Q-
Language &

International Journal of Communication

Disorders
INT ] LANG COMMUN DISORD, JANUARY/FEBRUARY 2021,
VOL. 56, No. 1, 174-204

Review

Utility of ultrasound in the assessment of swallowing and laryngeal function:
A rapid review and critical appraisal of the literature

Jodi E. Allenf “¥, Gemma M. Clunief§ ", Claire Slingerq **’, Jemma Haines||# ",
Corinne Mossey-Gaston™ =/, Chariss J. Zagaft, Becky Scott™, Sarah Wallace#
and Roganie Govender{1SSSS

TNational Hospital for Neurology & Neurosurgery, University College London Hospitals NHS Foundation Trust,
London, UK

INational Centre for Airway Reconstruction, Department of Otolaryngology, Head and Neck Surgery, Imperial College
Healthcare NHS Trust, London, UK

§Department of Surgery and Cancer, Imperial College London

§Lancashire Teaching Hospitals, Preston, Lancashire, UK

[INIHR Biomedical Research Centre, The University of Manchester, Manchester, UK

#Wythenshawe Hospital Manchester University NHS Foundation Trust, Manchester, UK

**Royal Papworth Hospital, Cambridge, UK

TtAustin Health, Heidelberg, Australia

I1University College London Hospitals NHS Foundation Trust, London, UK

S§SSHead & Neck Academic Centre, University College London, London, UK

(Received August 2020; accepted October 2020)

Abstract

Background: Ultrasound (US) is not widely used as part of the speech and language therapy (SLT) clinical toolkit.
The COVID-19 pandemic has intensified interest in US as an alternative to SLT instrumental tools such as the
videofluoroscopic swallowing study (VESS), fibreoptic endoscopic evaluation of swallowing (FEES) and endo-
scopic evaluation of the larynx (EEL) as a non-invasive, non-aerosol-generating procedure that can be delivered
at the bedside to assess swallowing and/or laryngeal function. To establish the appropriacy of routine US use, and
in response to a national professional body request for a position statement, a group of expert SLTs conducted a
rapid review of the literature.

Aim: To explore critically the clinical utility of US as an assessment tool for swallowing and laryngeal function in
adults.

Methods & Procedures: A rapid review of four databases was completed to identify articles using US to assess swal-
lowing and/or laryngeal function in adults compared with reference tests (VFSS/FEES/EEL/validated outcome
measure). Screening was completed according to predefined inclusion/exclusion criteria and 10% of abstracts were
rescreened to assess reliability. Data were extracted from full texts using a predeveloped form. The QUADAS-2
tool was used for quality ratings. Information from included studies was summarized using narrative synthesis and
visual illustration.

Outcomes & Results: Ten papers used US to assess swallowing, and 13 to assess laryngeal function. All were peer-
reviewed primary studies across a range of clinical populations and with a wide geographical spread. Four papers
had an overall low risk of bias, but the remaining 19 had at least one domain where risk of bias was judged as high
or unclear. Applicability concerns were identified in all papers. The papers that used US to assess swallowing varied
widely in terms of the anatomical structures assessed and methodology employed. The papers assessing laryngeal
function were more homogenous in their methodology. Sensitivity and specificity data were provided for 12 of
the laryngeal function papers with ranges of 64.3—100% and 48.5-100%, respectively.

Conclusions & Implications: There is burgeoning evidence to support the use of US as an adjunct to SLT clinical
assessment of swallowing and laryngeal function. However, the current literature does not support its use as a
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tool in isolation. Further research is required to establish reliability in US assessment as well as clear SLT-driven

protocols and training.

Keywords: acquired, adults, dysarthria, dysphagia, neurodegenerative diseases.

What this paper adds

What is already known on the subject

swallowing and laryngeal function.

What this paper adds to existing knowledge

application of the results.

function.

* US has demonstrated potential as an assessment tool for objective parameters of swallowing. Its use for
laryngeal assessment (gross vocal fold movement) is also widely recognized within the literature. This
review appraised the literature related to US as an alternative or adjunctive tool for the assessment of

* This paper identifies that the current evidence base for US as a swallowing or laryngeal assessment tool
is heterogenous and of variable quality. No study combined the assessment of swallowing and laryngeal
function, and only two studies assessed more than one parameter of swallowing, limiting the clinical

What are the potential or actual clinical implications of this work?

* This review shows that US is a non-invasive accessible tool that can offer a detailed focal assessment
of swallowing and laryngeal function, such as hyoid displacement and vocal fold mobility. With the
development of protocols, training packages and competency standards, US has the potential to be used
as an adjunct to SLT assessment of swallowing and laryngeal function. There is not currently enough
evidence to support the use of US as a stand-alone tool for SLT assessment of swallowing or laryngeal

Introduction

Difficulties with swallowing (dysphagia) and laryngeal
function comprise a large proportion of the caseloads of
speech and language therapists (SLTs). The assessment
of laryngeal function is an essential component of the
swallowing assessment because of its role in airway pro-
tection and cough (Pitts 2014). This is particularly true
in populations where the underlying disease has multi-
system effects, for example, patients with respiratory,
neurological or neuromuscular conditions (Pitts ez al.
2008, Bourke 2014, McGrath ez a/. 2020).

The clinical management of dysphagia and la-
ryngeal impairment relies on thorough information-
gathering. This includes a detailed case history, direct
examination, perceptual evaluation and diagnostic
tests (Suiter and Gosa 2019). SLTs use instrumen-
tal assessments to gain objective information about
the functional anatomy of key structures and their
related biomechanics. They are an essential part of
the SLT toolkit to guide diagnostics, evidence-based
decision-making, goal-setting and rehabilitation. The
most routinely used instrumental assessments include
videofluoroscopic swallowing study (VESS), flexible
endoscopic evaluation of swallowing (FEES) and endo-
scopic evaluation of the larynx (EEL) (Martin-Harris
and Jones 2008, Wallace e al. 2020, Jones et al. 2020).

While these tools offer clear imaging of swallowing and
laryngeal biomechanics, measurement of movement is
cumbersome and requires image extraction to external
software to improve reliability. The invasive nature of
FEES and EEL limits accessibility and VFSS must be
conducted in an upright posture in a radiology suite.

The COVID-19 pandemic has restricted access and
provision of standard SLT procedures (VESS, FEES,
EEL) due to the risk of increased aerosol generation
and disease transmission (Tran ez /. 2012, Bolton et al.
2020). SLTs are therefore exploring alternative lower
risk tools to support the assessment of swallowing and
laryngeal biomechanics.

Use of ultrasound for the assessment of swallowing
and laryngeal function

An ultrasound (US) scan is a procedure that uses high-
frequency sound waves to capture images by placing a
sound-emitting transducer directly onto the skin. This
collects echoes reflected by the body part and trans-
forms them into decoded signals to form an image
(Aldrich 2007). US has been used to study tongue, hy-
oid and laryngeal movement in swallowing (Shawker
et al. 1984, Chi-Fishman 2005, Nakamori ez 2/. 2016),
laryngeal function in post-surgical populations (da
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Costa et al. 2019) and guide extubation of patients in
critical care (Ruan ez 2/. 2018). It has not, however, been
adopted into routine SLT clinical practice.

A Brazilian review (Leite ez a/. 2014) identified pub-
lished studies using US to assess swallowing in adults
and paediatrics between August 2002 and 2013. The
review summarized 17 studies, of which 12 were based
on an adult population. Hyoid bone movement was the
most explored swallowing parameter, but methodolog-
ical variability prevented any firm conclusions. Many
studies used US as an outcome measure to assess dif-
ferences between groups of different age or condition.
Less than one-quarter of included studies validated US
against reference tools such as VFSS, FEES or EEL, lim-
iting applicability to SLT. The authors reported that US
was a fast, non-invasive, low-cost method for evaluating
objective parameters of swallowing but made no recom-
mendations for the use of US within SLT practice. Since
this review there has been a considerable advancement
in US technology and interest in its clinical application,
warranting an updated review.

US assessment of laryngeal function has also been
described fairly extensively within the literature (Noel
et al. 2020) and reported to be a viable method to as-
sess vocal fold function in a post-thyroidectomy pop-
ulation (Da Costa et a/. 2019). Previous reviews made
recommendations for further research into the use of
US for the assessment of swallowing and laryngeal func-
tion but without guidelines for implementation within
clinical practice. The speed and portability, as well as
overall safety and lack of radiation requirement, sup-
port the potential for wide application of US, however
limited evidence, and no obvious investment in training
and skill acquisition, means US has not gained the same
prominence as other tools such as VFSS and FEES.

The primary aim of this study was to explore the
clinical utility of US as an assessment tool compared
with gold standard routine SLT assessment tools in
adults both with and without suspected swallowing or
laryngeal dysfunction. Clinical utility was defined as the
potential to contribute salient diagnostic information
to determine oropharyngeal and laryngeal dysfunction.
The secondary aim was to provide recommendations to
inform the development of SLT-led US protocols and
make suggestions for further research for its use in swal-
lowing and laryngeal assessment.

Methods

This review was conducted by a group of eight acute
hospital-based SLT clinical experts in response to the re-
quest for our national professional body (Royal College
of Speech and Language Therapists—RCSLT) to pro-
vide a statement on the current utility of US as a swal-
lowing and laryngeal clinical assessment tool. Group
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membership comprised clinical academics who repre-
sented a range of patient populations and geographical
regions.

A rapid review was conducted to locate primary re-
search studies using US to assess swallowing and the la-
ryngeal function. The review was based on the method-
ology and guidance for the conduct of rapid reviews
developed by the National Collaborating Centre for
Methods and Tools (Dobbins 2017).

Search strategy

Subject and methodological expertise, plus a scoping
search of current literature, informed the search strat-
egy. The published literature was identified via an
electronic database search of: AMED <1985 to May
2020>, Ovid Emcare <1995 to 2020 week 21>,
CINAHL and Medline Complete. Date limits were
set for the period January 2010-May 2020 with fi-
nal searches for all databases completed on 28 May
2020. The following concepts were searched using free
text in the title and abstract: ultraso®, sonograph®,
ultrasonograph®, dysphag*, swallow”, deglut®, ‘pul-
monary aspiration’, ‘respiratory aspiration’, ‘silent as-
piration’, ‘aspiration pneumonia’, tongue, pharynx,
larynx, laryngeal, ‘vocal cord™, ‘vocal fold*’, ‘vo-
cal ligament”, stridor, bolus (oral OR pharyn-
geal) AND residue®. In addition, the concepts were
mapped to thesaurus subject terms across databases:
ultrasonography+, ‘deglutition disorders+’, ‘pneu-
monia, aspiration’, ‘respiratory aspiration’, tongue,
pharynx+, larynx, ‘vocal cords’.

Reference lists of included papers, other relevant re-
views and background articles were scrutinized for ad-
ditional citations. Experts with published work in the
area were consulted and electronic alerts for key jour-
nals were set up to identify work published after 28 May
2020.

Inclusion and exclusion criteria

Review criteria were designed to reflect the broad
scope but short timescales of the rapid review. A pop-
ulation, intervention, comparison, outcome (PICO)
framework (Schardt ez a/. 2007) was used to identify
primary studies of adults (population) who had under-
gone US assessment (intervention) alongside a refer-
ence test (VESS, FEES, EEL or validated clinical assess-
ment tool, clinician and/or patient-reported outcome
measure) (comparison) where measurement of laryn-
geal function or swallowing (outcome) had been under-
taken. For the purposes of the review, EEL was taken to
include direct laryngoscopy (DL), flexible laryngoscopy
(FL) or videolaryngoscopy (VL). Database filters were
applied to include only English language and exclude
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papers with non-human participants and those using
US to diagnose cancer. Studies that used novel or non-
routine comparison tests, such as computed tomogra-
phy, manometry and muscle biopsy, were excluded as
were papers that used US to assess head and neck struc-
ture, speech, mastication, intubation and extubation.
Any papers with potential clinical utility within SLT but
outside the scope of this review were collated as supple-
mentary material.

Selection of publications for review

Database citations were downloaded to Rayyan Qatar
Computing Research Institute (QCRI) systematic re-
view web application (Ouzzani ez al. 2016). Citations
were divided into four equal pools and each pool allo-
cated to one of four reviewers (JA, CS, CG and JH).
Each reviewer screened their pool at title and abstract
level and allocated to one of three predetermined op-
tions: ‘include,” ‘exclude’ or ‘maybe’ based on meeting
the PICO criteria. Criteria were refined through itera-
tive discussion to allow resolution of all papers classified
as ‘maybe.” A fifth reviewer (SW) randomly sampled
10% of each pool for accuracy and any disagreements
settled by an additional reviewer (RG).

Five reviewers (JA, CS, JH, CH and GC) used a
bespoke data extraction form on two full-text papers as
part of a pilot process to discuss and agree standards
for data extraction. Data extracted included: primary
author and year of publication; country of origin and
setting; study design; population and sample size; index
and reference test detail; protocol and reliability infor-
mation as well as key outcomes and findings. Where
data formed a section of a multi-part study, only data
from the included sub-study were extracted. Full texts
were divided between the five reviewers and assessed;
papers were excluded from further analysis if they did
not meet inclusion criteria.

Critical appraisal

Final full-text papers were assessed for quality using the
QUADAS-2 tool (Whiting ez al. 2011), which assesses
four key domains including patient selection, index
test, reference standard, and flow of patients through
the study and timing of the index test(s) and reference
standard. Each study was scored (high, low or unclear)
across the four domains. Applicability to a population
was scored based on the first three domains only. An a
priori decision was made to judge applicability of US
as the index test unclear for all papers. This was due to
the lack of consensus in the literature around standard
test conduct and interpretation for swallowing and la-
ryngeal function. The tool was piloted on one paper by
all five reviewers and criteria refined through discussion
and consensus. Swallowing papers were assessed by JA,

CMG and GC and laryngeal function papers by CS,
JH, GC and JA.

Analysis and synthesis of the data

Information from included studies was summarized us-
ing tools and techniques of narrative synthesis (Popay
et al. 20006). This included textual description, grouping
and clustering. Visual illustration of findings to show
sensitivity, specificity and associated confidence inter-
vals was used where indicated. For studies in which val-
ues were missing but sufficient raw data were reported,
confidence intervals were calculated using an online cal-
culator http://vassarstats.net/. These studies are identi-
fiable in the summary of included studies (table 1).

Quality assessment findings from QUADAS-2 were
summarized into a table by one reviewer with exper-
tise in both swallowing and laryngeal function (GC).
Three reviewers agreed a predefined quality scoring sys-
tem (GC, JH and CS) with final agreement by the first
author (JA). High, low or unclear scores for risk of
bias and applicability concerns were given to each study
based on this system.

Results

Database searching resulted in a total of 2326 papers,
with 11 additional records identified through other
sources. Deletion of duplicates, abstract and full-text
screening resulted in 23 primary studies for inclusion in
the final review. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (Moher ¢z al. 2009)
flow diagram summarizes the search results and reasons
for full-text exclusion (figure 1).

Types of studies, setting and context

An overview of study design, setting and context is pro-
vided in table 1. Ten out of the 23 studies were as-
sociated with swallowing, and 13 with laryngeal func-
tion. The first four sections of table 1 summarize the
swallowing studies, listed in order of the oral phase
(tongue movement, #» = 1), pharyngeal phase (hyola-
ryngeal movement, 7 = 4 and posterior pharyngeal wall
movement, 7 = 2) and swallowing symptoms (residue
n = 2, penetration/aspiration 7 = 1). The final two
sections summarize the laryngeal studies which include
vocal fold (» = 12) and vocal fold plus oedema (7 = 1)
studies.

Swallowing studies originated from East Asia
(Japan, n = 4; Korea, n = 2; Taiwan, » = 1; and Hong
Kong, » = 1) and Italy (» = 2), while laryngeal stud-
ies were more geographically diverse (Hong Kong, » =
3; South Korea, » = 1; India, » = 3; United States,
n = 3; ltaly, » = 1; Spain, » = 1; and Egypt, n = 1).
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Utility of ultrasound in the assessment of swallowing and laryngeal function
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Figure 1. PRISMA flow diagram. [Colour figure can be viewed at wileyonlinelibrary.com]

Studies were prospective observational (z = 19), cross-
sectional (7 = 3) and case series (7 = 1). All except one
of the swallowing studies were undertaken in a hospi-
tal setting, the remaining being a motor neuron disease
referral centre (Tamburrini ez 2/. 2010). The laryngeal
studies were all conducted in a hospital setting except
one where the setting was unclear (Kumar ez a/. 2018).

Study populations

Patient population across the 10 swallowing studies in-
cluded stroke (7 = 2) (Kim et al. 2012, Picelli et al.
2020), motor neuron disease (7 = 1) (Tamburrini ez a/.
2010), post-radiotherapy (z = 1) (Cheng ez al. 2018)
and mixed inpatient cohorts (7 = 6) (Chen ez al. 2017,
Manabe er al. 2018, Lee et al. 2016, Miura et al.
2014, 2016, 2020). In the 13 laryngeal studies, nine
included populations undergoing thyroid surgery (z =

7) (Dubey ez al. 2019, Shah ez al. 2019, Kumar ez al.
2018, de Miguel ez al. 2017, Kandil ez al. 2016, Gam-
bardella ez a/. 2020, Wong ez al. 2014), thyroid surgery
plus other endocrine-related neck procedures (7 = 1)
(Wong er al. 2019) or other neck operations (2 = 1)
(Woo et al. 2017). The four remaining studies included
participants undergoing neck surgery presenting risk to
the recurrent laryngeal nerve (7 = 2) (Carneiro-Pla et al.
2014, Fung and Lang 2020), a mixed neck and vocal
fold population (7 = 1) (Amis ez al. 2012) and patients
undergoing anterior-cervical (AC) spinal surgery (n =
1) (Kamel ez /. 2020).

The 10 swallowing studies had a combined total of
273 participants, with a mean number of 27 and range
of 9 (Tamburrini ez a/. 2010, Miura et a/l. 2016) to 56
(Manabe er al. 2018). The laryngeal function studies
had a total of 3245 participants, with a range of 16
(Amis ez al. 2012) to 1196 (Wong ez al. 2019).
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Participant gender was reported in all 10 swallow-
ing studies and 11 of the laryngeal studies with 133
female (35.6%) and 240 (64.4%) male, and 2396 fe-
male (77%) and 715 males (23%) participants in each
respective subgroup.

Participant age was reported in all studies of swal-
lowing and nine (9/13) studies of laryngeal function
with a range of 33-91 and 13-86 years, respectively.
Mean age of participants across swallowing studies was
65.7 years (SD = 7.82), ranging from 53.9 to 80.4.
Mean age of participants across laryngeal studies was
50.5 years (SD = 5.98), ranging from 42 to 58. Papers
with a threshold age of <18 years were included as the
median age reflected a majority adult cohort.

Ultrasound index test

A range of US equipment was used, including console
devices # = 9 (Tamburrini ez /. 2010, Lee ez al. 2016,
Picelli et 2l. 2020, Kim et 2/. 2012, Manabe ez /. 2018,
Dubey ez al. 2019, Gambardella ez al. 2020, Woo et al.
2017, Kamel er al. 2020), portable (z = 9) (Cheng
et al. 2018, Miura et al. 2014, 2016, Fung and Lang
2020, Kumar et al. 2018, de Miguel ez al. 2017, Shah
et al. 2019, Wong ez al. 2014, 2019), handheld (» =
1) (Miura et al. 2020), self-made (z = 1) (Chen ez al.
2017) or a combination of multiple systems (7 = 1)
(Carneiro-Pla er al. 2014). In all but one swallowing
study (Picelli ez /. 2020) a protocol for conducting the
US assessment was reported. Probe and frequency se-
lection varied across the included studies and only four
studies provided inter- and intra-rater reliability data
(Chen ez al. 2017, Cheng et al. 2018, Manabe ez al.
2018, Dubey ez al. 2019).

Reference tests

Six studies (60%) used VESS to compare US assessment
of swallowing biomechanics and/or bolus flow (Tam-
burrini ez al. 2010, Goetz et al. 2019, Cheng ez al. 2018,
Lee et al. 2016, Kim et al. 2012, Manabe et al. 2018).
One study (Picelli ez /. 2020) used the Gugging Swal-
low Screen and Functional Oral Intake Scale as a com-
parator. Two studies (Miura ez al. 2016, 2020) used
FEES to compare with US identification of residue,
while the third used a combination of FEES and VESS
(Miura et al. 2014) to identify aspiration. A protocol
for the reference test is described for all but two of the
swallowing papers (Lee et al. 2016, Picelli ez al. 2020).
All studies of laryngeal function compared US findings
with EEL except one which used a voice impairment
scale and GRBAS voice quality perceptual rating (Wong
et al. 2014). A reference-test protocol was described in
only three studies (Dubey ez al. 2019, Gambardella et al.
2020, Woo et al. 2017). No studies provided data on
rater reliability.

Jodi E. Allen et al.

Quality assessment

For a summary of the quality assessment findings, see
table 2. Each score (high, low or unclear) is represented
symbolically.

Risk of bias

One swallowing paper (Manabe ez /. 2018) and three
laryngeal papers (de Miguel ez al. 2017, Woo et al.
2017, Fung and Lang 2020) had low risk of bias across
all four domains. These studies employed consecutive
patient selection, appropriate exclusion criteria, blind-
ing and appropriate interval between the index and ref-
erence test. Several studies did not recruit consecutive
patients and/or patients with potential swallowing or la-
ryngeal difficulties were excluded. Two of the laryngeal
studies (Carneiro-Pla et al. 2014, Kandil ez /. 2016)
exhibited high risk of bias due to unblinded assessors.
Nine out of 10 swallowing studies either did not report
or did not employ blinding between reference and index
test.

Applicabilizy

All 10 swallowing studies and one laryngeal study
(Kamel et al. 2020) scored as low for concerns re-
garding applicability of patient selection. Ten of the
laryngeal studies scored high for applicability concerns
relating to patient selection. These papers included
either a paediatric age range (<18 years) (Wong ez al.
2014, Woo et al. 2017, Dubey ez al. 2019) or presence
of endocrine malignancy in the patient cohort (Woo
et al. 2017, Dubey et al. 2019, Shah ez al. 2019, Wong
et al. 2014, 2019, de Miguel et al. 2017, Fung and
Lang 2020, Carneiro-Pla ez a/. 2014, Gambardella ez a/.
2020). Two papers (Amis ez al. 2012, Kandil er al.
2016) were scored unclear for applicability concerns
as they did not provide the diagnosis of participants.
All 10 swallowing studies, and all except one of the la-
ryngeal studies scored as low for applicability concerns
for choice of reference standard. Wong ez al. (2014)
scored high for applicability concerns as the GRBAS
scale was self-rated by patients who provided their own
perception of their voice difficulties, despite GRBAS

only being validated for clinician assessment.

Summary of the study’ findings
Oral phase studies of swallowing

The one identified study of oral phase swallowing func-
tion involved a small (z = 9) population of patients
with motor neurone disease (MND) (Tamburrini ez /.
2010). Five US parameters of tongue function were
compared directly with VFSS measurements. These
findings are described in table 1.
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Table 2. Quality assessment of studies using QUADAS-2

RISK OF BIAS APPLICABILITY CONCERNS
PATIENT INDEX REFERENCE FLOW AND PATIENT INDEX TEST REFERENCE
SELECTION TEST STANDARD TIMING SELECTION STANDARD
Oral phase swallowing studies
Tamburrini et al. 2010 ® ® ® © © ? ©
Pharyngeal phase (hyolaryngeal
movement) swallowing studies
Chen et al. 2016 ® ® ® © © ? ©
Cheng et al. 2018 ® ® ® ? © ? ©
Lee et al. 2016 ® ® ® © © ? ©
Picelli et al. 2020 ? ® ® ? © ? ©
Pharyngeal phase (pharyngeal wall
movement) swallowing studies
Kim et al. 2012 ® ® ® ? © ? ©
Manabe et al. 2018 © © © © © ? ©
Studies of swallowing symptoms
Miura et al. 2014 © © © © ? ©
Miura et al. 2016 ® ? © © © ? ©
Miura et al. 2020 ? © © © © ? ©
Laryngeal function (vocal fold
movement) studies
Amis et al. 2012 ? © © ? ? ? ©
Caneiro-Pla et al. 2014 ® © ® ® ® ? ©
Dubey et al. 2019 ® © © © ® ? ©
Fung et al. 2020 © © © © ® ? ©
Gambardella et al. 2020 ? © © ? ® ? ©
Kandil et al. 2016 ® © ® © ? ? ©
Kumar et al. 2018 ? © © © ® ? ©
Miguel et al. 2017 © © © © ® ? ©
Shah et al. 2019 ® © © © ® ? ©
Woo et al. 2017 © © © © ® ? ©
Wong et al. 2014 ® © ® © ® ? ®
Wong et al. 2019 ® © © © ® ? ©
Laryngeal function (vocal fold
movement and oedema) studies
Kamel et al. 2020 ® © © ® © ? ©

Studies of hyo-laryngeal movement

Four studies used US to assess hyo-laryngeal movement.
Two measured hyo-laryngeal displacement as defined
by the distance between the hyoid bone and mandible
at rest and during swallowing (Chen ez a/. 2017, Lee
et al. 2016), one measured the degree of approxima-
tion between the hyoid and larynx (Picelli ez a/. 2020)
and the fourth measured geniohyoid contraction by as-

sessing the percentage increase of coronal cross-sectional
area (Cheng ez al. 2018). Chen e al. (2017) found no

significant differences between measurements of hyo-
laryngeal displacement measured by US when com-
pared directly with VESS. The intra- and interrater re-
liability and intraclass correlation coefficient (ICC) of
the two examiners was found to be excellent as was [CC
between US and VFSS (table 1).

Lee et al. (2016) used VESS to estimate aspiration,
penetration and residue status after swallowing to es-
tablish whether US measurements of hyo-laryngeal dis-
placement can be used to distinguish between clinical
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groups. Significant differences in hyoid displacement
were found between patients with no residue and those
with <10% residue and >10% residue (p = 0.0036
and <0.001, respectively). A value of 13.5 mm was
offered as a cut-off value to distinguish between non-
aspirators and aspirators (sensitivity 83.9%, specificity
81.0%). Cheng er al. (2017) found that the percent-
age increase of the geniohyoid cross-sectional area cor-
related moderately with anterior (r = 0.42, p <.05)
but not superior (r = 0.27, p = 0.9) hyoid displace-
ment measured by VFSS in 40 post-radiotherapy cancer
patients.

Picelli ez al. (2020) compared degree of hyoid-
larynx approximation on US with the Gugging Swal-
low Screen (GUSS) and Functional Oral Intake Scale
(FOIS). Significant differences in hyoid-laryngeal ap-
proximation were identified between 7z = 19 dysphagic
(FOIS 1-6) versus non-dysphagic (FOIS 7) acute stroke
patients. Direct associations were identified between
hyoid-laryngeal approximation and FOIS and GUSS

scores.

Studies of pharyngeal wall movement

Two studies measured US movement of the posterior
pharyngeal wall in stroke (7 = 22) (Kim ez /. 2012) and
in a mixed (#z = 52) population (Manabe ez a/. 2018).
Kim ez al. (2012) measured lateral pharyngeal wall dis-
placement of the weak side and compared this with
three VFSS parameters described in table 1. In those
who aspirated on VESSS, pharyngeal wall displacement
was found to correlate significantly with laryngeal ele-
vation (r = 0.71, p = <.047), pharyngeal delay time
(r = —0.78, p = 0.021) and valleculae residue (r =
0.94, p < 0.001). No significant correlations were
found between US and VESS measurements in those
that did not aspirate on VFESS.

Manabe et a/. (2018) measured anterior movement
of the posterior pharyngeal (cervical oesophageal—CE)
wall and duration and velocity of CE wall opening and
closure on US. Significant positive correlations were
found between duration of CE wall opening on US
and duration of UES opening on VESS (r = 0.86,
» < 0.001).

Studies of swallowing symptoms

Three studies, all by the same group, assessed the utility
of US to detect swallowing symptoms, specifically
aspiration (Miura ez al. 2014) and pharyngeal residue
(Miura et al. 2016, 2020). Using a binary assessment
of residue, Miura ez al. (2016) found a 62% sensitivity
and 67% specificity for use of US as a tool to diag-
nose residue, which was defined as an ‘area of high
echogenicity’ in the pyriform fossae and/or valleculae.

Jodi E. Allen et al.

Miura et al. (2020) used a more refined method of
analysis and provided sensitivity and specificity mea-
sures using cut-off points (0%, 5%, 10% and 50%)
representing the percentage of a high echogenicity area.
A 5% area of high echogenicity provided a superior
87.5% sensitivity (CI = 86.9-95.5) and 78.1% speci-
ficity (CI = 40.7-82.8) for diagnosis of pyriform fossae
residues and 85% sensitivity (CI = 73.4-92.9) and
81.8% specificity (CI = 59.7-94.8) for diagnosis of
valleculae residues. Detection of aspiration by US had
a reported 64% sensitivity and 84% specificity when
compared with a binary assessment of aspiration on
combined VFSS and FEES assessment.

Studies of laryngeal function

Twelve papers compared combined pre- and postoper-
ative sensitivity and specificity of US to measure vocal
fold function compared with EEL. Figure 2 provides a
visual overview of findings of the included studies.

Sensitivity ranged from 64.3% (Kandil ez a/. 2016)
to 100% (Kumar ez a/. 2018, Fung and Lang 2020) and
specificity from 48.5% (Kandil ez a/. 2016) to 100%
(Kumar ez al. 2018, Fung and Lang 2020). Visual-
ization of vocal folds was reported in five studies and
ranged from 49.1% (Kandil ez 2/. 2016) to 100% (Fung
and Lang 2020). Figure 2 presents the sensitivity, speci-
ficity and confidence intervals for 10 of the 13 studies.

Six studies reported positive predicted value (PPV)
(true positives) and negative predictive value (NPV)
(true negatives). PPV for US assessment ranged from
47.9% (Wong ez al. 2019) to 100% (Fung and Lang
2020). NPV for US assessment ranged from 22% (de
Miguel ez al. 2017) to 100% (Fung and Lang 2020). In
the six studies, NPV was higher than PPV in three stud-
ies (Wong ez al. 2019, Shah ez al. 2019, Gambardella
et al. 2020), while PPV was higher than NPV in one
study (de Miguel e al. 2017). In one study (Fung and
Lang 2020) both PPV and NPV were 100%, indicating
perfect positive and negative screening accuracy. Study
heterogeneity precluded meta-analysis or any other for-
mal statistical analysis. Three papers were not included
in the data synthesis either due to lack of provision of
raw data sets (Carneiro-Pla ez al. 2014, Dubey et al.
2019) or differences in reference test (Wong er al.
2014).

Caneiro-Pla et al. (2014) achieved visualization of
the vocal folds in 668/887 patients (77%). Only 70/510
(13.7%) had both EEL and US assessment present-
ing high risk of bias. Of these, US correctly identified
all seven cases with paralysed vocal folds. The sensitiv-
ity, specificity and overall accuracy of US in predicting
fold paralysis was 100%, 98% and 99%, respectively.
Full data sets were not available to calculate confidence
intervals. Dubey ez al. (2019) performed correlation
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Pre-operative population itivity Lower C1 Upper C1 Specificity Lower CI Upper €I

Gambardella et al 2020 9.8 4.4 98.2 95.6 93 97.3 - -
Kandil et al 2016 538 26 » 50.5 45 55 ——

Kumar et al 2016 100 k) 100 934 8 97 S——
Miguel et al 2017 66.7 74 100 100 99.4 100 *
Mixed pre-and post-op pop

Wong et al 2019 853 74 92 9.7 92 95 —— =
Post-operative population

Kandil et al 2016 55.6 35 7 38.7 34 a3 —— —_—

Miguel et al 2017 933 773 100 96.1 91.2 100 —_— —_—
Shah et al 2019 s 2 9 95.1 85.2 9.8 ——
Fung et al 2020 100 46.3 100 100 92 100 —— —
_Post-operative pop high vs low freq: y (MHz)

Woo et al 2017 (12-5MH2) 975 8 9.8 9.1 96.5 9.8 — ..
Woo et al 2017 (9-3 MH) 97.6 85.9 9.8 99.2 96.8 9.8 — -
Post-operative pop anterior vs lateral of probe

Kamel et al 2020 (anterior) 86.7 58 98 85.7 62.6 96.2 e —— ———
Kamel et al 2020 (posterior) 100 746 100 100 8.7 100 —_— —
Mixed surgical and non-surgical

Amis et al 2012 4 30.2 4.8 88.9 50.7 9.4 —_—

Figure 2. Sensitivity, specificity and confidence intervals of vocal fold studies.

analysis of US versus EEL and found a high correla-
tion (r = 0.93, p < 0.001) between vocal fold mobility
combined with near perfect interrater agreement.

When comparing self-rated GRBAS scale with pre-
and post-thyroidectomy US assessment of vocal fold
asymmetry, Wong ez al. (2014) found that participants
with vocal fold asymmetry rated themselves signifi-
cantly higher on the GRBAS ‘Grade’ score (0.24 ver-
sus 0.07, p = 0.016) and ‘Roughness’ score (0.33 ver-
sus 0.14, p = 0.022) pre- and postoperation, compared
with those without asymmetry. Postoperative vocal fold
asymmetry detected by US was associated with higher
GRBAS scores.

Studies identified a number of factors associated
with poorer US visualization of the vocal folds. Age was
found to affect US visualization in two studies (Woo
et al. 2017, Dubey ez al. 2019), with poorer visualiza-
tion in older participants. Male gender was associated
with poorer visualization (51% compared with 82-96%
in females) (Carneiro-Pla ez 2/. 2014) and reduced US
sensitivity and specificity identified in participants with
a higher body mass index (BMI) (Kandil ez 4/. 2016).
BMI was also highlighted as a non-significant trend by
Fung and Lang (2020) but not found to be a significant
factor for visualization by Carnierio-Pla ez al. (2014).
Use of low frequency US (3-9 MHz) was found to in-
crease visualization in one paper (Woo et al. 2017).

Discussion

This critical review aimed to establish the utility of
US as an alternative tool to routine assessments such
VESS, FEES and/or EEL for the clinical assessment of
swallowing and/or laryngeal function. It was prompted
by the COVID-19 pandemic, but the findings have
the potential for application to many patient groups
for management of laryngeal function or swallowing.
This includes ‘hard-to-reach’ patient groups where chal-

lenges may exist in accessing VESS, FEES and/or EEL
due to geography and/or patient physical and cognitive
limitations.

To our knowledge, this is the first comprehensive
review of the literature examining the use of US in both
swallowing and laryngeal function. We have examined
23 studies that compared US assessment of swallowing
or laryngeal function with a standard reference test. All
the studies demonstrated a practical ability to visualize
structures and the biomechanics of swallowing and la-
ryngeal function using US. However, only two assessed
more than one parameter within the same study (Tam-
burrini ez al. 2010, Kamel ez al. 2020). No study com-
bined US assessment of laryngeal function with swal-
lowing, despite the important function of the larynx in
airway protection (Pitts 2014).

While there was homogeneity amongst laryngeal
studies, in all but one (12/13)study outcome measures
were limited to the assessment of vocal fold function in
a surgical population. While this restricts the applica-
bility of findings to SLT patients where more complex
assessment of laryngeal function is required, the associ-
ation of vocal fold palsy with glottal incompetence and
aspiration (Bhattacharyya ez al. 2002, Aneas ez al. 2010,
Zhou et al. 2018) supports its application to swallowing
assessment using US.

Methodological heterogeneity of the swallowing
studies prevented in-depth analysis and synthesis of
findings. However, this narrative summary has allowed
us to expand the findings of the review by Leite ez al.
(2014) progressing our understanding of US as a di-
agnostic tool for dysphagia and to make future recom-
mendations for application by SLTs.

Swallowing and laryngeal studies

All studies of swallowing biomechanics identified an
association or statistical relationships between one or
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more parameters measured by US compared with VESS
or FEES (Tamburrini et al. 2010, Chen et al. 2017,
Cheng ez al. 2018, Kim ez al. 2012, Manabe ez al. 2018)
or between US parameters and clinical surrogates for
dysphagia, such as residue, aspiration or restriction in
oral intake (Lee ez al. 2016, Picelli et 2l. 2020). The lack
of direct biomechanical relationship between US and
VESS parameters measured by Kim ez a/. (2012) may
explain why US measures did not correlate in the group
of non-aspirators. The challenges of visualizing areas of
high echogenicity instead of anatomical structure and
movement may explain the low (<65%) sensitivity of
US to detect residue and aspiration (Miura ez al. 2014,
2016). A more refined method of analysis was used in
the later study (Miura ez a/. 2020) leading to a higher
(85%) sensitivity.

There is currently no standardized protocol or ref-
erence test for US assessment of swallowing. While
some studies compare a physiological parameter with
the equivalent measure on VESS and/or FEES imag-
ing, others use surrogate measures for dysphagia such
as ratings of residue, aspiration and oral intake scales.
The most frequently used parameter for US swallow-
ing assessment was hyoid displacement with agreement
of measurement amongst included studies (Chen ez 4.
2017, Lee et al. 2016) and existing literature (Chi-
Fishman and Sonies 2002, Yabunaka ez /. 2011, Hsiao
etal. 2012).

Laryngeal assessment focused on vocal fold mobility
rather than other aspects of the larynx, for example ary-
tenoid tilt or vocal fold structure. This simplicity, plus
a more standardized approach to assessment amongst
pre-existing laryngeal assessment tools may part explain
the reasons for the increased homogeneity.

The sensitivity of US to diagnose vocal fold impair-
ment ranged between 63.4% and 100% with a ten-
dency for wide confidence intervals. These figures sug-
gest that the clinical application of US may be best
suited as a first-line non-invasive tool to rule out rather
than rule in issues with vocal fold mobility. This would
correspond with the use of US in other clinical areas
(Stengel ez al. 2018, You-Ten et al. 2018).

Kandil ez al. (2016) had much lower sensitivity
and specificity figures than other included studies. This
study used a static (12 MHz) frequency probe rather
than a spectrum of frequencies (e.g., 6-13 MHz).
Lower frequencies are understood to penetrate the lar-
ynx more easily allowing for better visualization of
structures (Ng and Swanevelder 2011). This was also
identified by studies included in the review (Woo ez al.
2017). The authors propose that participant BMI af-
fected visualization. This is consistent with studies that
have associated high BMI with lower quality US images
(Brahee ez al. 2013). Altered body composition may also
account for differences in visualization across age (Woo
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et al. 2017, Dubey ez al. 2019) and gender (Carneiro-
Pla et al. 2014). Clinicians should be mindful of these
challenges when interpreting US findings in these co-
horts of patients.

Reference tests

Studies in this review applied a wide range of refer-
ence tests. While protocols for these tests were routinely
defined, there was poor standardization across studies
and infrequent reference to inter- and intra-rater relia-
bility. Absence of reliability reporting is problematic as
differences in identification between reference test and
US could be considered a simple error. Future stud-
ies should use the available standardized and validated
scales (Martin-Harris ez a/. 2008, Rosenbek ez 2/. 1996,
Neubauer ez 2l. 2015).

Clinical utility of ultrasound for swallowing and

laryngeal assessment

This review has shown that US as a tool for comprehen-
sive swallowing assessment is not currently indicated for
use within SLT. However, it does have an emerging role
as an assessment of specific structures related to swal-
lowing, including vocal fold mobility. This offers clini-
cal potential as an adjunctive tool. Its role as a comple-
ment rather than as a substitute to standard assessments
is acknowledged in the wider literature (Fatima ez al.
2015, Chung and Kim 2015). The unique capability of
US to evaluate muscle structure and understand under-
lying pathology also supports its utility as a supplemen-
tary tool (Van Den Engel-Hoek ez a/. 2017).

The absence of protocols in the current literature
has impacted on the quality and transferability of the
evidence from this review. An important consideration
for SLTs is the need for structured training and validated
tools in the application and analysis of US findings. Fu-
ture research is required to promote a standardized ap-
proach, including reliability of interpretation and the
wider adoption of any tool.

Below we outline some considerations for develop-
ing SLT-led protocols and future research studies:

* Visualization and interpretation: Both are oper-
ator dependent and require competency devel-
opment (Pinto ez al. 2013, Todsen er al. 2015,
2018). A major limitation of the included studies
was the use of a single-operator design and ab-
sent reliability assessment. This limits the repro-
ducibility of the results and may be another expla-
nation for outlying sensitivity and specificity data
within the laryngeal studies.

* Equipment: Selection of US machine, probe and
frequency varied greatly in this review. Other
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clinical areas have acknowledged potential for
variation (Aldrich 2007) and have highlighted
the need for consensus guidelines, for example,
within thyroid assessment (Rago ez 2/. 2018). Our
review demonstrates that US will need clear stan-
dard operating procedures for SLTs to use it as a
clinical tool.

e Normative data: The lack of normative data for
either vocal fold movement or measurements of
structures as a surrogate for swallowing is prob-
lematic. Some studies have provided normative
values (Miller and Watkin 1997). To identify
clinical concern during an US assessment, nor-
mative values are necessary.

Strengths and limitations of the review

Multiple individuals participated in the data extraction
and quality assessment of this review, increasing poten-
tial for interrater differences. To minimize differences
methodological safeguards were put in place. These
were achieved by developing strict inclusion/exclusion
criteria, reassessing a random sample of abstracts, pilot-
ing of the data extraction form and group discussion of
full text papers, as well as clear written guidelines for the
QUADAS-2 assessment.

Due to the pace and context, the team were un-
able to register the review or publish a formal protocol.
Furthermore, as there was no funding attached to the
project the remit of the review did not extend to any for-
mal quantitative or meta-analysis. The speed of the re-
view also restricted engagement with patient and public
stakeholders who would have been ideally placed to co-
develop methodology and provide a unique perspective
on the findings. Future research in this area should pri-
oritize the patient perspective of assessment using this
tool.

A rapid review methodology was chosen to dis-
seminate findings as quickly as practicable to clinicians
globally within the context of the COVID-19 pan-
demic. Only studies published in English since 2010
were included. Restricting language and date limits may
mean that some important studies could have been
missed. Extending dates may however have increased
variability of findings particularly as US technology has
evolved. We had no resources to include studies in other
languages.

Future directions

This rapid review has ignited enthusiasm to progress
the application of US in the SLT profession via de-
velopment of clinical protocols for swallowing and la-
ryngeal assessment. This would optimally be combined
with training programmes for SLTs to conduct US as-

sessment. These programmes should include identifica-
tion of key clinical landmarks, static and dynamic as-
sessment techniques, recommendations for equipment
selection and cover the technical aspects of operating
sonographic equipment. Establishment of inter-rater re-
liability for key assessment parameters is also an impor-
tant future goal.

Summary and conclusions

There is emerging evidence to support the utility of
US as an adjunct clinical tool for the assessment of
swallowing and laryngeal function. Further studies are
warranted in a wider range of clinical populations and
settings, with increased attention to the enhancement
of sensitivity and specificity measures yielded using
US. Based on this review, US is currently not recom-
mended as a tool to use in isolation but its potential
as a supplementary tool for swallowing and laryngeal
assessment is acknowledged. This rapid review has led
to an international collaboration that will promote
future, targeted research to develop US into a robust
and functional clinical tool for use in the management
of patients with swallowing and laryngeal difficulties.

Acknowledgements

The authors express their thanks to those in the Ultrasound
International Working Group who provided feedback on draft
versions of this manuscript. This includes Dr Lenie van den Engel-
Hoek, Dr Joan Ma, Dr Katharina Winiker and Professor Maggie-
Lee Huckabee. The authors received no specific grant from any
funding agency, commercial or not-for-profit sectors to complete
this work. Jodi Allen receives funding from the National Institute
Health Research (NIHR) for a Pre-Doctoral Research Fellowship.
Gemma Clunie receives funding from the NIHR Clinical Doc-
toral Fellowship Programme. Jemma Haines receives funding from
the NIHR Biomedical Research Council for doctoral studies. Ro-
ganie Govender receives funding from the NIHR Clinical Lecture-
ship Programme. Supplementary data from this study are available
online.

References

Arpricy, J. E., 2007, Basic physics of ultrasound imaging. Critical
Care Medicine, 35, S131-S137.

Awmis, R. J., Gurta, D., Dowpatt, J. R., SRIRAJAKALINDINT, A. and
FoLBE, A., 2012, Ultrasound assessment of vocal fold paresis:
a correlation case series with flexible fiberoptic laryngoscopy
and adding the third dimension (3-D) to vocal fold mobility
assessment. Middle East Journal of Anaesthesiology, 21, 493~
498.

AnEas, G. C. G., Ricz, H. M. A., MeLLo-FiLHO, E V. and Dan-
1as, R. O., 2010, Swallowing Evaluation in Patients With
Unilateral Vocal Fold Immobility. Gastroenterology Research,
3, 245-252.

BuartacHARYYA, N., Kotz, T. and SHAPIRO, J., 2002, Dysphagia
and aspiration with unilateral vocal cord immobility: inci-
dence, characterization, and response to surgical treatment.
Annals of Otology, Rhinology and Laryngology, 111, 672-679.



202

Borron, L., Mirts, C., WALLACE, S. and Brapy, M. C., ROYAL
COLLEGE OF S. & LANGUAGE THERAPISTS, C.-A.
G., 2020, Acrosol generating procedures, dysphagia assess-
ment and COVID-19: a rapid review. International Journal
of Language & Communication Disorders.

Bourkg, S. C., 2014, Respiratory involvement in neuromuscular
disease. Clin Med (Lond), 14, 72-75.

Brauege, D. D., OgepecBg, C., HassLer, C., Nyirenpa, T.,
Hazerwoob, V., MorcHEL, H., PaTeL, R. S. and FELDMAN,
J., 2013, Body mass index and abdominal ultrasound image
quality: a pilot survey of sonographers. Journal of Diagnostic
Medical Sonography, 29, 66-72.

CARNEIRO-PLA, D., MiLLer, B. S., WiLHELM, S. M., MiLas,
M., GauGer, P G., Conen, M. S., Hugaes, D. T. and
Sororzano, C. C., 2014, Feasibility of surgeon-performed
transcutaneous vocal cord ultrasonography in identifying vo-
cal cord mobility: a multi-institutional experience. Surgery,
156, 1597-1602.

CHEN, Y. C., Hsiao, M. Y., Wang, Y. C,, Fu, C. P and Wang, T.
G., 2017, Reliability of Ultrasonography in Evaluating Hy-
oid Bone Movement. Journal of Medical Ultrasound, 25, 90—
95.

CHEeNG, D. T. H., Leg, K. Y. S., Aauja, A. T. and Tong, M. C. E,
2018, Sonographic assessment of swallowing in irradiated na-
sopharyngeal carcinoma patients. Laryngoscope, 128, 2552—
2559.

Cur-Fisuman, G., 2005, Quantitative lingual, pharyngeal and
laryngeal ultrasonography in swallowing research: a tech-
nical review. Clinical Linguistics & Phonetics, 19, 589—
604.

CHr-FisumaN, G. and Sonies, B. C., 2002, Kinematic strategies
for hyoid movement in rapid sequential swallowing. Journal
of Speech, Language, and Hearing Research: JSLHR, 45, 457—
468.

CHUNG, Y. E. and Kim, K. W,, 2015, Contrast-enhanced ultra-
sonography: advance and current status in abdominal imag-
ing. Ultrasonography, 34, 3—18.

Da Costa, B. O. L., Ropricues, D. D. S. B., Santos, A. S.
and PerNamBUCO, L., 2019, Transcutaneous laryngeal ul-
trasonography for the assessment of laryngeal function af-
ter thyroidectomy: a review. Ear, Nose & Throat Journal,
0145561319870487.

DE MiGUEL, M., PELAEZ, E. M., Causkr, E., GonzALez, O., Vi-
rasco, M. and Ricuar, L., 2017, Accuracy of transcuta-
neous laryngeal ultrasound for detecting vocal cord paralysis
in the immediate postoperative period after total thyroidec-
tomy. Minerva Anestesiologica, 83, 1239-1247.

Dossins, M., 2017, Rapid Review Guidebook: steps for conduct-
ing a rapid review. National Collaborating Centre for Methods
and Tools (NCCMT).

Dusey, M., MrrTaL, A. K., JAPURIA, |., ARORA, M., DEwWAN, A.
K. and PAHADE, A., 2019, Functional analysis of vocal folds
by transcutaneous laryngeal ultrasonography in patients un-
dergoing thyroidectomy. Acta Anaesthesiologica Scandinavica,
63, 178-186.

FatiMa, S. T., ZAHUR, Z., JerLant, A., Hussain, S. J., AsBast, N. Z.,
Kuan, A. A., Kuan, K., SHEIKH, A. S., AL1, E and MEMON,
K. H., 2015, Ultrasound—A useful complementary tool
to mammography in assessment of symptomatic breast dis-
cases. Journal of Ayub Medical College, Abbottabad, 27,
381-383.

Fung, M. M. H. and Lang, B. H., 2020, A prospective study eval-
uating the feasibility and accuracy of very early postopera-
tive translaryngeal ultrasonography in the assessment of vocal
cord function after neck surgery. Surgery.

Jodi E. Allen et al.

GaMBARDELLA, C., Orr1, C., Romano, R. M., D Parma, M.,
RuaGaiero, R., CanpELA, G., PuzieLLo, A., Docimo, L.,
Grasso, M. and Docmmo, G., 2020, Transcutaneous laryn-
geal ultrasonography: a reliable, non-invasive and inexpen-
sive preoperative method in the evaluation of vocal cords
motility—A prospective multicentric analysis on a large se-
ries and a literature review. Updates in Surgery.

Gogerz, C., Burian, N. M., Werrz, J., Worrr, K. D. and
BisSINGER, O., 2019, Temporary tracheotomy in microvas-
cular reconstruction in maxillofacial surgery: benefit or
threat? Journal of Cranio-Maxillo-Facial Surgery, 47, 642—
646.

Hsiao, M. Y., Cuang, Y. C., CHEN, W. S., CHaNG, H. Y., WaNg,
T. G., Hs1a0, M.-Y., CHaNg, Y.-C., CHeN, W.-S., CHANG,
H.-Y. and Wang, T.-G., 2012, Application of ultrasonogra-
phy in assessing oropharyngeal dysphagia in stroke patients.
Ultrasound in Medicine é‘Biology, 38, 1522-1528.

Jongs, S. M., Awap, R. E. K., Suaw, J., SLADE, S., StEwarT, C. and
Young, K., 2020, Speech and language therapy endoscopic eval-
uation of the larynx for clinical voice disorders: position paper.
London: Royal College of Speech and Language Therapists
(RCSLT).

KameL, A. A. E, AMiN, O. A. 1., Hassan, M. A. M. M., ELMEsAL-
Lamy, W. A. E. A. and Hassan, E. M., 2020, Ultrasound pre-
diction for vocal cord dysfunction in patients scheduled for
anterior cervical spine surgeries: a prospective cohort study.
Journal of Clinical Monitoring and Computing.

Kanpir, E., DENIwAR, A., NOURELDINE, S. 1., HamMmaD, A. Y.,
Momnamep, H., AL-QuraysHi, Z. and Turano, R. P, 2016,
Assessment of vocal fold function using transcutaneous
laryngeal ultrasonography and flexible laryngoscopy. JAMA
Otolaryngology—Head and Neck Surgery, 142, 74-78.

Kimv, J. H., Kim, M. S., KM, J.-H. and KM, M.-S., 2012, Lat-
eral pharyngeal wall motion analysis using ultrasonography
in stroke patients with dysphagia. Ultrasound in Medicine &
Biology, 38, 2058-2064.

Kumagr, A., SINHA, C., KuMag, A., SINGH, A., VARDHAN, H., BHA-
vaNa, K. and BHAR, D., 2018, Assessment of functional-
ity of vocal cords using ultrasound before and after thyroid
surgery: an observational study. Indian Journal of Anaesthe-
sia, 62, 599-602.

Leg, Y. S., Leg, K. E.,, Kang, Y,, Y1, T. I. and KM, J. S.,
2016, Usefulness of submental ultrasonographic evaluation
for dysphagia patients. Annals of rehabilitation medicine, 40,
197-205.

Lerre, K. K. D. A., Manciiu, L. D., Sass;, E C., Limonai,
S. C. O. and Anprabg, C. R. E D., 2014, Ultrassono-
grafia e degluticdo: revisao critica da literatura. Audiology—
Communication Research, 19, 412—420.

Manasg, N., Haruma, K., Nakato, R., Kusunoki, H., Kamapa, T.
and Hara, J., 2018, New ultrasonographic screening method
for oropharyngeal dysphagia: tissue Doppler imaging. Amer-
ican journal of physiology. Gastrointestinal and liver physiology,
314, G32-G38.

MarTIN-HARRIS, B., BRODSKY, M. B., MicHEL, Y., CasTELL, D. O.,
SCHLEICHER, M., SANDIDGE, J., MaxwELL, R. and BraIr,
J., 2008, MBS measurement tool for swallow impairment—
MBSImp: establishing a standard. Dysphagia, 23, 392-
405.

MarTIN-HarRris, B. and Jongs, B., 2008, The videofluorographic
swallowing study. Physical Medicine and Rehabilitation Clin-
ics of North America, 19, 769785, viii.

McGrarh, B. A., WaLLace, S. and Goswamy, J., 2020, Laryn-
geal oedema associated with COVID-19 complicating airway
management. Anaesthesia, 75, 972-972.



Utility of ultrasound in the assessment of swallowing and laryngeal function 203

MILLER, ]J. L. and Warkin, K. L., 1997, Lateral pharyngeal wall
motion during swallowing using real time ultrasound. Dys-
phagia, 12, 125-132.

Miura, Y., Nakacami, G., YasuNaka, K., ToHara, H., Hara, K.,
NogucHi, H., Mori, T. and Sanapa, H., 2016, Detecting
pharyngeal post-swallow residue by ultrasound examination:
a case series. Medical ultrasonography, 18, 288-293.

MIura, Y., Nakacami, G., YaBuNaka, K., ToHara, H., MURAYAMA,
R., NogucHi, H., Morr, T. and Sanapa, H., 2014, Method
for detection of aspiration based on B-mode video ultra-
sonography. Radiological Physics and Technology, 7, 290-295.

Miura, Y., YaBunaka, K., Karusg, M., Tsutaoka, T., YOSHIDA,
M., Marsumoro, M., Nakacami, G., Kamakura, Y.,
Sucama, J. and Sanapa, H., 2020, Establishing a method-
ology for ultrasound evaluation of pharyngeal residue in the
pyriform sinus and epiglottic vallecula. Respiratory Care, 65,
304-313.

MowHERr, D., LiBerari, A., TeTzLAFF, J. and Arrman, D. G., 2009,
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Bmj (Clinical Research Ed.),
339, b2535.

Nakamori, M., Hosomi, N., Takaki, S., Opba, M., Hiraoxka,
A., YosHikawa, M., MarsusHiMa, H., OcHi, K., Tsuaga,
K., Maruyama, H., Izumi, Y. and Marsumoro, M., 2016,
Tongue thickness evaluation using ultrasonography can pre-
dict swallowing function in amyotrophic lateral sclerosis pa-
tents. Clinical Neurophysiology: official journal of the Inter-
national Federation of Clinical Neurophysiology, 127, 1669~
1674.

NEUBAUER, P. D., RADEMAKER, A. W. and LEDER, S. B., 2015, The
Yale Pharyngeal Residue Severity Rating Scale: an anatomi-
cally defined and image-based tool. Dysphagia, 30, 521-528.

Ng, A. and SWANEVELDER, J., 2011, Resolution in ultrasound imag-
ing. Continuing Education in Anaesthesia Critical Care &
Pain, 11, 186-192.

NokL, J. E., Orrorg, L. A. and Sung, K., 2020, Laryngeal Eval-
uation during the COVID-19 Pandemic: transcervical La-
ryngeal Ultrasonography. Otolaryngology - Head and Neck
Surgery, 163, 51-53.

QOuzzani, M., HamMmabpy, H., FEporOWICZ, Z. and ELMAGARMID,
A., 2016, Rayyan—A web and mobile app for systematic re-
views. Systematic Reviews, 5, 210.

PiceLLi, A., MODENESE, A., POLETTO, E., BUSINARO, V., VARALTA,
V., Ganporr1, M., BonerTi, B. and Smania, N., 2020,
May ultrasonography be considered a useful tool for bedside
screening of dysphagia in patients with acute stroke? A cohort
study. Minerva medica.

Pinto, A., PintO, E, Faggian, A., Rusini, G., Caranci, E,
Macaring, L., GeNovesg, E. A. and Brunesg, L., 2013,
Sources of error in emergency ultrasonography. Critical ul-
trasound journal, 5, Suppl 1, S1-S1.

Prrts, T. 2014, Airway protective mechanisms. Lung, 192,
27-31.

Prrts, T., BoLser, D., RosENBEK, J., TROCHE, M. and SaPIENZA,
C., 2008, Voluntary cough production and swallow dysfunc-
tion in Parkinson’s disease. Dysphagia, 23, 297-301.

Poray, J., H., R., SowpeN, A., PETTICREW, M., ARAL L., RODGERS,
M., BritTEN, N., ROEN, K. and Durry, S., 2006, Guidance
on the conduct of narrative synthesis in systematic reviews:
a product from the ESRC methods programme. Economic
Social and Research Council.

Raco, T., CanTisani, V., Ianni, E, CHiovaro, L., GARBEROGLIO,
R., DuraNTE, C., FrRasOLDATI, A., SPIEZIA, S., FARINA, R.,
VALLONE, G., PoNTECORVI, A. and ViTTI, P, 2018, Thy-
roid ultrasonography reporting: consensus of Italian Thyroid

Association (AIT), Italian Society of Endocrinology (SIE),
Italian Society of Ultrasonography in Medicine and Biology
(SIUMB) and Ultrasound Chapter of Italian Society of Med-
ical Radiology (SIRM). Journal of Endocrinological Investiga-
tion, 41, 1435-1443.

ROSENBEK, J. C., RoBBINS, J. A., ROECKER, E. B., CovLE, J. L. and
Woon, J. L. 1996, A penetration-aspiration scale. Dysphagia,
11, 93-98.

Ruan, Z., ReN, R., Dong, W., Ma, J., Xu, Z., Mao, Y. and Jiang,
L., 2018, Assessment of vocal cord movement by ultrasound
in the ICU. Intensive Care Medicine, 44, 2145-2152.

ScHARDT, C., Apams, M. B., Owens, T., Kerrz, S. and FonTELO, P,
2007, Utilization of the PICO framework to improve search-
ing PubMed for clinical questions. BMC Medical Informatics
and Decision Making, 7, 16-16.

Suan, M. K., GHal, B., Buaria, N., VErMa, R. K. and Panpa,
N. K., 2019, Comparison of transcutaneous laryngeal ultra-
sound with video laryngoscope for assessing the vocal cord
mobility in patients undergoing thyroid surgery. Auris, Na-
sus, Larynx, 46, 593-598.

SHAWKER, T. H., SoniEes, B., Har, T. E. and Baum, B. E, 1984, Ul-
trasound analysis of tongue, hyoid, and larynx activity during
swallowing. Investigative Radiology, 19, 82-86.

STENGEL, D., LEISTERER, ]., FERRADA, P, EKKERNKAMP, A., MUTZE,
S. and HOENNING, A., 2018, Point-of-care ultrasonography
for diagnosing thoracoabdominal injuries in patients with
blunt trauma. Cochrane Database of Systematic Reviews (On-
line), 12, Cd012669.

Surter, D. M. and Gosa, M. M., 2019, Assessing and Treating
Dysphagia: A Lifespan Perspective, Thieme Medical Publish-
ers Inc.

TAMBURRINI, S., SoLazzo, A., SagNELLI, A., DEL VEccHIO, L.,
REGINELLIL, A., MONSORRO, M. and Grasst, R., 2010, Amy-
otrophic lateral sclerosis: sonographic evaluation of dyspha-
gia. Radiol Med, 115, 784-793.

Topbsen, T., MeLcHiIORS, J., CHARABI, B., HENRIKSEN, B., RiNnG-
sTep, C., Kongg, L. and Von Bucuwarp, C., 2018,
Competency-based assessment in surgeon-performed head
and neck ultrasonography: a validity study. Laryngoscope,
128, 1346-1352.

TopbskN, T., ToLsGaarDp, M. G., OrseN, B. H., HENRIKSEN, B. M.,
Hiiringse, J. G., Kongg, L., JEnsen, M. L. and RiNGsTED,
C., 2015, Reliable and valid assessment of point-of-care ul-
trasonography. Annals of Surgery, 261, 309-315.

Tran, K., Cimon, K., SEVERN, M., PEssoa-Sitva, C. L. and Conry,
J., 2012, Acrosol generating procedures and risk of transmis-
sion of acute respiratory infections to healthcare workers: a
systematic review. Plos One, 7, €35797.

VaN DEN EnGEL-HOEK, L., LAGARDE, M. and Van ALEEN, N., 2017,
Ultrasound of oral and masticatory muscles: why every neu-
romuscular swallow team should have an ultrasound ma-
chine. Clinical Anatomy, 30, 183—-193.

WALLACE, S., McLAuGHLIN, C., CLAYTON, J., CoFFEY, M., ELLIS, J.,
Haag, R., Howarp, A., Marks, H. and Zorko, R., 2020,
Fibreoptic Endoscopic evaluation of Swallowing (FEES): the
role of speech and language therapy. A Position Paper. Royal
College of Speech and Language Therapists (RCSLT).

WHiTiNG, P E, Rutjes, A. W., Westwoop, M. E., MaLLETT, S.,
Dekeks, J. J., Rerrsma, J. B., LEerLanG, M. M., STERNE, ].
A. and BossuyT, P M., 2011, QUADAS-2: a revised tool for
the quality assessment of diagnostic accuracy studies. Annals
of Internal Medicine, 155, 529-536.

Wong, K.-P, Au, K.-P, Lam, S. and Lang, B. H.-H., 2017, Lessons
Learned After 1000 Cases of Transcutaneous Laryngeal Ul-
trasound (TLUSG) with laryngoscopic validation: is there a



204

role of tusg in patients indicated for laryngoscopic exami-
nation before thyroidectomy? Thyroid: official journal of the
American Thyroid Association, 27, 88-94.

Wong, K.-P, Au, K. P, Lam, S., CHaNG, Y. K. and Lang, B. H.
H., 2019, Vocal Cord Palsies Missed by Transcutaneous La-
ryngeal Ultrasound (TLUSG): do they experience worse out-
comes? World journal of surgery, 43, 824—830.

Wong, K.-P, Lang, B. H.-H., Cuang, Y.-K., Wong, K. C. and
CHow, E C.-L., 2015, Assessing the Validity of Transcuta-
neous Laryngeal Ultrasonography (TLUSG) after thyroidec-
tomy: what factors matter? Annals of surgical oncology, 22,
1774-1780.

Wong, K.-P, Lang, B. H.-H., Ng, S.-H., Cateung, C.-Y., CHAN,
C. T.Y. and CHaAN, M.-Y,, 2014, Is vocal cord asymmetry
seen on transcutaneous laryngeal ultrasonography a signifi-
cant predictor of voice quality changes after thyroidectomy?
World journal of surgery, 38, 607-613.

Wong, K.-P, Lang, B. H.-H., Ng, S.-H., Creung, C.-Y,, CHaN,
C. T.-Y. and Lo, C.-Y,, 2013, A prospective, assessor-blind
evaluation of surgeon-performed transcutaneous laryngeal
ultrasonography in vocal cord examination before and after
thyroidectomy. Surgery, 154, 1158-1164.

Woo, J.-W., Park, L., CHOE, J. H., Kim, J.-H. and Ky, J. S., 2017,
Comparison of ultrasound frequency in laryngeal ultrasound
for vocal cord evaluation. Surgery, 161, 1108-1112.

Jodi E. Allen et al.

YaBUNAKA, K., SANADA, H., SANADA, S., KonisHai, H., HasaimoTo,
T., Yatakg, H., Yamamoto, K., Karsupa, T. and OHUE,
M., 2011, Sonographic assessment of hyoid bone move-
ment during swallowing: a study of normal adults with
advancing age. Radiological Physics and Technology, 4,
73-77.

You-Ten, K. E., Sipbpiqui, N., Teon, W. H. and KRISTENSEN,
M. S., 2018, Point-of-care ultrasound (POCUS) of the
upper airway. Canadian Journal of Anaesthesia, 65, 473—
484.

Zuou, D., Jarri, M. and Husan, I., 2018, Identifying the preva-
lence of dysphagia among patients diagnosed with unilat-
eral vocal fold immobility. Orolaryngology—Head and Neck
Surgery, 160, 955-964.

Supporting Information

Additional supporting information may be found on-
line in the Supporting Information section at the end
of the article.

Supplementary Material



Copyright of International Journal of Language & Communication Disordersis the property
of Wiley-Blackwell and its content may not be copied or emailed to multiple sites or posted to
alistserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



