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a b s t r a c t

Background: A purpose-built outcome measure for assessing communication effectiveness in patients
with an artificial airway is needed.
Objectives: The objective of this study was to develop the Communication with an Artificial airway Tool
(CAT) and to test the feasibility and to preliminary evaluate the clinical metrics of the tool.
Methods: Eligible patients with an artificial airway in the Intensive Care Unit were enrolled in the pilot
study (Crit-CAT). The CAT was administered at least twice before and after the communication inter-
vention. Item correlation analysis was performed. Participant and family member acceptability ratings
and feedback were solicited. A qualitative thematic analysis was undertaken.
Results: Fifteen patients with a mean age of 53 years (standard deviation [SD]: 19.26) were included. The
clinician-reported scale was administered on 50 attempts (100%) with a mean completion time of 4.5
(SD: 0.77) minutes. The patient-reported scale was administered on 46 out of 49 attempts (94%) and took
a mean of 1.5 (SD: 0.39) minutes to complete. The CAT was feasible for use in the Intensive Care Unit,
with patients with either an endotracheal or tracheostomy tube, whilst receiving invasive mechanical
ventilation or not, and while using either verbal or nonverbal modes of communication. Preliminary
establishment of responsiveness, validity, and reliability was made. The tool was acceptable to partici-
pants and their family members.
elberg, Victoria, 3084, Melbourne, Australia.
aga).

Nurses Ltd. Published by Elsevier Ltd. All rights reserved.
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Conclusion: The clinician-reported and patient-reported components of the study were feasible for use.
The CAT has the potential to enable quantifiable comparison of communication interventions for patients
with an artificial airway. Future research is required to determine external validity and reliability.

© 2023 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. All rights reserved.
1. Background

Three-quarters of patients admitted to the intensive care unit
(ICU) attempt to communicate.1 However, patients with an arti-
ficial airway (an endotracheal or tracheostomy tube) experience
natural communication restriction, including loss of voice. This
can lead to overwhelming frustration, anxiety, and reduced
engagement in rehabilitation.2e4 The communication impairment
experienced is influenced by a constellation of factors, including
the medical, physical, and cognitive status, the presence of fatigue
and delirium and the artificial airway.5 There can be a profound
reduction in patients' independence and ability to connect with
others. Healthcare professionals tend to guess what patients want
and communicate less often with them.6e8 An unequal balance of
power exists between nonverbal patients attempting to commu-
nicate with healthcare professionals. Patients' communication is
impacted by the communication methods used, the patient's
needs and skills, the communication partner(s), the communica-
tion style of both the patient and the communication partner, and
the ICU environment.9e11

There are no patient- or clinician-reported outcomes that are
purpose built for evaluating communication effectiveness of criti-
cally ill patients with an artificial airway.9 Assessment of commu-
nication effectiveness should be part of routine daily care but
requires an appropriate tool. To date, studies evaluating commu-
nication in this population have utilised tools that are not built-for-
purpose, not validated in this population, and that have not been
developed considering the patient perspective.9

2. Objectives

We developed a novel two-component clinician- and patient-
reported outcome measure, the Communication with an Artificial
airway Tool (CAT), that prioritises the patient's perspective, in
addition to traditional clinician-driven measures. The CAT aims to
(i) measure communicative effectiveness and function; (ii) measure
patient-reported satisfaction with their communication; and (iii)
inform progression of clinical care. This pilot study (Crit-CAT)
sought to assess the feasibility, validity, reliability, and respon-
siveness of the CAT in a single ICU of a tertiary academic hospital in
Australia. We also evaluated participant and family member
acceptance of the tool. We hypothesised that the pilot study would
demonstrate preliminary responsiveness and feasibility of the CAT.

3. Methods

3.1. CAT development

The CATwas developed by amultiprofessional group comprising
nurses, speech pathologists, and physicians with extensive experi-
ence with communication assessment and interventions, critical
care, and clinical research. The group met via videoconference in
January 2022 and continued to correspond via email to refine the
scale. The items included in the CAT were based on the recently
defined key elements of effective communication.8 The CATconsists
of a clinician-reported scale and a patient-reported scale.
3.2. The clinician-reported scale

The clinician-reported scale has six rating items (and compo-
nents): (i) Comprehension (Basic and Complex); (ii) Output (Content
and Clarity); (iii) Rate; (iv) Quantity; (v) Duration; and (vi) Inde-
pendence (Initiation, Set Up, and Use). A short series of questions is
used to facilitate the elicitation of a communication sample from
the patient. This is then rated by a healthcare professional to derive
a score of communication effectiveness (See Fig. 1). The clinician-
reported scale is scored from 0 to 3 per for each item and/or
component therein, whereby 0 ¼ no response and 3 ¼ an effective
response. The maximal total score is 30, with minimal total score of
0. The scoring represents the continuum of effective communica-
tion described in a previous study.8 Two revisions weremade to the
scale, one based on participant feedback (see Supplementary
Material e1). As such, the maximum total score for some CAT ad-
ministrations, before the revision, was 27. The scale protocol and
detailed description of the rating items and scoring guide can be
found in the Appendix.

3.3. The patient-reported scale

The patient-reported scale comprises three rating items: (i)
Ease; (ii) Satisfaction; and (iii) Effort. Using the CAT, a patient rates
the degree of ease of communication, the degree of satisfaction
with their communication, and the degree of effort required for the
patient to communicate using a given communication intervention
(See Fig. 1). This patient rating was based on communication eli-
cited during the clinician-reported scale administration of the CAT.
The patient-reported scale is scored from 1 to 10 per rating item
and incorporates the use of colour and emojis to support the
written word descriptions. One (rating description in red with a
frowning face emoji) is the worst score, five (orange) is a neutral
score, and ten is the best score (green with a smiling face emoji).
The maximal total score is 30, and the minimal total score is 0. One
revision to the scale was made based on participant feedback (see
Supplementary Material e1).

3.4. The Crit-CAT pilot study

The pilot study was approved by the hospital ethics committee
HREC/84457/Austin-2022. The study was conducted from August
2022 to January 2023 in the Austin Hospital general ICU. Partici-
pants were recruited during weekdays only. The inclusion criteria
were: (i) adults aged �18 years; (ii) presence of an artificial
airway; (iii) if an endotracheal tube in situ receiving mechanical
ventilation for >48 h and expected to continue mechanical
ventilation for at least a further 48 h; (iv) sufficiently alert (Rich-
mond Agitation and Sedation score12 between �1 and þ1); and (v)
able to engage in communication intervention(s) as determined by
the treating speech pathologist(s). This was defined as patients
who could maintain eye opening for at least 10-min intervals. For
pragmatic reasons, patients were excluded if they were non-En-
glish speakers.

Patient demographic data were collected including age, gender,
Aboriginal and Torres Strait Islander background, Acute Physiology



Fig. 1. Communication with an Artificial airway Tool (CAT).

C.J. Zaga et al. / Australian Critical Care 37 (2024) 127e137 129



C.J. Zaga et al. / Australian Critical Care 37 (2024) 127e137130
and Chronic Health Evaluation II score, Charlson Comorbidity In-
dex, and body mass index recorded at the time of ICU admission or
most recently recorded in relation to timing of enrolment in the
study.

3.5. Procedure

Routine speech pathology care was provided by five ICU-
trained speech pathologists. The cognitiveecommunication
evaluation incorporated acknowledgement of the patient's
cognitiveecommunicative premorbid history, current baseline
function, and their ability to engage with interventions including
determining the patient's demonstrable intent to communicate
and/or responsiveness to communication stimuli. The type of
artificial airway, respiratory support required, physical capability
(visual tracking, upper limb strength and dexterity), and patient
goals and preferences guided the selection of communication in-
terventions trialled with the patient (See Supplementary Material
Table e2).

One or both speech pathologists (CJZ and CSP) administered the
CAT independently of routine speech pathology assessment. To
determine responsiveness to change in performance and patient-
reported outcomes, the CAT was administered at least twice, at
the baseline and when there was a change in wakefulness as
measured by the Richmond Agitation and Sedation Scale or a re-
ported commencement or change in communication intervention
documented in the electronic medical record. Where applicable,
videorecording was performed via a smartphone or a smart tablet.
The Confusion Assessment Method-ICU13 score, a screening mea-
sure for the presence of delirium, which is routinely collected once
per shift by nursing staff, was recorded for each shift when the CAT
was administered.

3.6. Clinical metrics

As a gold standard reference measure was not available at the
time of this pilot study,5,9 clinical validity was determined by the
degree in which the participant's overall clinician-reported scale
scores (out of 30) corresponded with the overall clinical impression
of the treating speech pathologist(s) who were blinded to the
scores.

Content validity was determined through participant feedback
relating to the priority assigned to each rating tool and how well
the tool covered all relevant parts (rating items) of the construct of
effective communication.5

Responsivenesswas determined by the extent the toolmeasured
change or by the lack of change over repeated administrations and
how this corresponded with the overall clinical impression of the
treating speech pathologist(s), who were blinded to the scores.

Inter-rater reliability was measured by two speech pathologists
(CJZ and CSP) who were blinded to each other's rating of the same
communication episode.

Feasibility was determined by evaluating the ability of users to
practically administer the CAT in the target population and setting.
We measured the proportion of completed administrations versus
attempted administrations, the different artificial airway types,
respiratory status, and communication methods used by partici-
pants with whom it was possible to administer the CAT, and the
time taken to administer the CAT.

Patient acceptance of the CAT and feedback on their experience
communicating with an artificial airway was sought, using a
modified questionnaire (see Supplementary Material e3), based on
published works.14,15
3.7. Statistical analysis

Descriptive statistics were used to report demographic charac-
teristics. Continuous variables are summarised as mean (standard
deviation [SD]) or median (interquartile range), depending on data
distribution and categorical variables as proportion. We used
Spearman's rho test to examine correlations between rating items,
and between individual rating items and participant total scores to
preliminarily guide item reduction since the sample size was too
small to conduct factor analysis. We performed crosstabulation of
frequencies to examine the relationships between clinical condi-
tions (e.g., delirium) and rating items or components (e.g., basic
comprehension). Gamma was used to test the level of association
for ordinal variables (e.g., between output [content] and
delirium) and Fisher's exact test for variables where only two cat-
egories were observed (e.g., between basic comprehension and
delirium). A linear mixed model with the participant as a random
effect was used to compare total scores between subgroups. IBM
SPSS® Statistics for Windows, version 29 (IBM Corp: Armonk, NY)
was used.

3.8. Thematic analysis

Qualitative thematic analysis16 was undertaken to identify
common themes from participant feedback on the CAT and the
participants' experience of communicatingwith an artificial airway.

4. Results

Patient demographics are shown in Table 1. Eighteen adults
were enrolled, and 15 participated in the pilot study (Fig. 2). Par-
ticipants underwent n ¼ 50 administrations of the clinician-
reported scale and n ¼ 46 administrations of the patient-reported
scale.

4.1. Clinician-reported scale

Following the revision of the clinician-reported scale, an addi-
tional rating item component was included meaning denominators
were different for this result.

4.2. Feasibility

The CAT was able to be deployed in the ICU setting in patients
with an artificial airway on 100% of occasions (Table 2). There were
almost equal numbers of occasions of participants who used a
verbal versus nonverbal communication mode (n ¼ 26 vs n ¼ 24,
respectively), and no difference was there between the communi-
cation mode (verbal or nonverbal) and the participant total score
(p ¼ 0.769).

4.3. Responsiveness

Multiple CAT administrations on the same participants were
collected, generating 22 comparative scores, which were analysed
for responsiveness. Six participants used one communication
method, and nine participants used two communication methods
(Table 3). The mean time between the 1st and 2nd administrations
was 2.4 (SD: 1.92) days with a mean of 12 (SD: 7.81) days between
the 2nd and 3rd administrations. Other factors that influenced the
timing of repeat administration included fluctuating clinical status,
occasions of reduced access to patients due to nursing or other care,
and no weekend study activity. The CAT was responsive to change,



Table 1
Patient demographics.

Demographics n (CAT admins) Mean (SD) % (CAT admins)

Age 15 53.1 (19.3)
Male 11 73.0
Aboriginal and Torres Strait Islander status 0
APACHE II score 15 14.1 (5.2)
Charlson Comorbidity Index 15 2.5 (2.9)
Body mass index 14 24.7 (4.1)
Admission unit
Cardiac surgery 1
Ear, nose and throat surgery 2
Neurology 2
Neurosurgery 1
Oral-maxillo-facial surgery 3
Spinal 4
Thoracic surgery 1
Victorian respiratory support service 1

Pre-hospital location
Home 8 53.3
Acute hospital transfer 7 46.7

Pre-hospital employment
Working 10 66.7
Not working 4 26.7
Unknown 1 6.7

Pre-morbid level of function
Independent 14 93.0
Home with carer assistance 1 7.0

CAM-ICU
Positive 3 (7) 14.0
Negative 12 (43) 86.0

Respiratory and airway status
Mechanically ventilated 6 (14) 28.0
Spontaneously ventilated 12 (36) 72.0
Endotracheal tube 2 13.0
Tracheostomy tube 13 87.0

APACHE ¼ Acute Physiology and Chronic Health Evaluation; CAM-ICU ¼ Confusion Assessment MethodeIntensive Care Unit; CAT ¼ Communication with an Artificial airway
Tool; SD ¼ standard deviation.
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and the correlation with change was reported by the treating
speech pathologist(s) who was blinded to the CAT scores (see
Table 2). An improvement in communicative effectiveness corre-
sponded with a progression of communication intervention and/or
clinical impression (Supplementary Material e4).

4.4. Clinical validity and correlational analysis of the clinician-
reported scale

Clinical validity was established through agreement between
the overall total clinician-reported scale scores and the reported
clinical diagnoses and impressions made by the treating speech
pathologist(s) whowere blinded to the Crit-CAT study (see Table 3).
The construct of effective communication, as previously defined,8

was assessable in the pilot sample, with agreement between the
CAT and the presence of absence of dysarthria, dysphonia,
cognitiveecommunicative impairment, or aphasia diagnoses via
screening through the communication sample where applicable.
All participants who had a positive confusion assessment meth-
odeintensive care unit (CAM-ICU) score indicating the presence of
delirium were also recorded to have had a cognitivee
communicative impairment (n ¼ 3) by the treating speech pa-
thologist(s) (see Table 2). Correlations between rating items are
described in Supplementary Material e5. Patients with delirium
presented with less effective communication on the CAT.

4.5. Content validity

Content validity was established through participant feedback
(n ¼ 5) that the content of both the clinician-reported and patient-
reported scales in the CAT is inclusive of the construct of effective
communication with an artificial airway8 with patients who had
viewed and used the scale (See Table 2 and SupplementaryMaterial
e Table e6).

4.6. Inter-rater reliability

Two speech pathologists (CJZ and CSP) independently rated nine
out of 50 (18%) tool administrations to determine the inter-rater
reliability. Agreement was achieved for 87 of the 89 (97.75%) of
items rated. Discussion and clarification were sought for the two
outstanding items; specifically, if rate using awhiteboard should be
determined based on how the rate compares with voice production
or compared with the expected rate that a personwould write on a
whiteboard. As a result of this discussion, the user guide was
revised to minimise ambiguity (see Appendix). Six out of 15 (40%)
participants declined videorecording of their communication.
Three out of 15 (20%) participants could not provide verbal consent
for videorecording of their communication at the time of CAT
administration due to presence of delirium and inability to contact
their medical treatment decision maker in a timely manner to
coincide with their clinical suitability to participate (e.g., suffi-
ciently alert).

4.7. Patient-reported scale scores

The patient-reported scale was administered on 46 out of 49
(94%) attempts. Three attempts were not completed due to a par-
ticipant's inability to engage with the scale due to delirium and
another who declined due to increasing fatigue. The comparison of
overall total scores over time can be viewed in Supplementary
Material e7.



Fig. 2. Consort diagram.
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4.8. Participant and family feedback and acceptability of the scale

Five participants agreed to provide feedback on the CAT. Two
participants' family members provided general comments on their
perceptions of the study and the participants' communication with
an artificial airway. Thematic analysis of the participants' feedback
revealed the following themes relating to the experience of
communicating with an artificial airway: (i) the importance of the
ability to express oneself and be understood; (ii) the importance of
the ability to be proactive with one's healthcare; (iii) the initial dif-
ficulty with communication was a part of the process of recovery;
(iv) the impact of being dependent on someone else to set up a
communicationmethod; and (v) the impact of social interactions on
recovery (See Supplementary Material e Table e8). Two themes
arose relating to participants' perception of the CAT: (i) the belief
that the CATwill help the patient or someone like them in the future
and (ii) in contrast, reduced memory recall of the CAT in order to
provide specific feedback. Based on the feedback received, the CAT
was considered acceptable to participants and their families.

5. Discussion

We provide a preliminary clinical evaluation of the CAT, which is
the first outcome measure designed to assess the effectiveness of
communication in patients with an artificial airway. The results of
the CRIT-CAT pilot show that both the clinician-reported scale and
the patient-reported scale of the CAT were feasible to administer.
Preliminary establishment of clinical metrics included clinical val-
idity, content validity, responsiveness, and reliability. The CAT was
acceptable to both critically ill participants and their families. The
CAT was brief and simple to use and was successfully deployed in
the critical care environment during this pilot.

This pilot study demonstrated that it is feasible for patients
with an artificial airway to participate in self-reporting and pro-
vide real-time feedback on their level of function and clinical
status, which previous research has found to be challenging,
particularly in reporting pain.17,18 The scale could be administered
in participants with different artificial airway types and commu-
nication modes (verbal and nonverbal) as well as multiple types of
communication interventions (Augmentative and alternative
communication (AAC)- and tracheostomy-related communication
interventions). Previous studies have indicated overall low but
emerging use of verbal communication methods while being
mechanically ventilated.19,20 In this study, mechanically ventilated
patients used both nonverbal and verbal methods to communicate
suggesting communication interventions are safe, feasible, and
have utility in the critically ill population.21 The CAT scores agreed
with the clinician diagnosis of presence or absence of
communication-related diagnoses and agreed with the CAM-ICU
in identifying the presence of delirium in three participants over
seven administrations. These findings indicate that the CAT has
clinical utility for clinicians to measure clinical change over time



Table 2
Summary of preliminary clinical metrics.

Feasibility Clinical validity Content validity Responsiveness Inter-rater reliability

Clinician-reported scale was
completed on all 50 attempts
(100%)

Rating item scores corresponded to
the clinical impression of the
treating speech pathologist(s).
Including lower score for Clarity
and presenting with dysarthria.

Three of five participants agreed to
rate the degree of importance of the
rating items and components
within both the clinician-reported
and patient-reported components
on a four-point scale ranging from
critical to lower priority.

Measured change over time, where
change was recorded by the
treating speech pathologist(s) who
was blinded to the CAT scores

9 of 50 (18%) of attempts were rated
independently by two speech
pathologists via seven occasions at
the bedside and two occasions via
videorecording.

Clinician-reported scale had a mean
completion time of 4.5 (SD: 0.77)
minutes

Two participants who were
clinically recorded to have
presented with aphonia, scored a 1
for Clarity over two observations,
compared with 45 occasions (94%)
without aphonia recorded where
the Clarity rating was 2 or 3
(p ¼ 0.133).

Nine out of 10 items were rated
between critical and high-priority by
all patients. One item was rated as
high-lower priority by one patient.

Fourteen of /22 (64) of repeated
overall total scores indicated
improvement in communicative
effectiveness, which corresponded
with a progression of
communication intervention and/
or clinical recommendations as
assessed by the treating speech
pathologist(s)

Agreement was achieved for 87 of
89 (98%) of items rated

Patient-reported scale was
completed on 46 of 49 attempts
(94%)

Seventy-one percent of participants
with delirium received a score of 2
for Content, compared with 77% of
participants without delirium who
scored a 3 for Content (p ¼ 0.011).

One participant reported that he
could not recall the tool, while the
other responded that he did not
know how to answer the questions
asked.

Six of 22 (27%) of repeated overall
total scores did not change,
corresponding with no reported
change in presentation

Patient-reported scale had a mean
completion time of 1.5 (SD: 0.39)
minutes

Seventy-one percent of
observations of participants with
delirium scored a 3 for Basic
Comprehension, and 29% scored a 2,
compared with 100% of
observations of participants
without delirium who scored a 3
(p ¼ 0.017).

One of 22 (4.5%) of repeated overall
total scores worsened,
corresponding with a reported
deterioration in clinical
presentation

CAT was administered with
patients

� with either an endotracheal tube
(n ¼ 2) or tracheostomy tube
(n ¼ 13)

� of either sex (male n ¼ 11, female
n ¼ 4)

� using invasive mechanical
ventilation (n ¼ 3) spontaneous
ventilation (n¼ 6) or both (n¼ 3)

� using either verbal (n ¼ 3) or
nonverbal (n ¼ 7) modes of
communication or both (n ¼ 3)

� Using a range of communication
interventionsdAAC and
tracheostomy-related (n ¼ 6)

Just under half of participants with
delirium (43%) scored 3 for Complex
Comprehension, and 57% scored 2,
compared with 98% of occasions of
participants without delirium who
scored a 3 (p ¼ 0.001).

One of 22 (4.5%) of repeated overall
total scores was variable, which
corresponded with a variable
clinical presentation

AAC ¼ Augmentative and alternative communication; CAT ¼ Communication with an Artificial airway Tool; SD ¼ standard deviation.
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Table 3
Clinician-reported scale: Comparison of total scores. Explanatory notes: Following the revision of the clinician-reported scale, an additional rating item component (Content) was included. That meant that denominators were
different for this result.

Participant Communication
mode/Method

1st administration 2nd administration 3rd administration Days
between
admin

Overall

1st score Treating speech
pathologist's
impression

RASS
score

CAM-ICU
score

2nd
score

Treating speech
pathologist's
impression

RASS
score

CAM-ICU
score

3rd
score

Treating
speech
pathologist's
impression

RASS
score

CAM-ICU
score

1 Nonverbal/
mouthing

21/27 Limited assessment
due to cuff inflation;
moderate dysarthria
suspected

0 Negative 23/27 Limited assessment
due to cuff inflation;
mild dysarthria
suspected

0 Negative N/A N/A N/A N/A 2 Improvement

1 Nonverbal/
partner-assisted
scanning with
alphabet board

17/27 Limited assessment
due to cuff inflation;
moderate dysarthria
suspected

0 Negative 18/27 Limited assessment
due to cuff inflation;
mild dysarthria
suspected

0 Negative N/A N/A N/A N/A 2 Improvement

2 Verbal/one-way
valve off the
ventilator

21/30 Moderate cognitive
ecommunicative
impairment

þ1 Positive 26/30 Moderate cognitive
ecommunicative
impairment

þ1 Positive N/A N/A N/A N/A 1 Improvement

3 Nonverbal/
whiteboard

23/30 Limited assessment
due to ETT; nil gross
impairment but slowed
informational
processing as sedative
agent weaned
30 min prior to CAT
administration

�1 Negative 26/30 Limited assessment
due to ETT; nil gross
impairment but
improved informational
processing and rate of
communicating

0 Negative N/A N/A N/A N/A 1 Improvement

4 Nonverbal/
whiteboard

28/30 Limited assessment
due to cuff inflation;
severe dysarthria
suspected

0 Negative 26/30 Limited assessment
due to cuff inflation;
severe dysarthria

�1 Negative N/A N/A N/A N/A 1 Reduction

5 Nonverbal/
partner-assisted
scanning with
alphabet board

21/30 Limited assessment
due to cuff inflation;
mild dysarthria
suspected

0 Negative 21/30 Limited assessment
due to cuff inflation;
mild dysarthria
suspected

0 Negative N/A N/A N/A N/A 1 No change

5 Verbal/one-way
valve off the
ventilator

18/30 Aphonia 0 Negative 26/30 Mild dysphonia 0 Negative 27/30 Resolved
dysphonia

0 Negative 7 and 2 Improvement

6 Nonverbal/
QWERTY layout
alphabet board

20/30 Anarthric 0 Negative 20/30 Anarthric 0 Negative N/A N/A N/A N/A 2 No change

7 Verbal/one-way
valve off the
ventilator

25/30 Moderate cognitive
ecommunicative
impairment

0 Positive 26/30 Moderate cognitive
ecommunicative
impairment

�1 Positive N/A N/A N/A N/A 7 Improvement

7 Nonverbal/
whiteboard

26/30 Moderate cognitive
ecommunicative
impairment

0 Positive 26/30 Moderate cognitive
ecommunicative
impairment

�1 Positive N/A N/A N/A N/A No change

8 Nonverbal/
partner-assisted
scanning with
alphabet board

21/30 Limited assessment
due to ETT

0 Negative 23/30 Limited assessment
due to ETT

0 Negative N/A N/A N/A N/A 2 Improvement

9 Nonverbal/
whiteboard

26/30 Limited assessment
due to cuff inflation;
Severe dysarthria
suspected

0 Negative 26/30 Limited assessment
due to cuff inflation;
Severe dysarthria
suspected

0 Negative N/A N/A N/A N/A 3 No change
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10 Nonverbal/
mouthing

24/30 Limited assessment
due to cuff inflation

�1 Negative 24/30 Limited assessment
due to cuff inflation

�1 Negative N/A N/A N/A N/A 1 No change

10 Verbal/one-way
valve off the
ventilator

25/30 Mild dysphonia �1 Negative 27/30 Slight dysphonia 0 Negative 27/30 Resolved
dysphonia

0 Negative 1 and 6 Improvement

11 Nonverbal/
whiteboard

27/30 Limited assessment
due to cuff inflation

0 Negative 27/30 Limited assessment
due to cuff inflation

0 Negative N/A N/A N/A N/A 6 No change

11 Verbal/one-way
valve off the
ventilator

22/30 Severe dysarthria 0 Negative 22/30 Severe dysarthria 0 Negative 25/30 Moderate-
severe
dysarthria

0 Negative 6 and 17 Improvement

12 Verbal/ventilator-
adjusted leak speech

23/30 Mild dysarthria,
mild dysphonia

�1 Negative 25/30 Resolved dysarthria,
mild dysphonia

0 Negative 26/30 Resolved
dysarthria,
mild
dysphonia

0 Negative 3 and 16 Improvement

12 Verbal/one-way
valve off the
ventilator

26/30 Slight dysphonia 0 Negative 27/30 Resolved dysphonia 0 Negative N/A N/A N/A N/A 3 Improvement

13 Verbal/one-way
valve off the
ventilator

24/30 Moderate dysarthria,
mild dysphonia

0 Negative 25/30 Moderate dysarthria,
slight dysphonia

0 Negative N/A N/A N/A N/A 1 Improvement

14 Nonverbal/
whiteboard

26/30 Moderate cognitive
ecommunicative
impairment

�1 Positive 27/30 Mild cognitive
ecommunicative
impairment

0 Negative N/A N/A N/A N/A 1 Improvement

15 Verbal/ventilator-
adjusted leak
speech

21/30 Moderate dysarthria,
mild dysphonia

0 Negative 12/30 Aphonia 0 Negative 24/30 Mild
dysarthria,
mild
dysphonia

0 Negative 4 and 3 Variable, overall
improvement

15 Verbal/one-way
valve off the
ventilator

22/30 Mild dysphonia 0 Negative 23/30 Resolved dysphonia 0 Negative 23/30 Resolved
dysphonia

0 Negative 8 and 3 Improvement

CAM-ICU ¼ Confusion Assessment MethodeIntensive Care Unit; CAT ¼ Communication with an Artificial airway Tool; ETT ¼ endotracheal tube; RASS ¼ Richmond Agitation and Sedation Score.
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across key elements of communication and can influence clinician
selections of communication interventions and therapeutic
recommendations.

The CAT rating items and components address the multidi-
mensional and complex construct of communication in patients
with an artificial airway, including those who receive mechanical
ventilation.10 The items within the scale target the elements
beneath the broad communication umbrella: language, cogniti-
veelinguistic, speech, and voice features, within a respiratory
context.22 The CAT was developed by a group of experts in critical
care, communication, and clinical research across a range of pro-
fessions and four geographical locations. Participant feedback
verified that items in the CAT scale were relevant and important for
determining effectiveness of communication, and almost all (9/10)
of the rating items of the CAT were confirmed to be either ‘critical’
or ‘high-priority’ to be measured indicating a signal of content
validity. Input from participants with current lived experience of
communicating with an artificial airway while being critically ill
was favoured over codesignwith patients who had past experience,
given potential recall bias and post-traumatic stress disorder.23,24

Feedback from participants about their experience communi-
cating with an artificial airway was consistent with previous
research, which found that the ability to communicate while being
critically ill was extremely important to patients.6,7 While the
sample size limited further statistical analyses, there appeared to
be concordance between rating items and the clinical impression
and/or speech pathology diagnoses. Future examination of con-
current validity, criterion validity, and clinical validity is needed.

5.1. Limitations and future directions

This promising work has several limitations. The pilot study had
a small target sample of participants, and therewere only 50 and 46
administrations of the clinician-reported and patient-reported
scales of the CAT, respectively. As such, the range of statistical an-
alyses was limited, and the association between delirium and Basic
Comprehension may be overestimated. Similarly, the subgroup of
patients with delirium as per CAM-ICU was small, and therefore,
statistical significance may be overstated. Thematic analysis was
not rigorous, given that it was limited to just five participants. Only
two of the recruited patients had an endotracheal tube, and further
feasibility testing is required in that patient subgroup.

A large prospective multisite study is needed to determine
external validity and examine further the clinical metrics, espe-
cially the reliability of the scale. Scoring, factor analysis, weighting,
and item reduction will be undertaken with a larger future study.
Administration of the scale was completed by speech pathologists
during this pilot study, and future studies could explore the
feasibility and reliability of other healthcare professionals admin-
istering the scale.25 Non-English-speaking patients were excluded
from this pilot study, and their inclusion with professional in-
terpreters would enhance the generalisability and practicality in
the future.

While the CAT was feasible to administer with participants who
used a range of different communication interventions, commu-
nicative output measured was verbal or nonverbal expression via
an AAC device, excluding facial expression or gesture as sole
methods of communication. Utterances made up only of vocal-
isations (production of phonemesdsounds only) are also not
measurable using the CAT scale. These elements may be incorpo-
rated in a future revision before an external validity study. While a
variety of verbal and nonverbal communication methods were
used by participants in this study, some methods were not trialled
in this pilot, such as above-cuff vocalisation, one-way valve in-line
with the ventilator, or electrolarynx.
In-depth analysis of the patient-reported scores were out of
scope for this pilot study, and the results indicate that there is much
to examine in future research. There appeared to be a trend towards
participants’ initial high rating of satisfaction with their commu-
nication, followed by a reduction over repeat CAT administration.
This could be associated with an initial contentment with being
able to communicate, compared to not, followed by a reduction in
satisfaction over time due to factors such as using a nonverbal
method to communicate, or feeling confronted by the presence of
their dysarthria or dysphonia.26 Patient satisfaction using individ-
ual communication interventions has been measured previ-
ously27,28; however, this pilot is the first of its kind to measure
patient satisfaction with their communication over time, using a
fit-for-purpose outcome measurement tool.

6. Conclusion

It was feasible to administer the clinician-reported component
and engage critically ill participants with an artificial airway in the
patient-reported component of the newly developed CAT scale. The
results of the CritCAT pilot study indicate that the scale is respon-
sive to change and has promising markers of clinical validity, con-
tent validity, and reliability. The CAT has the potential to inform and
improve clinical decision-making and enable future research to
objectively compare communication interventions for patients
with an artificial airway. Future establishment of external validity
and reliability is required.

Data availability statement

Data available to be shared on request.

Author statement

I hereby state that all authors have approved the final article,
agree to be accountable for all aspects of thework and acknowledge
that all those entitled to authorship are listed as authors.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

ConceptualisationdCJZ, RB, APV, SB; Data curationdCJZ, CSP;
Formal analysisdCJZ, GH; InvestigationdCJZ; MethodologydCJZ,
CSP, AFS, MBH, JDH, BAM, VP, LR, ALS, PRT, SW, RB, APV, SB; Project
administrationdCJZ, APV, SB; SupervisiondRB, APV, SB; Wri-
tingdoriginal draftdCJZ; Writingdreview and editingdCJZ, CSP,
GH, AFS, MBH, JDH, BAM, VP, LR, ALS, PRT, SW, RB, APV, SB.

Conflict of interest

The authors declare no conflicts of interest associated with this
study.

Acknowledgements

There are no acknowledgements.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.aucc.2023.09.007.



C.J. Zaga et al. / Australian Critical Care 37 (2024) 127e137 137
References

[1] Freeman-Sanderson A, Hemsley B, Thompson K, Knowles S, Hammond NE.
Communication functions of adult patients admitted to intensive care: a
multicentre, binational point prevalence study. Aust Crit Care 2023;36(6):
1084e9. https://doi.org/10.1016/J.AUCC.2023.01.009.

[2] Carroll SM. Silent, slow lifeworld: the communication experience of nonvocal
ventilated patients. Qual Health Res 2007;17(9):1165e77.

[3] Foster A. More than nothing: the lived experience of tracheostomy while
acutely ill. Intensive Crit Care Nurse 2010;26(1):33e43.

[4] Flinterud SI, Andershed B. Transitions in the communication experiences of
tracheostomised patients in intensive care: a qualitative descriptive study.
J Clin Nurs 2015;24(15e16):2295e304.

[5] Zaga CJ, Freeman-Sanderson A, Happ MB, Hoit JD, McGrath BA, Pandian V,
et al. Defining effective communication for critically ill patients with an
artificial airway: an international multi-professional consensus. Intensive Crit
Care Nurs 2023;76:103393. https://doi.org/10.1016/J.JCCN.2023.103393.

[6] Tolotti A, Bagnasco A, Catania G, Aleo G, Pagnucci N, Cadorin L, et al. The
communication experience of tracheostomy patients with nurses in the
intensive care unit: a phenomenological study. Intensive Crit Care Nurs
2018;46:24e31. https://doi.org/10.1016/j.ccn.2018.01.001.

[7] Newman H, Clunie G, Wallace S, Smith C, Martin D, Pattison N. What matters
most to adults with a tracheostomy in ICU and the implications for clinical
practice: a qualitative systematic review and metasynthesis. Crit Care
2022;72:154145. https://doi.org/10.1016/j.crc.2022.154146.

[8] Freeman-Sanderson AL, Togher L, Elkins M, Kenny B. Quality of life improves
for tracheostomy patients with return of voice: a mixed methods evaluation
of the patient experience across the care continuum. Intensive Crit Care Nurs
2018;46:10e6.

[9] Zaga CJ, Cigognini B, Vogel AP, Berney S. Outcome measurement tools for
communication, voice and speech intelligibility in the ICU and their clini-
metric properties: a systematic review. J Intensive Care Soc 2022;23(4):
459e72.

[10] Karlsen MMW, Holm A, Kvande ME, Dreyer P, Tate JA, Heyn LG, et al.
Communication with mechanically ventilated patients in intensive care units:
a concept analysis. J Adv Nurs 2023;79:563e80.

[11] Holm A, Karlsson V, Dreyer P. Nurses' experiences of serving as a communi-
cation guide and supporting the implementation of a communication inter-
vention in the intensive care unit. Int J Qual Stud Health Well-being
2021;16(1):1971598.

[12] Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O'Neal PV, Keane KA, et al. The
Richmond Agitation-Sedation Scale validity and reliability in adult intensive
care unit patients. Am J Resp Crit Care Med 2002;166(10). https://doi.org/
10.1164/rccm.2107138.

[13] Ely EW, Gautam S, Margolin R, Francis J, May L, Speroff T, et al. The impact of
delirium in the intensive care unit on hospital length of stay. Intensive Care
Med 2001;27(12):1892e900.

[14] Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare interventions:
an overview of reviews and development of a theoretical framework. BMC
Health Serv Res 2017;17:88.
[15] Sekhon M, Cartwright M, Francis JJ. Development of a theory-informed
questionnaire to assess the acceptability of healthcare interventions. BMC
Health Serv Res 2022;22:279.

[16] Vaismoradi M, Turunen H, Bondas T. Content analysis and thematic analysis:
implications for conducting a qualitative descriptive study. Nurs Health Sci
2013;15:398e405. https://doi.org/10.1111/nhs.12048.

[17] Joffe AM, Hallman M, Gelinas C, Herr DL, Puntillo K. Evaluation and treatment
of pain in critically ill adults. Semin Respir Crit Care Med 2013;34:189e200.
https://doi.org/10.1055/s-0033-1342973.

[18] Bouajram RH, Sebat CM, Love D, Louie EL, Wilson MD, Duby JJ. Comparison of
self-reported and behavioural pain assessment tools in critically ill patients.
J Intensive Care Med 2020;35(5):452e60. https://doi.org/10.1177/0885066
618757450.

[19] Waydhas C, Deffner T, Gaschler R, H€aske D, Hamsen U, Herbstreit F, et al.
Sedation, sleep-promotion, and non-verbal and verbal communication tech-
niques in critically ill intubated or tracheostomized patients: results of a
survey. BMC Anesthesiol 2022;22:384. https://doi.org/10.1186/s12871-022-
01887-z.

[20] Zaga CJ, Berney S, Hepworth G, Cameron TS, Baker S, Giddings C, et al. Tra-
cheostomy clinical practices and patient outcomes in three tertiary metro-
politan hospitals in Australia. Aust Crit Care 2023 May;36(3):327e35. https://
doi.org/10.1016/j.aucc.2022.03.002.

[21] Zaga CJ, Berney S, Vogel AP. The feasibility, utility, and safety of communi-
cation interventions with mechanically ventilated intensive care unit pa-
tients: a systematic review. Am J Speech Lang Pathol 2019 Aug 9;28(3):
1335e55. https://doi.org/10.1044/2019_AJSLP-19-0001.Z.

[22] Turner-Stokes L, Corner EJ, Siegert RJ, Brown C, Wallace S, Highfield J, et al.
The post-ICU presentation screen (PICUPS) and rehabilitation prescription
(RP) for intensive care survivors part I: development and preliminary clini-
metric evaluation. J Intensive Care Society 2022;23(3):253e63.

[23] Lӧf L, Berggren L, Ahlstrӧm G. ICU patients' recall of emotional reactions in the
trajectory from falling critically ill to hospital discharge: follow-ups after 3
and 12 months. Intensive Crit Care Nurs 2008;24(2):108e21. https://doi.org/
10.1016/J.ICCN.2007.08.001.

[24] Wintermann GB, Rosendahl J, Weidner K, Straub, Petrowski K. Risk factors of
delayed onset posttraumatic stress disorder in chronically critically ill pa-
tients. J Nerv Ment Dis 2017;205(10):780e7. https://doi.org/10.1097/
NMD.0000000000000714.

[25] Karlsen MW, Olnes MA, Heyn LG. Communicating with patients in intensive
care units: a scoping review. Nurs Crit Care 2019;24(3):115e31.

[26] Tembo AC, Higgins I, Parker V. The experience of communication difficulties in
critically ill patients in and beyond intensive care: findings from a larger
phenomenological study. Intensive Crit Care Nurs 2015;31:171e8.

[27] Otuzoglu M, Karahan A. Determining the effectiveness of illustrated
communication material for communication with intubated patients at an
intensive care unit. Int J Nurs Pract 2014;20(5):490e8. https://doi.org/
10.1111/ijn.12190.

[28] El-Soussi AH, Elshafey MM, Othman SY, Abd-Elkader FA. Augmented alter-
native communication methods in intubated COPD patients: does it make
difference. Egypt J Chest Dis Tuberc 2015;64(1):21e8. https://doi.org/
10.1016/j.ejcdt.2014.07.006.


