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Objective: To measure the inter- and intra-rater reliability of cervical
auscultation used alone to detect aspiration in dysphagic patients.

Setting: A university teaching hospital.

Design: Comparison of the detection of aspiration in 16 recorded swallow
sounds by five speech and language therapists on two occasions. Swallow
sounds were recorded simultaneously with videofluoroscopy.

Subjects: Sixteen patients referred for assessment of dysphagia with

videofluoroscopy.

Results: The kappa statistic for multiple raters showed fair agreement
between raters (x = 0.28). There was high agreement when aspiration
occurred but in non-aspirating swallows there was significant overdetection of
aspiration (p < 0.001 McNemar's test). The intra-rater reliability within
different individuals was widely variable (x = 0.565 (range 0.31-0.85)).
Conclusions: Presented with the swallowing sounds in isolation speech and
language therapists cannot reliably classify swallows into those with
accompanying aspiration and those without. There appears to be a problem
of over detection of aspiration. Even in this small study, however, some
individual therapists achieve such high reliability (x = 0.85) that they must be
using successful internal criteria to interpret the swallow sounds correctly and

further qualitative research may identify these.

Introduction

Swallowing difficulties arise from numerous aeti-
ologies.! Forty-five per cent of stroke patients
suffer from dysphagia,>? which increases morbid-
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ity and mortality and is a risk factor for aspira-
tion pneumonia, upper airway obstruction, mal-
nutrition and dehydration.> If detected,
complications can be successfully avoided.
Reliability of clinical bedside measures for
detection of aspiration has been found to be low
with questionable utility.* Videofluoroscopy is
the current ‘gold standard™ with high reliability
for detection of aspiration,® but is expensive,
inappropriate for aspiration screening and moni-
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toring, involves radiation and is
demanding for some patients.

Cervical auscultation is a method of listening
at the lateral aspect of the thyroid cartilage to the
sounds of swallowing and respiration in order to
detect aspiration: almost all normal people
breathe out after a swallow.” It has potential as
a cheap, portable tool. Although previous stud-
ies suggest it has predictive validity with a
reported sensitivity between 90% and 73% and
specificity around 80%.%° test reliability is
unknown. This study examines the reliability of
cervical auscultation used in isolation from other
clinical cues.

Swallowing sounds were recorded simultane-
ously with videofluoroscopy examination and
played without the picture, blind, to experienced
speech and language therapists. The videofluo-
roscopy recording was used to classify whether an
aspiration event had occurred in any particular
swallow. Thus this study measures reliability by
comparing inter- and intra-rater detection of
aspiration. It comments on concurrent criterion
validity by comparing the videofluoroscopy clas-
sification of the swallow to the cervical ausculta-
tion classification.

physically

Methods

Recruitment

Patients were consecutively recruited from
those referred to the videofluoroscopy clinic as
part of their normal clinical management for dys-
phagia, at a large teaching hospital. All patients
received an information letter with their clinic
appointment. On the day, verbal information was
given, with an opportunity to ask questions and
withdraw without prejudice to treatment, follow-
ing which written consent was obtained. The gen-
eral practitioner was informed. Ethical approval
was obtained from Bro Taf Local Research and
Ethics Committee.

Procedure

Simultaneous recordings of the swallow sounds
and the videofluoroscopy picture were made uti-
lizing a unique radiotranslucent stethoscope head
containing an electret microphone onto a Pana-
sonic S-VHS video recorder AG-7330. The
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stethoscope head was placed on the patient’s
neck on the lateral aspect of the thyroid cartilage
by the researcher and held in place by a 3M Dou-
ble Stick Disc 2181. Optimum recording levels
were set on hi-fi during a dry swallow. The stan-
dard hospital
videofluoroscopy protocol was followed and
bolus type and size were recorded. The decision
on categorization of the swallow was made
through discussion and agreement between the
consultant radiologist and the clinical speech and
language therapist, which has substantial reliabil-
ity for detection of aspiration using videofluo-
roscopy (x =0.80).5 Aspiration was determined
using standard criteria.!® To allow efficient play-
back for the reliability studies the recordings
were edited on a Media 100 XS nonlinear edit
suite.

Five speech and language therapists experi-
enced in cervical auscultation were recruited
from a hospital setting in Bro Taf Health Author-
ity. Experience was defined as

e having received at least 5 hours training on
cervical auscultation and

¢ having used auscultation to assess patients for
at least one session per week as part of their
current job.

Each therapist was asked to score aspiration cat-
egorically. The swallow sound clips were played
in random order (by picking a number from a
box) to each therapist, separated from each
other, blind to the video picture, results and clin-
ical data. The sounds were played through
Sennheiser HD 40 headphones on a Panasonic
S-VHS player AG 7130. This was repeated in
re-randomized order, two weeks later giving no
further information.

Statistical analysis

The kappa approach recommended by Fleiss!!
for agreement over chance between multiple
raters was used. Kappa scores for intra-rater reli-
ability in individuals were calculated using SPSS
for Windows. The benchmarks provided by Lan-
dis and Koch'? to rate kappa values on a scale of
‘poor’ to ‘almost perfect’, although familiar and
popularly used, can be oversimplistic if regarded
as universally applicable. Therefore results were
also interpreted in context. Potential sources of
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error were identified. Sensitivity, specificity, pos-
itive and negative predictive values were calcu-
lated from the first set of data from therapists, so
the calculations were based on 80 recordings
which came from five therapists each rating 16
swallows once. Actual yes/no response for aspi-
ration detection was used, regardless of correct-
ness according to videofluoroscopy.

Results

The 16 patients were four men and 12 women,
mean age 51.8 (range 29.5-65 years). Eleven were
being investigated for dysphagia of unknown ori-
gin, one had pseudobulbar palsy and four had
had surgery for head and neck cancer. Average
bolus size was 5 ml (2.5-10 ml). Three swallows
resulted in aspiration and 13 in non-aspiration,
which mimics the prevalence in other dysphagic
populations.'31

Agreement

In considering the degree to which raters
agreed from one occasion to the next and
between each other it is useful to also know
whether their interpretation was correct or incor-
rect. In Table 1 therefore the category of each
swallow evaluation by cervical auscultation (aspi-
ration or no aspiration) is shown for each rater
on two occasions in a way which allows interpre-
tation to be seen as correct (1) or incorrect (0).

The level of agreement over chance between
the multiple raters was 0.28 (kappa), regardless
of correctness according to videofluoroscopy.
Overall this may be described as ‘fair’ agreement
using Landis and Koch’s benchmarks. However,
disagreements occurred much more in the con-
text of non-aspirating swallows, rather than aspi-
rating swallows. When aspiration occurred
agreement was ‘almost perfect’, and accurate as
judged by the gold standard videofluoroscopy:
thus therapists appeared to be able to detect true
aspiration correctly and therefore agreed with
each other. Reliability was reduced when
aspiration did not occur; there was a significant
occurrence of false positive results (McNemar’s
test p <0.001). Sensitivity was 86%, specificity
56 %, positive predictive value 31% and negative
predictive value 94%. There was a wide range

of intra-rater reliability with kappa values
ranging from 0.31 to 0.85, mean 0.55.

Previous studies have suggested cervical aus-
cultation may detect aspiration by picking up the
sound of air mixing with water in the airway after
a swallow."” Because of the tendency to report
aspiration using auscultation when none was
actually present the non-aspirating swallows were
therefore examined in retrospect. In a patient
with pseudobulbar palsy raters were all in agree-
ment but were consistently incorrect (swallow
16). An unusual voicing sound was heard at the
end of this swallow, coinciding with the respira-
tory expiration that normally occurs. A second
patient in this study with a retrospective diagno-
sis of globus hystericus habitually made a ‘throat
clearing’ sound (swallow 10). So two, though not
the other 11, non-aspirating swallows showed
voicing or harsh glottal release sounds where the
expiration would be anticipated. However,
removing these swallows from analysis did not
markedly improve reliability overall.

Discussion

This is a small study in terms of the number of
swallows evaluated. However we believe that
there are potential implications for speech and
language therapists using this technique at the
bedside.

This study has found cervical auscultation
alone to have only fair reliability, which may be
inadequate clinically. Although this study con-
firms that speech and language therapists have a
high true positive detection of aspiration they

Clinical messages

e Speech and language therapists using cervi-
cal auscultation alone to detect presence or
absence of aspiration in patients with swal-
lowing difficulties show only fair agreement.

e Although raters have a high true positive
detection of aspiration, they over detect
aspiration when it is not present.

¢ Increased understanding of the interpreta-
tion of the sounds may improve reliability.
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also falsely detect aspiration when it is not pre-
sent, giving inadequate reliability to the whole
test. A speech and language therapist may be
fairly sure of accuracy if no aspiration is detected
(because there were few false negatives; 2 out of
30 swallow tests (6%) and a high negative pre-
dictive value (94%)) but less sure that aspiration
is truly present given a positive result, due to the
high false positive rate. The main benefit of cer-
vical auscultation may be accurately ruling out
aspiration, so those patients with a negative result
do not require further tests for aspiration
although this would need further confirmation in
a later study. The findings imply that some
patients without true aspiration may be incor-
rectly classified as aspirating with the result that
inappropriate dietary or other intervention mea-
sures may be taken. This study calls into question
the potential utility of using the sounds of swal-
lowing in isolation as an objective tool, though
the effect of cervical auscultation as part of a clin-
ical battery may be different.

It is hypothetically possible that videofluo-
roscopy misses some aspirations by sight that are
detected by sound, resulting in lower accuracy of
cervical auscultation for non-aspirating swallows.
If this were the case however, the reliability
between raters would be higher, because they
would agree when detecting those ‘invisible aspi-
rations’ by sound (assuming the high true posi-
tive rate in this study is replicable). In the
absence of a better gold standard for aspiration
in an individual swallow this cannot currently be
further tested.

In this study the prevalence of aspiration,
though similar to some dysphagic populations,
was fairly low (18%). In patient samples with a
higher prevalence rate of aspiration reliability
might improve. Reliability is also likely to
improve in a mixed population of normal and
dysphagic patients but reliability of a screening
test should be established in the population of
proposed use. It is possible to calculate reliabil-
ity at various prevalence rates, but this would be
unsafe based on the small numbers in this study.

The widely varying intra-scorer reliability
results indicated that some therapists were more
consistent than others at auscultation. This may
be a factor of experience. Therapists with low
kappa scores may have been ‘guessing’ although

their intra-rater scores were better than by
chance alone. One therapist had ‘almost perfect’
intra-rater reliability which survives Bonferroni’s
adjustment for chance (p = 0.01) and so is highly
unlikely to have been achieved by guessing. This
implies she used useful internal criteria to detect
aspiration and non-aspiration by sound.

The source of error in cervical auscultation is
probably multifactorial. Evidence from this study
point to both flawed decision-making and an
unknown factor in some non-aspirating sounds.
The newly identified previously unsuspected,
unreported ‘other sounds’ at the end of some
non-aspirating swallows appear benign (do not
mean aspiration has occurred, assuming video-
fluoroscopy is 100% accurate for detection of
aspiration). They may cause error either by
masking clear expiratory breath sounds that ther-
apists interpret as indicating no aspiration or by
mimicking the noisy expiratory breath sounds
that have been found to occur significantly in
aspirating swallows.!® These extra sounds
occurred in both patients who are and are not at
clinical risk of aspiration. Globus hystericus is a
condition not generally regarded as creating a
risk of aspiration, and the extra sound may relate
to habitual throat clearing. The patient with
pseudobulbar palsy is at risk of aspiration but did
not actually do so in swallow 16. In this case the
extra sound may relate to a learned, compen-
satory clearing mechanism to quickly remove any
potential aspirate. It is possible that speech and
language therapists used different internal deci-
sion-making criteria to interpret these sounds,
with a guessed clinical risk scenario in mind. A
speech and language therapist may prefer to risk
overdetecting aspiration when it is not present
rather than risk missing a positive aspiration, and
this may also depend on the perceived clinical
scenario. Such possibilities require further inves-
tigation.

It is suggested that cervical auscultation should
not be developed as a stand-alone tool to detect
aspiration unless the probability of false positives
is understood or the interpretation of sounds can
be refined. Further investigations are warranted
to establish expert consensus on possible new cri-
teria to interpret the sounds of swallowing, par-
ticularly newly described ‘benign’ sounds.
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