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Abstract.
BACKGROUND: Inducible laryngeal obstruction (ILO) describes an inappropriate narrowing of the larynx during breathing
in. ILO can lead to several respiratory symptoms and be misidentified and treated as asthma, with associated patient morbidity
and healthcare cost. ILO is also known as vocal cord dysfunction, or paradoxical vocal fold movement. The current reference
assessment tool for diagnosing ILO is a video-laryngoscopy. However, timely access to specialist diagnostic laryngoscopy
services may be challenging, and laryngoscopy may be poorly tolerated.
AIMS: The aim of this cross-sectional, two-stage feasibility study is to determine whether abnormal vocal fold movements
associated with ILO can be adequately visualised using trans-laryngeal ultrasound (TLUS) namely, the ILOTUS study: (ILO
assessment via trans- laryngeal ultrasound). The second aim is to compare TLUS with a reference standard diagnostic tool to
ascertain whether it may serve as a less invasive screening tool to assess ILO. Participants’ opinions about the acceptability
of TLUS will also be gathered and compared with responses to a validated symptom score questionnaire.
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METHODS: In stage one, healthy volunteers (n = 30) will undergo TLUS to assess whether the vocal folds can be visualised,
and whether narrowing of the vocal folds can be seen when they mimic ILO. Stage 2 will be conducted with a patient population
(n = 30) referred to a tertiary airways service for breathlessness assessment. Participants in stage 2 will undergo the reference
standard laryngoscopy as well as simultaneous TLUS. The level of agreement between TLUS and laryngoscopy will be
evaluated, as well as comparison of symptom scores.
DISCUSSION: This study will help inform future studies of the utility of TLUS in the assessment of ILO. This will be
valuable for understanding whether TLUS could be offered as a non-invasive option for patients in the assessment of ILO if
they are not able to tolerate or access laryngoscopy diagnostic services. It is not intended that TLUS will replace the current
reference standard of video-laryngoscopy but may have potential as an early screening tool if found to be non-inferior.
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1. Background

During inhalation, healthy vocal folds open to
maximise ventilation (Christensen et al., 2015 Bran-
catisano et al., 1983) (see Fig. 1). Inappropriate and
unexpected narrowing of the vocal folds, or structures
above the vocal folds (supraglottis) during inspira-
tion can lead to associated breathlessness known as
inducible laryngeal obstruction (ILO) (see Fig. 2).
ILO is also known as vocal cord dysfunction and
paradoxical vocal fold movement. ILO is reversible,
typically triggered by an inducer (e.g exercise, or
strong scents). (Christensen et al., 2015; Hull et al.,
2016; Hull & Haines, n.d 2022.). For this paper ILO
will be used throughout.

People with ILO often present with asthma-like
symptoms, (McDonald et al., 2019), which may
be treated as asthma, due to symptom similarity,
leading to a high medication burden and healthcare
usage, including unnecessary intubation (Balkissoon
& Kenn, 2012; Forrest et al., 2012; Hull et al., 2016;
Lee et al., 2020; Murphy et al., 2021). ILO can be
encountered independently of asthma (i.e. as a mimic
in a patient who does not have asthma), or exist as a
comorbidity of asthma in a quarter to a half of asthma
cases (Forrest et al., 2012; Lee et al., 2020), appear-

Fig. 1. Larynx during normal breathing.

ing as “difficult-to-treat” or “brittle” asthma, driving
an increase in oral steroid exposure and/or hospital
admissions (Balkissoon & Kenn, 2012; Leong et al.,
2022). Asthma affects approximately 5.4 million peo-
ple in the UK (Mukherjee et al., 2016), with annual
asthma care costing at least £1.1 billion. Some of
this is spent inappropriately and needlessly on treat-
ment of undiagnosed ILO symptoms (masquerading
as asthma), as patients with asthma and ILO access
healthcare services more than those with asthma
alone (Mukherjee et al., 2016; Murphy et al., 2021). A
prompt and accurate diagnosis of ILO has potential
to reduce healthcare and patient population burden
(Baxter et al., 2014; Christopher et al., 1983; Leong,
Gibson, et al., 2023a; Leong, Vertigan, et al., 2023;
Low et al., 2011). ILO has been identified as a national
and international clinical and research priority, due to
its clinical impact. (Leong, Vertigan, et al., 2023).

1.1. Prevalence

Research indicates between 32–50% of patients
with severe or difficult to control asthma may have
inspiratory adduction of the vocal folds on inspira-
tion. (Haines et al., 2022; Leong, Vertigan, et al.,

Fig. 2. Larynx demonstrating Inducible Laryngeal Obstruction.
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2023; Low et al., 2011; Newman et al., 1995), with
some studies estimating the prevalence of laryngeal
dysfunction to be as high as 75% in individuals with
asthma (Leong, Gibson, et al., 2023b; Low et al.,
2011).

Assessment for ILO necessitates a thorough and
systematic clinical assessment to evaluate for causes
of breathlessness and is well-described in the litera-
ture. (Haines et al., 2018; Hull et al., 2016; Hull &
Haines, n.d., 2022). Speech and language therapists
(SLTs) are key in the multi-disciplinary assessment
and treatment for ILO (Altman et al., 2000; Christo-
pher & Morris, 2010; Murry & Sapienza, 2010;
RCSLT, 2021). SLT intervention for ILO can reduce
health service utilisation and asthma medication use
and includes education and instruction on targeted
laryngeal control techniques (Haines et al., 2022;
Murphy et al., 2021). The true efficacy of SLT treat-
ment requires further robust and prospective study.
(Baxter et al., 2014; Haines et al., 2022; Mahoney et
al., 2022; R. R. Patel et al., 2015).

The current reference standard test for diagnosis
of ILO is a video-laryngoscopy whilst the patient is
experiencing symptoms, which may need to be pro-
voked, if not apparent at baseline assessment (Forrest
et al., 2012). However, accessibility, particularly at
short-notice to such services may be limited outside
of specialist centres, thus hindering diagnosis and
management. (Leong, Gibson, et al., 2023a; Leong,
Vertigan, et al., 2023; Percy et al., 2022).

Laryngoscopy is an invasive procedure, and
although it is associated with a low complication rate
(Dziewas et al., 2019), may be an unpleasant expe-
rience for some patients. It carries a considerable
financial burden and can be time-consuming. Data
from our own practice points to laryngoscopy being
resource- heavy due to factors such as estates, per-
sonnel and equipment required. Furthermore, post
COVID-19 service disruption has led to long-term
reduction in capacity for laryngoscopic-diagnosed
ILO. (Haines et al., 2020; RCSLT, n.d., 2020; Scian-
calepore et al., 2021; Tran et al., 2012).

Therefore, there is need for an effective, accessi-
ble, and well-tolerated screening tool for identifying
ILO. Exploratory studies for assessment of ILO using
TLUS in an exercise population (Giron Matute et al.,
2019) and for assessing upper airway responses dur-
ing mechanically assisted cough (Brekka et al., 2022)
show promise as a useful method for non-invasive
and accessible assessment of the upper airway, and
which would provide rationale for this study for
assessment of ILO in a different population thus far

non-studied, that being a severe asthma. (Nasser et al.,
2020).

Ultrasound assessment of laryngeal function via
TLUS has been described extensively within the liter-
ature in post-thyroidectomy populations (Allen et al.,
2021; Beale et al., 2020; Dedecjus et al., 2010; Fung
& Lang, 2021; Gambardella et al., 2020; Knyazeva
et al., 2018; Nasser et al., 2020; Noel et al., n.d.;
A. Patel et al., 2021; Rybakovas et al., 2019; Su et
al., 2022), and has been found to have high sensi-
tivity as a screening tool for vocal fold palsy. It is
also described as a valid and reliable real-time diag-
nostic tool (Allen et al., 2021; Nasser et al., 2020;
A. Patel et al., 2021), which is useful for the iden-
tification of airway patency and vocal fold mobility.
Further benefits include that it is cost-effective, safe,
rapid, painless, non-invasive, non-irradiating, non-
aerosol generating, widely available, (Beale et al.,
2020), well-tolerated and does not require sedation
or topical analgesia. Additionally, it may be accessed
in a timely, and convenient way for patients.

The proposed two-stage pilot and feasibility study
aims to determine whether TLUS can be a useful tool
in the screening assessment of the abnormal vocal
fold movements on inspiration seen in ILO.

2. Methods: Trial design

This protocol is designed with reference to the
Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) guidelines (2013)
(Chan et al., 2013). As a feasibility study, the proto-
col is also designed with reference to the CONSORT
(2010) statement: extension to randomised pilot and
feasibility trials (Eldridge et al., 2016).

This protocol describes a two-stage feasibility
study on two populations, with stage one involving
healthy volunteers, and stage two involving a conve-
nience sample of a patient population. In each stage,
the accuracy and acceptability of the TLUS procedure
will be assessed.

2.1. Primary aims

• To assess the sensitivity, specificity, positive and
negative predictive value of the use of ultrasound
in the assessment of ILO, using Laryngoscopy
as reference standard in the patient population
(n = 30)

• To establish technical elements that impact on
success of visualisation using ultrasound (e.g
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depth, gain, device pre-settings, and approach
used to assess vocal fold movements

• To investigate the patient and healthy volun-
teer perspectives on the acceptability of TLUS
assessment of the vocal folds

2.2. Secondary aims

• To provide recommendations to inform the
development of TLUS protocols and make sug-
gestions for further research for its use in
assessment of ILO, such as impact of age, gen-
der, BMI

• To inform the use of static and dynamic assess-
ment techniques using TLUS

• To evaluate the symptom scores of patients in
patients who have a diagnosis of ILO refuted or
confirmed

2.3. Participant recruitment

The study will take place at the host organisation,
which is a tertiary-level severe asthma and airways
service. Stage one of the study will recruit a popula-
tion of healthy volunteers employed within the host
organisation. Stage two will recruit a cross-sectional
sample of consecutive and eligible patients referred
for assessment of refractory and complex breathless-
ness, where laryngeal dysfunction is suspected.

2.4. Stage one: Healthy volunteers

A request for expressions of interest, along with
the healthy-volunteer information sheet and consent
form will be sent to the host organization’s respira-
tory department. Inclusion criteria for volunteers are
shown in Table 1.

2.5. Stage two: Patient population

All patients who attend for an initial consultation
in the Airways service who have suspected ILO and
who meet the eligibility criteria (see Table 1), will be
approached by the PI and be provided with a patient
information sheet at least 48 hours before the planned
procedure to see if they would wish to undergo TLUS
concurrently with laryngoscopy (usual care). Written
consent will be confirmed at the appointment for the
laryngoscopy (usual care for laryngoscopy), by the
PI.

Table 1
Inclusion and exclusion criteria

Healthy Patient
Volunteers Population
Inclusion criteria exclusion criteria

• No definite signs, symptoms of,
or known vocal fold paralysis

• Patients with a known
vocal fold pathology

• Uncontrolled
respiratory disease

• No symptoms of voice change
• No history of laryngeal or

anterior neck surgeries
• No history of laryngeal or neck

pathology
• Patient with known or

suspected history of head and
neck surgery

• No uncontrolled respiratory
disease

2.6. Equipment

2.6.1. Ultrasound equipment
The device used for this study will be the Vscan Air.

This consists of a dual-headed probe, which has both
a curved and linear array transducers. It is used with
an app that can be installed on AndroidTM or iOS®
mobile devices. The Linear array transducer will be
used for this study. This has a broad-bandwidth lin-
ear array: from 3 12 MHz with a centre frequency
of 7.7 MHz Number of elements: 192 Footprint:
40 mm × 7 mm (lens) and can achieve a depth of up
to 8 cm (GE Healthcare accessed on 14.10.22).

2.6.2. Laryngoscopy equipment
Laryngoscopy will be carried out using Olympus

CV170 HD/NBI Imaging system with Laryngograph
Endo Strobe 4K recording device and strobe stack
system, (Olympus Inc, Keymed, Southend-on-Sea,
UK).

2.7. Procedures

For both study populations, the PI, who is trained in
the TLUS procedure, will perform a TLUS scan using
the Vscan Air device following a protocol designed
by the PI.

2.8. Stage one

The scan will be performed to identify the
sonoanatomy including the thyroid cartilage and the
true and false vocal folds. When the vocal folds are
visualised, the healthy volunteer will be asked to
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Fig. 3. Simultaneous Layngoscopy and TLUS.

Fig. 4. Images of Vocal folds using ultrasound and schematic dia-
gram.

breathe normally, and then vocalise (by saying “ee”)
for a sustained period. They will then be asked to
breath hold (valsalva manoeuvre), then take a deep
breath in (3 trials). The PI will demonstrate how to
mimic ILO to the volunteer. The healthy volunteer
will then be asked to mimic ILO. Visualisation, or
otherwise, of both true and false vocal folds (right
and left), at baseline, during breathing, and when
mimicking ILO will be recorded.

To review inter-rater reliability, a proportion (30%)
of 10-second video recordings from the healthy vol-
unteers will be sent to both a study collaborator (JA)
and a Specialist Head & Neck Sonographer (SR)
securely (using GE’s system). To de-identify the data,
it will be pseudonymised.

2.9. Stage Two

For the patient population, who may have either
a confirmed diagnosis of asthma (co-morbid pop-
ulation), or have no objective evidence of, or
unconfirmed asthma, and are suspected of having ILO
(mimic population), the TLUS will be undertaken
concurrently with provocation video-laryngoscopy
(see Fig. 3), during which triggers are used to pro-
voke typical symptoms. Each patient will complete
the Newcastle Laryngeal Hypersensitivity Question-
naire, a validated symptom questionnaire (Vertigan
et al., 2014). All patients will attend laryngoscopy
(usual care) and will have a simultaneous TLUS per-
formed (see image below).

The PI will perform the TLUS whilst another
SLT completes the laryngoscopy (usual care) and the
laryngoscopy provocation protocol to induce typical
symptoms (RCSLT, 2021) The PI will take a note of
settings to achieve image acquisition (frequency in
MHz, the pre-set setting that was used, depth and
gain settings, approach (lateral or transverse), and
will take note of the success of visualisation and vocal
fold movements on a pseudonymised recording form.
Any other factors that are deemed useful to include to
help replicate findings and improve image acquisition
will be recorded by the PI.

The TLUS will consist of a scan of the larynx
to identify the main landmarks (hyoid bone, thy-
roid cartilage, arytenoid cartilages, vocal folds and
false vocal folds) (see Fig. 4). The PI and SLT laryn-
goscopy operators will be blinded to the images and
results of the other assessment (either TLUS or laryn-
goscopy). The screen for the laryngoscopy system
will be rotated away to be unobservable by the PI to
help minimise potential detection bias.
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If the patient finds assessment with simultaneous
laryngoscopy and TLUS too distressing, the TLUS
will be stopped. Following the procedure, the PI will
leave the clinical area to allow for debrief to occur
between the patient and the SLT.

For each patient, the results of the TLUS and laryn-
goscopy will be compared for outcome, with record
made of any false positive or negative results, along
with the success of being able to visualise both true
and false vocal folds (left and right) with TLUS. Fol-
lowing the procedure, the participants will be asked
by the PI to complete an electronic acceptability sur-
vey designed by the PI to gain feedback on their
experience.

After assessment and diagnosis, patients will con-
tinue along their usual care pathway, i.e. if ILO is
confirmed, they will be offered SLT intervention, and
if ILO is not confirmed, the patient will continue
along the medical management pathway. See Fig 5.
for participant flow diagram.

2.10. Fidelity

In the proposed study, fidelity will be ensured via
a number of methods including: appropriate training
of the PI in the use of TLUS assessment equipment
and the interpretation of results, use of a standardised
protocol, accurate record-keeping of results using a
standardised pro-forma, inter-rater reliability checks
of healthy volunteer data, and use of standardised data
analysis methods.

3. Data analysis

The outcomes of the TLUS and laryngoscopy
assessments in stage one and stage two will be
analysed using SPSS. For stage one, outcomes will
be whether the vocal cords can be visualised, and
whether mimicked ILO can be visualised. For stage
two, outcomes will be whether vocal cord movements
indicative of ILO can be visualised.

Two by two tables will be generated to calculate
values of sensitivity (whether a participant can be
confirmed as having ILO, or mimicked ILO) and
specificity (whether ILO, or mimicked ILO, can be
ruled out for a participant), and confidence inter-
vals for visualisation of the vocal folds using TLUS.
ROC curves will be calculated to demonstrate the
relationship between sensitivity and specificity and
the potential benefit of TLUS. Percentage agreement

between TLUS and laryngoscopy for confirmation
or non-confirmation of ILO will also be calcu-
lated, along with positive and negative predictive
values.

A true-positive finding would be the ability of
TLUS to detect impaired laryngeal movements on
inspiration, which concurs with abnormal move-
ments on laryngoscopy. A false-positive finding
would be the detection of abnormal movement on
TLUS when normal movement is visible on laryn-
goscopy. A true-negative finding would be accurate
detection of normal laryngeal movements by TLUS
imaging, which concurs with normal movements of
laryngoscopy. A false-negative finding would be the
detection of normal movements on TLUS, whilst
abnormal movements are visible on laryngoscopy.

Measurements of the distance between the ary-
tenoids, if available, for healthy volunteers and
patients during normal breathing, deep inspiration,
and during ILO (mimic in stage one and actual in
stage two), will be compared.

Numerical data from the acceptability question-
naires will be analysed using Microsoft Excel to
generate mean values and ranges. Qualitative ques-
tionnaire data will be analysed using thematic
analysis (Braun & Clarke, 2006), with themes gener-
ated to aid understanding of participants’ experiences
of the TLUS and laryngoscopy procedures.

4. Discussion

The purpose of this two-stage study is to assess
whether TLUS is a useful triage screening tool in
the assessment of ILO when compared to the current
reference standard test of video-laryngoscopy, and to
inform future studies on the diagnostic test accuracy
of laryngeal ultrasound.

The study aims to investigate the feasibility of
TLUS in the assessment of ILO in relation to the
accuracy and acceptability of the procedure, as well
as gathering data on variables which impact on
the success of TLUS visualisation. It also aims
to gather further patient data to inform TLUS
protocols (e.g. age and BMI) and data on varia-
tion in vocal fold movements in people with and
without ILO.

Diagnostic screening with TLUS may help identify
patients with asthma who also have ILO (comorbid
population), or patients whose symptoms of breath-
lessness have been misdiagnosed as having asthma
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Fig. 5. Participant flow diagram.

(mimic population). If this can be identified, this
may have the potential to help reduce healthcare util-
isation, allowing health resources to be used more
appropriately, and have potential significant impact
on morbidity for patients and their families, with
potential for significant patient benefit.

4.1. Future research

This is a feasibility study to inform a larger scale
investigation of the utility of TLUS in the screening of

ILO in patients with suspected ILO. Feasibility will
be assessed in line with a typology (Orsmond & Cohn,
2015) that looks at whether the following features
are effective: recruitment and sampling, procedures,
acceptability of the assessment, resources available,
and evaluation of the results.

Ethical approval: The study has been approved by
HRA and Health and Care Research Wales (HCRW),
IRAS project ID: 298631 Protocol number: n/a REC
reference: 22/NW/0209. Sponsor Lancashire Teach-
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ing Hospitals NHS Foundation. HRA and Health
and Care Research Wales (HCRW) Approval granted
27.07.22. Retrospectively registered on ClinicalTri-
als.gov Identifier: NCT05686941.

Harms: Any adverse effects and harm will be
recorded and assessed. If more than 60% of patients
in Stage two cannot tolerate dual procedures with
TLUS and laryngoscopy, the study will be discon-
tinued. There are no known risks to the patient in the
use of laryngeal Ultrasound. The treatment is non-
invasive and does not involve radioactive substances.
As the patient will be undergoing usual care, there is
no risk of missing an ILO diagnosis.

4.2. Roles and responsibilities

Contributors: CS, KB, LH, SR and RS were
responsible for the overall development of an ethi-
cally sound protocol, involved in the conception and
production of the study and the development of the
initial protocol. CS drafted the manuscript. CS, RS,
RG, SS and PL edited drafts of the manuscript and
contributed to critical revision and final approval of
manuscript.

4.3. Sponsor

Lancashire Teaching Hospitals NHS Foundation
Trust (LTHTR)

Name and contact information for the trial spon-
sor: Dr Kina Bennett, Lancashire Teaching Hospitals
Trust.

Funding

This study was partially funded by a bursary from
(£800) Council for Allied Health profession Research
(CAHPR), bursary for time to perform ultrasound
scan on 30 healthy volunteers. CAHPR will have no
input into the writing of the findings; the decision
to submit the report for publication. NIHR research
internship-funded time was used in the writing-up of
this manuscript.

Dissemination

Results will be disseminated through peer-
reviewed journals, presentation of scientific abstracts
at National and international conferences, and pre-

sentations in relevant conferences. There are no plans
to grant public access to the full protocol, participant-
level dataset, and statistical code.

Study end definition

The study will end when the last participant has
been completed and data has been collected. The
study will close early if it is found during Stage one
that ultrasound is not useful (limited successful view-
ings of the vocal folds i.e under 30% of vocal folds
visualised) in the assessment of vocal fold function.

The trial will be discontinued if the feedback from
patients is adverse for the experience of TLUS, or
in the case of any serious adverse events, such as
panic reaction to undergoing TLUS. There are not
anticipated to be any serious adverse effects, as the
TLUS is less invasive than usual care laryngoscopy.

Protocol amendments

Amendments to the protocol will be updated via the
integrated research application system amendment
tool.

Consent or assent

The PI will be responsible for collecting of consent
for both the healthy volunteers and the patient partic-
ipants. No biological specimens will be collected.
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study.

The study will be covered by the host organisations
indemnity scheme.
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