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Abstract Accumulation of secretions within the
hypopharynx, aditus laryngis, and trachea is one charac-
teristic of severe dysphagia and is of high clinical and
therapeutic relevance. For the graduation of the secretion
severity level, a secretion scale was provided by Murray
et al. in 1996. The purpose of the study presented here is
the validation of this scale by analyzing the intra-rater and
inter-rater reliability as well as concurrent validity. For
examination of reliability and validity, a reference standard
was defined by two expert clinicians who reviewed 40
video recordings of fiberendoscopic swallowing evalua-
tions, with 10 videos for each severity grade. These videos
were rated and rerated independently and blinded by 4
ENT-residents with an interval of 4 weeks. Both the intra-
rater (Kendall’s t > 0.847***) and inter-rater reliability
(Kendall’s W > 0.951**%*) were highly significant and can
be considered good or very good. Correlation of the median
of all ratings with the reference standard was close to the
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highest possible value 1 (r = 0.984***). The scale was
proved to be a reliable and valid instrument for graduation
of one of the principal symptoms of oropharyngeal dys-
phagia and is recommended as an evidence-based instru-
ment for standardized fiberoptic endoscopic evaluation of
swallowing.
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Introduction

Accumulated secretions within the pharyngolarynx and
trachea are typical in patients with severe oropharyngeal
dysphagia. Recent studies revealed that colonization by
microbial pathogens in patients suffering from dental pla-
ques is common [1, 2] and could lead to pneumonia due to
secretion aspiration, especially in long-term ventilated
patients. Accordingly, improved oral hygiene has been
proved to decrease pneumonia in about 40 % of long-term
ventilated patients [3].

Furthermore, the presence of secretions in pharyngo-
larynx and trachea indicates impaired swallowing [4] with
reduced ability of secretion clearance as a possible conse-
quence of diminished swallowing frequency or strength [5,
6]. Hence, such secretions are of a high relevance for
clinical and scientific use with the need for unified and
standardized documentation.

The fundamental idea of using accumulated secretions
as an indicator for increased risk of aspiration [7] inspired
further research. Several studies focused on secretion
observation as a sign for impaired swallowing in different
underlying pathologies, such as acute stroke [8], Parkin-
son’s disease [9], and amyotrophic lateral sclerosis [5]. Ota
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et al. [8] showed that the higher the volume of secretions,
the higher the severity level of the swallowing disorder in
stroke patients quantified by the frequency of aspiration.
Moreover, they demonstrated a significantly increased risk
of aspiration pneumonia with increased accumulation of
secretions. Comparable findings were made by Kang et al.
[10] in patients with brain injury and tracheostomy.
Especially for the latter, the correct determination of
secretion is important in respect of aspiration risk and
decannulation, as Warnecke et al. [11] demonstrated for
decannulation time and safety using fiberoptic endoscopic
evaluation of swallowing. Beyond the correlation of
secretion accumulation with aspiration and aspiration
pneumonia, Takahashi et al. [12] determined an increased
risk of malnutrition, at least in elderly institutionalized
nursing home residents in a three months follow-up, irre-
spective of patients’ volitional secretion clearing ability.

Even with this collection of studies that emphasize the
significance of secretion evaluation and the persistent
actuality of these clinical symptoms in dysphagic patients,
the secretion severity rating scale, published by Murray
et al. [7], has yet to be validated.

Therefore, the aim of this study presented here is
proving the quality criteria intra-rater and inter-rater reli-
ability as well as validity for the four-point secretion
severity rating scale by Murray et al. [7].

Materials and methods

For the validation of the four-point secretion severity rating
scale by Murray, 40 sequences of digitalized fiberoptic
endoscopic evaluation of swallowing (FEES®) recordings,
10 for each grade, were chosen retrospectively from over
1000 FEES® examinations performed between 2009 and
2013 using the protocol developed by Langmore [13]. The
representative videos were selected and defined as refer-
ence standard for validation analysis by two dysphagia
experts from a pool of 35 patients. The selected video
recordings represent the full view of the hypopharynx,
including patients’ spontaneous or cued clearing attempts
with a maximum duration of 45 s.

Four blinded raters performed an initial rating of the 40
video sequences with a second rating 4 weeks later. The
sequence viewing order was randomized for each session.
All four raters were ENT-residents experienced in FEES®
examination, two of them with more than 3 years of
experience and two with less than 3 years of experiences.
The videos were presented on a standard 17-inch PC
monitor with the freeware player VirtualDub 1.9.11 (http://
www.virtualdub.org). All raters had the opportunity to
analyze the recordings in the default reproduction mode of
real-time playback, frame-by-frame playback, or in slow-
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motion. There was no limitation in viewing time for each
individual sequence.

The scale used for the reliability and validity testing in
this study is shown in Table 1. Bidirectionality of scale
score “2” from the original scale was assumed and is stated
as such in the table.

Statistical analysis

The intra-rater and inter-rater reliability and the validity
according to the defined reference standard were analyzed.
Due to the lack of normal distribution (Kolmogorov—
Smirnov test: ps < 0.05), non-parametric tests were used.
Both measures of association and difference were analyzed
as even highly significant correlations cannot exclude sig-
nificant differences. Therefore, Kendall’s tau correlations
and the Wilcoxon test were used to determine the intra-
rater reliability and Kendall’s W and Friedman test for
inter-rater reliability.

The ratings from the first and second sessions were
cross tabulated to evaluate differences in the distribution
of the gradings with the Chi-square test. Moreover, it
was of interest if any of the four grades introduced
difficulty to the raters, resulting in more discrepancies
between the two rating sessions. The heterogeneity of
the ratings within each secretion scale grade was asses-
sed by the Friedman test for both the first and second
rating sessions.

To examine the concurrent validity, the median of all
ratings was calculated over all four raters and both rating
sessions. The agreement of this median with the reference
standard was examined by means of Kendall’s tau corre-
lation. The differences between the median and the refer-
ence standard were analyzed by the Wilcoxon test for two
paired samples.

With an ordinal regression, the association of the rating
distribution with the following independent variables was
determined: (1) four raters, (2) first and second rating
sessions, (3) experience in FEES® examination, and (4)
reference standard. The percentage of the explained vari-
ance was quantified by Nagelkerke’s pseudo-R>.

All calculations were performed using SPSS 21 (Inter-
national Business Machines Corporation, Armonk, USA).

Results

The correlations of the intra-rater reliability were highly
significant for all raters (rater 1: t = 0.984, rater 2:
7 =0.889, rater 3: 7= 00936, rater 4: 1 = 0.847;
ps < 0.001, Ns = 40). The Wilcoxon test identified no
significant differences between the ratings of all four raters
in the first and second sessions (ps > 0.05).
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Table 1 Four-point secretion severity rating scale by Murray et al. [7]

0 Most normal rating. No visible secretions anywhere in the hypopharynx or some transient bubbles visible in the valleculae and pyriform

sinuses. These secretions were not bilateral or deeply pooled

1 Any secretions evident upon entry or following a dry swallow in the channels surrounding the laryngeal vestibule that were bilaterally
represented or deeply pooled. This rating would include cases where there is a transition in the accumulation of secretions during the
observation segment. A subject could start with no visible secretions but accumulate secretions in an amount great enough to be bilaterally
represented or deeply pooled. Likewise, a subject would be rated as a “1” if initially presenting with deeply pooled bilateral secretions and

ending the observation segment with no visible secretions

“1”

Any secretions that changed from a

rating to a “3” rating, respectively, from a “3” rating to a “1” rating during the observation period

Most severe rating. Any secretions seen in the area defined as the laryngeal vestibule. Pulmonary secretions were included if they were not

cleared by swallowing or coughing at the close of the segment

Similarly, the correlations of the inter-rater reliability
were highly significant (rating 1: W = 0.951, rating 2:
W = 0.961; ps < 0.001), without significant differences
between the raters in the Friedman test (ps > 0.05).

The distribution of rating values in the first and second
rating sessions is shown in Table 2. The overall agreement
between two rating sessions was 88.9 %, with a significant
difference in the value distribution in two rating sessions
for all four raters (X%9> = 350.34, p < 0.001).

According to the Friedman test for paired samples, no
statistically significant differences were identified within
each secretion scale grade in either the first or second rating
sessions (ps > 0.05).

For the examination of the concurrent validity, the
median of all eight ratings (4 raters x 2 rating sessions)
correlated highly significantly with the reference standard
(t = 0.984, p < 0.001).

The ordinal regression with rating values as dependent
variable explained 93 % of the variance (Nagelkerke’s

pseudo-R* = 0.931; Pearson yy, = 2204.43, p < 0.001).

Only one independent variable appeared to be statistically
significant, the “reference standard” (p < 0.001). The
influence of the other independent variables “first and
second rating sessions,” “experience in FEES® examina-
tion (less than 3 years versus more than 3 years),” and
“raters” did not reach statistical significance.

Table 2 Cross classification of the scores of the first and second
rating sessions for all four raters

Murray Second rating session
0 1 2 3 Total %
First rating session
0 33 2 1 0 36 22.5
1 6 36 1 0 43 26.9
2 0 2 34 3 39 24.4
3 0 1 2 39 42 26.3
Total 39 41 38 42 160
%o 244 25.6 23.8 26.3 100

Discussion

The four-point secretion severity rating scale by Murray
et al. [7] was demonstrated to be reliable and valid in the
evaluation and graduation of accumulated secretions within
the pharyngolarynx and trachea.

The intra-rater reliability of all four raters was high
without significant differences. The same was demon-
strated for the inter-rater reliability in both rating sessions.
Hence, the secretion severity rating scale by Murray et al.
is reliable in its use.

No significant differences could be identified between
the four ratings within each of the four grades in both
sessions, which indicates the homogeneity of the ratings.
However, when examining the cross tabulation of the first
and second sessions, the raters tended to slightly prefer
grades 1 and 3 and to choose grade 0 less frequently in their
responses (see Table 2). Nevertheless, the raters presented
a high percentage of agreement between their results in the
first and second rating sessions (89 %).

The concurrent validity, comparing the median of all
ratings with the defined reference standard, demonstrated a
high correlation without significant difference. Hence, the
secretion severity rating scale by Murray et al. [7] can also
be considered valid in use.

The recently published validation of the German version
of the penetration—aspiration scale developed by Rosenbek
et al. [14] revealed significant differences in the accuracy
of ratings between more and less experienced raters, which
suggests the possibility that validity of that scale could be
improved with training [15]. In this study, however, when
assessing the reliability and validity of the secretion
severity rating scale by Murray et al. [7], the ratings
demonstrated a very homogenous distribution and no sig-
nificant influence of rater experience. In addition, signifi-
cant differences in the intra-rater reliability as a possible
indicator for a learning effect from the first to second rating
sessions were not identified. The only statistically signifi-
cant factor that influenced the distribution in the ordinal
regression was the reference standard defined by two
dysphagia experts. Again, the scale scores are valid in use.
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While the results regarding reliability and validity are
impressive, the sample size in this study presented here is
small, which limits the interpretation of the data, and a
larger sample size could confirm or refute the findings
presented here.

The scale is designed to predict the risk of aspiration of
food and liquid during a FEES® examination by estimating
the localization of accumulated secretions within the
pharyngolarynx and trachea. Other attempts of scaling
secretions have included an estimation of secretion volume
in the five-point Marianjoy secretion scale published by
Donzelli et al. [16]. The scale the authors offered did not
present a grading for “normal” or the inclusion of the
dynamics of secretion flow, and there were no operational
guidelines for the determination of volume. Donzelli et al.
[17] reduced the five-point scale to a three-point scale at
the expense of the dimension of volume (amount grading)
without losing the power of the reduced scale to predict
aspiration risk of food and liquid.

The four-point secretion severity rating scale by Murray
et al. [7] used as a classification system for the graduation
of accumulated secretions turned out to be reliable, valid
and, due to the clear conception, unambiguous, and simple
in use. Its systematic application offers a standardized and
uniform documentation of accumulated secretions for
clinical and scientific routine. Therefore, the presented
validated version of the four-point secretion severity rating
scale by Murray et al. [7] is highly recommended for the
consistent implementation in FEES® examination.
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