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ABSTRACT: Objective. To evaluate the inter-rater reliability and internal consistency of the Reflux Sign
Assessment-10 (RSA-10) among otolaryngologists and speech therapists with various experiences.

Methods. Six experts (2 otolaryngologists, 2 speech-therapists, and 2 speech-therapist students) rated 300
clinical images of oral, laryngeal, and pharyngeal signs from patients with laryngopharyngeal reflux disease
diagnosis at the 24-hour hypopharyngeal-esophageal multichannel intraluminal impedance-pH monitoring.
Inter-rater reliability and internal consistency were evaluated with Intraclass Correlation (ICC) and Cronbach-
a. The severity of scores was compared between judges. The intra-rater (test-retest) reliability was evaluated
with the Spearman correlation coefficient.

Results. The pictures of 40 patients were included. There were 18 females and 22 males. The mean age was 52.
6 * 13.9 years. The Cronbach-a was 0.854, which indicates a high internal consistency between judges. The overall
ICC was 0.787 (95% CI: 0.715-0.845; P = 0.001). The ICC varied among judges with the highest value for students
(ICC = 0.960) and SLP seniors versus students (ICC = 0.805). The severity of RSA-10 rating scores was influenced by
the number of reflux patients seen (ry =—0.941; P = 0.001) and the number of fiberscope examinations performed (r,
=-0.812; P =0.049). The RSA-10 was more severely scored by speech therapists with the least experience compared to
otolaryngologists with the most experience in fiberscope/reflux patient assessment.

Conclusion. The RSA-10 demonstrated adequate global ICC and internal consistency among otolaryngolo-
gists and speech therapists with various degrees of experience. The assessment of RSA was influenced by the
fibroscopy experience, and the number of reflux patients seen.
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INTRODUCTION
Laryngopharyngeal reflux disease (LPRD) is a prevalent
disorder in otolaryngology-head and neck surgery, and lar-
yngology offices.”” The clinical diagnosis of LPRD is chal-
lenging because most laryngeal, pharyngeal, and oral
symptoms and findings are non-specific’” and they can be
found in common inflammatory conditions of the upper
aerodigestive tract such as allergy,” chronic rhinosinusitis,” or
tobacco-induced laryngopharyngitis.” The non-specificity of
symptoms and findings led some authors to develop patient-
reported outcome questionnaires and clinical instruments
documenting symptoms and findings, respectively.” '’ Reflux
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Finding Score (RFS)'' and Reflux Sign Assessment (RSA)"”
are the two most popular validated instruments for doc-
umenting and rating LPRD findings. RFS was developed to
rate the severity of laryngeal findings."" RFS is easily com-
pleted in the office but studies revealed that it is associated
with low inter-rater reliability, ”'* which can be attributed to
the subjective evaluation of some items (mild, moderate, or
severe).'” RSA and the short version, RSA-10,"> reported
higher inter-rater reliability compared to RFS'*'>'® because
their items are rated as descriptively as possible. However,
only otolaryngologists were involved in RFS and RSA stu-
dies, while in many Western countries, speech therapists can
carry out stroboscopy in their clinical practice.

The objective of the present study was to evaluate the
inter-rater reliability and internal consistency of RSA-10
among otolaryngologists and speech therapists with var-
ious experiences.

METHODS

Reflux Sign Assessment-10

The development, validity, and reliability assessments of
the RSA-10 were described in a recent paper (Figure 1)."”
In sum, some closely related RSA items reporting sig-
nificant associations were merged into one item in RSA-10
to reduce the number of findings. RSA-10 was found to be
completed in less than 1 min."” As for the RSA, the RSA-
10 items are rated with a scoring system designed to
minimize subjective ratings, such as “mild”, “moderate”, or
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Reflux Sign Assessment-10

1. Erythema of anterior pillar+ 4
uvula erythema
2. Coated tongue 2

Oral Cavity RSA: ..../6

Pharyngeal RSA: ..../12
3. Oropharyngeal erythema + 4
granulations
4. No tongue tonsil hypertrophy 0
Apparent vallecula when tongue sticked 3
Unapparent vallecula 4
5. Pharyngeal sticky mucus 4
Laryngeal RSA: ..../20
6. Epiglottis erythema 3
7. Ventricular band erythema/edema 2
8. Inter/arytenoid erythema , 5
Or diffuse laryngeal erythema
9. Posterior commissure hypertrophy 2
+ inter-arytenoid granulations 5
10. Endolaryngeal sticky mucus 3
11.Vocal fold
granuloma/keratosis/ulceration 2
Additional findings: .... /2
....................................... 2

RSA total score: .... /40

FIGURE 1. Reflux Sign Assessment-10 (RAS-10). RSA-10 is composed of the most prevalent oral, pharyngeal and laryngeal signs
associated with laryngopharyngeal reflux disease (LPRD). Additional signs (uncommon) may be added, including nasal findings

(Mulberry turbinate or dry mucosa).

“severe” signs. The RSA-10 reported high internal con-
sistency reliability (o 0.822), test-retest reliability (rg
=0.725), internal validity, and adequate responsiveness to
change when used by experienced otolaryngologists.'” The
inter-rater reliability was adequate for sub- and total RSA-
10 scores (k = 0.708) but it was exclusively evaluated
among experienced board-certified otolaryngologists.'”

Subjects and setting

The present study included data from 40 patients with LPRD
symptoms and findings who were consecutively recruited from
January 2020 to December 2023 in the Departments of
Otolaryngology-Head and Neck Surgery of three European
hospitals: CHU Saint-Pierre (Brussels, Belgium), EpiCURA
Hospital (Baudour, Belgium), and Elsan Polyclinique of

Poitiers (Poitiers, France). The diagnosis of LPRD was based
on the Dubai criteria,'” which consist of the occurrence of
more than one pharyngeal reflux events during the 24-hour
hypopharyngeal-esophageal multichannel intraluminal im-
pedance-pH monitoring (HEMII-pH). Additional information
about the HEMII-pH placement and analyses is reported in a
previous study.'” The symptoms of patients were evaluated
with the French version of the RSS.'® The exclusion criteria
included alcohol dependence, smoking, patients with upper
respiratory tract infection within the last month, asthma, in-
haled corticosteroid-induced laryngitis, neurological or psy-
chiatric conditions, previous history of neck surgery or trauma,
malignancy, history of head and neck radiotherapy and active
seasonal allergies. The local ethics committee approved the
study protocol (no BE076201837630).
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Expert features

Six experts with various degrees of experience were re-
cruited to rate upper aerodigestive tract images with the
RSA-10. The features of the experts are described in
Appendix 1. The group included a board-certified otolar-
yngologist with a fellowship in laryngology (J.R.L.) 12
years of experience as an otolaryngologist (considering the
residency in otolaryngology-head and neck surgery), and a
fellow otolaryngologist (L.D.M.) with 6 years of experience
since the first PGY year in otolaryngology. Both otolar-
yngologists have an academic practice. They have per-
formed a mean of 12 000 and 6000 nasofibroscopy for 1500
to 4000 patients with LPRD, respectively (Appendix 1).
The speech therapist (CCC-SLP) group included two
board-certified CCC-SLPs with 7 and 24 years of experi-
ence since the CCC-SLP degree and two students. The
CCC-SLP fellow was active in laryngology and performed
more laryngoscopy than the experienced CCC-SLP. Stu-
dents were trained to analyze laryngostroboscopy with the
first author of the paper (J.R.L.) for 6 months.

Y
»
)

Statistical methods

Statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows (SPSS version
29,0; IBM Corp, Armonk, NY, USA). The clinical images
were collected from the consultations of the main in-
vestigator (J.R.L.). Clinical pictures of patients with LPRD
seen at baseline, 3-month, or 6-month posttreatment were
collected for rating the RSA-10 by the experts. The experts
were blinded regarding the time of the picture (pretreat-
ment versus post-treatment). Photos included pictures of
the mouth, pharynx, and larynx. The distribution of photos
was 40% of photos of the pretreatment time, 40% of the 3-
month post-treatment time, and 20% of the 6-month post-
treatment time, respectively. Figure 2 shows some examples
of RSA-10 evaluations. Because the responsiveness to
change, internal and convergent validities were previously
reported among otolaryngologists,'” the authors only fo-
cused on the evaluation of the inter-rater reliability with
intraclass correlation coefficient (ICC, concordance relia-
bility), and internal consistency (Cronbach-a). Potential

FIGURE 2. Findings of Reflux Sign Assessment-10. Anterior pillar erythema can be present (A) or absent (B). Patients can have coated
tongue (A, C) or not (D). The tongue tonsil hypertrophy may be absent (apparent vallecula at a rest position of the tongue, E); mild-to-
moderate when the vallecula are apparent only when the tongue is protruded (F); or unapparent (G). Note that the coated tongue can be
observed in the posterior part of tongue (G). Granulation and erythema of the oropharynx are commonly observed through the tongue (H)
or endoscopically. Laryngeal findings include erythema of posterior commissure, ventricles, and epiglottis (I). The hypertrophy of the
posterior commissure can be absent (I) or present (J) with granulation tissue between both arytenoids (J). Nasal mucosa dryness/crusts (K)
and mulberry inferior turbinate (L) are atypical findings associated with laryngopharyngeal reflux disease.
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differences in rating RSA-10 were additionally explored by
a comparison of the severity of RSA-10 items and total
scores among judges with the Kruskal-Wallis test. The
intra-rater (test-retest) reliability was evaluated with the
Spearman correlation coefficient. Experts were invited to
evaluate photos twice with an interval of two months. The
association between the judge features (eg, years of ex-
perience, number of fiberscope examinations, and age) and
the RSA-10 score was investigated with the Spearman
correlation coefficient. A level of significance of P < 0.05
was used.

RESULTS

Three hundred clinical images of oral, laryngeal, and
pharyngeal cavities related to 40 patients with LPRD were
independently rated by the 6 judges in a blinded manner
regarding the symptoms of patients. The features of pa-
tients are described in Table 1. There were 18 (55%) females
and 22 (45%) males. The mean age was 52.6 = 13.9 years.
The demographics, HEMII-pH, and clinical features are
reported in Table 1. Patients had primarily acid pharyngeal
reflux events.

The internal consistency of RSA-10 is reported in
Table 2. Cronbach-a was 0.854, which indicates a high
internal consistency across judges of various specialties.
The ICC for the 6 raters was 0.787 (95% CI: 0.715-0.845;
P =0.001). The inter-rater reliability of all subgroups was
statistically significant (Table 3). The highest ICC values
were found between CCC-SLP students (ICC =0.960) and
between the students and the senior CCC-SLP (ICC=
0.805). The fellow and the board-certified otolaryngologist
reported the lowest ICC values (Table 3). The comparison

TABLE 1.
Demographics and Clinical Features

Characteristics Patients (N =40)

Mean age (range, years) 52.6 + 13.9
Body mass index (mean, SD) 249 + 45
Gender (N, %)
Male 22 (55)
Female 18 (45)
HEMII-pH feature (mean, SD)
Pharyngeal events
Pharyngeal acid reflux events 22.1 + 19.3
Pharyngeal nonacid reflux events 8.9 + 8.8
Total number of pharyngeal 31.2 + 24.2
events
Clinical data (mean, SD)
Otolaryngological RSS 56.2 + 42.0
Digestive RSS 54.4 + 42.6
Respiratory RSS 245 + 23.4
Total RSS 135.1 + 84.3
Quality-of-life RSS 35.6 + 20.6

Abbreviations: HEMII-pH, hypopharyngeal-esophageal multichannel in-
traluminal impedance-pH monitoring; N, number; RSS, reflux symptom
score; SD, standard deviation.

TABLE 2.

Internal Consistency

RSA-10 items Cronbach- «a
All judges 0.854
Senior otolaryngologist 0.569
Fellow otolaryngologist 0.607
Fellow CCC-SLP 0.620
Senior CCC-SLP 0.658
Student CCC-SLP 1 0.548
Student CCC-SLP 2 0.561

Abbreviations: SLP, speech language pathologist; RSA-10, Reflux Sign
Assessment-10.

of RSA-10 items and total scores between judges is avail-
able in Table 4. The mean sub- and total RSA-10 scores
significantly differed between judges. The scores of the two
otolaryngologists were overall lower compared to the
scores of CCC-SLP (trained) students, fellows, and seniors.
The ICC data are reported in Appendix 2. The test-retest
evaluations reported a high Spearman rho coefficient for
senior otolaryngologist/CCC-SLP and students. The senior
otolaryngologist had the lowest coefficient (r; = 0.667) and
one student had the highest coefficient (ry =0.889). There
was a strong negative association between the number of
patients seen in the career and the RSA-10 severity (rg
=—0.941; P=0.001). The association between the number
of fiberscopes performed and the RSA-10 score was
strongly negative (r; = —0.812; P =0.049).

DISCUSSION
The high prevalence of LPRD' and the increased use of
validated clinical instruments’ make important the assess-
ment of the consistency and the inter-rater reliability of
these instruments among specialties. To date, several clin-
ical instruments have been validated for documenting
clinical findings associated with LPRD, including the
RFS,"" RSA,"” RSA-10,"" laryngoscopic grading scale
(LGS),"” laryngeal reflux grade (LRG),”” laryngophar-
yngeal reflux disease index (LRDI),”" and the Hick’s in-
strument.”” When assessed by a panel of judges with several
experiences, the consistency of RSA-10 (x=0.854) was
close to the consistency values found for the RSA
(=0.821)"", and the RSA-10 (a«=0.822)"" when evaluated
by experienced otolaryngologists. To the best of our
knowledge, the internal consistency was not evaluated for
the other clinical instruments.”'” In the present study, the
overall internal consistency is moderate to high but the
evaluation per judge is low. The internal consistency is
defined as the extent to which items within each domain are
interrelated. The low value found for RSA-10 could be
related to the fact that the instrument evaluates phar-
yngeal—oral—and laryngeal findings, which are not inter-
related in terms of inflammation and clinical findings.
Moreover, the variability across judges can be attributed to
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TABLE 3.

Inter-rater Reliability

RSA-10 N ICC 95% Cl P value
All raters 6 0.787 0.715 - 0.845 0.001
CCC-SLP students 2 0.960 0.940 - 0.973 0.001
Otolaryngologists 2 0.588 0.388 - 0.723 0.001
CCC-SLP graduated 2 0.632 0.454 - 0.753 0.001
Otolaryngologists—senior CCC-SLP 4 0.690 0.578 - 0.779 0.001
Senior—students CCC-SLP 4 0.805 0.728 - 0.863 0.001

Abbreviations: 95% Cl, 95% confident interval; ICC, interclass correlation; N, number; SLP, speech language pathologist; RSA-10, reflux sign assessment-10.

the clinical experience of judges in the evaluation of several
anatomical regions. Indeed, otolaryngologists are more
trained in the evaluation of the larynx, pharynx, and oral
cavity and they can consequently more easily detect normal
versus pathological findings than CCC-SLP. Better
knowledge about normal or pathological tissue findings
leads to an increased number of differences in ratings of
anatomical pathological and normal regions, which can be
interpreted as a low Cronbach-a.

In the past few decades, a primary objective of many
teams was to develop a reliable clinical instrument doc-
umenting the LPRD findings with high inter-rater relia-
bility.""'*'>! 2> Most clinical instruments reported high
intra-rater reliability but the inter-rater reliability was
variable according to studies.'’ '*'” *> The RSA-10 reports
moderate-to-high global inter-rater reliability across all
judges with various profiles (ICC =0.787), which corro-
borates the values found in the initial studies validating the
RSA-10 (0.708),"” RSA (0.66),'"” and LGS (0.75-0.93)."
When considering the ICC evaluation within the judge
groups (students; otolaryngologists), the values sub-
stantially varied. The moderate inter-rater reliability of
RSA-10 within some judges is probably associated with
their differences in terms of experience, which especially
concerns the otolaryngologist group. In the literature, the
studies investigating clinical instruments (eg, ‘mild’, ‘mod-
erate’, or ‘severe’), for example, RFS,'*'* the Hicks’s in-
strument (0.32-0.58),”> LRG (0.43),”” LRDI (0.30),”
reported lower global inter-rater reliabilities, which can be
related to the use of subjective score (mild, moderate, se-
vere) rather than more descriptive scores. However, the
RSA-10 ICC results can be encouraging because in most
other studies,'” '”"?” the judges had a similar profile
(laryngologists or otolaryngologist potentially sharing the
same experience).

In the present study, the intra-rater reliability (test-
retest) was adequate for all judges with the highest values
for the students and the lowest value for the senior
otolaryngologist. The high intra-rater reliability data are
an important point, which supports the use of RSA-10 by
the same practitioners in the follow-up process of pa-
tients. The assessment of clinical findings, such as

fiberscope images, is influenced by the judge’s experience
and the last evaluations performed by the judges, for
example, on the day prior to the evaluations.”” In the
present study, the assessment of the senior otolaryngol-
ogist could be influenced by its last clinical examinations
performed in the hours before the RSA-10 evaluations,
while the students evaluated the pictures without con-
sultations.

The variability of inter-rater reliability among practi-
tioners with various degrees of clinical experience was not
previously investigated. Clinical experience is an important
factor influencing the severity of judgments (RSA-10).
Young speech pathologists/students evaluate the LPRD
findings more severely than the otolaryngologists, which
can be related to their lack of experience in the evaluation
of normal and pathological laryngopharyngeal and oral
mucosa. The influence of experience on the severity of
scores was corroborated in previous studies showing a re-
lationship between the judge’s experience in the fibro-
scopy”’ or perceptual voice quality’’ evaluations. The
intra-rater (test-retest) reliability values found in this study
were similar to those found for the initial versions of
RSA,"” RSA-10,"> RFS,"" LRG,” and LRDIL’" which
were all validated among board-certified otolaryngologists.
The adequate intra-rater reliability supports the use of
RSA-10 in clinical practice in evaluations performed by the
same practitioners over time despite their clinical ex-
perience.

In most European countries, speech therapists cannot
perform fiberscope examinations, including stroboscopy,
while in the United States, they commonly can. In this
study, we observed that speech therapists report good
consistency and inter-rater reliability in using RSA-10,
which can contribute to the debate’ about the evolution of
the practice of speech therapists in Europe.

The primary strength of the present study is the con-
sideration of patients with a demonstrated diagnosis of
LPRD at the HEMII-pH. Indeed, the non-specificity of
symptoms and signs can bias the diagnosis of LPRD and,
consequently, the validation of a clinical instrument
dedicated to the documentation of LPRD signs. The lack
of consideration of a control group (asymptomatic
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P value
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.013
0.001
0.001

3.71 = 10.57

1.94 + 0.34
3.96 + 0.40
3.11 + 1.67
2.94 + 0.42
1.92 + 0.39
4.58 + 0.92
4.75 + 1.10
1.41 + 1.50
1.20 + 0.98
33.51 + 4.10

Senior
4.00 + 0.4

4.00 + 0.01
2.00 + 0.01
4.00 + 0.01
3.50 + 1.16
2.28 + 2.00
3.00 + 0.01
2.00 + 0.01
492 + 0.27
3.95 + 2.05
1.86 + 1.46
0.14 + 0.51
31.65 + 4.07

Fellow

Student 2
3.80 + 0.88
1.88 + 0.48
4.00 + 0.01
2.88 + 1.65
3.89 + 0.69
2.97 + 0.30
2.00 + 0.01
4,94 + 0.24
4.60 + 1.38
1.59 + 1.50
0.65 + 0.94
32.49 + 3.59

CCC-SLP
Student 1
3.88 + 0.69
1.86 + 0.51
4.00 + 0.01
2.89 + 1.61
3.84 + 0.79
2.97 + 0.30
2.00 + 0.01
4,94 + 0.24
4.49 + 1.51
1.59 + 1.50
0.64 + 0.94
32.69 + 3.51

Fellow
3.24 + 1.58
1.82 + 0.58
2.79 = 1.84
3.00 + 1.45
2.82 + 1.83
1.15 + 1.47
0.57 + 0.91
3.90 + 1.46
2.92 + 2.48
1.84 + 1.47
0.16 + 0.55
23.67 + 6.20

0.89
2.28
1.48

0.12 + 0.48

Otolaryngologists
1.40 + 0.94

2.31 + 212

20.17 + 5.82

3.55

1.36 + 1.90
1.20

3.04 + 1.72
3.33 £ 1.13

1.46
0.96 + 1.72

Senior
2.01 + 1.42

11. Vocal cord granuloma, keratosis, or ulceration

RSA-10
The comparison between judges was carried out with Kruskal-Wallis test. Abbreviations: SLP, speech language pathologist; RSA-10, reflux sign assessment-10.

1. Anterior pillar/uvula erythema

2. Coated tongue
10. Endolaryngeal sticky mucus

RSA-10

3. Posterior oropharyngeal wall erythema/granulation

4. Tongue tonsil hypertrophy

5. Pharyngeal sticky mucus

6. Epiglottis erythema
9. Posterior commissure/retrocricoid hypertrophy

7. Ventricular band erythema/edema
8. Arytenoid, posterior commissure erythema

RSA-10 Scores of Judges

TABLE 4.

individuals) in the test-retest reliability is the primary
limitation of the study. We did not include a control
group because the objective of the study was to in-
vestigate the inter-rater reliability of RSA-10 among
several specialists. The internal validity of RSA-10 scores
was compared in a recent study where LPRD patients had
significantly higher RSA-10 compared to controls
(p=0.001)."" In the RSA-10 validation study,'” the
minimal clinically important difference score was not
calculated, which is an additional limitation. The authors
did not include asymptomatic individuals because the
study aimed to investigate the inter-rater reliability of
RSA-10 among speech therapists and otolaryngologists;
the RSA-10 has already been validated in a study in-
cluding both patients and asymptomatic individuals.'”
However, the consideration of normal examination
should influence the intrarater or inter-rater reliability
values of inexperienced practitioners.

CONCLUSION

The development of clinical instruments with high inter-
rater reliability is an important issue in otolaryngology-
head and neck surgery regarding the prevalence of
LPRD. The RSA-10 reported high inter-rater reliability
and internal consistency among otolaryngologists and
speech therapists with various degrees of experience. The
intra-rater reliability data support the use of RSA-10 in
practitioners despite their clinical experience. The results
of the present study support a significant influence of the
clinical experience in the assessment of the findings,
consisting of a new element that can potentially explain
the low inter-rater reliability findings of some LPRD
clinical instruments.
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Appendix 1: Judge Features

Age Gender Laryngoscopy Reflux patients Years RSA-10
Senior laryngologist 36 Male 12000 4000 12 20.17
Fellow laryngologist 29 Female 6000 1500 6 23.67
Senior CCC-SLP 45 Female 130 100 24 33.51
Fellow CCC-SLP 32 Female 300 250 7 31.65
Student 1 20 Female 100 100 1 32.69
Student 2 20 Female 100 100 1 32.49

Experts evaluated the number of laryngoscopy and reflux patients according to these annual data found in the hospital. Abbreviations: RSA-10, reflux sign
assessment-10; SLP, speech language pathologist.

Appendix 2: Intra-Rater Reliability

RSA-10 items Spearman rho P value
Senior otolaryngologist 0.667 0.001
Fellow CCC-SLP 0.845 0.001
Senior CCC-SLP 0.702 0.001
Student CCC-SLP 1 0.889 0.001
Student CCC-SLP 2 0.862 0.001

The fellow otolaryngologist did not perform the retest reliability analysis.
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