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Dysphagia is associated with aspiration, pneumonia, and mal-
nutrition, but remains challenging to identify at the bedside. A
variety of exam protocols and maneuvers are commonly used,
but the efficacy of these maneuvers is highly variable. We con-
ducted a comprehensive search of 7 databases, including
MEDLINE, Embase, and Scopus, from each database’s ear-
liest inception through June 9, 2014. Studies reporting diag-
nostic performance of a bedside examination maneuver
compared to a reference gold standard (videofluoroscopic
swallow study or flexible endoscopic evaluation of swallowing
with sensory testing) were included for analysis. From each
study, data were abstracted based on the type of diagnostic
method and reference standard study population and inclu-
sion/exclusion characteristics, design, and prediction of aspira-
tion. The search strategy identified 38 articles meeting

inclusion criteria. Overall, most bedside examinations lacked
sufficient sensitivity to be used for screening purposes across
all patient populations examined. Individual studies found dys-
phonia assessments, abnormal pharyngeal sensation assess-
ments, dual axis accelerometry, and 1 description of water
swallow testing to be sensitive tools, but none were reported
as consistently sensitive. A preponderance of identified studies
was in poststroke adults, limiting the generalizability of results.
No bedside screening protocol has been shown to provide
adequate predictive value for presence of aspiration. Several
individual exam maneuvers demonstrated reasonable sensitiv-
ity, but reproducibility and consistency of these protocols was
not established. More research is needed to design an optimal
protocol for dysphagia detection. Journal of Hospital Medicine
2015;000:000-000. © 2015 Society of Hospital Medicine

Dysphagia is a serious medical condition that can lead to
aspiration pneumonia, malnutrition, and dehydration.’
Dysphagia is the result of a variety of medical etiologies,
including stroke, traumatic brain injury, progressive
neurologic conditions, head and neck cancers, and gen-
eral deconditioning. Prevalence estimates for dysphagia
vary depending upon the etiology and patient age, but
estimates as high as 38% for lifetime prevalence have
been reported in those over age 65 years.”

To avoid adverse health outcomes, early detection
of dysphagia is essential. In hospitalized patients, early
detection has been associated with reduced risk of
pneumonia, decreased length of hospital stay, and
improved cost-effectiveness resulting from a reduction
in hospital days due to fewer cases of aspiration pneu-
monia.>™ Stroke guidelines in the United States rec-
ommend screening for dysphagia for all patients
admitted with stroke.® Consequently, the majority of
screening procedures have been designed for and
tested in this population.”~*°
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The videofluoroscopic swallow study (VESS) is a
commonly accepted, reference standard, instrumental
evaluation technique for dysphagia, as it provides the
most comprehensive information regarding anatomic
and physiologic function for swallowing diagnosis and
treatment. Flexible endoscopic evaluation of swallow-
ing (FEES) is also available, as are several less com-
monly used techniques (scintigraphy, manometry, and
ultrasound). Due to availability, patient compliance,
and expertise needed, it is not possible to perform
instrumental examination on every patient with sus-
pected dysphagia. Therefore, a number of minimally
invasive bedside screening procedures for dysphagia
have been developed.

The value of any diagnostic screening test centers
on performance characteristics, which under ideal cir-
cumstances include a positive result for all those who
have dysphagia (sensitivity) and negative result for all
those who do not have dysphagia (specificity). Such
an ideal screening procedure would reduce unneces-
sary referrals and testing, thus resulting in cost sav-
ings, more effective utilization of speech-language
pathology consultation services, and less unnecessary
radiation exposure. In addition, an effective screen
would detect all those at risk for aspiration pneumo-
nia in need of intervention. However, most available
bedside screening tools are lacking in some or all of
these desirable attributes.'™'* We undertook a system-
atic review and meta-analysis of bedside procedures to
screen for dysphagia.
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METHODS

Data Sources and Searches

We conducted a comprehensive search of 7 databases,
including MEDLINE, Embase, and Scopus, from each
database’s earliest inception through June 9, 2014 for
English-language articles and abstracts. The search
strategy was designed and conducted by an experi-
enced librarian with input from 1 researcher (J.C.O.).
Controlled vocabulary supplemented with keywords
was used to search for comparative studies of bedside
screening tests for predicting dysphagia (see Support-
ing Information, Appendix 1, in the online version of
this article for the full strategy).

All abstracts were screened, and potentially relevant
articles were identified for full-text review. Those
references were manually inspected to identify all rele-
vant studies.

Study Selection

A study was eligible for inclusion if it tested a diag-
nostic swallow study of any variety against an accept-
able reference standard (VFSS or flexible endoscopic

evaluation of swallowing with sensory testing
[FEEST]).

Data Extraction and Quality Assessment

The primary outcome of the study was aspiration, as
predicted by a bedside exam, compared to gold-
standard visualization of aspirated material entering
below the vocal cords. From each study, data were
abstracted based on the type of diagnostic method
and reference standard study population and inclu-
sion/exclusion characteristics, design, and prediction
of aspiration. Prediction of aspiration was compared
against the reference standard to yield true positives,
true negatives, false positives, and false negatives.
Additional potential confounding variables were
abstracted using a standard form based on the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analysis'? (see Supporting Information, Appen-
dix 2, in the online version of this article for the full
abstraction template).

Data Synthesis and Analysis

Sensitivity and specificity for each test that identified
the presence of dysphagia was calculated for each
study. These were used to generate positive and nega-
tive likelihood ratios (LRs), which were plotted on a
likelihood matrix, a graphic depiction of the loga-
rithm of the "LR on the ordinate versus the logarithm
of the "LR on the abscissa, dividing the graphic into
quadrants such that the right upper quadrant is tests
that can be used for confirmation, right lower quad-
rant neither confirmation nor exclusion, left lower
quadrant exclusion only, and left upper quadrant an
ideal test with both exclusionary and confirmatory
properties.* A good screening test would thus be on
the left half of the graphic to effectively rule out dys-

891 records
after -
duplicates 749 removed by screening abstracts
removed
94 Excluded
-5 for concerns of Iwamn blas
142 full- ;2;% for not including sufficient
text articles nformation
assessed -16 for not using VFSS or FEEST
for gold standard
eligibili -33 for not using bedside tests
L -3 as review articles
-10 for unrelated study questions
-2 as secondary analyses of included
studies
B

FIG. 1. Preferred Reporting Items for Systematic Reviews and Meta-
Analysis flow diagram. Abbreviations: FEEST, flexible endoscopic evaluation
of swallowing with sensory testing; VFSS, videofluoroscopic swallow study.

phagia, and the ideal test with both good sensitivity
and specificity would be found in the left upper quad-
rant. Graphics were constructed using the Stata
MIDAS package (Stata Corp., College Station, TX).'?

RESULTS

We identified 891 distinct articles. Of these, 749 were
excluded based on abstract review. After reviewing
the remaining 142 full-text articles, 48 articles were
determined to meet inclusion criteria, which included
10,437 observations across 7414 patients (Figure 1).
We initially intended to conduct a meta-analysis on
each type, but heterogeneity in design and statistical
heterogeneity in aggregate measures precluded pooling
of results.

Characteristics of Included Studies
Of the 48 included studies, the majority (n = 42) were pro-
spective observational studies,”®!*1¢% whereas 2 were
randomized trials,>>* 2 studies were double-blind observatio-
nal,'® 1 was a case-control design,” and 1 was a retrospec-
tive case series.”® The majority of studies were exclusively
inpatient, 1417 1921.2224-26.31533,35,36,38 41 43-4749,51-53,55.57
with 5 in mixed in and outpatient populations,2®>”*>3>38 2
in outpatient populations,”*' and the remainder not report-
ing the setting from which they drew their study
populations.

The indications for swallow evaluations fit broadly into 4
categories: stroke, 142122 24-26,31,33-35,38,40-4345.48,52,56.5

other neurologic disorders,!7-18:2328:39:47 all

cause S’16,20,27,29,30,36,37,44,46,49,5 1-54,58 and
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postsurgical.'*>** Most used VESS as a reference stand-
ard, S IHI6-19.21-2325-303436 47,50-5456-58 \ihy 8 ysing
FEEST,202431-33:354955 4nd 1 accepting either videofluoro-
scopic evaluation of swallow or FEEST.*

Studies were placed into 1 or more of the following 4
categories: subjective bedside examination,®1819:31:34.48
questionnaire-based tools,'”*>*¢53 protocolized multi-
item  evaluations,20-22:25-30:33,34,37,3944,45,52,53,57,58 1 4

single-item  exam  maneuvers,  symptoms,  oOr
signs. % 14162426-32,344347-51,56.58.59 T Characteristics
of all studies are detailed in Table 1.

Subjective Clinical Exam

Seven studies reported the sensitivity and specificity
of subjective assessments of nurses and speech-
language pathologists in observing swallowing and
predicting aspiration.® 1819313448 The oyerall dis-
tribution of studies is summarized in the likelihood
matrix in Figure 2. Two studies, Chong et al.*! and
Shem et al.,'® were on the left side of the matrix,
indicating a sensitive rule-out test. However, both
were small studies, and only Chong et al. reported
reasonable sensitivity with incorporation bias from
knowledge of a desaturation study outcome. Overall,
subjective exams did not appear reliable in ruling out
dysphagia.

Questionnaire-Based Tools

Only 4 studies used questionnaire-based tools filled
out by the patient, asking about subjective assessment
of dysphagia symptoms and frequency.'”»>%4653
Yamamoto et al. reported results of using the swallow
dysphagia questionnaire in patients with Parkinson’s
disease.!” Rofes et al. looked at the Eating Assessment
Tool (EAT-10) questionnaire among all referred
patients and a small population of healthy volun-
teers.’> FEach was administered the questionnaire
before undergoing a videofluoroscopic study. Overall,
sensitivity and specificity were 77.8% and 84.6%,
respectively. Cox et al. studied a different question-
naire in a group of patients with inclusion body myo-
sitis, finding 70% sensitivity and 44% specificity.?®
Cohen and Manor examined the swallow dysphagia
questionnaire across several different causes of dys-
phagia, finding at optimum, the test is 78% specific
and 73% sensitive.*® Rofes et al. had an 86% sensitiv-
ity and 68% specificity for the EAT-10 tool.”?

Multi-ltem Exam Protocols

Sixteen studies reported multistep protocols for determining
a patient’s risk for aspiration,’?02%2%30,33,34,37,39,44,45,52,53,
5798 Each involved a combination of physical exam maneu-
vers and history elements, detailed in Table 1. This is shown
in the likelihood matrix in Figure 3. Only 2 of these studies
were in the left lower quadrant, Edmiaston et al. 2011%!
and 2014.%% Both studies were restricted to stroke popula-
tions, but found reasonable sensitivity and specificity in iden-

tifying dysphagia.

Bedside Swallow Examination Review | O’Horo et al

Individual Exam Maneuvers

Thirty studies reported the diagnostic performance of
individual exam maneuvers and
signs. /%1 H16.2426-32,34-43,47-51,54,56.58 £, is depicted
in Figure 4 as a likelihood matrix demonstrating the
LR and LR for individual maneuvers as seen in the
figure; most fall into the right lower quadrant, where
they are not diagnostically useful tests. Studies in the
left lower quadrant demonstrating the ability to
exclude aspiration desirable in a screening test were
dysphonia in McCullough et al.,** dual-axis acceler-
ometry in Steele et al.,'® and the water swallow test in
DePippo et al.** and Suiter and Leder.*’

McCullough et al. found dysphonia to be the most
discriminatory sign or symptom assessed, with an area
under the curve (AUC) of 0.818. Dysphonia was
judged by a sustained/a/and had 100% sensitivity but
only 27% specificity. “Wet voice” within the same
study was slightly less informative, with an AUC of
0.77 (sensitivity 50% and specificity 84%).>*

Kidd et al. verified the diagnosis of stroke, and then
assessed several neurologic parameters, including
speech, muscle strength, and sensation. Pharyngeal sen-
sation was assessed by touching each side of the pha-
ryngeal wall and asking patients if they felt sensation
that differed from each side. Patient report of abnormal
sensation during this maneuver was 80% sensitive and
86% specific as a predictor of aspiration on VFSS.**

Steele et al. described the technique of dual axis
accelerometry, where an accelerometer was placed at
the midline of the neck over the cricoid cartilage dur-
ing VESS. The movement of the cricoid cartilage was
captured for analysis in a computer algorithm to iden-
tify abnormal pharyngeal swallow behavior. Sensitiv-
ity was 100%, and specificity was 54%. Although the
study was small (n=40), this novel method demon-
strated good discrimination.”®

DePippo et al. evaluated a 3-oz water swallow in
stroke patients. This protocol called for patients to
drink the bolus of water without interruption, and be
observed for 1 minute after for cough or wet-hoarse
voice. Presence of either sign was considered abnor-
mal. Overall, sensitivity was 94% and specificity 30%
looking for the presence of either sign.** Suiter and
Leder used a similar protocol, with sensitivity of 97%
and specificity of 49%.*

DISCUSSION

Our results show that most bedside swallow examina-
tions lack the sensitivity to be used as a screening test
for dysphagia across all patient populations examined.
This is unfortunate as the ability to determine which
patients require formal speech language pathology con-
sultation or imaging as part of their diagnostic evalua-
tion early in the hospital stay would lead to improved
allocation of resources, cost reductions, and earlier
implementation of effective therapy approaches. Fur-
thermore, although radiation doses received during
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Sample Size,
No. of
Observations
134
ST, Water swal-

Sample Size,
No. of Patients
134

Reference
Standard

VFS

Description

and repeated observations and
measurements of swallow with

Symptom-based questionnaire (EAT-10)
different thickness liquids.

Indx Test
variable viscosity swallow test

EAT-10 questionnaire and

Reason(s) for
Dysphagia

Mixed

Mean
Age (SD)

74(12)

Design
Prospective observational study

NOTE: Abbreviations: BSA, bedside assessment; EAT-10, Eating Assessment Tool; FEES, flexible endoscopic evaluation of swallowing; FEEST, flexible endoscopic evaluation of swallowing with sensory testing; NR, not reported; SD, standard deviation; VFSS, videofluoroscopic swallow study; Wi
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Bedside Swallow Examination Review | O’Horo et al

VESS are not high when compared with other radio-
logic exams like computed tomography scans,®
increasing awareness about the long-term malignancy
risks associated with medical imaging makes it desira-
ble to reduce any test involving ionizing radiation.

There were several categories of screening proce-
dures identified during this review process. Those clas-
sified as subjective bedside exams and protocolized
multi-item evaluations were found to have high heter-
ogeneity in their sensitivity and specificity, though a
few exam protocols did have a reasonable sensitivity
and specificity.>"*">2 The following individual exam
maneuvers were found to demonstrate high sensitivity
and an ability to exclude aspiration: a test for dyspho-
nia through production of a sustained/a/** and use of
dual-axis accelerometry.'® Two other tests, the 3-oz
water swallow test™ and testing of abnormal pharyn-
geal sensation,** were each found effective in a single
study, with conflicting results from other studies.

Our results extend the findings from previous system-
atic reviews on this subject, most of which focused only
on stroke patients.”'#°"¢? Martino and colleagues’ con-
ducted a review focused on screening for adults post-
stroke. From 13 identified articles, it was concluded that
evidence to support inclusion or exclusion of screening
was poor. Daniels et al. conducted a systematic review
of swallowing screening tools specific to patients with
acute or chronic stroke.'? Based on 16 articles, the
authors concluded that a combination of swallowing
and nonswallowing features may be necessary for devel-
opment of a valid screening tool. The generalizability of
these reviews is limited given that all were conducted in
patients poststroke, and therefore results and recommen-
dations may not be generalizable to other patients.

Wilkinson et al.®* conducted a recent systematic
review that focused on screening techniques for inpa-
tients 65 years or older that excluded patients with
stroke or Parkinson’s disease. The purpose of that
review was to examine sensitivity and specificity of
bedside screening tests as well as ability to accurately
predict pneumonia. The authors concluded that exist-
ing evidence is not sufficient to recommend the use of
bedside tests in a general older population.®?

Specific screening tools identified by Martino and col-
leagues’ to have good predictive value in detecting aspi-
ration as a diagnostic marker of dysphagia were an
abnormal test of pharyngeal sensation** and the 50-mL
water swallow test. Daniels et al. identified a water swal-
low test as an important component of a screen.” These
results were consistent with those of this review in that
the abnormal test of pharyngeal sensation** was identi-
fied for high levels of sensitivity. However, the 3-oz
water swallow test,*>*’ rather than the 50-mL water
swallow test,** was identified in this review as the ver-
sion of the water swallow test with the best predictive
value in ruling out aspiration. Results of our review
identified 2 additional individual items, dual-axis accel-
erometry'® and dysphonia,®* that may be important to
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FIG. 2. Likelihood matrix for curve for subjective clinical exam. Each point cor-
responds to a study as follows: 1 = Smithard et al., 1998; 2 = Smith et al., 2000;
3 = McCullough et al., 2001; 4 = Chong et al., 2003; 5 = Smith-Hammond et al.,
2009; 6 = Bhama et al., 2012; 7 = Shem et al., 2012. LUQ = Left upper quad-
rant, LRP = Positive likelihood ratio, RUQ = Right upper quadrant, LLQ = Left
lower quadrant, RLQ = Right lower quadrant, LRN = Negative likelihood ratio.

include in a comprehensive screening tool. In the absence
of better tools, the 3 oz swallow test, properly executed,
seems to be the best currently available tool validated in
more than 1 study.

Several studies in the current review included an
assessment of oral tongue movement that is not
described thoroughly and varies between studies.
Tongue movement as an individual item on a screening
protocol was not found to yield high sensitivity or spec-
ificity. However, tongue movement or range of motion
is only 1 aspect of oral tongue function; pressures pro-
duced by the tongue reflecting strength also may be
important and warrant evaluation. Multiple studies

100
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RUQ: Confirmation Only
LAP>10, LAN=0.1
LLQ: Exclusion Only
LAP<10, LAN<0.1
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LAP<10, LAN=>0.1
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FIG. 3. Likelihood matrix of multi-item protocols. 1= Splaingard et al.,
1988; 2 = Mari et al., 1997; 3 = Logemann et al., 1999; 4 = Smith et al., 2000;
5 = McCullough et al., 2001; 6 = Leder et al., 2002; 7 = Tohara et al., 2003;
8 = Ramsey et al., 2006; 9 = Baylow et al., 2009; 10 = Martino et al., 2009;
11 = Leigh et al., 2010; 12 = Mandysova et al., 2011; 13 = Steele et al., 2011
(speech language pathology assessment); 14 = Edmiaston et al., 2011;
15 =Steele et al. (nurse assessment); 16 = Edmiaston et al., 2014;
17 = Rofes et al., 2014. LUQ = Left upper quadrant, LRP = Positive likelihood
ratio, RUQ = Right upper quadrant, LLQ = Left lower quadrant, RLQ = Right
lower quadrant, LRN = Negative likelihood ratio.
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FIG. 4. Likelihood matrix of individual exam maneuvers. Studies in the LLQ
demonstrating the ability to exclude aspiration were 56 = Kidd et al., 1993
(abnormal pharyngeal sensation); 96 = McCullogh et al., 2001 (dysphonia);
54 = Steele et al., 2013 (dual axis accelerometry); 121 = DePippo et al., 1992
(water swallow test); and 118 = Suiter and Leder et al., 2008 (water swallow
test). (See Supporting Information, Appendix 3, in the online version of this
article for the key to other tests). LUQ = Left upper quadrant, LRP = Positive
likelihood ratio, RUQ = Right upper quadrant, LLQ = Left lower quadrant,
RLQ = Right lower quadrant, LRN = Negative likelihood ratio.

have shown patients with dysphagia resulting from a
variety of etiologies to produce lower than normal
maximum isometric lingual pressures,®>® or pressures
produced when the tongue is pushed as hard as possible
against the hard palate. Tongue strengthening protocols
that result in higher maximum isometric lingual pres-
sures have been shown to carry over to positive changes
in swallow function.®®™"? Inclusion of tongue pressure
measurement in a comprehensive screening tool may
help to improve predictive capabilities.

We believe our results have implications for practic-
ing clinicians, and serve as a call to action for devel-
opment of an easy-to-perform, accurate tool for
dysphagia screening. Future prospective studies should
focus on practical tools that can be deployed at the
bedside, and correlate the results with not only gold-
standard VFSS and FEES, but with clinical outcomes
such as pneumonia and aspiration events leading to
prolonged length of stay.

There were several limitations to this review. High
levels of heterogeneity were reported in the screening
tests present in the literature, precluding meaningful
meta-analysis. In addition, the majority of studies
included were in poststroke adults, which limits the
generalizability of results.

In conclusion, no screening protocol has been shown
to provide adequate predictive value for presence of
aspiration. Several individual exam maneuvers demon-
strate high sensitivity; however, the most effective com-
bination of screening protocol components is
unknown. There is a need for future research focused
on the development of a comprehensive screening tool
that can be applied across patient populations for accu-
rate detection of dysphagia as well as prediction of
other adverse health outcomes, including pneumonia.
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