to the lack of required
information for our statistical analysis. Thus, our study is
more rigorous in its inclusion criteria. However, we did
find significant heterogeneity between placebo RCTs due
to discrepancies regarding diagnosis methods, clinical
therapeutic outcome, and treatment regimens. Indeed,
these three elements traditionally constitute the main
causes of heterogeneity between placebo RCTs, impacting
the meta-analysis results.96 Our second finding suggests
that diet and behavioral changes is a factor that modu-
lates the therapeutic effectiveness of PPIs and placebo.
This point is particularly important because the consider-
ation of diet and behavioral changes as a treatment of
LPR has already been supported68 in many trials but still
not really taken into account.

We also performed an in-depth assessment of all pro-
spective and retrospective studies in the area of LPR from
1990 to 2018, covering a period of 28 years. This was per-
formed to better determine the heterogeneity of current
data in order to guide recommendations for future trials.
In doing so, we confirmed the presence of substantial het-
erogeneity between studies regarding diagnosis criteria
with a large number of studies that did not use pH-
impedance monitoring or validated clinical instruments.
From an epidemiological standpoint, inclusion or exclu-
sion criteria in a specific study population have a dra-
matic impact on the conclusions of the treatment
effectiveness.97 Therefore, in trials that did not use objec-
tive examinations for the diagnosis, the utilization of the
empirical approach must carefully involve clear selection
of the patients excluding all possible differential diagno-
ses.97,98 In practice, many authors using empirical
approach did not exclude the main confounding factors or
did not provide information about the exclusion criteria,
which lead to mis-selection of LPR patients and selection
bias. The most blatant example concerns the chronic
consumption of alcohol or smoking, which are known to be
associated with many symptoms and signs of chronic phar-
yngolaryngitis. Additionally, others excluded patients with
signs that may be related to LPR including laryngeal
granuloma,51 tongue tonsil hypertrophy,75 or severe eso-
phagitis,20 introducing a selection bias according to the
profile of the selected patients. With further regard to the
diagnosis, the criteria used to perform the diagnosis with
pH-impedance monitoring were unclear75,86 or significantly
varied among studies that underlies different patient’s pro-
files according to the severity of LPR and a potential selec-
tion/recruitment bias. Along this line, our analysis identified
a total of 11 different criteria for 17 studies using pH-(imped-
ance) monitoring with overall good homogeneity in the
probes’ placement.

To improve patient care, it is recommended to use
reliable and effective tools in assessing LPR symptoms
and signs both at the diagnosis and throughout the treat-
ment. One of the main findings highlighted by our analy-
sis is the full widespread utilization of RSI and RFS,
which undoubtedly improves patient care but may under-
lie an implicit bias related to the exclusion of some

TABLE I.
Diagnosis Methods and Tools Used in the Selected Studies

Diagnosis Method N studies

LPR symptoms and signs (no tool) 34

Symptoms since at least 3–4 weeks 4

Symptoms since at least 6–8 weeks 2

Symptoms since at least 12–14 weeks 6

Symptoms duration not provided 22

Empirical PPIs scheme 1

LPR Symptoms (no tool) 15

Symptoms since at least 3–4 weeks 2

Symptoms since at least 6–8 weeks 2

Symptoms since at least 12–14 weeks 3

Symptoms duration not provided 8

Tools and Thresholds

RSI > 13 and RFS > 7 11

RSI > 13 4

RSI > 10 and RFS > 5 2

RSI > 9 and RFS > 7 1

RSI ≥ 13 1

RSI > 13 and signs 1

RFS > 7 and symptoms 2

CPLI and symptoms 1

GSRS ≥ 3 1

pH (impedance) metry 18

Esophagitis 7

CPLI = Chronic Posterior Laryngitis Index; GSRSI = Gastrointestinal
Symptom Rating Scale; LPR = laryngopharyngeal reflux; m = months; N =
number; PPI = proton pump inhibitors; RFS = reflux finding score; RSI =
reflux symptom index.
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common symptoms and signs that are not described in
these instruments. Thus, throat pain,14 odynophagia,11 or
halitosis99 are commonly met in patients with LPR but
still not described in RSI. Other symptoms such as heart-
burn, chest pain, regurgitations, and indigestion are
described within a single combined item, leading to confu-
sion in the assessment of these complaints. In addition,
the popularity of LPR as a causative factor for ear com-
plaints (ear pressure, pain) has increased steadily over
the past 3 decades100,101 but is still not take into consider-
ation in any patient-reported instrument. Another prob-
lem related to RSI is the rating of symptoms that is only
based on the symptom’s severity. The rating of symptom’s
severity with visual analog scale remains subjective and
depends on many sociocultural factors. Thus, two patients
with same symptoms could differently rate the symptom’s
severity, impacting the RSI total score, which is used for
patient’s inclusion (RSI > 13) and the assessment of post-
therapeutic response. It is partly for this subjective aspect
that a few authors prefer to assess both frequency and

intensity of each symptom with a clear definition of the
corresponding rates.60,86 With regard to signs assessment,
vocal fold erythema, keratosis, and a large number of
extralaryngeal signs (i.e., posterior pharyngeal wall
inflammation, anterior pillars inflammation, coated ton-
gue) are not evaluated with RFS, although they concern a
considerable number of patients.45,102,103 Moreover, some
usual signs related to LPR (i.e., leukoplakia, granuloma)102

consisted of exclusion criteria in other studies.51 In addi-
tion, our analysis suggests that only a few authors per-
formed blinded evaluations with regard to the patient
complaints.7,59,104 As previously demonstrated, the un-
blinded assessment of laryngoscopic signs is associated
with a high risk of sign’s misestimation because physician
judgment is strongly influenced by knowledge of patient
complains.105,106 Naturally, a blinded examination is diffi-
cult in daily practice, which is why it is important to have
signs scores with precise descriptions of each signs items
grade exhibiting higher interjudge reliability. All weak-
nesses related to the current LPR instruments may

TABLE II.
Overview of the pH Metry Criteria Used for the LPR Diagnosis

References pH Metry Type Diagnosis Criterias Probe(s) Placement

Noordzij, 2002 Dual-probe pH metry Drop in pH ≤ 4, or

3-point drop in pH < 5

Proximal probe: hypopharynx, 1 cm above UES

Distal probe: esophagus, 18 cm below the upper probe
Belafsky, 2001 & 2002 Dual-probe pH metry Drop in pH ≤ 4 both in Oropharyngeal and

esophageal spaces
Proximal probe: hypopharynx, 1 cm above UES

DelGaudio, 2003 Dual-probe pH metry Drop in pH ≤ 4 in oropharyngeal space Proximal probe: hypopharynx, 1 cm above UES

Distal probe: esophagus, 18 cm below the upper probe
Eherer, 2003 Dual-probe pH metry Distal probe: pH ≤ 4 (4.5% time) Proximal probe: hypopharynx, 1–3 cm above UES

Distal probe: esophagus, 5 cm above LES
Steward, 2004 Dual-probe pH metry Distal probe: pH ≤ 4 (4.5% time) Proximal probe: unspecified area, 15 cm proximal to LES

Distal probe: esophagus, 5 cm above LES
Qaader, 2005 Simple-probe pH metry NA NA

Wo, 2006 Triple-probe pH metry A drop in pH ≤ 4.0 for ≥ 5s and

Onset of abrupt pH drop to nadir in < 30s and
pH drop with distal pH sensor pH < 4.0 and
Proximal sensor pH > distal sensor pH

Proximal probe: hypopharynx, 1–3 cm above UES

Distal probe: esophagus, 5 cm above LES

Swoger, 2006 Dual-probe pH metry Distal probe: pH ≤ 4 (5.5% time) Proximal probe: hypoharynx, below UES

Distal probe: esophagus, 5 cm above LES
Reichel, 2008 Dual-probe pH metry Drop in pH ≤ 4 both in oropharyngeal and

Esophageal spaces with RAI > 6.3

Proximal probe: hypopharynx, above UES

Distal probe: 15 cm below the upper probe
Jin, 2008 Dual-probe pH metry Drop in pH ≤ 4 both in

Oropharyngeal and esophageal spaces

Proximal probe: hypopharynx, above UES

Distal probe: 15 cm below the upper probe
Koufman, 2011 Dual-probe pH metry NA NA

Friedman, 2011 Pharyngeal probe pH
metry Restech

Ryan score > 9.41 (upright) or

Ryan score > 6.8 (supine)

Probe: hypopharynx, above UES

Lien, 2013 Triple-probe pH metry ≥ 2 LPR pharyngeal episodes or

Excessive distal esophageal acid reflux

Proximal probe: hypopharynx, 1 cm above UES

Distal probe: esophagus, 5cm above LES
Waxman, 2014 Pharyngeal probe pH

metry (Restech)
Ryan score > 9.4 (upright) or

Ryan score > 6.8 (supine position)

NA

Wan, 2014 Dual-probe pH/impedance
Metry

≥ 3 LPR pharyngeal episodes or

Proximal acid exposure time >1%, or
Impedance proximal acid exposure ≥ 4

Proximal probe: esophagus, 2 cm below UES

Distal probe: 20 cm below the proximal probe

Nennstiel, 2016 Dual-probe pH/impedance
Metry

Distal probe: pH ≤ 4 (4.0% time)

Impedance: > 73 fluids/22 hours or
Esophageal mixed reflux episodes

Proximal probe: NA

Distal probe: esophagus, 5 cm above LES

Tseng, 2018 6-probe pH/impedance
Metry

Distal probe: pH ≤ 4 (4% time) Proximal probe: NA
Distal probe: esophagus, 3 cm above LES

LES = lower esophageal sphincter; NA = not available; RAI = reflux area index; UES = upper esophageal sphincter.
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undoubtedly decrease the reliability and efficiency of clini-
cal evaluations at baseline and throughout the treatment,
leading to controversial conclusions between studies.14

The impact of gastroduodenal refluxate on the laryn-
gopharyngeal sensitivity is another point that needs clari-
fication. Laryngopharyngeal sensitivity is important to
protect the airway of microaspirations. Indeed, physiologi-
cally, the stimulation of the laryngeal mucosa with irrita-
tive molecules (such as pepsin or trypsin) induces a
pharyngeal swallow reflex and cough.107 Some studies sug-
gested that the laryngeal inflammation related to LPR is
associated with a decrease of the laryngopharyngeal

sensitivity that potentially increases the risk of microas-
pirations of gastroduodenal refluxate.108,109 According to
the fact that recurrent microaspirations is one of the
potential mechanisms explaining chronic cough, throat
clearing, and an increased susceptibility to respiratory
diseases,110,111 future additional examinations could be
developed to better assess the mucosa sensitivity, espe-
cially in patients with LPR and respiratory-related
disease.

Dietary therapy could be important because it is
associated with significant improvement of signs and
symptoms in both responder and nonresponders patients

TABLE III.
Symptoms and Signs Outcomes Used in the Selected Studies

Symptoms Number of Studies N = 69 Signs Number of Studies N = 55

Laryngopharyngeal Laryngopharyngeal

Voice disorders VD 66 Laryngeal/arytenoids erythema EH 52

Throat clearing TC 65 Granuloma/granulation (interarytenoid nodularity) GG 51

Troublesome cough CT 63 Laryngeal edema LE 49

Globus sensation GS 62 Posterior commissure hypertrophy PH 45

Dysphagia DD 52 Vocal fold edema VE 44

Stomach acid coming up PS 48 Thick endolaryngeal mucous TM 38

Excess throat mucous/postnasal drip EM 41 Subglottic edema/pseudosulcus/stenosis SE 37

Coughing after you ate/lying down PC 40 Ventricular obliteration VV 35

Chest pain CP 39 Vocal fold erythema VR 14

Chocking CK 34 Laryngeal ulcerations UC 10

Sore throat/throat pain PT 25 Supraglottis erythema SR 8

Odynophagia OD 9 Posterior pharyngeal wall erythema PW 7

Tongue burning TB 3 Supraglottis edema SP 7

Ear pressure/pain EP 2 Polyp/Reinke edema PP 5

Wheezing WH 1 Postpharyngeal cobblestoning PY 5

Subglottic erythema SU 3

Gastroesophageal Loss light reflect LO 2

Heartburn HB 61 Nodules ND 2

Regurgitations RE 19 Leukoplakia LL 2

Abdominal pain AP 3 Vocal cord epithelium thickening TI 1

Diarrhea syndrome DS 3 Vocal web WW 1

Indigestion IS 3 Laryngeal keratosis KT 1

Nausea NA 3 Mucous pooling in the piriform sinus PI 1

Eructation EE 3

Hiccup HO 1 Extra laryngopharyngeal

Constipation CS 1 Tongue tonsil hypertrophy TT 5

Foul taste FT 1 Posterior oropharyngeal wall erythema PO 2

Nasal congestion NC 1

Uvula erythema/edema UV 1

Anterior pillars erythema/edema AN 1

Dull tympanic membrane DT 1

AN = anterior pillar erythema/edema; AP = abdominal pain; CK = chocking; CP = chest pain; CS = constipation; CT = troublesome cough; DD = dyspha-
gia; DS = diarrhea syndrome; DT = dull tympanic membrane; EE = eructation; EH = laryngeal/arytenoids erythema; EM = excess throat mucous/postnasal drip;
EP = ear pressure/pain; F = frequency; FT = foul taste; GG = granuloma/granulations (posterior commissure); GS = globus sensation; HB = heartburn; HO = hic-
cup; IS = indigestion; KT = laryngeal keratosis; LE = laryngeal edema; LL = leukoplakia; LO = loss light reflect; m = month(s); NA = nausea; NC = nasal conges-
tion; ND = nodules; OD = odynophagia; PC = Coughing after you ate/lying down; PH = posterior commissure hypertrophy; PI = mucous pooling in the piriform
sinus; PO = posterior oropharyngeal wall erythema; PP = polyposis/Reinke edema; PS = stomach acid coming up; PT = pain throat; PW = posterior pharyngeal
wall erythema; PY = postpharyngeal cobblestoning; RE = regurgitations; S = severity; SA = stomachache; SE = subglottic edema; SP = supraglottis edema;
SR = supraglottis erythema; TB = tongue burning; TC = throat clearing; TI = vocal cord epithelium thickening; TM = thick endolaryngeal mucous; TT = tongue
tonsil hypertrophy; UC = laryngeal ulcerations; UV = uvula erythema/edema; VD = voice disorders; VE = vocal folds edema; VR = vocal folds erythema; VV = ven-
tricular obliteration; w = week(s); WH = wheezing; WW = vocal web.
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TABLE IV.
(supplementary table): Risk of bias assessment according to studies

References LPR diagnosis Exclusion criteria
Outcomes
definition

Symptoms -
Assessment

Adequate finding
assessment

Blinded Assessment
(findings)

Adequate follow-up
duration

Havas (20) Probably yes No Yes Probably no N.A. N.A. Yes

El-Serag (21) Probably yes Probably no Yes Probably yes Probably yes No Yes

Noordzij (11) Yes Yes Yes Probably yes Probably yes No Yes

Langevin (22) Probably yes Probably yes Yes Probably no N.A. N.A. Yes

Eherer (23) Yes Probably yes Yes Probably yes Probably yes No Yes

Steward (24) Probably yes Yes Yes Yes Probably no No Yes

Vaezi (25) Probably yes Yes Yes Probably yes Probably yes No Yes

Wo (26) Yes Probably no Yes Probably yes Probably yes No Yes

Reichel (27) Probably yes Yes Yes Probably yes Probably yes No Yes

Vashani (28) Probably yes Probably yes Yes Probably yes Yes No Probably yes

McGlashan (29) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Fass (30) Probably yes Probably no Yes Probably yes Probably yes No Yes

Lam (31) Probably yes Yes Yes Probably yes Probably yes No Yes

Ezzat (32) Probably yes Yes Yes Yes Probably yes No Yes

Tseng (33) Yes Probably yes Yes Probably yes Probably yes No Yes

Siupsinkiene (34) Probably yes Probably yes Yes Probably no Probably no No No

Park (35) Probably yes Probably no Yes Probably yes N.A. N.A. Yes

Swoger (36) Yes Probably no Yes Probably yes Yes No Yes

Hunchaisri (37) Probably yes No Yes Probably yes N.A. N.A. Yes

Chung (38) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Oridate (39) Probably yes No Probably yes N.A. Probably yes No Probably no

Chun (40) Probably yes Probably no Yes Probably yes Probably yes No Yes

Tokashiki (41) Probably yes Probably no Yes Probably yes N.A. N.A. Probably no

Chappity (42) Yes Probably no Yes Yes Probably no No Yes

Wan (43) Yes Yes Yes Probably yes Probably yes No Probably no

Ozturan (44) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Hanson (45) Probably yes No Yes Probably no Probably yes No Probably no

Jaspersen (46) Probably yes No Yes Probably no N.A. N.A. Probably no

Shaw (47) Probably yes No Yes Probably yes Probably no No Yes

Wo (48) Probably yes No Yes Probably yes N.A. N.A. Yes

Metz (49) Probably yes No Yes Probably yes N.A. N.A. Probably no

Habermann (50) Probably yes No Yes Probably yes Probably yes No Probably yes

Belfasky (51) Yes Probably yes Yes Probably yes Probably yes No Yes

Hamdan (52) Probably yes No Yes Probably no N.A. N.A. Probably no

Rodriguez (53) Probably yes No Yes Probably no Probably no No Yes

Habermann (54) Probably yes Probably yes Yes Probably no Yes No Probably yes

Belafsky (55) Yes No Yes Probably yes N.A. N.A. Yes

DelGaudio (56) Probably yes No Yes Probably yes Probably yes No Yes

Bilgen (57) Probably yes No Yes Probably yes Probably yes No Yes

Garrigues (58) Probably yes No Yes Probably yes Probably yes No Yes

Beaver (59) Probably yes No Yes N.A. Probably yes Yes Probably yes

Williams (60) Probably yes Yes Probably yes Probably yes Probably yes No Yes

Issing (61) Probably yes Probably no Yes Probably no N.A. N.A. Yes

Sereg-Bahar (62) Probably yes No Yes N.A. Probably yes No Yes

Qaader (63) Yes Probably no Yes Yes Probably yes No Yes

Dore (64) Probably yes Probably no Yes Probably yes N.A. N.A. Yes

Qua (65) Probably yes Yes Yes Probably yes Probably no No Yes

Jin (2) Yes Probably no Yes Probably yes Probably yes No Yes

Oridate (66) Probably yes No Yes Probably yes N.A. N.A. Yes

(Continues)
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to PPIs.7,68 By going further in terms of cost-effective
approach, the use of diet and behavioral changes in mild
LPR disease could be explored to reduce the cost related
to the PPIs overconsumption. Moreover, surprisingly, no
placebo RCTs assessed the combination of PPIs and
alginate-based formulations (or magaldrate), although
that can be a useful treatment for mixed (acid and nona-
cid) LPR. However, nonacid reflux is less explored in
LPR disease. Another difference among the therapeutic
schemes is duration of the empiric trial. The improve-
ment of both signs and symptoms may take time, espe-
cially in patients with a long history of LPR.112,113 To
date, most researches support a period of 2 to 6 months of
treatment to get substantial therapeutic benefit.14,114,115

Thus, the short therapeutic period of some trials may also
impact the evaluation of treatment effective-
ness.39,41,45,46,49,52,68,79,85 This is especially the case for
some signs requiring more time to improve, such as poste-
rior commissure hypertrophy.7 This point enhances the
interest to conduct global and individual symptoms and
signs evolution throughout treatment analyses. Based on
the epidemiological analysis of this study, the LPR Study
Group of Young-Otolaryngologists of the International

Federation of Oto-rhino-laryngological Societies proposed
some valuable recommendations for the future clinical
studies interested in the impact of the medical treatment
on both LPR symptoms and signs (Table V). Moreover,
our group is currently working to develop a new symptom
tool: the Reflux Symptom Score (Fig. 4).

The main limitations of this meta-analysis concern
the low number of studies that meet our inclusion cri-
teria, the small sample sizes of included trials, and the
various biases developed in our discussion. The combina-
tion of these conditions probably impacts the results of
our meta-analysis.

CONCLUSION
This meta-analysis supports a moderate superiority of

PPIs over placebo and the importance of diet as additional
treatment. However, we identified an important heterogene-
ity between studies limiting the elaboration of a clear con-
clusion in a large number of placebo-RCTs. In this context,
the systematic use of PPIs in the LPR treatment should be
balanced with the potential side effects of these drugs and
their interaction with other medications. Therefore, future

TABLE IV.
Continued

References LPR diagnosis Exclusion criteria
Outcomes
definition

Symptoms -
Assessment

Adequate finding
assessment

Blinded Assessment
(findings)

Adequate follow-up
duration

Chiba (67) Probably yes Probably no Yes Probably no N.A. N.A. Yes

Koufman (68) Yes Probably yes Yes Probably yes Probably yes No No

Lee (3) Probably yes Probably no Yes Probably yes Probably yes No Yes

Masaany (69) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Naiboglu (70) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Patigaroo (71) Probably yes Probably no Yes Probably yes Probably yes No Yes

Habermann (72) Probably yes Probably no Yes Probably yes Probably yes No Yes

Park (73) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Becker (74) Probably yes Probably no Yes Probably yes N.A. N.A. Yes

Lien (75) Yes Probably yes Yes Probably yes N.A. N.A. Yes

Beech (76) Probably yes No Yes Probably yes N.A. N.A. Yes

Vailati (77) Probably yes Probably no Yes Probably yes Probably yes No Yes

Lee (78) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Semmanaselvan (79) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Batioglu (80) Probably yes Probably no Yes Probably yes Probably yes No Yes

Dulery (81) Probably yes Probably no Yes Probably no Probably yes No Yes

Joshi (82) Probably yes Probably no Yes Probably yes Probably yes No Yes

Pullarat (83) Probably yes Yes Yes Probably yes Probably yes No Yes

Lechien 75) Probably yes Yes Yes Probably yes Probably yes Yes Yes

Friedman (84) Yes Probably no Yes Probably yes N.A. N.A. Yes

Waxman (85) Probably yes No Yes Probably yes N.A. N.A. Probably no

Gupta (11) Probably yes Probably yes Yes Probably yes Probably yes No Yes

Niennstiel (86) Yes No Yes Probably yes N.A. N.A. Yes

Footnotes: Analysis of LPR diagnosis, exclusion criteria, outcomes definition, and blinded assessment of findings was conducted according to our criteria
described in material and methods and the Tool to Assess the Risk of Bias in Cohort Studies developed by the Clarity Group and Evidence Partners. The assess-
ment of the finding assessment included i) the use of adequate instrument (i.e. stroboscopy in the evaluation of vocal fold motion or fibroscopy in the evaluation
of upper aerodigestive tract mucosa), ii) the relevance of findings (i.e. evaluations of laryngeal, pharyngeal, and oral mucosa), and iii) the characteristics of the
assessor. According to previous studies,2 we considered a treatment of ≥8 weeks as appropriate.
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Fig. 3. Findings of Laryngopharyngeal reflux disease. Some forgotten signs of laryngopharyngeal reflux (videolaryngostroboscopic images):
(A) redness of the oropharyngeal anterior pillars; (B) coated tongue (and redness of the oropharyngeal anterior pillars); (C) nodular inflammation
of the posterior oropharyngeal wall; (D) vocal cord ulcerations; (E) tongue tonsil hypertrophy, sticky saliva, and nodularity of the posterior oro-
pharyngeal wall; (F) hypertrophy of the posterior laryngeal wall and sticky saliva in piriform sinuses; (G) endolaryngeal sticky mucus;
(H) keratosis of the vocal process of the left arytenoid cartilage; and (I) edema of the free edge of the left vocal fold.

TABLE V.
Recommendations for Future LPR Studies

Diagnosis Recommendations

1. To respect clear inclusion and exclusion criterias, including the exclusion of patients with many confounding conditions that may lead to
laryngopharyngeal symptoms

2. To determine the incidence of all symptoms described in the current literature
3. To determine the incidence of all laryngeal and extralaryngeal signs described in the literature
4. To build new complete symptoms and signs instruments with assessment of severity and frequency of complaints
5. To determine the role of pH-impedance metry, oropharyngeal pH metry, and salivary detection of pepsin and trypsin
6. For the diagnosis, to develop multiparameter score including symptoms, signs, and pH/impedance findings
7. To determine the common and different clinical characteristics between nonacid, acid, and mixed LPR
8. To standardize the pharyngeal placement of probes of pH impedance metry and to standardize thresholds for the LPR diagnosis
Follow-up Recommendations

1. To use complete symptoms and signs scores, including the most prevalent clinical findings
2. For signs, to base the evaluation of each sign on a clear referential of severity (and not on subjective analog scale)
3. To consider both symptoms of LPR and GERD regarding their relationship
4. To determine the needed time to resolve all prevalent symptoms and signs related to LPR
Treatment Recommendations
1. To conduct multicenter placebo RCTs to definitively define the therapeutic efficiency of PPIs, alginate, magaldrate, and other drugs
2. To precisely assess the impact of diet and behavioral changes on the clinical improvement
3. To determine the adequate treatment scheme (e.g., diet, drugs, duration) according to types of LPR (acid, nonacid, mixed).

GERD = gastroeosophageal reflux disease; LPR = laryngopharyngeal reflux; PPIs = proton pump inhibitors; RCTs = controlled randomized trials.

Laryngoscope 129: May 2019 Lechien et al.: Laryngopharyngeal Reflux

1184

 15314995, 2019, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lary.27591 by T

hirion Paul - D
ge, W

iley O
nline L

ibrary on [29/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



placebo RCTs interested in the impact of PPIs on LPR must
take into consideration several key points. First is the elabo-
ration of clear inclusion and exclusion criteria according to
the diagnostic method used. Thereupon, in the case of fail-
ure to develop a gold standard diagnostic tool, the develop-
ment of multi-parameter scores including symptoms, signs,

pH monitoring findings, and some future new technologies
could substantially improve the LPR diagnosis. Second, an
improvement of the current tools used to assess both signs
and symptoms is needed to exhaustively evaluate symptoms
and signs related to LPR and gastroesophageal reflux dis-
ease that can be associated in a high number of patients.

Fig. 4. Reflux Symptom Score. RSS is in the process of validation in French, English, and Italian. Symptoms are assessed within the last
month. For each symptom, patient evaluates the occurrence of symptoms (1 = once a week; 2 = two or three times a week; 3 = four or five
times a week; 4 = six times a week or almost every day; 5 = every day) and the severity of symptoms (1 = symptom is not severe, 5 = very
severe when it occurs). RSS also assesses the impact of symptoms on quality of life (0 = no impact on my quality of life; 5 = significant impact
on my quality of life). For each item, the severity score is multiplied by the frequency score. The sum of the results of these multiplications is
calculated to have to RSS final score. The quality-of-life score is calculated separately. Three subcategories of RSS may be identified accord-
ing to the affected system: ear, nose, and throat area versus intestinal area (gastroeosophageal disease) versus respiratory area (lung-
associated diseases). Patient can add some unusual symptoms in subcategories of this tool. From these three subscores, future studies could
develop thresholds indicating gastroenterological or chest examinations (i.e., gastroscopy, lung function tests). At the end of the question-
naire, all patients must assess whether the questionnaire includes all of the complaints. Additional complaints may be added.RSS = Reflux
Symptom Score.
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Third, the role of diet and behavioral changes in the
improvement of clinical findings must be clarified.
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