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1 | INTRODUCTION

Abstract

Introduction: Patients in intensive care frequently suffer from not being able to com-
municate verbally. The aim of this scoping review was to study the safety and effec-
tiveness of the above cuff vocalisation (ACV) on speech and quality of life (QOL) in
patients dependent on a cuffed tracheostomy.

Methods: A scoping review was conducted. The databases Ovid Medline, Cochrane
Library, and Embase were systematically searched in May 2020. We included clinical
studies with patients exposed to ACV where speech, QOL or safety issues were assessed.
Results: Overall, 17 studies were included, of which 15 were observational and 2
were randomised controlled trials. Totally, 231 patients were included. ACV ena-
bled most of the included patients (115/131; 88%) to speak with an audible voice
or whisper (moderate quality of evidence). Voice related QOL (V-RQOL) and QOL in
mechanically ventilated patients (QOL-MV) improved from pre- to post- ACV com-
pared to a control group not tolerating a one-way speaking valve (P = .01 and P = .04,
respectively) (very low quality of evidence). Several minor complications or problems
were reported in 20/75 (27%) cases in addition to two serious adverse events: sub-
cutaneous emphysema in one patient where the tracheostomy was dislodged and a
distended trachea in another due to the misconnection of continuous gas to the cuff
(low/ very low quality of evidence).

Conclusion: ACV facilitated communication in patients dependent on a cuffed
tracheostomy and attempting to communicate. Quality of evidence in improved
V-RQOL and QOL-MV was very low. Several minor complications and two serious

adverse events were reported.

may cause anxiety, stress, frustration, and depression.2 Moreover,

the challenge for HCP in understanding patients’ thoughts and

Intensive Care Unit (ICU) patients on invasive mechanical ventila-
tion are not able to speak due to the inflated tracheal tube cuff.
The inflated cuff prevents airflow through the larynx and vocal cords
which inhibits vocalisation. Currently, with ICU patients being more
alert and awake during their ICU stay, the inability to speak and com-

municate effectively with health care personnel (HCP) and family

needs may influence safety and quality of critical care.*®

Above cuff vocalisation (ACV) is a method that may enable speech
in patients dependent on a tracheostomy tube with an inflated cuff.
To allow ACV, the tracheostomy tube must incorporate a subglottic
suction aid (SGS). Applying a flow of 1-5 I/min of oxygen or air through
the SGS-port may restore airflow through the vocal cords and thereby
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enable speech®’ (Figure 1). The method was initially described in 1967
by Whitlock® and in 1975 by Safar and Grenvik? and was more recently
further developed in Melbourne, Australia, and Manchester, United
Kingdom, with sharing of protocols and experience via the Global
Tracheostomy Collaborative.” To our knowledge, the method has not
yet been extensively implemented internationally.

The aim of this scoping review was, therefore, to study the safety
and effectiveness of ACV on speech and quality of life in patients

dependent on a cuffed tracheostomy.

2 | METHODS

This scoping review followed the Preferred Reporting Items for
Systematic reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) statement,'® and the checklist is provided in
Appendix 1. A multidisciplinary group consisting of three intensive
care nurses, an intensive care physician, a speech and language ther-
apist (SLT), and a specialist physiotherapist, conducted the scoping
review with literature search assistance from a specialist librarian.

2.1 | Protocol and registration

This scoping review was performed as part of a hospital-based mini
health technology assessment (HTA) at Oslo University Hospital
and its initiation was registered in the publicly available Norwegian

national database for mini-HTAs. The review was not registered in a

database and the protocol was not published in advance.

Illustration: Maret Toom

FIGURE 1 lllustration of above cuff vocalisation

Editorial Comment

In this scoping review, the desirable and undesirable ef-
fects of above cuff vocalisation on speech and quality of
life in patients dependent on a cuffed tracheostomy were
assessed. Overall quality of evidence ranged from moder-
ate to very low. Above cuff vocalisation may provide audi-
ble voice or whisper. Due to several safety concerns, the
patients should be under continuous observation in the

ICU during the procedure.

2.2 | Search strategy and information sources

A population/problem, intervention, comparison, outcome (PICO)
scheme was used as a basis for the search strategy and as eligibility

criteria for inclusion of studies:

Population/ Problem: Adult patients on mechanical ventilation or
with a tracheostomy.

Intervention:  Above cuff vocalisation, speaking/ talking tra-

cheostomy, external subglottic airflow.

Comparison:  Any comparison.

Outcome: Communication, speech, phonation, voicing.

A broad systematic literature search was performed by a special-
ist librarian 03.05.2020 in the databases Ovid Medline, Cochrane
Library, and Embase. Different combinations of Medical Subject
Headings (MeSH) and textwords were used, including above cuff
vocalisation, speaking/ talking tracheostomy, external subglottic air-
flow (ESAF). The literature search was limited to papers published in
English or Scandinavian languages. The search result was exported
into EndNote and duplicates were removed. See Appendix 2 for the

PICO scheme and full search strategy.

2.3 | Selection of sources of evidence

Three members of the group individually screened the search results
and selected eligible papers based on titles and abstracts before
consensus was reached on which papers should be included in the
full-text review. Any disagreements were resolved through discus-
sion with the whole group.

2.4 | Eligibility criteria

Inclusion criteria were all primary clinical studies including adult and
adolescent patients >14 years of age who were exposed to ACV, also
called speaking/ talking tracheostomy. We excluded studies not in-
cluding patients (e.g. reviews) as “not primary study” (Figure 2). To

answer the aim of the scoping review, papers reporting data on the
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effect of ACV on speech (audible voice or whisper), quality of life
(QOL) as defined by original studies including voice-related QOL
(V-RQOL) and QOL in mechanically ventilated patients (QOL-MV),
or safety issues including any adverse events and complications
related to the ACV-technique, were included in the review. Papers
reporting only on other effects of ACV such as swallowing and se-
cretion management were excluded as “not assessing speech” and
studies reporting stomal complications caused by the tracheostomy
tube itself as “not involving ACV” (Figure 2).

2.5 | Dataitems and synthesis of results

Study characteristics extracted were the year of publication, coun-
try of origin, aim of study, study design, type of population, type of
tracheostomy, intervention with litres per minute (I/min) of air or ox-
ygen used, and conclusion. Outcome measures of effect on speech
were extracted with incidence or proportion of patients and ACV
attempts with audible voice or whisper and reason for no voicing.
Outcomes on V-RQOL and QOL-MV were extracted with significant
change pre- and post-ACV. Outcome measures on safety included
any adverse events and/or complications/problems reported. Three
group-members, one independently and two as a pair, extracted
data from each included study using a data extraction form. Any dis-
agreement was resolved through discussion with the whole group.
Findings are summarised and presented descriptively with absolute

numbers and percentages of both patients and ACV episodes.

2.6 | Assessment of quality of evidence

We were interested in safety and the clinical effect of ACV

on speech and QOL. We therefore assessed the overall

Identification

FIGURE 2 Flow diagram of the study
selection procedure

[ Included J[ Eligibility ][ Screening ][

QACLA Soancinories >
quality of evidence according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach,
thereby rating quality as high, moderate, low or very low.!* In
brief, we initially graded all observational studies as low and ran-
domised trials as high. We adjusted quality downward based on
the following five GRADE criteria: risk of bias, inconsistency, in-
directness, imprecision and publication bias and adjusted upward
based on the three criteria: large effects, dose-response, all plau-
sible confounding. Two members of the group individually graded
the quality of evidence and consensus were reached after thor-

ough discussion.

3 | RESULTS
3.1 | Selection of sources of evidence

Overall, 17 studies with 231 patients were finally included in the scop-
ing review (Figure 2). Only one study reported the number of ACV-
episodes: 91 episodes with a median of 9 episodes in 10 patients. ©

3.2 | Characteristics of sources of evidence

Most of the included studies were non randomised, observa-

tional studies, of which three were prospective observational

6,12,13

studies involving 50 patients, six observational stud-

ies without further specification of design involving 90 pa-

tients,8’9'14'17 7,18-22

and six case studies involving 16 patients.
Two randomised controlled clinical trials (RCT) with 75 patients
assessing QOL related to the effect of ACV on speech were also
included (Table 1).2%23 Age of patients, when reported, ranged

from 14 to 83 years.»71219.21-24

Records identified through database searching (n=706)
e Cochrane Database of Systematic Reviews (n=1)
e Cochrane Central Register of Controlled Trials (n=44)
e Ovid Medline (n=361)
e Embase (n=300)

'

Records after duplicates removed
(n=445)

Records screened for title Title/ abstracts excluded (n=406)
and abstract —> e Not involving ACV (n=405)
(n=445) e Not primary study (n=1)

'

Full-text articles assessed

Full-text articles excluded (n=22)
for eligibility e Notinvolving ACV (n=7)
(n=39) e Not assessing speech (2)

e Not primary study (n=12)
l e Children <13 years (n=1)

v

Studies included
(n=17)
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(Continued)

TABLE 1

Conclusions

Analysis & Results

Methodology

Aim

Study

Most patients (unspecified number) were able to talk with Conscious patients with cuffed

Observational study

(n

Describe observations using the

Safar & Grenvik

(1975)

tracheostomy tubes can and

a whispering voice with an airflow of about 5 I/min. A flow
of 8-10 I/min may be necessary to allow patients to talk

=25)

Pitt Speaking Tracheostomy

should be given the opportunity
to communicate by talking, and

Adult ICU patients

Tube to speak in ICU patients.

Pittsburg, United

understandably. Satisfaction and safety increase in patients able

to communicate with method.
Complications: no numbers reported. Higher airflow (8-10 |/min)

(Pitt speaking-cuffed

States of America

the Pitt Speaking Tracheostomy

Tube enables talking.

tracheostomy®)

may cause discomfort. Possible subcutaneous emphysema in

new or shallow tracheostomy.

The speaking aid makes

6/7 patient communicated successfully with 5 [/min.

Observational study/ clinical trial

(h=7)

Describe a newly developed

Whitlock
(1967)

communication easier and relives
patients from frustration and

Failure in 1/7 patients with a tracheostomy larger than usual,

simple tracheostomy-tube

allowing air to flow out around the tracheostomy more readily

than through the vocal cords.
Complication reported per patient (1/7): 1/7 found the airflow

attachment for communication. Patients with cuffed

Auckland, New

fear of not being able to make his

requirements known.

tracheostomy
(Customised Portex tube)

Zealand

too uncomfortable after a successful trial.
A delay of three days is recommended to allow the tracheostomy

to be sealed by granulation tissue, thus preventing the escape of
air around the tracheostomy or worse into the tissue of the neck

and mediastinum.

AELA Snenenes =
3.3 | Critical appraisal

The overall quality of evidence across the body of evidence accord-
ing to GRADE is presented in Table 2 and in sections related to re-

spective outcome measures.

3.4 | Effect on speech

Overall, 115/131 (88%) patients in the 14 studies reporting patient
numbers were able to communicate with an audible voice or whis-
per using ACV, ranging from 50% to 100% in the individual stud-
jes.0°81219.21.22.24 M Grath et al (2019) reported speech or whisper
in 66/91 (72,5%) ACV-episodes.® Safar and Grenvik (1975) reported
that “most” out of “about 25 patients” included could voice success-
fully.? Sparker et al (1987) reported that all 19 subjects with talking
tracheostomy tube could speak, whereas 15 communicated success-
fully with the system.14 Airflow ranged from 1 to 15 I/min, and both
compressed oxygen and air were used.®%1213:15-20.22.24

Overall, 16 patients were unable to speak with ACV and the
reasons were reported in nine out of these 16 patients. Reported
reasons included permanent laryngeal injury due to inhalation/burns
and trauma (one),” severe flaccid dysarthria (one),?* tracheal air leak

1517 excessive secretions (one),*®

(one),® vocal cord paralysis (two),
granulation tissue between the vocal cords (one)'” and unspecified
laryngeal pathology (two).:®

The overall quality of evidence for the effect on speech accord-

ing to GRADE was moderate (Table 2).

3.5 | Quality of life

Two RCTs including 75 patients reported V-RQOL and QOL-MV.2%:23
In the first pilot RCT there were no significant differences between
the intervention (n = 15) and control groups (n = 10).%° A statisti-
cally significant improvement in V-RQOL and QOL-MV from pre to
post ACV (n = 22) compared to a control group that did not tolerate
a one-way speaking valve (n = 15) (P = .01 and 0.04, respectively)
was found in the second RCT.%® This comparison is, however, not
quantified in the paper. Mean V-RQOL in the intervention-group
changed from 26.59 pre-treatment (n = 25) to 42.5 post-treatment
(n = 22), and from 26.67 (n = 25) to 32.26 (n = 25) in the control
group. Change in mean QOL-MV was 44.65 to 50.24 in the interven-
tion- and from 42.78 to 49.41 in the control group.?® P-values for
these changes were not reported in the paper.

The overall quality of evidence for the effect on QOL according
to GRADE was very low (Table 2).

3.6 | Safety

Two adverse events were reportedintwo patients.ls'22 Subcutaneous

emphysema occurred in a patient with a malpositioned tracheostomy
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tube where the suction port was located outside the tracheal lumen,
allowing gas flow to spread subcutaneously.'® Tracheal distention
was reported in a case where continuous airflow was incorrectly
connected to the cuff line, resulting in cuff rupture and tracheal
distention.??

Complications or problems occurred in 20/75 (27%) patients
during correct use of the method in the eight studies reporting pa-
tient numbers,”814171924 3nd in 25/91 (27,5%) ACV trials in one
study.® Complications included discomfort, which was reported in
10/91 ACV-episodes® and in two patients.2'’ Discomfort was also
reported in an unspecified number of patients with the use of airflow
higher than 8 I/min.>'¢ Excessive secretions in the oropharynx was
reported in 9/91 episodes® and in nine patients.}*> Cuff breakage
was reported in five patients after one to eight weeks.** Air leak
around the stoma was reported in 2/91 episodes,® and in seven pa-
tients, of which five were due to cuff breakage.** Swallowing of air
which resulted in burping was reported in one patient’; subglottic
air-trapping in one patient with Iaryngospasm“; and retching and
nausea, which was described as a risk in a few unspecified cases’*>%4
and specified by McGrath et al (2019) in 3/91 episodes.® Fatigue was
experienced by one patient who also reported discomfort’ and by
an unspecified number of other patients.?* However, these patients
were able to communicate basic needs in short sentences.*”?*

The overall quality of evidence according to GRADE was mod-
erate and low for complications and very low for adverse events
(Table 2).

4 | DISCUSSION

The main finding was that most patients were able to communicate
verbally with ACV.6-81219.21.22.24 £\, rthermore, ACV could improve
V-RQOL and QOL—MV.23 Several minor complications (eg, discom-
fort, excessive secretion, cuff breakage) were described.”814-17:19,.24
Moreover, two serious adverse events (ie, tracheal distention and
subcutaneous emphysema) resulted from the incorrect application
of the method and incorrectly placed tracheostomy.w'22 Overall
quality of evidence according to GRADE ranged from moderate to
very low.

In a selected patient population, ACV was effective in enabling
audible voice or whisper in 115 of 131 (88%) of patients dependent
on a cuffed tracheostomy after not being able to voice before the
introduction of ACV.68121921.2224 Although no randomised con-
trolled trials assessing the effect on speech were found, the patients
in the observational studies served as their own controls by being
able to communicate verbally with ACV after not being able to speak
before the introduction of the method. Nevertheless, the included
studies were small observational studies and the overall quality
of evidence was moderate. Moreover, the reported voice quality
achieved by patients was insufficiently specified in the studies to
compare the results. Voice quality, from audible whisper to normal
voice, is dependent upon vocal cord health and mobility, oromotor

function, laryngeal muscle strength?® and adequate subglottic air

QACLA Soancinories >
pressure’ and thus airflow used. Most studies did not quantify these
aspects or attempt to measure voice output, and those that did used
different tools.®”121323 The high proportion (88%) of patients able
to communicate verbally may reflect the selected population being
alert and trying to communicate, in addition to adequate vocal tract
function. Gordan (1984) reported the lowest proportion (50%) of pa-
tients with intelligible speech, with none of the patients with neuro-
muscular disease being able to communicate with ACV. This result
may reflect the severity or duration of disease and underlines the
need for careful patient selection.

Verbal communication in tracheotomised patients has tradition-
ally required deflation of the cuff, which may not be tolerated by
all ICU patients. Alternative communication methods such as body
language, lip-reading, charts, tablets, and writing have limitations
and when not leading to successful communication, can increase
patient frustration and distress.>>?° The restoration of voice may
empower the vulnerable population of conscious patients unable to
communicate.?® In addition, lack of precise verbal communication
may represent a barrier for HCP in performing symptom assess-
ment?” which could be counteracted by ACV. According to Pandian
(2020) V-RQOL and QOL-MV improved amongst patients from pre
to posttest use of ACV.% This study, however, suffers from a very
high risk of bias, and further QOL-research is warranted.

The reported minor complications such as discomfort, excessive
secretions, stomal air leak, burping, subglottic air trapping, retching,

and nausea®®1>:1%24

will seldom override the benefits of the ability
to speak in this population. Patient discomfort may be inevitable in
intensive care?® and should not necessarily be categorised as a com-
plication or problem in relation to safety, but rather identified as an
area in which comfort may be enhanced. The inability to commu-
nicate may in itself contribute to patient discomfort.?® Facilitating
speech may enhance safety, comfort, and quality of care, by enabling
both self-expression and communication of symptoms to HCP.?”%?

The most serious adverse events described were subcutaneous
emphysema,*® and cuff rupture following an incorrect procedure.??
These adverse events were not caused by the ACV method itself, but
by procedure deviation and incorrectly placed tracheostomy.ls’22 A
delay of 48 hours after tracheotomy is recommended to reduce the
risk of subcutaneous emphysema.?? In actual fact, this complication
occurred several days after tracheotomy in one case report, but as
a result of a malpositioned tracheostomy tube.'® This emphasises
the need for careful monitoring of the patient and the tracheostomy
both prior and during ACV. Optimal timing for introducing ACV is
not established, and McGrath et al (2019) suggest ACV could be
attempted earlier assuming the stoma site is healing well, thereby
enabling earlier vocalisation and laryngeal function benefits without
significantly increasing the risk of complications.®

Neither optimal airflow nor duration of each ACV-episode to
achieve benefits and avoid complications have been established.
ACV has in studies been limited to 10-15 minutes to mitigate
concerns about airflow drying the laryngeal mucosa.® However,
McGrath et al (2019) did not observe any short-term evidence of

laryngeal drying or laryngeal complications related to ACV with
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airflow up to 5 I/min and duration up to 15 minutes, demonstrated
on follow-up fibre optic endoscopic evaluation of swallowing
(FEES).® Safar and Grenvik (1975) stated that up to 10 I/min may be
necessary to achieve vocalisation,’ and Leder (1990) and Leder and
Traquina (1989) showed increased voice intensity with increased air-
flow from 5 I/min to 10 and 15 I/min.*?*® A gradual increase from 2
up to 5 I/min to reduce complications and patient discomfort seems
reasonable and safe, but may not be sufficient to generate voice.
According to the UK guidelines, an SLT should always be involved in
the initial assessment of ACV to determine laryngeal function and
safety.?” Limited availability of SLT may however delay the initiation
of ACV. The presence of continuous monitoring by appropriately ed-
ucated HCP ensures that potential complications would be promptly
detected and acted upon. Education could be provided in already
existing educational sessions, and by social media for sharing educa-
tive YouTube videos.?® An educational video of the ACV procedure
made by the SLTs from the UK National Tracheostomy Safety Project
is available on YouTube.!

4.1 | Limitations and strengths

This scoping review was restricted to the effect of ACV on speech,
quality of life, and safety issues and has several limitations. First,
it was performed as part of a planned mini or hospital-based HTA
which was registered in the Norwegian national database for HTA.
However, no protocol was registered or published prior to initiation.
Second, most of the included studies were small non-randomised
studies with high risk of bias and thus with moderate to a very low
quality of evidence. Several of the included studies were old with un-
clear or unreported data, making the extraction of data challenging.

Last, we may have missed relevant studies due to the restriction
to English and Scandinavian languages only in our literature search.

A strength of this scoping review is the multidisciplinary make-up
of the review group ensuring a variety of relevant HCP perspectives
on the literature. The scoping review's results contribute to the
somewhat limited existing knowledge and recent literature about
ACV as a method for facilitating speech in patients with a cuffed
tracheostomy. Despite the low evidence of the summarised studies,
they did provide detailed descriptions of the ACV technique which
was regarded as very similar even in the older studies®’ and similar
to the technique used today. This adds to the replicability of ACV
both in research and clinical settings.

5 | CONCLUSION

In this scoping review including 17 studies and 231 patients, it was
found that most patients were able to communicate verbally with
ACV. The overall quality of evidence was moderate. The quality of
evidence of an improvement in V-RQOL and QOL-MV with ACV
was very low. Several minor complications and two serious ad-

verse events were reported. Quality of evidence regarding these

outcomes was low and very low, respectively. Further research into
the effectiveness of ACV on verbal communication and early laryn-
geal rehabilitation is warranted, with standardised measurement of

voice, QOL, and reporting of complications.
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