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Abstract
Purpose Proton pump inhibitors (PPIs) are commonly prescribed for laryngopharyngeal reflux (LPR), but their efficacy 
remains debated. Alginates is an option for the treatment of LPR with few adverse effects. The study aimed to investigate the 
non-inferiority of an alginate suspension (Gastrotuss®) compared to PPIs (Omeprazole) in reducing LPR symptoms and signs.
Methods A non-inferiority randomized controlled trial was conducted. Fifty patients with laryngopharyngeal symptoms 
(Reflux Symptom Index -RSI- ≥ 13) and signs (Reflux Finding Score -RFS- ≥ 7) were randomized in two treatment groups: 
(A) Gastrotuss® (20 ml, three daily doses) and, (B) Omeprazole (20 mg, once daily). The RSI and the RFS were assessed at 
baseline and after 2 months of treatment.
Results Groups had similar RSI and RFS scores at baseline. From pre- to 2-month posttreatment, the mean RSI signifi-
cantly decreased (p = 0.001) in alginate and PPI group (p = 0.003). The difference between groups in the RSI change was 
not significant (95%CI:  − 4.2–6.7, p = 0.639). The mean RFS significantly decreased in alginate (p = 0.006) and PPI groups 
(p = 0.006). The difference between groups in the mean change RFS was not significant (95%CI:  − 0.8; 1.4, p = 0.608).
Conclusion After 2 months of treatment, LPR symptoms and signs are significantly reduced irrespective of the treatment. 
Alginate was non-inferior to PPIs and may represent an alternative treatment to PPIs for the treatment of LPR.
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Introduction

Laryngopharyngeal reflux (LPR) is an inflammatory condi-
tion of the upper aerodigestive tract tissues caused by the 
direct and indirect effects of gastroduodenal content reflux, 
which may induce morphologic changes in the interested 

tract [1]. Common laryngeal findings are arytenoid and 
vocal cord erythema, posterior commissure hypertrophy, and 
arytenoid oedema [2–4]. Patients with LPR often experience 
hoarseness, globus sensation, throat clearing, cough, excess 
throat mucus, and postnasal drip [4]. LPR is associated with 
a poor quality of life and a significant healthcare cost [1, 4]. 
Although the prevalence of LPR is still unclear due to a lack 
of a gold standard for its diagnosis, it was estimated that 
LPR represents up to 10% of otorhinolaryngologists’ con-
sultations [6, 7]. Additionally, an increase in the number of 
medical visits because of reflux, either LPR or gastroesopha-
geal reflux disease (GERD), and in the number of anti-reflux 
prescriptions has been observed over the last decades [8], 
suggesting that reflux is an increasingly spread health issue.

Treatment options include diet, behavioural modifications 
and medication. Currently, proton pump inhibitors (PPIs) are 
the most commonly prescribed pharmacological treatment 
[9]. Nevertheless, the efficacy of PPIs in the treatment of 
LPR is still a matter of debate. In 2016, the meta-analysis by 
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Liu and colleagues based on 8 randomized controlled trials 
(RCTs) concluded that PPIs did not significantly reduce LPR 
symptoms compared to the placebo [10]. The meta-analysis 
by Wei pooled the results of 13 RCTs and demonstrated a 
superiority of the PPIs over placebo for the treatment of 
LPR symptoms, as measured by the Reflux Symptom Index 
(RSI) [11], but a non-significant difference between the two 
groups for the response rate [12]. More recently, a meta-
analysis by Lechien and colleagues, including 10 RCTs, 
supported a mild superiority of PPIs over placebo for the 
treatment of LPR, but also suggested that a higher response 
rate can be achieved by combining PPIs and behavioural 
modifications [1]. Moreover, the long-term use of PPIs is 
suspected to be associated with side effects, e.g. pneumo-
nia, Clostridium difficile infection, kidney disease, heart 
failure, micronutrient deficiency, neurological disorders, 
and low bone mineral density [13–15]. Consequently, other 
pharmacological approaches have been explored, including 
alginate, magaldrate, histamine-2 receptor antagonists, and 
prokinetics. Emerging literature suggests an emerging role 
of alginates for the treatment of LPR. Studies have inves-
tigated their efficacy against placebo [16, 17] or their use 
alone against the combination on PPIs and alginates [18]. 
However, to the best of our knowledge, no study compared 
the efficacy of alginates to the efficacy of PPIs in patients 
with LPR.

The aim of this study was to compare the efficacy of algi-
nate suspension (Gastrotuss®) versus PPI (Omeprazole) in 
reducing symptoms and signs of LPR after 2-month treat-
ment. Secondary aims were to compare the tolerability and 
the adherence to the two treatments. It was hypothesized that 
the efficacy of treatment of LPR symptoms and signs using 
Gastrotuss® would be non-inferior to the use of PPI and that 
both treatments would be well tolerated and would exhibit 
satisfactory adherence.

Material and methods

A non-inferiority RCT with two parallel arms (1:1) and 
single blinding (assessor) was conducted on consecutive 
adults with LPR and symptoms. The study was carried out 
according to the Declaration of Helsinki and was previously 
approved by the Institutional Review Board of the hospital 
(n.2017/ST/068). All participants provided written informed 
consent. The randomized controlled trial is reported accord-
ing to the CONSORT statement [19].

Patients

Patients were consecutively recruited from an Ear, Nose 
and Throat (ENT) ambulatory of a University hospital. 
The following inclusion criteria were considered: adults 

aged 18–70 years, symptoms and signs of LPR based on 
a RSI ≥ 13 [11, 20] and a Reflux Finding Score (RFS) ≥ 7 
[21], with at least 15-day wash-out from other LPR treat-
ments (i.e. PPI, prokinetic agents, histamine H2 receptor 
agonist, etc.). Exclusion criteria consisted of anti-reflux 
surgery, esophageal surgical procedure, major laryngeal/
pharyngeal surgery, cancer, immunosuppression, immu-
nodeficiency, diabetes, cystic fibrosis, vocal alterations not 
related to LPR, any concurrent cardiac, gastroenterological, 
respiratory, laryngeal, and oropharyngeal disease, drug and 
alcohol abuse, pregnancy, and breastfeeding.

Treatments

Patients in the experimental group were treated with Gastro-
tuss® (Drugs Mineral and Generics, Pomezia, Rome, Italy) 
20 ml, three doses a day, after meals. Gastrotuss® is a liquid 
preparation for oral administration, registered as a medi-
cal device, composed of an association of different agents 
including magnesium alginate and simethicone.

Patients in the control group were treated with PPI, 
Omeprazole 20 mg, a morning single daily dose in fasting 
condition.

Patients from both groups were provided with diet and 
lifestyle recommendations, according to the guidelines of 
the American College of Gastroenterology [22] (Appendix).

Outcomes

Symptoms as measured by the RSI represented the primary 
outcome of the study. Secondary outcomes were videola-
ryngoscopic findings of LPR as measured by the RFS, the 
treatment’s tolerability, and the patients’ adherence to the 
treatment.

Reflux symptom index (RSI)

The RSI [11, 20] is a self-administered outcome measure 
developed to investigate LPR symptoms and their response 
to therapy. The RSI investigates the following symptoms: 
(1) hoarseness or voice problem; (2) throat clearing; (3) 
excess throat mucus or postnasal drip; (4) difficulty swal-
lowing food, liquids or pills; (5) coughing after eating or 
lying down; (6) breathing difficulties or choking episodes; 
(7) troublesome or annoying cough; (8) sensation of some-
thing sticking or a lump in the throat; (9) heartburn, chest 
pain, indigestion or stomach acid coming up. Each symptom 
is rated on a six-point Likert scale ranging from 0 (no prob-
lem) to 5 (severe problem), with a total score ranging from 
0–45. A total RSI score ≥ 13 is considered to be suggestive 
for LPR.
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Reflux finding score (RFS)

The RFS [21] is an 8-item clinical severity scale devel-
oped to document the physical findings of LPR based on 
the fiberoptic laryngoscopy and their severity. The items 
assess: (1) subglottic oedema; (2) ventricular obliteration; 
(3) erythema/hyperemia; (4) vocal fold oedema; (5) diffuse 
laryngeal oedema; (6) posterior commissure hypertrophy; 
(7) granuloma/granulation tissue; (8) excessive endolaryn-
geal mucus. The scale ranges from 0 (no abnormal find-
ings) to a maximum of 26 (worst score possible). A total 
RFS score ≥ 7 is considered to be suggestive for LPR. RFS 
was rated t the end of the study by two independent ENTs 
blinded to the patients’ allocation and the stage of the study.

Tolerability and Adherence

Tolerability was defined as “the degree to which overt 
adverse effects can be tolerated by the subject” [23]. Adher-
ence to the pharmacological treatment was defined as “the 
extent to which a person's behaviour — taking medication, 
following a diet, and/or executing lifestyle changes — corre-
sponds with the agreed recommendations from a healthcare 
provider” [24]. Tolerability and adherence were measured by 
a visual analogue scale (VAS) with 10 representing a greater 
tolerability of or adherence to the treatment. Moreover, the 
number of patient-reported adverse events were investigated. 
Adverse events were defined as any unfavourable and unin-
tended sign, symptom, or disease temporarily associated 
with the use of a drug, without any judgement about causal-
ity or relationship to the drug.

Study design and protocol

Patients accessing the ENT ambulatory clinic with symp-
toms of LPR were asked to complete the RSI and a fiberoptic 
laryngoscopy was performed to identify laryngeal findings 
of LPR scored according to the RFS (Month 0). Laryngo-
scopies were recorded for subsequent analysis. In case both 
the RSI and the RFS were positive for LPR, patients would 
be invited to participate to the study and to provide written 
informed consent. Data on age, gender, height and weight 
for body mass index (BMI) calculation, previous treatments 
for LPR, and concomitant gastroesophageal reflux diseases 
were recorded. Recruited patients were randomly allocated 
in a 1:1 ratio (simple randomization) to either Gastrotuss® 
or PPI by means of numbered, opaque, sealed envelopes. 
Diet and lifestyle recommendations were presented to each 
patient by the ENT who performed the laryngoscopy and 
a written report of the recommendations was provided. 
Patients were re-assessed after the 2  months (Month2, 
58 days ± 2 days) of treatment. The Month2 assessment 
comprised the assessment of LPR symptoms through the 

RSI and a video-recorded fiberoptic laryngoscopy for subse-
quent RFS scoring. BMI was monitored. Patients were asked 
to rate on a VAS the tolerability and the adherence to the 
treatment and to report if they experienced adverse events.

Statistical analysis

The quadratic weighted kappa was used to assess RFS inter-
rater reliability. Baseline characteristics of the two groups 
of treatment were compared using Mann–Whitney U test 
for continuous variables and Chi-squared test for categori-
cal variables. Paired parametric and non-parametric tests 
were used to test the significance of the 2 months change 
in RSI and RFS from baseline in each of the two trial arms. 
Analysis of covariance (ANCOVA) was used to evaluate 
the difference in the score change at 2 months follow-up 
between the two arms after adjusting for the baseline score. 
The test for difference in slopes for baseline measurements 
between treatment groups was evaluated through an interac-
tion between baseline and trial arm, the normality of resid-
uals with the Shapiro–Wilk test, and the homogeneity of 
variances with Levene test. The chi-squared test was used 
to compare the number of patients with an RSI score < 13 
and an RFS score < 7 after LPR treatment. Tolerability and 
adherence VAS ratings were compared between the two trial 
arms using Mann–Whitney U test. Significance was set at 
p < 0.05.

Sample Size

In the trial by Mcglashan et al. [16] a difference in reduc-
tion in RSI of 7 (with standard deviation 9) versus placebo 
was used as a clinically relevant difference. The non-infe-
riority threshold was set at 4 in this study, considering a 
margin almost halved compared to that of superiority. With 
a significance level of 5% and a power of 80%, a sample 
of 64 patients per group was planned to evaluate the non-
inferiority of Gastrotuss® compared to PPI. The surge of 
the pandemic of SARS-COV-2 did not allow to continue 
the trial that was stopped after the recruitment of 25 patients 
per group with complete follow-up at two months for 18 
subjects in the Gastrotuss® group and 22 patients in the PPI 
group. Such a sample size achieves about 40% power for 
the planned analysis while the 80% power is obtained with 
a larger non-inferiority margin equal to 7.

Results

Patients

Fifty patients (25 in the Gastrotuss® group and 25 in the 
PPI group) were recruited from July 2018 to February 2020. 
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Afterward, recruitment was stopped because of the pandemic 
of SARS-COV-2. The flow-chart describes the patients’ 
sample in the different phases of the trial (Fig. 1). Age and 
BMI were similar in the two treatment groups while gender, 
alcohol and tobacco consumption were slightly unbalanced 
(Table 1). At the 2-month assessment, BMI variation was 
-0.02 (IQR -0.3—+ 0.03) in the Gastrotuss® group and 
-0.01 (IQR-0.04—+ 0.05) in the PPI group (p = 0.271).

Primary outcome: RSI change

The change in RSI from Month 0 to Month 2 is summarized 
in Fig. 2.

The RSI at baseline was similar in the two randomized 
groups. At Month 2, the mean RSI for Gastrotuss® treated 
patients decreased by 8.5 ± 6.5 points (baseline 24.6 ± 6.1; 
month 2 16.1 ± 7.2; Wilcoxon exact paired test p = 0.001). 
For the PPI treated patients, mean RSI at Month 2 had 
decreased by 7.2 ± 9.8 points (baseline 22.5 ± 7.8; month 2 
15.3 ± 8.2; Wilcoxon exact paired test p = 0.003).

The difference between the treatment groups in the mean 
change RSI from baseline to month 2 was 1.3 (95%CI: -4.2; 
6.7, p = 0.639).

At month 2, an RSI score < 13 was reported by 6/18 
(33.3%) patients in the Gastrotuss® group and by 7/22 
(31.8%) patients in the PPI group (p = 0.919).

According to ANCOVA (with baseline RSI as a covari-
ate), the difference in mean change from baseline (Gastro-
tuss®—PPI) was -0.04 (95%CI  − 4.8; 4.8). Considered the 
original threshold, non-inferiority is not shown by a little 
amount while it can be considered achieved according to 
the recalculated threshold equal to 7.

Fig. 1  Patient’s sample flow-
chart

Table 1  Baseline characteristics in the two treatment groups

Legend. PPI, proton pump inhibitors; M, male; BMI, body mass 
index

Gastrotuss® (n = 25) PPI (n = 25) p

Age 68.5 (53.5–78.8) 70 (60–85) 0.123
Gender (M) 6 (24%) 9 (36%) 0.355
BMI 24.8 (22–26.7) 25.6 (22.9–28.6) 0.250
Alcohol consump-

tion
4 (16%) 9 (36%) 0.186

Tobacco consump-
tion

3 (12%) 6 (24%) 0.350
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Regarding ANCOVA, no evidence of difference in 
slopes for baseline measurements between treatment groups 
(p = 0.301), of non-normality of residuals (p = 0.975) and 
non-homogeneity of variances (p = 0.504) were shown 
(Fig. 3).

Secondary outcome: RFS change

Inter-rater reliability for the total RFS was k = 0.794 ± 0.038. 
The change in RFS from Month 0 to Month 2 is summa-
rized in Fig. 2. The RFS at baseline was similar in the two 
randomized groups. At Month 2, the mean RFS for Gastro-
tuss® treated patients decreased by 1.8 ± 1.6 points (baseline 

8.9 ± 1.6; month 2 7.1 ± 1.9; Wilcoxon exact paired test 
p = 0.006). For the PPI treated patients, mean RFS at Month 
2 had decreased by 1.5 ± 1.8 points (baseline 9.5 ± 1.8; 
month 2 8.0 ± 1.5; Wilcoxon exact paired test p = 0.006). 
The difference between the treatment groups in the mean 
change RFS from baseline to month 2 was 0.3 (95%CI: -0.8; 
1.4, p = 0.608). At month 2, an RSI score < 7 was reported by 
7/18 (38.9%) patients in the Gastrotuss® group and by 4/22 
(18.2%) patients in the PPI group (p = 0.145). According to 
ANCOVA (with baseline RFS as a covariate), the difference 
in mean change from baseline (Gastrotuss®—PPI) was -0.56 
(95%CI-0.4; 1.5). Regarding ANCOVA assumptions, no 
evidence of difference in slopes for baseline measurements 

Fig. 2  Reduction in RSI and 
RFS from Month 0 to Month 
2 (ITT population). A. Change 
in the RSI from baseline to 
month 2 in the Gastrotuss® 
group (blue; n = 18) and the PPI 
(red; n = 22) group. Bar errors 
represent the 95%CI. B. Change 
in the RFS from baseline to 
month 2 in the Gastrotuss® 
group (blue; n = 18) and the PPI 
(red; n = 22) group. Bar errors 
represent the 95%CI.
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between treatment groups (p = 0.185), of non-normality of 
residuals (p = 0.585) and non-homogeneity of variances 
(p = 0.590) were shown (Fig. 3).

Tolerability and Adherence

No significant differences were detected between the two 
treatment groups regarding tolerability and adherence. 
Median tolerability was 8.5 (IQR 8–9.3) in the Gastrotuss® 
groups and 9 (IQR 8–9.3) in the PPI group (p = 0.583). Only 
2 mild adverse events were reported for the Gastrotuss® 
group (nausea, heartburn). Median adherence was 8 (IQR 
8–9) in the Gastrotuss® group and 8 (IQR 8–9) in the PPI 
group (p = 0.379).

Discussion

PPIs are the most commonly prescribed treatments for LPR 
[9], but the PPI efficacy remains debated and long-term use 
has been associated with potential adverse events [9, 10, 
12–15]. Consequently, investigation on alternative treat-
ments is a current challenge. Recently, alginates emerged 
as an option for the treatment of LPR [16, 18]. For the first 
time, the present non-inferiority RCT compared the effi-
cacy of PPIs (omeprazole) and the efficacy of the alginates 
suspension Gastrotuss® for the treatment of symptoms and 

signs of LPR. Symptoms, as measured by RSI, and signs, 
as measured by RFS by a blinded rater, were significantly 
reduced after 2 months of pharmacological treatment asso-
ciated with diet and lifestyle recommendations compared 
to the baseline in both groups. The mean change in the RSI 
and the RFS were similar in the two treatment groups. Tol-
erability and adherence were high, with comparable ratings 
between PPIs and Gastrotuss®.

Both the Gastrotuss® and the omeprazole significantly 
reduced the RSI score, which was normalized in around one-
third of each treatment group. This finding confirmed the 
results of other studies using similar end-points. Overall, 
literature shows a good response of symptoms to LPR treat-
ments. Concerning alginates, McGlashan et al. conducted a 
RCT on 49 patients comparing the efficacy of a liquid algi-
nate suspension (Gaviscon® Advance) to placebo in reduc-
ing LPR signs and symptoms [16]. They found a superiority 
of the alginate for LPR symptoms as measured by the RSI 
both at 2 and 6 months. A significant reduction of the RSI 
was reported also by Tseng et al. in a RCT comparing algi-
nates (Alginos) to placebo after 8-weeks of treatments in 80 
patients with LPR, although it did not significantly differ to 
the RSI reduction of the placebo [17]. Another study com-
pared the effect of the alginate (Gaviscon® Advance) alone 
to the efficacy of the alginate as an add-on treatment to PPIs 
in 72 patients with LPR [18]. After 3 months, the authors 
observed a reduction of LPR symptoms, as measured by 

Fig. 3  Scatter plot showing baseline and 2 months RSI (right panel) 
and RFS (left panel) scores for patients in Gastrotuss® (bullets) and 
PPI (triangles) arms. Two regression lines are shown, the dotted one 

for Gastrotuss® and the dashed one for PPI. The difference between 
the slopes of the two lines is not significant (RSI: p = 0.301; RFS: 
p = 0.185)
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the RSI, in around 90% of the sample with no significant 
difference between the treatment groups. With regards to 
PPIs, the RSI score was significantly reduced in the study by 
Reichel and colleagues comparing the efficacy of 3-months 
treatment with esomeprazole to placebo [25]. Other stud-
ies on PPIs using non validated tools reported a significant 
improvement of laryngeal and pharyngeal symptoms after 
two months of either omeprazole [26] or rabeprazole [27] 
and after 3 months of pantoprazole [28, 29].

Literature suggests that videolaryngoscopic findings of 
LPR require longer treatment period than subjective symp-
toms to show a treatment response [30]. Nevertheless, a sig-
nificant reduction of laryngeal signs of LPR was observed 
after two months of treatment with both the alginate and 
the PPI, with a mean change of the RFS of 1.8 points and 
1.5 points, respectively. A similar decline of the RFS score 
was reported in the study by MacGlashan et al. [16] and by 
Tseng et al. [17] following two months of alginates. Inter-
estingly, concerning the PPI, this result was achieved with 
a low dose of omeprazole (20 mg, once a day). Other stud-
ies using higher doses of PPIs failed to detect a significant 
improvement in videolaryngoscopic findings after the same 
treatment period. In the trial by Noordzij and colleagues 
assessing the efficacy of 40 mg omeprazole twice a day, 
none of the laryngeal signs of LPR significantly changed 
over the course of the study [26]. However, the baseline 
laryngoscopic assessment already showed mild objective 
laryngeal inflammation. The RCT by Wo and colleagues 
analysed the efficacy of a 12-week treatment with 40 mg 
pantoprazole and reported no change in the RFS score in 
the treatment groups, despite the patients reported a relief 
of LPR symptoms [28]. Steward and colleagues conducted 
a RCT comparing 20 mg rabeprazole twice a day to placebo 
[27]. They reported an improvement of laryngeal signs, but 
it did not reach the statistical significance. These differences 
may be related to the severity of laryngeal findings or to 
the different assessment scales used. Another hypothesis is 
that the greater response of the present study may be attrib-
utable to the patients’ selection. Indeed, inclusion criteria 
for the study were very restrictive and patients with con-
comitant diseases that may represent confounding factors for 
the LPR diagnosis were excluded. While this may limit the 

generalizability of the study results to the whole population 
of patients with LPR, it also supports that the correct selec-
tion of LPR patients is essential to obtain a prompt treatment 
response, both subjectively and objectively.

Alginates act on LPR by means of three mechanisms: 
forming a raft floating over gastric contents that can be 
maintained within the stomach, creating a mechanical bar-
rier that displaces the postprandial acid pocket, and binding 
pepsin and bile to potentially remove them from the refluxed 
material [31–38]. The formulations of different alginate sus-
pensions tested in RCTs are compared in Table 2. Due to 
the differences in the formulation, results on the efficacy 
of one alginate suspension can not be generalized to other 
commercially available alginate suspensions. The study sup-
ports the non-inferiority of the Gastrotuss® to the PPIs in 
the improvement of LPR symptoms and signs. Nevertheless, 
along with efficacy, tolerability and adherence are essential 
outcomes for the use of a treatment in daily clinical practice. 
The alginate suspension was reported to be well tolerated 
by patients and only 2 mild adverse events were referred. 
Interestingly, the adherence of the Gastrotuss® was similar 
to the adherence of the PPI despite the higher number of 
daily doses (three daily doses vs one daily dose). Therefore, 
the comparable adherence and the good tolerability, further 
promotes the use of the alginates as an alternative to PPIs.

The study is not without limitations. Firstly, the origi-
nally calculated sample size was not achieved due to the 
spread of the SARS-COV-2. Thus, the non-inferiority 
margin was revised to achieve an adequate power with the 
recruited sample size. Therefore, the present results must 
be confirmed by larger samples. The diagnosis of LPR was 
empirical and lacked an impedance-pH metry. The advan-
tages of the impedance-pH metry in the diagnosis of LPR 
are its objectivity and the possibility to identify different 
LPR subtypes. Nevertheless, this is not always practical and 
not well tolerated with a significant number of patients refus-
ing to undergo impedance-pH metry, difficult to interpret, 
and, due to the intermittence of the disease, may lead to 
different results over time [39]. Thus, the combination of 
clinically relevant signs and symptoms and the exclusion of 
confounding concomitant disease should have ensured the 
correct selection of LPR patients and represents standard 

Table 2  Formulation of alginates tested in clinical trials

Alginate Formulation

Gastrotuss Magnesium Alginate, Simethicone, Fructose, Xanthan Gum, Honey, D-Panthenol, Fluid Extracts of Althea Officinalis and Papaver 
Rhoeas, Zinc Oxide, Sodium Bicarbonate, Sodium Hydroxide, Sodium Methyl p-Hydroxybenzoate, Sodium Propyl p-Hydroxy-
benzoate, Natural Flavourings, Erytrosine (E127), Purified Water

Gaviscon Sodium alginate, sodium bicarbonate, methyl parahydroxybenzoate (E218), propyl parahydroxybenzoate (E216), calcium carbonate, 
carbomers, sodium saccharin, flavour fennel, sodium hydroxide, erythrosine, purified water

Alginos Sodium alginates, Sodium bicarbonate, Calcium Carbonate, methylparaben, proprylparaben, sucralose, carbomer934P, sodium 
hydroxide, edetate disodium, essence of strawberry, purofied water
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practice in most out-patient clinics. The study design was 
limited by the lack of a control group receiving only lifestyle 
recommendations. Additionally, the adherence of patients to 
these recommendations was not systematically recorded. Lit-
erature has demonstrated a significant improvement of LPR 
with behavioural changes [27]. Therefore, definite conclu-
sions on whether the reduction of LPR signs and symptoms 
can be ascribed to the pharmacological treatments or to the 
adherence to lifestyle recommendations or to a combination 
of both treatments can not be drawn. Another limitation is 
the lack of patients’ blinding to the treatment. Because of the 
subjective nature of the primary study outcome, the signifi-
cant change of the RSI may be the result of a placebo effect. 
However, the fact that the RFS, rated by a blinded clinician, 
also significantly improved seems to confirm the efficacy of 
the LPR treatments. The PPI dose was set at 20 mg of ome-
prazole per day, according to other studies comparing the 
effects of alginates to the effect of PPIs in gastroesophageal 
reflux [40–42]. Nevertheless, several other studies on LPR 
use higher doses of PPI [43]. Finally, the treatment period 
was short and there was no long-term follow-up. Future stud-
ies should expand the investigation to the longer treatment 
periods and compare the alginates to higher doses of PPI to 
verify if the non-inferiority of the alginates would be con-
firmed and the adherence and tolerability of both treatments 
would be comparable also in the long-term.

Conclusion

The present RCT suggests that, after 2 months of treatment, 
LPR symptoms and signs are significantly reduced by both 
the PPI and the alginate suspension Gastrotuss®, when asso-
ciated with diet and lifestyle modifications. The efficacy of 
Gastrotuss® was non-inferior to the efficacy of PPIs accord-
ing to a margin of 7 points. Both treatments were well toler-
ated, and adherence was satisfactory. Thus, alginates seem 
to represent a valid alternative to PPIs for the treatment of 
LPR, potentially avoiding the adverse events associated to 
the long-term use of PPIs. Further studies with larger sample 
size, longer follow-up, and comparing the use of Gastrotuss® 
to the placebo or to behavioural recommendations alone are 
warranted to confirm the present results.

Appendix

Diet and lifestyle recommendations, according to the guide-
lines of the American College of Gastroenterology [22]

• Raise the head by 30 degrees during sleep

• Avoid laying down within 2 hours of eating a meal or 
drinking fluids

• Reduce body weight (in case of a BMI> 25 kg/m2 or in 
case of weight gain in the last few months)

Authors' contributions Conceptualization: Antonio Schindler; Study 
design: Nicole Pizzorni, Antonio Schindler; Resources: Antonio Schin-
dler; Supervision: Antonio Schindler, Nicole Pizzorni; Data collection: 
Angelo Eplite, Sibora Rama, Carlo Robotti; Statistical analysis: Fed-
erico Ambrogi; Paper writing: Nicole Pizzorni; Paper review & editing: 
Jerome Lechien, Antonio Schindler; Final approval of the manuscript: 
All authors.

Funding DMG Italia

Availability of data and material Data are available contacting the cor-
responding author upon reasonable request

Declarations 

Conflict of interest The authors have nothing to disclose

Ethical approval The study was approved by the Institutional Ethics 
Committee of the University of Milan (approval n.2017/ST/068).

Consent to participate All patients provided written informed consent 
to participate to the study

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Lechien JR, Saussez S, Schindler A, Karkos PD, Hamdan AL, 
Harmegnies B, De Marrez LG, Finck C, Journe F, Paesmans M, 
Vaezi MF (2019) Clinical outcomes of laryngopharyngeal reflux 
treatment: A systematic review and meta-analysis. Laryngoscope 
129:1174–1187. https:// doi. org/ 10. 1002/ lary. 27591

 2. Hickson C, Simpson CB, Falcon R (2001) Laryngeal pseudo-
sulcus as a predictor of laryngopharyngeal reflux. Laryngo-
scope 111:1742–1745. https:// doi. org/ 10. 1097/ 00005 537- 20011 
0000- 00014

 3. Falk GW (2007) Laryngopharyngeal reflux: beauty is in the eye 
of the beholder. Gastroenterology 133:1379–1381. https:// doi. org/ 
10. 1053/j. gastro. 2007. 08. 047

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/lary.27591
https://doi.org/10.1097/00005537-200110000-00014
https://doi.org/10.1097/00005537-200110000-00014
https://doi.org/10.1053/j.gastro.2007.08.047
https://doi.org/10.1053/j.gastro.2007.08.047


European Archives of Oto-Rhino-Laryngology 

1 3

 4. Lechien JR, Finck C, Khalife M, Huet K, Delvaux V, Picalugga M, 
Harmegnies B, Saussez S (2018) Change of signs, symptoms and 
voice quality evaluations throughout a 3- to 6-month empirical 
treatment for laryngopharyngeal reflux disease. Clin Otolaryngol 
43:1273–1282. https:// doi. org/ 10. 1111/ coa. 13140 (Epub 2018 
Jun 5)

 5. Francis DO, Rymer JA, Slaughter JC, Choksi Y, Jiramongkolchai 
P, Ogbeide E, Tran C, Goutte M, Garrett CG, Hagaman D, Vaezi 
MF (2013) High economic burden of caring for patients with sus-
pected extraesophageal reflux. Am J Gastroenterol 108:905–911. 
https:// doi. org/ 10. 1038/ ajg. 2013. 69

 6. Koufman JA, Aviv JE, Casiano RR, Shaw GY (2002) Laryn-
gopharyngeal reflux: position statement of the committee on 
speech, voice, and swallowing disorders of the American Acad-
emy of Otolaryngology-Head and Neck Surgery. Otolaryngol 
Head Neck Surg 127:32–35. https:// doi. org/ 10. 1067/ mhn. 2002. 
125760

 7. Jin BJ, Lee YS, Jeong SW, Jeong JH, Lee SH, Tae K (2008) 
Change of acoustic parameters before and after treatment in laryn-
gopharyngeal reflux patients. Laryngoscope 118:938–941. https:// 
doi. org/ 10. 1097/ MLG. 0b013 e3181 651c3a

 8. Akst LM, Haque OJ, Clarke JO, Hillel AT, Best SR, Altman KW 
(2017) The changing impact of gastroesophageal reflux disease 
in clinical practice. Ann Otol Rhinol Laryngol 126:229–235

 9. Lechien JR, Akst LM, Hamdan AL, Schindler A, Karkos PD, 
Barillari MR, Calvo-Henriquez C, Crevier-Buchman L, Finck C, 
Eun YG, Saussez S, Vaezi MF (2019) Evaluation and management 
of laryngopharyngeal reflux disease: state of the art review. Oto-
laryngol Head Neck Surg 160:762–782. https:// doi. org/ 10. 1177/ 
01945 99819 827488

 10. Liu C, Wang H, Liu K (2016) Meta-analysis of the efficacy of 
proton pump inhibitors for the symptoms of laryngopharyngeal 
reflux. Braz J Med Biol Res 49:e5149. https:// doi. org/ 10. 1590/ 
1414- 431X2 01651 49

 11. Belafsky PC, Postma GN, Koufamn JA (2002) Validity and reli-
ability of the reflux symptom index (RSI). J Voice 16:274–277. 
https:// doi. org/ 10. 1016/ s0892- 1997(02) 00097-8

 12. Wei C (2016) A meta-analysis for the role of proton pump inhibi-
tor therapy in patients with laryngopharyngeal reflux.Eur Arch 
Otorhinolaryngol 273:3795–3801. doi: https:// doi. org/ 10. 1007/ 
s00405- 016- 4142-y.

 13. Heidelbaugh JJ, Metz DC, Yang YX (2012) Proton pump inhibi-
tors: are they overutilised in clinical practice and do they pose sig-
nificant risk? J Clinc Pract 66:582–591. https:// doi. org/ 10. 1111/j. 
1742- 1241. 2012. 02921.x

 14. Schoenfeld AJ, Grady D (2016) Adverse effects associated with 
proton pump inhibitors. JAMA Intern Med 176:172–174. https:// 
doi. org/ 10. 1001/ jamai ntern med. 2015. 7927

 15. Jaynes M, Kumar AB (2019) The risks of long-term use of 
proton pump inhibitors: a critical review. Ther Adv Drug Saf 
10:2042098618809927. https:// doi. org/ 10. 1177/ 20420 98618 
809927

 16. McGlashan JA, Johnstone LM, Sykes J, Strugala V, Dettmar 
PW (2009) The value of a liquid alginate suspension (Gaviscon 
Advance) in the management of laryngopharyngeal reflux. Eur 
Arch Otorhinolaryngol 266:243–251. https:// doi. org/ 10. 1007/ 
s00405- 008- 0708-7

 17. Tseng WH, Tseng PH, Wu JF, Hsu YC, Lee TY, Ni YH, Wang 
HP, Hsiao TY, Hsu WC (2018) Double-blind, placebo-controlled 
study with alginate suspension for laryngopharyngeal reflux dis-
ease. Laryngoscope 128:2252–2260. https:// doi. org/ 10. 1002/ lary. 
27111

 18. Wilkie MD, Fraser HM, Raja H (2018) Gaviscon® Advance alone 
versus co-prescription of Gaviscon® Advance and proton pump 
inhibitors in the treatment of laryngopharyngeal reflux.Eur Arch 

Otorhinolaryngol 275:2515–2521. doi: https:// doi. org/ 10. 1007/ 
s00405- 018- 5079-0.

 19. Schulz KF, Altman DG, Moher D; CONSORT Group (2010) 
CONSORT 2010 Statement: updated guidelines for reporting 
parallel group randomised trials. BMC Med 8:18. https:// doi. org/ 
10. 1186/ 1741- 7015-8- 18

 20. Schindler A, Mozzanica F, Ginocchio D, Peri A, Bottero A, 
Ottaviani F (2020) Reliability and Clinical Validity of the Italian 
Reflux Symptom Index. J Voice 24:354–358. https:// doi. org/ 10. 
1016/j. jvoice. 2008. 08. 008

 21. Belafsky PC, POstma GN, Koufman JA, (2001) The validity 
and reliability of the Reflux Finding Score (RFS). Laryngo-
scope 111:1313–1317. https:// doi. org/ 10. 1097/ 00005 537- 20010 
8000- 00001

 22. Katz PO, Gerson LB, Vela MF (2013) Guidelines for the diag-
nosis and management of gastroesophageal refl ux disease. Am J 
Gastroenterol 108:308–328. https:// doi. org/ 10. 1038/ ajg. 2012. 444

 23. ICH Harmonised Tripartite Guideline. Statistical Principles for 
Clinical Trials. http:// www. ich. org/ filea dmin/ Public_ Web_ Site/ 
ICH_ Produ cts/ Guide lines/ Effic acy/ E9/ Step4/ E9_ Guide line. pdf 
Accessed 24 June 2021.

 24. World Health Organization (2003) Adherence to long-term thera-
pies: evidence for action. World Health Organization, Geneva

 25. Reichel O, Dressel H, Wiederanders K, Issing WJ (2008) Double-
blind, placebo-controlled trial with esomeprazole for symptoms 
and signs associated with laryngopharyngeal reflux. Otolaryngol 
Head Neck Surg 139:414–420. https:// doi. org/ 10. 1016/j. otohns. 
2008. 06. 003

 26. Noordzij JP, Khidr A, Evans BA, Desper E, Mittal RK, Reibel JF, 
Levine PA (2001) Evaluation of omeprazole in the treatment of 
reflux laryngitis: a prospective, placebo-controlled, randomized, 
double-blind study. Laryngoscope 111:2147–2151. https:// doi. org/ 
10. 1097/ 00005 537- 20011 2000- 00013

 27. Steward DL, Wilson KM, Kelly DH, Patil MS, Schwartzbauer 
HR, Long JD, Welge JA (2004) Proton pump inhibitor therapy 
for chronic laryngo-pharyngitis: a randomized placebo-control 
trial. Otolaryngol Head Neck Surg 131:342–350. https:// doi. org/ 
10. 1016/j. otohns. 2004. 03. 037

 28. Wo JM, Koopman J, Harrell SP, Parker K, Winstead W, Lentsch 
E (2006) Double-blind, placebo-controlled trial with single-dose 
pantoprazole for laryngopharyngeal reflux. Am J Gastroenterol 
101:1972–1978. https:// doi. org/ 10. 1111/j. 1572- 0241. 2006. 
00693.x

 29. Eherer AJ, Habermann W, Hammer HF, Kiesler K, Friedrich G, 
Krejs GJ (2003) Effect of pantoprazole on the course of reflux 
associated laryngitis: a placebo-controlled double-blind crossover 
study. Scand J Gastroenterol 38:462–467. https:// doi. org/ 10. 1080/ 
00365 52031 00018 60

 30. Belafsky PC, Postma GN, Koufman JA (2001) Laryngopharyn-
geal reflux symptoms improve before changes in physical findings. 
Laryngoscope 111:979–981. https:// doi. org/ 10. 1097/ 00005 537- 
20010 6000- 00009

 31. Kapadia CJ, Mane VB (2007) Raft-forming agents: antireflux for-
mulations. Drug Develop Indust Pharm 33:1350–1361. https:// doi. 
org/ 10. 1080/ 03639 04070 13856 91

 32. Strugala V, Avis J, Jolliffe IG, Johnstone LM, Dettman PW (2009) 
The role of an alginate suspension on pepsin and bile-acides-key 
agressirs in the gastric refluxate. Does this have implications for 
the treatment of gastro-oesophageal reflux disease? J Pharm Phar-
macol 61:1021–1028. https:// doi. org/ 10. 1211/ jpp/ 61. 08. 0005

 33. Mc Coll KEL, Clarke A, Seenan J (2010) Acid pocket, hiatus 
harniea and acid reflux. Gut 59:430–431. https:// doi. org/ 10. 1136/ 
gut. 2009. 192922

https://doi.org/10.1111/coa.13140
https://doi.org/10.1038/ajg.2013.69
https://doi.org/10.1067/mhn.2002.125760
https://doi.org/10.1067/mhn.2002.125760
https://doi.org/10.1097/MLG.0b013e3181651c3a
https://doi.org/10.1097/MLG.0b013e3181651c3a
https://doi.org/10.1177/0194599819827488
https://doi.org/10.1177/0194599819827488
https://doi.org/10.1590/1414-431X20165149
https://doi.org/10.1590/1414-431X20165149
https://doi.org/10.1016/s0892-1997(02)00097-8
https://doi.org/10.1007/s00405-016-4142-y
https://doi.org/10.1007/s00405-016-4142-y
https://doi.org/10.1111/j.1742-1241.2012.02921.x
https://doi.org/10.1111/j.1742-1241.2012.02921.x
https://doi.org/10.1001/jamainternmed.2015.7927
https://doi.org/10.1001/jamainternmed.2015.7927
https://doi.org/10.1177/2042098618809927
https://doi.org/10.1177/2042098618809927
https://doi.org/10.1007/s00405-008-0708-7
https://doi.org/10.1007/s00405-008-0708-7
https://doi.org/10.1002/lary.27111
https://doi.org/10.1002/lary.27111
https://doi.org/10.1007/s00405-018-5079-0
https://doi.org/10.1007/s00405-018-5079-0
https://doi.org/10.1186/1741-7015-8-18
https://doi.org/10.1186/1741-7015-8-18
https://doi.org/10.1016/j.jvoice.2008.08.008
https://doi.org/10.1016/j.jvoice.2008.08.008
https://doi.org/10.1097/00005537-200108000-00001
https://doi.org/10.1097/00005537-200108000-00001
https://doi.org/10.1038/ajg.2012.444
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E9/Step4/E9_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E9/Step4/E9_Guideline.pdf
https://doi.org/10.1016/j.otohns.2008.06.003
https://doi.org/10.1016/j.otohns.2008.06.003
https://doi.org/10.1097/00005537-200112000-00013
https://doi.org/10.1097/00005537-200112000-00013
https://doi.org/10.1016/j.otohns.2004.03.037
https://doi.org/10.1016/j.otohns.2004.03.037
https://doi.org/10.1111/j.1572-0241.2006.00693.x
https://doi.org/10.1111/j.1572-0241.2006.00693.x
https://doi.org/10.1080/00365520310001860
https://doi.org/10.1080/00365520310001860
https://doi.org/10.1097/00005537-200106000-00009
https://doi.org/10.1097/00005537-200106000-00009
https://doi.org/10.1080/03639040701385691
https://doi.org/10.1080/03639040701385691
https://doi.org/10.1211/jpp/61.08.0005
https://doi.org/10.1136/gut.2009.192922
https://doi.org/10.1136/gut.2009.192922


 European Archives of Oto-Rhino-Laryngology

1 3

 34. Kwiatek MA, Roman S, Fareeduddin A, Pandolfino JE, Khari-
las PJ (2011) An alginate-antacid formulation (Gaviscon Dou-
ble Action Liquid) can eliminate or displace the postprandial 
acid pocket in symptomatic GERD patients. Aliment Pharmacol 
Therap 34:59–66. https:// doi. org/ 10. 1111/j. 1365- 2036. 2011. 
04678.x

 35. Savarino E, de Bortoli N, Zentilin P, Martinucci I, Bruzzone L, 
Furnari M, Marchi S, Savarino V (2012) Alginate controls heart-
burn in patients with erosive and nonerosive reflux disease. World 
J Gastroenterol 18:4371–4378. https:// doi. org/ 10. 3748/ wjg. v18. 
i32. 4371

 36. Kahrilas PJ, McColl K, Fox M, O’Rourke L, Sifrim D, Smout AJ, 
Boeckxstaens G (2013) The acid pocket: a target for treatment in 
reflux disease? Am J Gastroenterol 108:1058–1064. https:// doi. 
org/ 10. 1038/ ajg. 2013. 132

 37. Sweis R, Kaufman E, Anggiansah A, Wong T, Dettmar P, Fried 
M, Schwizer W, Avvari RK, Pal A, Fox M (2013) Post-prandial 
reflux suppression by a raft-forming alginate (Gaviscon Advance) 
compared to a simple antacid documented by magnetic resonance 
imaging and pH-impedance monitoring: mechanistic assessment 
in healthy volunteers and randomised, controlled, double-blind 
study in reflux patients. Aliment Pharmacol Ther 37:1093–1102. 
https:// doi. org/ 10. 1111/ apt. 12318

 38. Thomas E, Wade A, Crawford G, Jenner B, Levinson N, Wilkin-
son J (2014) Randomised clinical trial: relief of upper gastroin-
testinal symptoms by an acid pocket-targeting alginate-antacid 
(Gaviscon Double Action) - a double-blind, placebo-controlled, 
pilot study in gastro-oesophageal reflux disease. Aliment Pharma-
col Ther 39:595–602. https:// doi. org/ 10. 1111/ apt. 12640

 39. Becker V, Graf S, Schlag C, Schuster T, Feussner H, Schmid 
RM, Bajbouj M (2012) 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 16:1096–1101. https:// doi. org/ 10. 1007/ 
s11605- 012- 1866-x

 40. Chiu CT, Hsu CM, Wang CC, Chang JJ, Sung CM, Lin CJ, Chen 
LW, Su MY, Chen TH (2013) Randomised clinical trial: sodium 
alginate oral suspension is non-inferior to omeprazole in the treat-
ment of patients with non-erosive gastroesophageal disease. Ali-
ment Pharmacol Ther 38:1054–1064

 41. Pouchain D, Bigard MA, Liard F, Childs M, Decaudin A, McVey 
D (2012) Gaviscon® vs. omeprazole in symptomatic treatment 
of moderate gastroesophageal reflux. a direct comparative ran-
domised trial. BMC Gastroenterol 12:18.

 42. Kim JH, Lee YC, Kim EH, Park JC, Shin SK, Lee SK, Jung DH, 
Park JJ, Youn YH, Park H (2019) The clinical efficacy of a pure 
alginate formulation (Lamina G) for controlling symptoms in indi-
viduals with reflux symptoms: a randomized clinical study. Gut 
Liver 13:642–648

 43. Lechien JR, Muls V, Dapri G, Mouawad F, Eisendrath P, Schin-
dler A, Nacci A, Barillari MR, Finck C, Saussez S, Akst LM, 
Sataloff RT (2019) The management of suspected or confirmed 
laryngopharyngeal reflux patients with recalcitrant symptoms: A 
contemporary review. Clin Otolaryngol 44:784–800. https:// doi. 
org/ 10. 1111/ coa. 13395

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/j.1365-2036.2011.04678.x
https://doi.org/10.1111/j.1365-2036.2011.04678.x
https://doi.org/10.3748/wjg.v18.i32.4371
https://doi.org/10.3748/wjg.v18.i32.4371
https://doi.org/10.1038/ajg.2013.132
https://doi.org/10.1038/ajg.2013.132
https://doi.org/10.1111/apt.12318
https://doi.org/10.1111/apt.12640
https://doi.org/10.1007/s11605-012-1866-x
https://doi.org/10.1007/s11605-012-1866-x
https://doi.org/10.1111/coa.13395
https://doi.org/10.1111/coa.13395

	Magnesium alginate versus proton pump inhibitors for the treatment of laryngopharyngeal reflux: a non-inferiority randomized controlled trial
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Patients
	Treatments
	Outcomes
	Reflux symptom index (RSI)
	Reflux finding score (RFS)
	Tolerability and Adherence

	Study design and protocol
	Statistical analysis
	Sample Size

	Results
	Patients
	Primary outcome: RSI change
	Secondary outcome: RFS change
	Tolerability and Adherence

	Discussion
	Conclusion
	References




