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Abstract

Purpose: To identify outcome measurement tools used to evaluate communication, voice and speech intelligibility in the

mechanically ventilated ICU population. Secondly, to evaluate, synthesise and compare the clinimetric properties of the

tools identified.

Materials and methods: A systematic review of articles was undertaken via electronic databases in two parts. Eligibility

criteria for selection: part one – quantitative or mixed methods studies which assessed communication, voice or speech

intelligibility; part two – studies which evaluated a clinimetric property for one of the tools identified in part one. Two

independent reviewers assessed articles for inclusion and used the consensus-based standards for health status meas-

urement instruments (COSMIN) risk of bias checklist.

Results: The part one search yielded five included studies comprised of eight outcome measurement tools. The part two

search yielded 22 included studies comprised of nine tools. Few studies had adequate reliability and measurement error

properties. No studies established responsiveness. A notable proportion of studies utilised tools that have no clinimetric

properties.

Conclusions: There is a relatively small number of studies which have established clinimetric properties for outcome

measurement tools that evaluate communication, voice and/or speech intelligibility, and a fewer number which have done

so in the mechanically ventilated ICU population.
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Introduction

Critically ill patients experience impaired communica-
tion, usually due to the presence of an endotracheal
tube or tracheostomy tube. About one-third of inten-
sive care unit (ICU) patients experience difficulty
communicating1 and half of the mechanically venti-
lated patients in ICU meet minimum criteria for com-
munication during sustained periods of wakefulness.2

Communication interventions have the potential to
enable patients to not only express their basic wants
and needs, but also to engage in conversations with
their loved ones and with health care professionals
about their care, such as, consent for procedures
and withdrawal of care which is an unfortunate reality
of a proportion of ICU admissions. A range of com-
munication interventions have been studied in this

population, including communication board, electro-
larynx, high-technology augmentative and alternative
communication (AAC) device, one-way valve in-line
with the ventilator and ventilator-adjusted leak speech
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(VALS).3–5 A recent systematic review of the feasibil-
ity, utility and safety of communication interventions
with mechanically ventilated ICU patients found that
while the level of evidence is generally low, there is a
promising signal that communication interventions
are feasible, have utility and are safe to perform in
this population.3. However, of the 48 included studies,
there was heterogeneity relating to the communica-
tion intervention and the outcome measurement tool
used. The majority of studies measured outcomes
using perceptual or subjective judgements.3 Higher
quality studies are required to establish how best to
provide intervention with critically ill patients who are
usually voiceless, and need speech pathology interven-
tion to facilitate communication and participation in
their healthcare.

Use of outcome measurement tools with estab-
lished clinimetric properties, such as validity and reli-
ability, is favourable over subjective clinical
judgements. A reliable and valid tool facilitates accur-
ate, reproducible and specific measurement of a
desired outcome. The utilization of outcome measure-
ment tools in healthcare is essential, for patients, clin-
icians and health services alike – to identify which
interventions are beneficial, which are not, to improve
clinical outcomes as well as service delivery and
appropriate resource management.6 For clinicians,
an assessment of the quality of outcome measurement
tools available provides guidance as to the most reli-
able and responsive to determine efficacy, progress
and utility of given interventions. This is beneficial
first and foremost for patients, and additionally for
the demonstration of the value-add of speech path-
ology in the ICU setting.

The communication needs of ICU patients are sub-
ject to change in a high-acuity setting, associated with
their medical instability and illness severity. Factors
such as fluctuating alertness and requirement for sed-
ation, ICU-acquired weakness, fatigue and cognitive
profile influence the choice and timing of particular
therapeutic interventions. In the absence of objective
outcome measurement tools, currently, clinicians,
researchers and patients have limited knowledge of
which therapeutic interventions add value, minimise
deterioration or restore function.

The aims of this systematic review were two-fold:
(1) to identify the outcome measurement tools utilised
in studies of critically ill mechanically ventilated
adults which evaluated communication function
and/or speech intelligibility and (2) to evaluate the
clinimetric properties of the outcome measurement
tools identified in part one.

Materials and methods

Protocol

The review was registered on PROSPERO
(CRD42019136852). The search for this systematic

review was conducted in two parts. Part one involved
the identification of outcome measurement tools
which have been used to evaluate communication,
voice or speech intelligibility in the mechanically ven-
tilated ICU population. Part two involved a second
search to identify studies that examined the clini-
metric properties of the measurement tools identified
in part one. The review design was consistent with
earlier published work in the ICU setting.7

Part one – Identification of measures

Medline, Embase, PsycINFO, Scopus and Web of sci-
ence electronic databases were searched by one
reviewer using a systematic, comprehensive and
reproducible search strategy, devised with the assist-
ance of a professional university librarian (see
Supplementary Figure 1). The search was last run
on 9 June 2019. Two independent reviewers deter-
mined eligibility against pre-determined criteria (see
Table 1). A list of outcome measurement tools was
generated from the results of part one.

Part two – Clinimetric properties of outcome
measurement tools

Medline, Embase, CINAHL and Web of Science elec-
tronic databases were searched by one reviewer using
a systematic, comprehensive and reproducible search
strategy, devised with the assistance of a professional
university librarian (see Supplementary Figure 2) with
the last search run on 25 July 2019. The study selec-
tion and data extraction followed the same method-
ology described for part one. Two independent
reviewers used relevant items of the COnsensus-
based Standards for the selection of health
Measurement INstruments (COSMIN) risk of bias
checklist to evaluate the methodological quality and
risk of bias of the included studies. The COSMIN
checklist is a standardised tool for assessing the
individual studies on measurement properties of
Patient Reported Outcome Measures (PROMs).8

Since its original development, the COSMIN check-
list was revised for use in systematic reviews of
PROMs seeking to assess risk of bias of studies on
measurement properties.9 The COSMIN comprised a
box for each measurement property which contains
standards to assess the quality of a study on that
specific measurement property, of which a score is
derived.8

Since this systematic review investigated clinician-
reported outcome measures, not patient-reported out-
come measures, reliability, measurement error,
hypothesis testing, criterion validity and responsive-
ness were the relevant items of the checklist. An over-
all quality score for each item was obtained by using
the lowest score recorded.9 Agreement between the
two reviewers was estimated using percentage agree-
ment and the kappa statistic.10
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Results

Part one – Identification of outcome
measurement tools

This search identified five included studies comprised
of eight outcome measurement tool (see Figure 1).
Seventeen studies met the exclusion criteria (see
Supplementary Table 1). Percentage agreement for
title and abstracts was 88% (k¼ 0.75) for full-text
was 94% (k¼ 0.88). The outcome measurement
tools identified from the included studies were the
Ease of Communication Scale (ECS)11,12 (n¼ 1),
Therapy Outcome Measure for Voice Impairment
(TOMS)13 (n¼ 1) Adapted TOMS14 (n¼ 1), ICU
Functional Communication Scale (ICU-FCS)13

(n¼ 1), Electrolarynx Effectiveness Score (EES)15,16

(n¼ 1), Assessment of Intelligibility of Dysarthric
Speakers (AIDS)15 (n¼ 1), Grade Roughness
Breathiness Asthenia and Strain Voice Profile
(GRBAS)13 (n¼ 1) and a Questionnaire17 (n¼ 1).
The characteristics of the included studies are sum-
marised in Table 2.

Part two – Clinimetric properties of outcome
measurement tools

Study selection and study characteristics. The aim of this
second search was to yield relevant articles which
examined the clinimetric properties of the outcome
measurement tools that were identified in the part
one search. As such, the search terms for part two
were only devised at the completion of the part one
review. The first iteration of this search did not yield
any relevant full-text articles. The search strategy was
subsequently revised to specifically include the out-
come measurement tools identified in part one, as
keyword phrases. This second iteration of the search
yielded 5217 records (see Figure 2). Twenty-two stu-
dies met the inclusion criteria (Table 3), including nine
outcome measurement instruments which included

the GRBAS13,18–28 (n¼ 12), TOM29 (n¼ 1), TOM-
AAC30 (n¼ 1), The Clinician Interview-Based
Impression (CIBI)31 (n¼ 1), Loewenstein
Communication Scale (LCS)32 (n¼ 1),
Questionnaire17 (n¼ 1), AIDS15,33,34 (n¼ 3), ICU-
FCS13 (n¼ 1) and EES15,16 (n¼ 2). Percentage agree-
ment for title and abstracts 90% (k¼ 0.78) and full-text
100% (k¼ 1). The characteristics of the included stu-
dies are summarised in Table 4.

Risk of bias results. Percentage agreement for risk of bias
assessment of included studies was 98% (k¼ 0.823).

Study results are summarised in Table 5.
According to the COSMIN risk of bias checklist,
4/9 (44%) outcome measurement tools utilised in
the included studies had ‘doubtful’ or higher quality
scores for at least one of the clinimetric properties
evaluated. Five of nine (55%) outcome measurement
tools did not have any established clinimetric proper-
ties. Six of nine (66%) outcome measurement tools
were studied in the ICU setting. Specifically,
GRBAS, AAC-TOM and TOM were studied in
alternative settings such as outpatient clinics. The
highest scored properties were reliability and meas-
urement error. For reliability, 4 of 22 studies were
rated ‘adequate’, 3 ‘doubtful’ and 15 ‘inadequate’.
For measurement error, 4 were ‘adequate’, 1 ‘very
good’, 2 ‘doubtful’ and 15 ‘inadequate’. Criterion
validity was not adequately established in any of
the included studies, with only 1 study rated ‘very
good’, 8 ‘doubtful’ and the remaining 13 ‘inad-
equate’. Hypothesis testing was rated ‘adequate’ in
only 1 study, ‘doubtful’ in one study and the remain-
ing 20 were rated ‘inadequate’. None of the 22
included studies established responsiveness, with
‘inadequate’ ratings for all. The GRBAS scale
scored the highest for reliability and measurement
error overall. No clinimetric properties were estab-
lished for 5/9 (55%) of tools (AAC-TOM, AIDS,
EES, ICU-FCS, or the Questionnaire17). The quality

Table 1. Part one: pre-determined inclusion and exclusion criteria.

Characteristics Inclusion Exclusion

Design Quantitative and mixed-methods study

designs, randomised control trials, cohort

studies, case–control studies, case series

Studies not published in a peer-reviewed

journal, descriptive commentary

(reviews, editorials, narratives),

conference abstracts

Participants Adults >18 years of age, admitted in the

intensive care unit, mechanically ventilated

at the time of participation in the study

Intervention Communication interventiona

Outcome measurement

instruments

Primary outcome measure related to com-

munication, voice and/or speech

intelligibility

Publication English language

No date restrictions

aAn intervention which facilitates communication.
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Records identifiedthrough
database searching

(n=5,217)

Records screened after
duplicates removed

(n=2,018)

Paediatric (n=648)
Language otherthan English (n=245)

Non-relevant content (n=1,125)

Records articlesassessed
for eligibility

(n=32)

Primary outcome measure was not
communication, voice or speech

intelligibility (n=11)

21 includedstudies
(9 different outcome measurement tools)

Records identified through
handsearching

(n=11)

Figure 2. Part two: PRISMA diagram. PRISMA: preferred reporting items for systematic reviews and meta-analyses.

Records identified through  
database searching 

(n=5,272) 

Records screened after 
duplicates removed 

(n=3,223) 

Paediatric (n=148) 
 Language other than English (n=100)  

Non-relevant content (n=2,948) 

Records articles 
assessed for eligibility 

(n=24) 

Study design only (n=3) 
Non-full text article (n=3) 

Participants not mechanically ventilated (n=1) 
Primary outcome measure was not communication, 

voice or speech intelligibility (n=12) 

5 included studies  
(8  different outcome 
measurement tools) 

Figure 1. Part one: PRISMA diagram. PRISMA: preferred reporting items for systematic reviews and meta-analyses.

Table 3. Part two: pre-determined inclusion and exclusion criteria.

Characteristics Inclusion Exclusion

Design Quantitative and mixed-methods study

designs, randomised control trials, cohort

studies, case–control studies, case series

Studies not published in a peer-reviewed

journal, descriptive commentary (reviews,

editorials, narratives), conference

abstracts

Participants Adults >18 years of age in the Intensive Care

Unit, mechanically ventilated at the time of

participation in the study

Intervention Did not form part of the eligibility criteria

Outcome measurement

instruments

Primary outcome measure related to

communication, voice and/or speech intel-

ligibility; assessment of clinimetric proper-

ties of an outcome measurement

instrument identified in part one

Publication English language

No date restrictions
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ratings were based on clearly outlined questions in
the COSMIN risk of bias checklist, per clinimetric
property, including design requirements, statistical
methods and other.9

Discussion

Part one of this systematic review identified just five
studies in which communication was a primary out-
come. The main finding of part two was that the
majority of the identified outcome measurement tools
either do not have established clinimetric properties or
have not been examined in the critical ill population
who have an artificial airway. To the authors know-
ledge, this is the first systematic review which has
examined the clinimetric properties of outcome meas-
urement tools used to measure communication, voice
and speech intelligibility in the ICU. As such, compari-
son with earlier work is not possible.

While currently without the examination of clini-
metric properties, the ICU-FCS appears promising as
an outcome measurement instrument for the verbal
ICU patient, whether phonation be achieved by
above cuff vocalisation,13,14 VALS35,36 or one-way
valve in-line with the ventilator.37,38 The LCS was
studied in patients who suffered traumatic brain
injury in order to differentiate minimally responsive
patients from those in a vegetative state. The LCS was
found to have ‘adequate’ reliability and measurement
error according to the risk of bias assessment, and the
LCS scores generated were found to predict individual
communication rehabilitation potential (p¼ 0.002)
which indicates a strong signal. The generalisability
of this tool in conscious patients without traumatic
brain injury or neurological impairment is currently
unknown. The included studies identified outcome
measurement tools with sound clinical bases; how-
ever, very little is known about their properties and
this suggests questionable accuracy of their use in this
population overall. Establishing clinimetric properties
of an outcome measurement tool are essential, to
ensure that the results of measurement are accurate,
reproducible and consistent.

The strength of this review was the systematic and
reproducible search strategy which was devised in
conjunction with a senior academic librarian from
the University of Melbourne. No limits were applied
to the publication date within the search which
enabled relevant articles to be included as early as
1981. The data extraction process and the utilisation
of a high-quality risk of bias assessment tool which
have been applied to other reviews of tools in the ICU
setting.7 While every effort was taken to maintain the
scientific rigour of this systematic review, search strat-
egy was limited to English only and as a result some
articles may have been missed. The COSMIN risk of
bias checklist dictates users to rate the overall quality

based on the lowest score and, there may be instances
where tools were underrated as a result. Lastly, the
authors did not attempt to contact authors of the
included studies for missing data or clarification
thereof, which may have contributed to the risk of
bias checklist scoring.

Recommended future directions are three-fold: (1)
to establish clinimetric properties for outcome meas-
urement tools that currently lack these, e.g. ICU-FCS
(2) to adapt and examine outcome measurement tools
in the ICU population, e.g. GRBAS or (3) develop an
outcome measurement tool that has robust clinimetric
properties and considers the ICU environment and
critically ill population. A reliable and sensitive tool
would facilitate accurate measurement of the efficacy
of speech pathology interventions in the critically ill
and drive improvement in clinical outcomes in this
highly vulnerable population.

Conclusion

This systematic review found few outcome measure-
ment tools that have been used to assess communica-
tion outcomes with mechanically ventilated patients
in ICU. Furthermore, the quality of these tools in
the ICU setting has not been widely established. The
adaptation and examination of existing tools in the
ICU setting or the development and testing of a com-
prehensive outcome measurement tool evaluating
communication, speech intelligibility or voice of
critically ill patients would be beneficial for patients,
clinicians and researchers.
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