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Abstract

Title. Bedside screening tests vs. videofluoroscopy or fibreoptic endoscopic evaluation
of swallowing to detect dysphagia in patients with neurological disorders: systematic
review.

Aim. This paper is a report of a systematic review conducted to determine the
effectiveness and feasibility of bedside screening methods for detecting dysphagia in
patients with neurological disorders.

Background. Dyspaghia affects 22-65% of patients with neurological conditions.
Although there is a large variety of bedside tests to detect dysphagia, it is unknown
which have the best psychometric properties and are feasible for nurses to use.

Data sources and review methods. An electronic database search was carried out
using Medline (PubMed), Embase, CINAHL, and PsychLit, including all hits up to
July 2008. The search terms were dysphagia, sensitivity, specificity, diagnosis, and
screening. The methodological quality of included studies was assessed.

Results. Thirty-five out of 407 studies were included in the review. Eleven studies with
sufficient methodological quality revealed that trial swallow tests using water had
sensitivities between 27% and 85% and specificities between 63% and 88%. Trial
swallow tests with different viscosities led to sensitivities ranging from 41% to 100%
and specificities of 57% to 82 %. Combining water tests with oxygen desaturation led to
sensitivities between 73% and 98% and specificities between 63% and 76%. Single
clinical features, such as abnormal gag, generally had low sensitivity and specificity.
Conclusion. A water test combined with pulse oximetry using coughing, choking and
voice alteration as endpoints is currently the best method to screen patients with
neurological disorders for dysphagia. Further research is needed to establish the most
effective standardized administration procedure for such a water test, and to assess the
value of pulse oximetry, in addition to a trial swallow to detect silent aspiration.

Keywords: dysphagia, fibreoptic endoscopic, neurological disorders, screening tests,
swallowing, systematic review, videofluoroscopy
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Introduction

Dysphagia is a very common feature of neurological disorders.
It has been reported to affect 22-65% of patients with acute
stroke (Daniels et al. 1998, Smithard et al. 1998) 36% of
symptomatic patients with Parkinson’s disease (Mari et al.
1997), and more than 30% of those with multiple sclerosis
(Prosiegel et al. 2004). Aspiration is one of the most critical signs
of oropharyngeal dysphagia, and may lead to chest infection,
malnutrition, prolonged hospital stay and mortality (Smithard
et al. 1996). Approximately one-third of patients with dyspag-
hia develop pneumonia requiring treatment (Agency for Health
Care Policy and Research 1999, Mann et al. 1999, Smith
Hammond & Goldstein 2006). To ensure safe, high quality
care, it is desirable that the identification and management of
dysphagia is incorporated in an appropriate risk management
policy as part of clinical governance arrangements.

Clinical screening is important to identify patients who
aspirate from the overall population with oropharyngeal
dysphagia and to initiate early referral for diagnosis and
treatment to minimize health risks. Videofluoroscopic (VF)
evaluation is often considered the gold standard for assessing
dysphagia (Rao et al. 2003). This technique provides dynamic
imaging of the swallowing function by visualizing the bolus
during the process of swallowing. Adding a contrast material
such as barium sulphate allows the bolus to be followed as it
travels through the alimentary tract (Murray 1999a). How-
ever, the radiation exposure in VF makes frequent test
repetitions inappropriate. Fibreoptic endoscopic evaluation
of swallowing (FEES) is safe and well tolerated, and has been
found to be just as valuable as VF in diagnosing dysphagia
(Langmore et al. 1991, Rao et al. 2003). FEES examination
requires the transnasal passage of a flexible laryngoscope into
the hypopharynx, whereupon food and liquid can be
presented and the swallowing activity can be videotaped
(Murray 1999b). It does, however, require a skilled operator
and specialized equipment.

The complexity of symptoms and lack of specificity of the
underlying disease that causes dysphagia necessitate a mul-
tidisciplinary approach, in which patient management and
therapeutic options are discussed. Within this multidisciplin-

ary team, nurses have an important role in assessing

dysphagia, observing symptoms and reactions, using methods
to relieve it and evaluating the effects. In fact, impaired
swallowing is a nursing diagnosis accepted by the North
American Nursing Diagnosis Association (NANDA 2007).
Therefore, a feasible method for screening is needed that can
easily be used by nurses to decide whether a patient can be
given anything by mouth and to minimize unnecessary
restriction of oral intake.

Although there are currently many bedside tests, it is not
clear which of these have the best psychometric and feasible
properties and are easy to administer. The challenge is to
construct a screening tool which can easily be taught, is
quickly administered and non-invasive, causes no distress to
patients and produces reliable results. Some reviews have
been performed previously, but these were not systematic,
disregarded the quality of the studies or were limited to
patients with stroke (Ott & Pikna 1993, Lambert & Gisel
1996, Martino et al. 2000, Perry & Love 2001, Kalf 2002,
Ramsey et al. 2003, Westergren 2006). Many neurological
disorders, ranging from static conditions to progressive
disorders, may affect the mechanism of swallowing, and
screening of swallowing impairments in such conditions has
been suggested to protect patients from adverse events. We
were especially interested in screening measures applicable to
this broad patient population, in order to develop a dyspha-
gia screening protocol that could be implemented on all
neurological wards. However, we excluded older adults with
psychiatric conditions and patients with dysphagia caused by
cancer. The former are difficult to instruct, and this may
affect the results of screening or the application of the
reference test. In the case of cancer of the head and neck
region, dysphagia is often caused by an anatomical modifi-
cation of the oral cavity and pharynx due to the cancer or its
treatment. In this review, we were interested in bedside
screening methods to detect dysphagia in patients with
neurological disorders.

The review

Aims

The aim of the present systematic review was to determine the
effectiveness of bedside methods to detect dysphagia in patients
with neurological disorders. A secondary aim was to establish
the practical feasibility of the screening methods. The follow-
ing research question was formulated: which bedside screening
method has the best psychometric and feasibility properties to
detect dysphagia in patients with neurological disorders,

compared with VF evaluation or FEES?
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Design

We followed the steps suggested by the Cochrane
Collaboration for reviewing the effects of intervention studies
because, when we started this review, no guidelines were
available from the Cochrane Collaboration for reviews on
diagnostic test accuracy. Such guidelines were officially
launched by the Cochrane collaboration in October, 2007,
and a handbook for diagnostic test accuracy reviews is still

under construction (Cochrane Collaboration 2008).

Search methods

We performed a computerized search using the databases
Medline (Pubmed), Embase, CINAHL and PsychLit. All hits

Bedside screening for dysphagia

up to 26 June 2008 were used, and references in selected studies
and citations of relevant reviews were checked for further
references. The search terms used for each database and a
flowchart of the abstracts identified is presented in Table 1.

Search outcome

The search strategy identified a total of 407 unique papers.
Two reviewers (GB and RS) independently made an initial
selection of the studies based on the abstracts. In doubtful
cases, the entire paper was screened. Differences of opinion
were resolved by discussion. The following inclusion and
exclusion criteria were used.

The bedside screening test of interest had to be compared

with a VF swallowing test or a FEES in a cross-sectional

Table 1 Search terms for the databases and flow chart of unique identified abstracts

Abstracts
Database Search terms identified Excluded
PubMed (medline a. Dysphagia (‘Deglutition Disorders/diagnosis’ [MeSH:NoExp] 225
and premedline) OR ‘Deglutition Disorders/nursing” [MeSH:NoExp] OR ‘Deglutition
Disorders/prevention and control” [MeSH:NoExp])
b. Sensitiv*[Title/Abstract] OR sensitivity and specificity[MeSH Terms;exp]
OR diagnos*[Title/Abstract] OR diagnosis[MeSH:noexp] OR diagnostic*
[MeSH:noexp] OR diagnosis, differential (MeSH:noexp) OR
diagnosis [Subheading:noexp] OR screening
c. #a AND #b
Embase a. Dysphagia /diagnoses in DEM, DER, DRM, DRR 22
b. Sensitivity and specificity/all subheadings in DEM, DER, DRM, DRR
c. #a and #b
CINAHL a. Swallowing — impairment — Saba — HHCC/all topical subheadings 36
or impaired swallowing Nanda/all topical subheadings/
or deglutition disorder/all topical subheadings
b. Sensitivity and specificity/all topical subheadings
or ROC curve/all topical subheadings
c. #a and #b
PsychLit a. Dysphagia in MJ, MN or pharyngeal disorders in M]J, 88
MN or swallowing in MJ, MN
b. Psychometrics or sensitivity or specificity
c. #a and #b
Total identified abstracts 371
electronically
Reference check 36
Total identified abstracts 407
No focus on screening 321
Inclusion criteria 1. Screening compared with videofluoroscopic or fibreoptic
endoscopic evaluation of swallowing
2. Cross-sectional design or (randomized) clinical trial
3. Aspiration and/or penetration as endpoint
4. Predominant adult patients with neurological disorders
5. Non-invasive screening method
6. Written in English, German or Dutch
Excluded papers 51
Included papers 35
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design or in a (randomized) clinical trial. The endpoint of the
VF or FEES was defined as aspiration or aspiration and/or
penetration. Aspiration is defined as the entry of material
below the level of the true vocal folds, while penetration is
defined as the entry of material in the laryngeal vestibule but
remaining above the levels of the vocal folds (Murray
1999a,b). A study was also included if the screening method
to be studied had not been applied at the bedside, but could
be carried out by nurses at the bedside in the opinion of the
two reviewers. The study population had to consist predom-
inantly of adult patients with neurological disorders. If the
screenings method was invasive, or only used to determine
dysphagia in patients other than those with neurological
disorders, such as patients with cancer or older patients with
psychiatric conditions, the study was excluded. For practical
reasons, only publications in English, German, or Dutch were
included. The final outcome of all the searches consisted of 35

papers. Table 1 presents inclusion and exclusion details.

Quality appraisal

There is empirical evidence that diagnostic studies with
methodological shortcomings overestimate the accuracy of a
diagnostic test (Lijmer et al. 1999). Hence, study quality was
assessed independently by two reviewers (GB and RS), using
criteria adapted from a standard form for research on the
accuracy of diagnostic tests developed by the Dutch
Cochrane Centre (http://www.cochrane.nl). This form, which
consists of nine criteria, requires the evaluator to allocate a
plus to a criterion if the item has been addressed, a minus if
the item has been violated, and a question mark if no
information is available. A plus/minus was allocated to
indicate that a criterion was partially satisfied. Criteria 1-6
refer to the validity of the studies, criterion 7 to their
generalizability, and items 8 and 9 to their reliability. Table 2

presents an overview of these criteria.

Table 2 Items for methodological assessment of the studies

Based on the criteria scored, we gave each study an overall
quality rating in terms of validity, generalizability and
reliability, using the qualifications ‘sufficient’, ‘doubtful’
and ‘insufficient’. These qualifications were used as follows:
a study was categorized as ‘insufficient’” when no data were
available to calculate test characteristics (a minus on item 6).
A study was categorized as ‘sufficient’ if no more than one
item had been allocated a minus or question mark. If two
items had been allocated either a minus or question mark, the
study was considered to be ‘doubtful’, and if more than two
items had been allocated either a minus or a question mark,
the study was considered to have ‘insufficient’ validity,
generalizability, and reliability. If an item received a plus/
minus, it was given the benefit of doubt in the overall
evaluation. Differences in quality ratings were resolved by
discussion.

Results of the quality assessment are shown in Table 3.
Eleven studies (31%) were assessed as having sufficient
quality (Daniels ef al. 1997, Mari et al. 1997, Smithard et al.
1998, Logemann et al. 1999, Smith et al. 2000, Lim et al.
2001, McCullough et al. 2001, Leder & Espinosa 2002,
Mann 2002, Chong et al. 2003), 11 (31%) were of doubtful
quality (Kidd et al. 1993, Garon et al. 1995, Collins &
Bakheit 1997, Daniels et al. 1998, Addington et al. 1999,
Koopman et al. 2004, Rosenbek et al. 2004, Shaw et al.
2004, Wu et al. 2004, Nishiwaki et al. 2005, Wang et al.
2005) and 13 studies (37%) were found to have insufficient
quality (Linden & Siebens 1983, Horner & Massey 1988,
Horner et al. 1988, 1993, Splaingard et al. 1988, DePippo
et al. 1992, Zenner et al. 1995, Sherman et al. 1999, Warms
& Richards 2000, Massey & Jedlicka 2002, Higo et al. 2003,
Tohara et al. 2003, Lam et al. 2007). A description of the 11
studies with sufficient quality is presented in Table 4. The
criterion that was satisfied by the smallest number of studies
(25 of the 35 selected papers, and six of the 11 papers with
good methodological quality) was that the index test had to

Items Description

AW N =

Were the reference test and the index test interpreted independently (blind)?

Was the index test applied independent of relevant information on clinical data of the patient regarding the target condition?
Was the reference test applied to all patients who received the index test?

Was the period between the reference test and the index test short enough to be reasonably sure that

the target condition did not change between the two tests? (within 24 hours in acute stroke, and

within 7 days in other neurological diseases)
Was the selection of the study population valid?

O 0 N O\ \»n

Are data presented in enough detail to calculate appropriate test characteristics?

Was the study population appropriate to evaluate the proposed use of the index test?

Was the index test described in detail so it could be reproduced?

Were satisfactory definitions used for normal/abnormal reference test results and normal/abnormal index test results?
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Table 3 Quality of the included studies

Items
Validity Generalizability Reliability
References 1 2 3 4 N 6 7 8 9 Conclusion
Chong et al. 2003 + - + + + + + + + Sufficient
Daniels et al. 1997 + + + - + + +— + + Sufficient
Leder and Espinosa 2002 + - + + + + + + Sufficient
Lim et al. 2001 + + + + + + + + + Sufficient
Logemann et al. 1999 + - + + + + +— + + Sufficient
Mann 2002 + + + — + + + + + Sufficient
Mari et al. 1997 + — + + + + + + + Sufficient
McCullough er al. 2001 + + + + + + + + + Sufficient
Smith et al. 2000 + + + + + + + - + Sufficient
Smithard et al. 1998 + + + + ? + + + + Sufficient
Trapl et al. 2007 + + + + + + + + Sufficient
Addington et al. 1999 + + + ? - + + + + Doubtful
Collins and Bakheit 1997 ? — + + + + + + Doubtful
Daniels et al. 1998 + ? + + + +— + + Doubtful
Garon et al. 1995 - - + + + + +— + + Doubtful
Kidd et al. 1993 ? + + ? + + + + + Doubtful
Koopman et al. 2004 + - + + + + +— - + Doubtful
Nishiwaki et al. 2005 ? - + + + + + + Doubtful
Rosenbek et al. 2004 + ? + + ? + + + Doubtful
Shaw et al. 2004 + - + + - + +— + + Doubtful
Wang et al. 2005 + - + + ? + +— + + Doubtful
Wu et al. 2004 ? - + + + + +— + + Doubtful
DePippo et al. 1992 - - + ? + + + + + Insufficient
Higo et al. 2003 ? — + + ? + +— + + Insufficient
Horner and Massey 1988 ? - ? ? ? + + - Insufficient
Horner et al. 1993 ? ? + ? + + + + + Insufficient
Horner et al. 1988 ? ? + ? ? + + - - Insufficient
Lam et al. 2007 + + + ? ? - + + - Insufficient
Linden & Siebens 1983 - — + ? ? — + — + Insufficient
Massey and Jedlicka 2002 ? + ? - - - + - - Insufficient
Sherman et al. 1999 + - + + - - +— + + Insufficient
Splaingard et al. 1988 + — + + ? + +— - - Insufficient
Tohara et al. 2003 - - + + ? + + + + Insufficient
Warms and Richards 2000 + - + + + - +— + + Insufficient
Zenner et al. 1995 - - + - ? + +— + + Insufficient

(1) Were the reference test and the index test interpreted independently (blind)?; (2) Was the index test applied independent of relevant
information on clinical data of the patient regarding the target condition?; (3) Was the reference test applied to all patients who received the
index test?; (4) Was the period between the reference test and the index test short enough to be reasonably sure that the target condition did not
change between the two tests? (within 24 hours in acute stroke, and within 7 days in other neurological diseases); (5) Was the selection of the
study population valid?; (6) Are data presented in enough detail to calculate appropriate test characteristics?; (7) Was the study population
appropriate to evaluate the proposed use of the index test?; (8) Was the index test described in detail so it could be reproduced?; (9) Were
satisfactory definitions used for normal/abnormal reference test results and normal/abnormal index test results?; conclusion, Are the results valid
and applicable (sufficient: 8 or 9 items rated with a plus; doubtful: 7 items rated with a plus, and insufficient; 6 or less items rated with a plus or a
minus on item 6)?; A plus/minus mark was rated as a plus. (+) The item has been addressed; (—) the item has been violated; (+—) the item has
been partly addressed; (?) no information about the item was available in the paper.

be performed even though relevant information on clinical been interpreted independently from the index (item 1), and
data were available (item 2), mostly because the patients had 15 studies had a population selection method that was prone
been referred for evaluation of swallowing difficulties. to bias (item 5). In addition, 13 papers failed to give the time
Fourteen studies were given a negative evaluation or failed interval between the index test and the reference test or did
to provide information about whether the reference test had not mention it in an appropriate form (item 4).

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd 481
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Data abstraction

Original data from the 11 studies with sufficient quality were
retrieved to calculate the prevalence, sensitivity, specificity,
positive predictive value, negative predictive value, likelihood
ratio of a positive test (LR+), and likelihood ratio of a
negative test (LR—) (with 95% confidence intervals).
Statistical pooling proved impossible for various reasons,
including the heterogeneity of the tests, differences in the way
in which similar tests were implemented, or the use of
different endpoints either in the reference test or index tests.
The synthesis is therefore expressed by means of summary
techniques, based only on the 11 studies that had sufficient
methodological quality (Tables 5 and 6). We were hoping to
find a bedside test with a high sensitivity (at least 70%) and at
least a moderate specificity (at least 60%). The feasibility of a
test was estimated in terms of the time required to apply it
and its complexity (i.e. the need to use specialized equipment

or a variety of materials).

Results

We first report on the characteristics of the included studies,
then describe the diagnostic performance of the screening
methods used in the 11 studies with sufficient quality, and
finally report on the feasibility of these studies.

Characteristics of the included studies

Four of the 35 relevant studies used FEES as the reference test
(Lim et al. 2001, Leder & Espinosa 2002, Chong et al. 2003,
Trapl et al. 2007). All other studies used VF evaluation as a
reference test and mentioned that the test material had been
impregnated with barium. All studies used aspiration and/or
penetration as the endpoint. A variety of bedside tests were
used to determine aspiration, or aspiration and/or penetra-
tion. The majority were based on trial swallows, either using
water in various aliquots or using liquids with a range of
viscosities, thickened liquids, semi-solids and solids. Three
papers described a bedside test which combined trial swal-
lows and pulse oximetry (Smith ez al. 2000, Lim et al. 2001,
Chong et al. 2003). Four studies involved the use of pulse
oximetry alone (Collins & Bakheit 1997, Sherman et al.
1999, Higo et al. 2003, Wang et al. 2005).

Three studies used a variety of clinical features to assess the
risk of aspiration and/or penetration, such as abnormal gag,
volitional cough, reduced laryngeal elevation, voice alter-
ation, and the presence of dysphonia and dysarthria, using
predefined cut-off points (Daniels et al. 1997, Logemann
et al. 1999, McCullough ef al. 2001). Other researchers

examined the cough reflex elicited with acid dissolved in
saline (Addington et al. 1999) or used cervical auscultation in
addition to clinical examination (Zenner et al. 1995) and
bronchial auscultation (Shaw et al. 2004). Some authors used
medical history components to identify patients at risk of
aspiration and/or penetration (McCullough er al. 2001,
Rosenbek et al. 2004). Finally, four studies used a standard-
ized form with a variety of clinical features, combined with a
trial swallow test in which a specified cut-off point on the
scoring list indicated patients at risk of aspiration and/or
penetration (Logemann ef al. 1999, Leder & Espinosa 2002,
Mann 2002, Lam et al. 2007).

Diagnostic performance of the screening methods

The diagnostic performance of the 11 studies with sufficient
methodological qualities is summarized in Tables 5 and 6,

divided into seven categories.

Trial swallow using water

These tests used water, in various aliquots and administered
in various ways (see also Table 4), as a trial swallow. Five
studies used the water test to evaluate aspiration and/or
penetration (Daniels et al. 1997, Mari et al. 1997, Smithard
et al. 1998, Lim et al. 2001, Chong et al. 2003). Sensitivity
ranged from 27% to 85 %, while specificity ranged from 50%
to 88%. Positive likelihood ratios ranged from 2-1 to 36,
while negative likelihood ratios ranged from 02 to 0-8.
Studies with more than one endpoint on the index test
(coughing, choking and wet voice) as indicators of aspiration
and/or penetration satisfied our predefined values of sensi-
tivity and specificity, although the study by Smithard et al.
(1998) was only the case when the risk of aspiration was
assessed by a doctor. Lim et al. (Lim et al. 2001) and Chong
et al. (2003) both gave patients 50 mL of water in 10 mL
aliquots, while Smithard ez al. (1998) started with a 5-mL
spoonful of water and continued the test, if it was safe for the
patient, by having them drink 60 mL of water in 2 minutes.

Trial swallow using different viscosities

Four studies used a range of liquids, semi-solids and solids to
evaluate aspiration and/or penetration (Logemann et al.
1999, Smith et al. 2000, McCullough et al. 2001, Trapl et al.
2007). The aliquots and methods by which the trial swallow
material was administered varied between the studies. Sen-
sitivity of the trial swallow test ranged from 41% to 100%
and specificity from 57% to 82%, depending on the indica-
tors chosen as endpoints. Two studies (Logemann et al. 1999,
McCullough et al. 2001) used single features to indicate the

risk of aspiration, but satisfactory psychometric properties
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225825 g were only achieved using a subjective assessment of the risk
‘g a «© = . .
RESEE 3 of aspiration, as was done by McCullough ef al. (2001).
[CREe o 5§ 3 )
=S 2273 3 Smith et al. (2000) also used a subjective assessment of
9] . 22 @] .. . .
3 o Z.E8 = aspiration and, like McCullough ez al., found sufficient sen-
o + o @« © .. . . . .. . . .
-%Df'; s = £, 2 p sitivity and specificity. The positive likelihood ratios ranged
E-58 ED 52| & from 1-3 to 3-7, and the negative likelihood ratios from 0-0 to
ERE SRR g 0-8
Z3 g8 8L 5L :
+ .- — ‘'~
wg 3 2 »n T | o
g A s 08 & - o .
&2 s o ﬂé %* § S| g Oxygen desaturation
= 1] =] . . .
G % @8 "é E % é = Three studies used oxygen desaturation to evaluate aspira-
o R ] = . . . .
o 82 é § —é = 'E i tion/penetration (Smith et al. 2000, Lim et al. 2001, Chong
3 — - c O (5] .
! v.2 8238 S g s| & et al. 2003). They defined a desaturation of >2% as the
LV g o © = = - . . . .
‘§ S s¢zg EE ER = endpoint: sensitivity ranged from 56% to 87%, specificity
— w
o from 39% to 97% (Table 5). Positive likelihood ratios ranged
0 ® from 1-4 to 189 and negative likelihood ratios from 0-3 to
g ° . .
L L E < 0-5. Only the study by Lim et al. (2001) achieved our pre-
2 L= * C . oo
= & =l = defined values for sensitivity and specificity.
— 0 . o
=R g
> ER= =1
© g .2 a0 . L . .
g e S Swallow test in combination with oxygen desaturation
2 2 9 - L . .
‘é = § 5 Three studies involved a combination of a swallow test and
< (5]
B IR 3: 2 oxygen desaturation (Smith et al. 2000, Lim et al. 2001, Chong
s L 0o . . .
.E § 5 o % =] etal. 2003). Two tests used coughing, choking, voice change or
L9 9 . . .
% = 8 g% ¢ ?B >2% desaturation as the endpoints (Lim ef al. 2001, Chong
= = B e
o | E 5 £ E 2 £ § et al. 2003). The sensitivities of these two tests were 94% and
17 v = = L . . . ..
ez g4 é%“ &g % 98%, respectively, while the specificities were 63% and 70%,
54 L = S o . .. . . . .
|5 & £ < é” £ zZ respectively. Positive likelihood ratios were 25 and 3-3, while
—_— . — —— . . . . .
% é Tg —§“ 5 5 § g negative likelihood ratios were 0-0 and 0-1. Smith et al. (2000)
& o T T -% used a combination of subjective assessment of aspiration and
= >2 % oxygen desaturation as the endpoint. It found a sensitivity
< = .
2 2 o SUSETIIRT .
AN o of 73%, a specificity of 76 %, a positive likelihood ratio of 3-1,
g and a negative likelihood ratio of 0-3.
Q
1%2)
e}
e}
5] =1 ..
& 3 Clinical features
< Q
g g Three researchers reported on a variety of clinical features
Q o
g E £ used to detect aspiration and/or penetration (Daniels et al.
o =
g5y :A 1997, Logemann et al. 1999, McCullough et al. 2001). The
N E clinical features generally had either low sensitivity or low
Q . . . . . . .
=2 o specificity, or both. Positive likelihood ratios ranged from 1-1
] . . . .
CEGH § to 3-2, and negative likelihood ratios from 0-1 to 1-0. Only
U‘:Z % g 2 the study by Daniels et al. (1997) showed a sensitivity of 73%
S . . . . .
: 5 % g 5 and a specificity of 72% for dysphonia, which are satisfactory
2 i ES 2 values. The positive and negative likelihood ratios were 2-7
S| 2 g o 2 .
El g5 2 2 and 0-4, respectively.
£ E=w e
< It )
2 2 History components
b 5 3 One report described the use of a history of poor nutrition to
Q < <] . -
o o ‘:’5 assess aspiration (McCullough er al. 2001). Sensitivity
o |~
+ |8 *S _q;ﬁ and specificity were 50% and 76%, respectively, while
Y = . g .
3 é £l > positive and negative likelihood ratios were 2:1 and 0-7,
< < .
Hll & > respectively.
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Standardized forms

Three papers described the use of a standardized form with
various clinical identifiers to assess aspiration (Logemann
et al. 1999, Leder & Espinosa 2002, Mann 2002). All
three had sufficient methodological quality. Sensitivity
ranged from 58% to 93%, and specificity from 30% to
63%. The positive likelihood ratios ranged from 1-2 to 67,
the negative likelihood ratios from 0-1 to 0-7. Only the
Mann Assessment of Swallowing Ability (MASA) (Mann
2002) met our predetermined psychometric properties.

Feasibility

Feasibility was assessed in terms of the time required to
conduct the screening test and the complexity of the test in
terms of the number of test materials needed. Of the seven
studies (Smithard et al. 1998, Smith et al. 2000, Lim et al.
2001, McCullough et al. 2001, Mann 2002, Chong et al.
2003, Trapl et al. 2007) that met the predetermined
criteria for sensitivity and specificity, only the report by
Mann (2002) said that the examination could be admin-
istered in about 15-20 minutes. None of the other authors
mentioned the time required to administer the screening
test. Data on test materials required were derived from the
descriptions of the screening procedure: water tests
required fewer materials than all of the other trial swallow

tests.

Discussion

In this review, we determined the effectiveness and feasibility
of bedside screening methods that can be used by nurses with
patients with neurological disorders for detecting dysphagia.
Although dysphagia needs a multidisciplinary approach, we
think that nurses, if well trained, have an important role to
play in screening and observing, because of their 24-hour
availability. International guidelines also recommend screen-
ing by appropriately trained clinicians, i.e. nurses or other
staff (Royal College of Physicians 2004, Canadian Stroke
Network and the Heart and Stroke Foundation of Canada:
Canadian Stroke Strategy 2006, Kwaliteitsinstituut voor de
Gezondheidszorg: CBO 2008). Perry (2001) showed that
trained nurses were competent in performing a standardized
swallowing screening. However, patients who fail such a
screening should be referred as soon as possible for more
detailed assessment by speech and language therapists so that
further strategies can be designed.

Our search resulted in an abundance of studies involving
different screening methods, different applications of refer-

ence tests and different cut-off points for reference tests and
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index tests. There was great variety in methodological
quality, with a majority of the studies (70%) showing major
methodological flaws. In order to produce a reliable system-
atic review, we used only those studies with the highest
quality rating to calculate psychometric properties, as
suggested by Deeks (2001). Based on these psychometric
properties, we concludes that a water test combined with
pulse oximetry, using several endpoints (choking, coughing
and voice change) offers the most promising results as a
screening tool.

Although pulse oximetry for screening has been criticized
in the literature (Collins & Bakheit 1997, Colodney 2001), it
has also been shown to detect silent aspiration (Lim et al.
2001, Chong et al. 2003), which cannot be detected by a
swallow test alone. Silent aspiration is the aspiration of
swallowed material without any clinical manifestations of
aspiration such as coughing and may be prevalent in 15-39%
of patients with subacute stroke and in 2-25% of unselected
patients with acute stroke (Ramsey et al. 2005). A review by
Ramsey et al. (2005) produced conflicting results on the
consequences of silent aspiration: some studies suggested
increased frequency of chest infections and poorer clinical
outcomes, while others found no adverse effects in healthy
individuals. More research is needed on the consequences of
silent aspiration and on the value of oxygen desaturation in
addition to a trial swallow.

Four studies assessed the value of administering various
liquids, semi-solids and solids to assess risk of aspiration.
The Gugging Swallowing Screen (Trapl et al. 2007) and
studies which examined subjective assessment of aspiration
found satisfactory psychometric properties (Smith ez al.
2000, McCullough et al. 2001, Trapl et al. 2007). The
advantage of evaluating patients’ ability to swallow mate-
rials of different consistencies is that it approximates their
normal daily food habits. However, it requires considerable
quantities of test materials, such as different liquids, semi-
solids and solids, as well as equipment to administer these,
making it less feasible than a test based on water alone. The
same argument applies to the use of the MASA; although
Mann (2002) found high sensitivity and specificity values
for this test, and stated that the examination can be
administered in 15-20 minutes, it is less practical because
of the large number of items and the need to calculate cut-
off scores for either dysphagia or aspiration, and the same
goes for the Gugging Swallowing Screen. The availability of
a simpler test with good psychometric properties reduces
the need to use more complex tests for screening in
practice.

Our review also revealed that single clinical features, such

as abnormal gag or volitional cough on its own or medical
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history components, are not very useful for identifying
patients at risk of aspiration. The sensitivity and specificity
of these features were generally low.

We were only able to compare the selected tests in a
descriptive manner rather than by statistical pooling, as they
differed greatly in the methods used to apply similar bedside
tests, for instance in the way in which water or other test
materials were administered. The protocols used for the
reference tests also varied widely. In addition, there was
considerable variety in the choice of endpoints, either in the
reference test or the index tests. Some authors used aspiration
for the reference test, while others used aspiration and/or
penetration. The same problem arose for the index test: some
authors presented results for each endpoint, while others
looked at a combination of features as the endpoint. All of
this hampers a comparison of the bedside tests examined in
the various studies and makes it impossible to pool data. In
such circumstances, some authors have recommended using
the diagnostic odds ratio, which can be calculated as positive
likelihood ratio/negative likelihood ratio (Glas ef al. 2003).
This test statistic ranges from zero to infinity, with higher
values indicating better test performance, and may be a better
measure of a test’s discriminatory performance than sensi-
tivity and specificity values. However, since it does not
distinguish between the two types of diagnostic errors, it is
only useful when the balance between false-negative and
false-positive rates is not of immediate importance (Glas et al.
2003). In terms of screening for dysphagia, our intention was
to detect patients who aspirate, and so high sensitivity was
chosen as a criterion for selecting screening methods, because
missing a patient may result in serious adverse events
(Smithard et al. 1996, Hinchey et al. 2005). At the same
time, we regarded it as acceptable that some patients might
unnecessarily undergo further diagnostic examination,
although we set the lower limit for specificity at 60% because
of the extra healthcare costs that result from unnecessary
diagnostic procedures.

Although this systematic review focused on bedside
screening to detect dysphagia in patients with neurological
disorders, most bedside tests found in the literature were
primarily used with patients with stroke. Some authors
included patients with neurological disorders as well as those
with other medical conditions. In our quality rating, these
studies were allocated a plus/minus for item 7 of our quality
rating list, which refers to generalization. De Vet et al. (2001)
suggested that researchers should present diagnostic accuracy
for various subgroups of populations to facilitate the extrap-
olation of the results to the population of interest. As this was
not done in most of the studies included in our review,

caution should be exercised in generalizing the results of our

review to other neurological conditions. Further research on
dysphagic patients with other neurological conditions is
necessary, and should not be restricted to the validation of
screening tools, but should also address the effects of
screening.

Videofluoroscopy and FEES were used as the gold standard
for the screening test, because both are considered equally
valuable for the detection of dysphagia (Langmore et al.
1991, Doggett et al. 2002, Rao et al. 2003). However,
variations have been reported between assessors in rating the
videos from both instrumental examinations (Wu et al.
1997). The highest levels of agreement and reliability are
reached when the final score is based on consensus between
expert raters who are experienced in interpreting videos
(Scott et al. 1998). In the current review, most papers did not
clearly describe how the final score on the reference test had
been obtained. If it was based on a single judgment, the
conclusions on the psychometric properties of the bedside test
may have been biased.

To our best knowledge, this is the first systematic review to
summarize properties of bedside tests in patients with
neurological disorders. Other reviews were limited to patients
with stroke (Martino et al. 2000, Perry & Love 2001, Kalf
2002, Ramsey et al. 2003, Westergren 2006), were not
systematic (Lambert & Gisel 1996), or did not assess the risk
of bias (Lambert & Gisel 1996, Perry & Love 2001, Ramsey
et al. 2003). In line with our findings, all other reviewers
recognized that the variety of tests made comparisons very
difficult. The only reviews to have cautious conclusions were
those by Martino et al. (2000) (50 mL water and impaired
pharyngeal sensation) and Kalf (2002) (water combined with
pulse oximetry), with the results of the latter being in line
with our findings and those recommended in the new Dutch
stroke guidelines (Kwaliteitsinstituut voor de Gezondheids-
zorg: CBO 2008). Although other international guidelines
stress the importance of screening, they do not recommend a
specific screening method (Royal College of Physicians 2004;
Canadian Stroke Network and the Heart and Stroke Foun-
dation of Canada: Canadian Stroke Strategy 2006). Martino
et al. (2000) and Kalf (2002) both assessed the methodolog-
ical quality of the studies using clearly specified criteria.
However, Martino’s conclusion was mainly based on the
study by Kidd ez al. (1993), which was assessed in our review
as being of doubtful methodology. Although Martino et al.
did assess the quality of their included studies, they disre-
garded the methodological scores in their conclusions. In
addition, all of these reviews were published more than
6 years ago and may be out of date. Only Westergren (2006)
included studies up to 2004, but his review was limited to

patients with stroke and used only a very crude estimation to
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What is already known about this topic

e Dysphagia is very common in patients with neurological
disorders such as stroke, Parkinson’s disease and mul-
tiple sclerosis.

e It is important to screen patients as soon as possible
after dysphagia is suspected to minimize risks to health.

e Many bedside tests screening for dysphagia are
available.

What this paper adds

e A water test combined with pulse oximetry using
coughing, choking and voice alteration as the endpoints
is currently the best method to screen patients for
dysphagia.

e Single clinical features such as abnormal gag, volitional
cough or medical history components are not useful to
identify patients at risk of aspiration/penetration.

o Further research is needed to determine the most effec-
tive procedure for administrating water tests and the

value of pulse oximetry in addition to a trial swallow.

Implications for practice and/or policy

e Standardized protocols for instrumental testing and
bedside screening should be developed and used.

e A water test combined with pulse oximetry should be
used by nurses (or other staff) for screening patients

with neurological disorders at risk of dysphagia.

assess the methodological shortcomings of the included
studies.

It is well known that systematic reviews are prone to
selection bias, especially if they review diagnostic studies,
which means that we may not have included all published
studies on screening. Search strategies for papers reporting
on diagnostic studies have been less extensively researched
than those in the domain of clinical trials. However, we
used a very extensive search strategy, recommended by the
Dutch Cochrane Collaboration and based on the study by
Deville et al. (2000), whose strategy resulted in a sensitivity
close to 90%. However, for practical reasons we focused
on studies in English, Dutch and German. We know from
the literature that studies with statistically significant results
are more likely to be published in English (Egger et al.
1997, Egger 1998), leading to publication bias. Although it
is difficult to examine the effect of such publication bias in

our review, we do need to take into account the possibility
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that the included studies were those with the most positive
results.

Conclusion

Based on a combination of the best psychometric properties
and the feasibility of the screening methods, a water test using
a mix of endpoints (coughing, choking and voice alteration)
combined with pulse oximetry (desaturation >2%) produces
the best results in terms of detecting patients with dysphagia
in practice. However, performing this screening requires
training.

Unfortunately, the literature does not give clear indica-
tions about the way in which the water test should be
administered. More research is needed to achieve further
improvements to the water test and to assess the value of
pulse oximetry in combination with a trial swallow,
especially for the detection of silent aspiration. Finally,
we recommend developing and using standardized proto-
cols for instrumental testing as well as bedside screening, in

order to allow comparisons of the results of future studies.
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