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Abstract 

Background 
Tracheostomy, a common procedure performed in intensive care units (ICU), is associated with 
communication impairment and affects patient well-being. While prior research has focused on 
physiological care, there is a need to address communication needs and quality of life (QOL). We 
aimed to evaluate how different types of communication devices affect QOL, speech intelligibility, 
voice quality, time to significant events, clinical response and tolerance, and healthcare utilization in 
patients undergoing tracheostomy. 

Methods 
Following PRISMA guidelines, a systematic review was conducted to assess studies from 2016 
onwards. Eligible studies included adult ICU patients with a tracheostomy, comparing different 
types of communication devices. Data were extracted and synthesized to evaluate QOL, speech 
intelligibility, voice quality, time to significant events (initial communication device use, oral intake, 
decannulation), clinical response and tolerance, and healthcare utilization and facilitators/barriers to 
device implementation. 

Results 
Among 9,228 studies screened, 8 were included in the review. Various communication devices were 
employed, comprising both tracheostomy types and speaking valves, highlighting the multifaceted 
nature of interventions. Quality of life improvements were observed with voice restoration 
interventions, but challenges such as speech intelligibility impairments were noted. The median 
time for initial communication device usage post-intervention was 11.4 ± 5.56 days. The median 
duration of speech tolerance ranged between 30-60 minutes to 2-3 hours across different studies. 
Complications such as air trapping or breathing difficulties were reported in 15% of cases. 
Additionally, the median ICU length of stay post-intervention was 36.5 days. Key facilitators for 
device implementation included early intervention, while barriers ranged from service variability to 
physical intolerance issues. 

Conclusion 
Findings demonstrate that various types of communication devices can significantly enhance the 
quality of life, speech intelligibility, and voice quality for patients undergoing tracheostomy, 
aligning with the desired outcomes of improved clinical response and reduced healthcare utilization. 
The identification of facilitators and barriers to device implementation further informs clinical 
practice, suggesting a tailored, patient-centered approach is crucial for optimizing the benefits of 
communication devices in this population. 

INTRODUCTION 

Tracheostomy is a common and essential procedure performed in 
Intensive Care Units (ICUs), with approximately 10-15% of ICU 
patients requiring this intervention.1 However, the presence of a 
tracheostomy tube can lead to profound and lasting impairment 
of communication, significantly impacting the well-being and ex-
periences of patients.2‑4 A survey of 115 patients and caregivers 
from 20 countries revealed challenges with the inability to com-
municate as the most common tracheostomy care problem.5 The 
loss of the ability to voice is particularly distressing for ICU pa-
tients, as voice serves as a vital means of communication, allow-

ing for self-expression and connection with others.6‑8 The absence 
of voice not only limits patients’ ability to understand and convey 
information but also hampers their communication abilities and 
restricts their active participation in their own care, thereby affect-
ing their emotional state and overall satisfaction with their ICU 
experience.9 Furthermore, the challenges faced by patients with 
communication difficulties, such as frustration and isolation, have 
been associated with psychological trauma and increased levels of 
fear and anger.4,10 

While there is existing research on the technical aspects of tra-
cheostomy insertion and decannulation, there is a notable gap in 
the literature regarding optimal management strategies for patients 
with tracheostomies during their ICU stay.1 The focus has primar-
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ily been on the physiological aspects of care, rather than on ad-
dressing the specific communication needs of these patients, such 
as describing the types of communication devices. Additionally, 
limited attention has been given to assessing the quality of life; 
speech intelligibility; time to communication, oral intake, and tra-
cheostomy tube decannulation; and clinical response and tolerance 
following the use of communication devices.11 There is also a 
lack of understanding regarding the facilitators and barriers of im-
plementing communication devices to facilitate voice. This lack 
of research highlights the need for investigations exploring multi-
disciplinary interventions aimed at enhancing communication for 
ICU patients with tracheostomy. Such interventions can play a vi-
tal role in promoting effective communication, patient-centered 
care, and improved psychosocial outcomes. 

Therefore, we investigated the literature to evaluate the impact 
of different types of communication devices on quality of life 
(QOL), speech intelligibility, voice quality, time to significant 
events, clinical response and tolerance, and healthcare utilization 
in patients undergoing tracheostomy. Additionally, this review 
aims to identify and analyze the facilitators and barriers to the im-
plementation of communication devices in this patient population. 
By synthesizing existing literature, we aim to consolidate exist-
ing research to inform best practices, identify gaps for future stud-
ies, and explore the effectiveness, implementation challenges, and 
cost-efficiency of these devices. 

METHODS 
Design 

A systematic review was conducted following the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines to ensure transparency and reproducibil-
ity.12 Our PICO question was, “how do different types of voice-
facilitating communication devices affect quality of life (QOL), 
speech intelligibility, voice quality, time to significant events, 
clinical response and tolerance, and healthcare utilization in pa-
tients undergoing tracheostomy?” In addition, we also explored 
facilitators and barriers to implementing communication devices. 

Eligibility criteria 

The inclusion criteria were studies 1) involving adult patients (18 
years and above) who have a tracheostomy and are receiving care 
in the ICU, 2) describing the use of different types of voice-facil-
itating communication devices, 3) reporting any of the following 
outcomes: QOL, speech intelligibility, voice quality, time to ini-
tial communication device use, oral intake, or tracheostomy tube 
decannulation, clinical response and tolerance, and healthcare uti-
lization (ICU or hospital length of stay), 4) published in English 
Language, and 5) and published between 2016 and 2023. 2016 
was used as the cut-off since that was when a review of literature 
on a similar topic was published.13 Exclusion criteria included 
scholarly materials such as poster abstracts, dissertations, confer-
ence proceedings, literature reviews, book chapters, and letters to 
the editor. 

Information sources and Search Strategy 

A comprehensive literature search was conducted to identify rel-
evant studies in electronic databases, including PubMed, Embase, 
Cochrane Library, Scopus, and CINAHL. The search strategy was 
designed in collaboration with a clinical informationist to ensure 
thorough coverage of the literature. Both peer-reviewed journals 
and gray literature sources were considered. The search strategy 
included terms related to tracheostomy, communication devices, 
clinical outcomes, patient characteristics, and healthcare utiliza-
tion. The initial search was conducted in March 2021 and the last 
search was conducted in June 2023 (Supplemental Online Con-
tent). 

Selection process 

Two independent reviewers screened the identified studies based 
on the pre-defined inclusion and exclusion criteria. Any disagree-
ments were resolved through discussion or consultation with a 
third reviewer. The screening and selection processes were facil-
itated using Covidence, a web-based software platform designed 
to streamline systematic reviews.14 The reviewers used Covidence 
to import and screen studies, and any conflicts in study selection 
were resolved through Covidence’s built-in discussion feature. 

Data collection process 

The systematic review began with the importation of search re-
sults from PubMed, Embase, Cochrane Library, Scopus, and 
CINAHL into Covidence. Following this, two reviewers indepen-
dently screened titles and abstracts of retrieved studies against 
predetermined inclusion and exclusion criteria, with any dispar-
ities resolved through discussion or consultation with a third re-
viewer if necessary. Subsequently, full texts of potentially relevant 
studies were obtained and assessed independently by two review-
ers against the inclusion criteria, with any disagreements resolved 
through discussion or consultation with a third reviewer as needed. 

Data items 

The data extraction process involved recording study characteris-
tics (country, design, setting, sample size), patient characteristics 
(age, sex, race, indication for tracheostomy), tracheostomy tube 
and communication device characteristics (type, size, device 
type), clinical outcomes (quality of life, speech intelligibility, 
voice quality), time to events (days to initial communication de-
vice use, oral intake, decannulation), clinical response and toler-
ance, healthcare utilization (ICU length of stay, hospital length of 
stay), and facilitators and barriers to implementing speech devices. 
Each variable was systematically extracted and documented to en-
sure comprehensive coverage of relevant information for analysis 
and synthesis. Each data point was reviewed by two reviewers and 
a consensus was reached by a third reviewer. 

Study risk of bias assessment 

The Risk Of Bias In Non-randomized Studies - of Interventions 
(ROBINS-I) tool was used to assess the risk of bias in the included 
studies.15 Two reviewers independently assessed the risk of bias 
for each study using the ROBINS-I tool, considering domains 
such as confounding, selection bias, performance bias, detection 
bias, attrition bias, and reporting bias. Any discrepancies between 
reviewers were resolved through discussion or consultation with 
a third reviewer. The overall risk of bias for each study was then 
summarized, taking into account the assessments across different 
domains. This assessment process ensured that the quality and re-
liability of the included studies were thoroughly evaluated in the 
systematic review. 

Effect measures 

The effect measures extracted from the included studies encom-
passed a wide range of variables related to study characteristics, 
patient demographics, tracheostomy tube and communication de-
vice characteristics, clinical outcomes, time to events, clinical re-
sponse and tolerance, healthcare utilization, and facilitators and 
barriers to implementing speech devices. Study characteristics 
such as country of origin, study design, setting, and sample size 
were documented to provide context for the findings. Patient char-
acteristics, including age, sex, race, and indication for tra-
cheostomy, were considered potential effect modifiers or con-
founders. Tracheostomy tube type, size, and communication 
device type were examined for their influence on clinical out-
comes such as quality of life, speech intelligibility, and voice qual-
ity. Time to events (defined as from the time of tracheostomy 
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placement) such as days to initial communication device use, oral 
intake, and decannulation were assessed as indicators of interven-
tion effectiveness and patient recovery. Clinical response and tol-
erance, healthcare utilization metrics such as ICU and hospital 
length of stay, and factors affecting the implementation of speech 
devices were also analyzed to evaluate the overall impact of in-
terventions on patient outcomes and healthcare delivery. Collec-
tively, these effect measures provided a comprehensive under-
standing of the interventions’ efficacy and their implications for 
clinical practice and patient care. 

Synthesis methods 

Descriptive summaries were generated for each extracted variable, 
summarizing key findings and variations observed across studies 
after displaying them in tabulated formats. Qualitative synthesis 
techniques, such as thematic analysis, were employed to identify 
common themes and patterns across studies, particularly in rela-
tion to facilitators and barriers to implementing speech devices. 
The synthesis process involved iterative discussions among the 
research team to ensure the accuracy and reliability of the syn-
thesized findings. Finally, the synthesized results were interpreted 
in the context of the research objectives and existing literature to 
draw meaningful conclusions and implications for clinical prac-
tice. 

Reporting bias assessment 

Reporting bias was assessed by examining the included studies 
for indications of selective outcome reporting or publication bias. 
This involved scrutinizing study protocols, trial registrations, and 
supplementary materials to compare reported outcomes with those 
pre-specified in study protocols or registrations. Any discrepan-
cies or concerns regarding reporting bias were discussed among 
the research team to inform the interpretation of study findings. 

Certainty assessment 

Certainty assessment of the evidence was conducted using the 
Grading of Recommendations, Assessment, Development, and 
Evaluation (GRADE) approach.16 This involved evaluating the 
quality of evidence for each outcome based on study limitations, 
inconsistency, indirectness, imprecision, and publication bias. The 
certainty of evidence was rated as high, moderate, low, or very 
low for each outcome, with rationale provided for each rating. 
Any disagreements or uncertainties in certainty assessment were 
resolved through discussion among the research team. The cer-
tainty assessment process ensured transparency and rigor in evalu-
ating the strength of evidence and informing recommendations for 
clinical practice. 

RESULTS 
Study selection 

A total of 9,228 studies were identified using the search of data-
bases. After removing 108 duplicates, 9,120 studies underwent 
screening based on the inclusion and exclusion criteria. Among 
these, 8,767 studies were deemed irrelevant, leaving 353 for full-
text review. Of these, 345 were subsequently excluded (Figure 1). 
Ultimately, eight eligible studies were included in the review.17‑24 

Study Characteristics 

Studies were conducted in various geographical locations, includ-
ing Australia (n=5), the United Kingdom (n=2), and the United 
States (n=1) (Table 1). The study designs included prospective ob-
servational studies (n=3), case series (n=2), randomized controlled 
trials (n = 2), and non-randomized experimental study (n=1), pri-
marily conducted within the Intensive Care Unit (ICU) setting. 

Sample sizes varied, with the smallest study including 3 partici-
pants in one study23 and the largest involving 50 participants.25 

Risk of Bias in Studies 

The risk of bias assessment across the included studies revealed 
varying degrees of methodological quality (Figure 2). Two stud-
ies demonstrated a moderate overall risk of bias, primarily due to 
concerns related to confounding factors and methodological lim-
itations.17,18 One study exhibited a moderate to serious risk of 
bias, particularly concerning deviations from intended interven-
tions and the measurement of outcomes.19 Four studies had low 
to moderate overall risk of bias, with minor concerns related to 
participant selection and measurement of outcomes.20‑22,24 One 
study presented a serious risk of bias, particularly in terms of con-
founding factors.23 Overall, while most studies had relatively low 
to moderate risk of bias, careful consideration of potential sources 
of bias is warranted when interpreting the findings of this system-
atic review. 

Results of Syntheses 

PATIENT CHARACTERISTICS 

This review comprised a total of 160 patients for whom age ranged 
from 36 to 76 years (Table 2), and there were 93 (58%) men 
and 67 (42%) women. Race was reported only in Pandian et 
al.,25 study, with 20 (60%) Caucasian, 18 (36%) African Amer-
ican, and one Asian and one Middle Eastern. Tracheostomy was 
most commonly indicated for chronic respiratory failure (n=68), 
followed by post-surgical airway management (n=6), aspiration 
(n=2), chronic hypoxia (n=1), and to maintain airway patency 
(n=1). 

COMMUNICATION DEVICE CHARACTERISTICS 

Communication devices included various tracheostomy tubes with 
speech capabilities or the use of one-way speaking valves (Table 
3). There were several brands of tracheostomy tubes used across 
studies, with Portex and Shiley most prevalent. The tracheostomy 
tube size 8.0 was commonly used, 24 times across the studies, 
followed by size 7.0 used 18 times and size 9.0 used 6 times. 
Tracheostomy tubes with speech capabilities included above-cuff 
vocalization and fenestrated tubes. The above-cuff vocalization 
method was used 35 times. McGrath (2019)20 reported the use 
of Blue Line Ultra Suctionaid (above-cuff vocalization device) as 
both a tracheostomy tube and communication device. Pandian et 
al. (2020)25 compared traditional tracheostomy tubes with Blue 
Line Ultra Suctionaid as an above-cuff vocalization device. Fen-
estrated tubes such as the Blom® tracheostomy tube system were 
also utilized in one study.17 Communication devices predomi-
nantly consisted of one-way speaking valves (85 instances), in-
cluding Portex orator and in-line one-way speaking valves (used 
35 times), facilitating speech production in tracheostomized pa-
tients. 

Clinical Outcomes 

QUALITY OF LIFE 

Freeman-Sanderson et al. (2016 A)18 reported improvements in 
various aspects of quality of life following the return of voice 
(Table 4). Visual analogue self-esteem scale scores increased, 
indicating enhanced self-esteem associated with regained voice 
function. In addition, there were notable improvements in feelings 
of being understood and cheerfulness (p=0.06 and p=0.04, respec-
tively).18 However, no significant difference was observed in Eu-
roQol-5D scores. In contrast, Pandian et al. (2020)25 found signif-
icant improvements in voice-related quality of life measures. The 
experimental group demonstrated a substantial increase in mean 
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Figure 1. Study Flow Chart 

Table 1. Study Characteristics 

Author, year Country Design Setting Sample size 

Freeman-Sanderson, 2016 A Australia Prospective observational ICU 22 

Freeman-Sanderson, 2016 B Australia Randomized control trial ICU 30 

McGrath, 2016 United Kingdom Case Series ICU 5 

McGrath, 2019 United Kingdom Non-randomized experimental ICU 10 

O'Connor, 2020 Australia Prospective observational ICU 20 

Pandian, 2020 United States Randomized control trial ICU 50 

Pryor, 2016 Australia Case Series ICU 3 

Sutt, 2016 Australia Prospective observational ICU 20 

ICU: Intensive Care Unit 

voice-related quality of life scores from 39 pre-intervention to 
50.2 post-intervention, compared to a modest increase from 48.2 
to 48.4 in the control group (p=0.001). Furthermore, specific items 
related to repetition and outgoing scores showed significant im-
provements in the experimental group compared to the control 
group (p=0.001 and p=0.04, respectively).25 

SPEECH INTELLIGIBILITY AND VOICE QUALITY 

McGrath (2016)19 reported cases of aphonia and dysphonia, in-
dicating significant voice impairment in some patients (Table 4). 
Similarly, McGrath (2019)20 assessed voice quality using the GR-
BAS scale and found median scores indicating moderate grade, 
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Figure 2. Risk of Bias Assessment 

roughness, breathiness, asthenia, and strain, suggesting notable 
voice abnormalities. Pandian et al. (2020)25 observed a significant 
decrease in speech intelligibility test scores correlating with an in-

Table 2. Patient Characteristics 

Author, year 
(n) 

Age (Years) Sex Race Indication for tracheostomy 

Freeman-Sanderson, 2016 
A 
(n = 22) 

57±18 
Men – 12 (55) 
Women – 10 
(45) 

Not reported Not reported 

Freeman-Sanderson, 2016 
B 
(n = 30) 

Control: 
67±11 

Men – 6 (40) 
Women – 9 
(60) 

Not reported Not reported 

Experiment: 
53±21 

Men – 11 (73) 
Women – 4 
(27) 

Not reported Not reported 

McGrath, 2016 
(n = 5) 

59 
(IQR: 41, 
76) 

Men – 4 (80) 
Women – 1 
(20) 

Not reported Chronic respiratory failure – 3 (60) 
Surgery – 2 (40) 

McGrath, 2019 
(n = 10) 

60 
(IQR: 26) 

Men – 7 (70) 
Women – 3 
(30) 

Not reported Not reported 

O'Connor, 2020 
(n = 20) 51±19 

Men – 15 (75) 
Women – 5 
(20) 

Not reported Not reported 

Pandian, 2020 
(n = 50) 

Control: 
58 ± 15 

Men – 15 (60) 
Women – 10 
(40) 

African American – 9 
(36) 
Caucasian – 16 (64) 

Chronic respiratory failure – 21 
(84) 
Aspiration – 2 (8) 
Chronic hypoxia – 1 (4) 
Airway patency – 1 (4) 

Experiment: 
51 ± 18 

Men – 10 (40) 
Women – 15 
(60) 

African American – 9 
(36) 
Caucasian – 14 (56) 
Asian – 1 (4) 
Middle Eastern – 1 (4) 

Chronic respiratory failure – 25 
(100) 

Pryor, 2016 
(n = 3) 

42 
(IQR: 36, 
46) 

Men – 3 (100) Not reported Surgery – 3 (100) 

Sutt, 2016 
(n = 20) 57 ± 17 

Men – 10 (50) 
Women – 10 
(50) 

Not reported 
Chronic respiratory failure – 19 
(95) 
Surgery – 1 (5) 

Data reported with ± refer to mean±standard Deviation; 
Data reported with IQR refer to median and interquartile range; 
Data reported in x (y) to count (percentage) 

crease in SOFA scores, indicating a negative impact of clinical 
status on speech intelligibility. Pryor (2016)23 evaluated speech 
intelligibility and voice quality using the GRBAS scale and Voice 
Handicap Index Score. Patient 1 exhibited a noticeable reduction 
in speech intelligibility and received voice quality scores of 2, 
indicating moderate impairment. Patient 2 showed a just notice-
able reduction in speech intelligibility and received voice quality 
scores of 3, indicating more pronounced impairment. Both pa-
tients experienced difficulties in vocal projection and strain while 
speaking, as evidenced by Voice Handicap Index Scores. 

TIME TO CLINICAL EVENTS 

Freeman-Sanderson et al. (2016 B)17 compared the time from 
tracheostomy placement to initial communication device use be-
tween control (Portex orator speaking valve) and experimental 
groups (In-line one-way speaking valves) and found a significant 
difference in median days to phonation, with 18 days in the control 
group compared to 7 days in the experimental group (p=0.001) 
(Table 4). However, no significant difference was observed in the 
time to oral intake (p=0.14) or time to decannulation (p=0.38) be-
tween the two groups.17 McGrath (2019)20 reported a median of 
8 days (IQR: 36) to achieve above cuff vocalization. O’Connor 
(2020)21 found a median of 11 days (IQR: 6, 14) to achieve the 
use of a one-way speaking valve. 
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Table 3. Tracheostomy tube and Communication Device Characteristics 

Author, year 
(n) 

Tracheostomy tube type 
Tracheostomy tube 

size 
Communication device type 

Freeman-Sanderson, 
2016 A 
(n = 22) 

Not reported Not reported One-way speaking valve 

Freeman-Sanderson, 
2016 B 
(n = 30) 

Control: 
Portex cuffed non-fenestrated 
= 13 
Portex adjustable phlange =1 
Cook cuffed non-
fenestratrated =1 

7.0 = 2 
7.5 = 1 
8.0 = 11 
9.0 = 1 

Portex orator speaking valve = 15 

Experiment: 
Portex cuffed non-fenestrated 
= 14 
Cook cuffed non-
fenestratrated = 1 

7.0 =1 
7.5 = 1 
8.0 = 8 
9.0 = 5 

In-line one-way speaking valve = 15 

McGrath, 2016 
(n = 5) Blue Line Ultra Suctionaid = 5 Not reported Not reported 

McGrath, 2019 
(n = 10) 

Blue Line Ultra Suctionaid = 
10 

7mm = 1 
8mm = 4 
9mm = 5 

Above-cuff vocalization = 10 

O'Connor, 2020 
(n = 20) Not reported Not reported One-way speaking valve = 20 

Pandian, 2020 
(n = 50) 

Control: 
Traditional speaking valve = 
25 

Not reported One-way speaking valve = 25 

Experiment: 
Blue Line Ultra Suctionaid = 
25 

Not reported Above-cuff vocalization = 25 

Pryor, 2016 
(n = 3) ShileyTM Evac = 3 8.0 = 3 Fenestrated Blom® tracheostomy tube 

system = 3 

Sutt, 2016 
(n = 20) 

Long flange Portex = 2 
Cuffed Portex = 18 

7.0 = 15 
8.0 = 5 In-line one-way speaking valve = 20 

CLINICAL RESPONSE AND TOLERANCE 

Various indicators of clinical response and tolerance were as-
sessed across the included studies, providing insights into the 
physiological and functional outcomes of tracheostomy manage-
ment (Table 4). Freeman-Sanderson et al. (2016 B)17 reported in-
cidences of oxygen desaturation <88% and tachypnea >35 breaths/
min occurring in both control and experimental groups. Addition-
ally, increased upper respiratory tract secretions were noted in 
the control group, while the experimental group experienced ex-
cessive coughing and hypertension >160 mmHg in one patient 
each.17 McGrath (2019)20 observed a favorable clinical response, 
with 66 out of 91 attempts (72.5%) resulting in gained speech. 
Improvement in unstimulated dry cough and swallow frequency 
further demonstrated functional improvements following tra-
cheostomy management. O’Connor (2020)21 reported a median 
duration of 10.5 hours (Range: 5.5 – 17) for using a one-way 
speaking valve. Pryor (2016)23 assessed the ability to sustain 
phonation in two patients, with mean durations ranging from 
30-60 minutes to 2-3 hours at a time, indicating varying degrees of 
tolerance to vocalization tasks. Sutt (2016)24 observed improve-
ments in end-expiratory lung impedance with one-way speaking 
valve use, along with decreases in end-tidal carbon dioxide and 
respiratory rate, while oxygen saturation and heart rate remained 
stable, suggesting physiological adaptation to the use of commu-
nication devices. 

Healthcare Utilization 

The assessment of healthcare utilization parameters provided in-
sights into the impact of tracheostomy management on hospital 

resources (Table 4). Freeman-Sanderson et al. (2016 B)17 found 
no significant difference in Intensive Care Unit (ICU) length of 
stay between the experimental and control groups (p=0.69). How-
ever, there was a difference in hospital length of stay, with the 
experimental group staying 14 days longer on average than the 
control group, although this difference was not statistically signif-
icant (p=0.42). McGrath (2019)20 reported a median ICU length 
of stay of 28 days (IQR: 36), indicating a prolonged duration of 
critical care management for tracheostomized patients. O’Con-
nor (2020)21 observed a median ICU length of stay of 37 days 
(IQR: 28, 49), suggesting a substantial utilization of intensive care 
resources in this patient population. Pandian (2020)25 compared 
healthcare utilization between control and experimental groups, 
finding a median ICU length of stay of 29 days in the control 
group and 49 days in the experimental group. Similarly, hospital 
length of stay was longer in the experimental group compared to 
the control group, with medians of 60 days and 35 days, respec-
tively.25 

Facilitators and Barriers to Implementing Speech Devices 

Early intervention by speech pathology during mechanical ven-
tilation emerged as a facilitator in expediting the restoration of 
speech, as highlighted in Freeman-Sanderson’s study (2016 B).17 

This early, targeted intervention significantly hastened the return 
of voice, thereby enhancing communication outcomes within the 
ICU setting. Moreover, improvements in communication and 
quality of life were noted to coincide with the restoration of voice, 
emphasizing the interplay between effective intervention and pos-
itive patient outcomes, as demonstrated in Freeman-Sanderson’s 
work (2016 A).18 Patient perceptions and comfort also played a 
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Table 4. Clinical Outcomes 

Author, year 
(n) 

Quality of Life 

Freeman-
Sanderson, 2016 
A 
(n = 22) 

Visual analogue self- esteem scale scores increased after return of voice. 

Pandian, 2020 
(n = 30) 

Mean voice-related quality of life: 

Speech Intelligibility and Voice Quality 

Mcgrath, 2016 
(n = 5) 

Voice quality: 

Mcgrath, 2019 
(n = 10) 

Median voice quality score using GRBAS scale: 

Pandian, 2020 
(n = 50) Mean speech intelligibility test scores ↓ by 6.4 points for each 1-point ↑ in their SOFA scores (p=0.04) 

Pryor, 2016 
(n = 3) 

Speech intelligibility: 

Voice quality score using GRBAS scale: 

Voice Handicap Index Score: 
Patient 1: 

Patient 2: 

Time to Events 

Days to initial communication device 
use 

Days to oral intake Days to decannulation 

Freeman-
Sanderson, 2016 
B 
(n = 30) 

Control: 
Median days to phonation = 18 days 
Experiment: Median days to phonation = 
7 days 
Difference = 11 days (p=0.001) 

Time to oral intake = no 
difference (p=0.14) 

Difference in time to 
decannulation = 1 days (p=0.38) 

McGrath, 2019 
(n = 10) 

Median days to above cuff vocalization = 
8 (IQR: 36) Not reported Not reported 

O'Connor, 2020 
(n = 20) 

Median days to one-way speaking valve = 
11 (IQR: 6, 14) Not reported Not reported 

Clinical response and tolerance 

Freeman-
Sanderson, 2016 

Oxygen desaturation <88% 1 each group 
Tachypnea >35 breaths/min 2 each group 

• Being understood increased (p=0.06) 
• Cheerfulness increased (p = 0.04) 
• EuroQol-5D = No difference 

• ↑ from 39 pre- to 50.2 post-Experiment group in the experimental group 
• ↑ from 48.2 pre- to 48.4 post-Experiment group in the control group 

• Item ‘repetition’ ↑ in Experiment compared to control group (p=0.001) 
• Item ‘outgoing scores’ ↑ in Experiment compared to control group (p=0.04) 

◦ Difference in ↑ between two groups (p=0.001) 

• Aphonia = 2 
• Dysphonia = 1 

• Grade = 3 
• Roughness = 2 
• Breathiness = 2 
• Asthenia = 2 
• Strain = 2 

• Patient 1 = just noticeable reduction in speech intelligibility 
• Patient 2 = moderate reduction 

• Patient 1 = 2 
• Patient 2 = 3 

• Difficult for people to hear: 3 across 3 sessions 
• Ran out of air when patient talked: 4 across 3 sessions 
• Voice sounded creaky and dry: 3 across 3 sessions 
• Strain to produce voice: 2 across 2 sessions and 3 in 1 session 
• Great deal of effort to speak: 3 across 2 sessions and 2 in 1 session 

• Difficult for people to hear: 1 across 3 sessions 
• Ran out of air when patient talked: 2 across 2 sessions and 3 in 1 session 
• Voice sounded creaky and dry: 2 across 2 sessions and 3 in 1 session 
• Strain to produce voice: 2 across 2 sessions and 1 in 1 session 
• Great deal of effort to speak: 1 across 2 sessions and 1 in 1 session 
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Author, year 
(n) 

Quality of Life 

B 
(n = 30) 

Increased upper respiratory tract secretions 2 in control group 
Excessive coughing = 1 in Experiment group 
Hypertension >160 mmHg = 1 in Experiment group 

McGrath, 2019 
(n = 10) 

Gained speech in 66 out of 91 attempts (72.5%) 
Improvement in unstimulated dry cough and swallow frequency 

O'Connor, 2020 
(n = 20) Median duration using one-way speaking valve = 10.5 (Range: 5.5 – 17) hours 

Pryor, 2016 
(n = 3) 

Patient 1: Mean ability to sustain phonation = 30-60 minutes at a time 
Patient 2: Mean ability to sustain phonation = 2-3 hours at a time 

Sutt, 2016 
(n = 20) 

End expiratory lung impedance increased with speaking valve use 
End-tidal carbon dioxide and respiratory rate decreased while oxygen saturation and heart rate remained stable 

Healthcare utilization 

ICU Length of stay in days (Median) Hospital Length of stay in days (Median) 

Freeman-
Sanderson 2016 
B 
(n = 30) 

Difference between experimental and 
control group = 0 (p=0.69) 

Difference between experimental and control group = 14 days 
(p=0.42) 

McGrath 2019 
(n = 10) 28 (IQR: 36) Not reported 

O'Connor 2020 
(n = 20) 37 (IQR:28, 49) Not reported 

Pandian 2020 
(n = 50) 

Control group: 29 
Experimental group: 49 

Control group: 35 
Experimental group: 60 

GRBAS: G = Grade, R = Roughness, B = Breathiness, A = asthenia, S = Strain 
IQR = Interquartile 
SOFA = Sequential Organ Failure Assessment 

crucial role in facilitating successful speech restoration, with pa-
tient-reported preferences for speech cannula placement indicat-
ing the importance of addressing individual comfort and commu-
nication needs, as underscored by Pryor (2016).23 Additionally, 
maintaining laryngeal function was identified as essential for suc-
cessful artificial communication voice restoration, highlighting 
the need for cooperation and intact laryngeal function in facilitat-
ing positive outcomes, as elucidated by McGrath (2016).19 Early 
signs of tolerance to communication devices further facilitated 
their use, with patients demonstrating tolerance after an initial 
transition period, as observed in O’Connor’s study (2020).21 

Despite these facilitators, several barriers were identified that 
impeded successful speech restoration and communication out-
comes. Variability in access to speech-language pathology (SLP) 
services within ICU settings presented a significant barrier, with 
some centers unable to provide adequate support, as noted by 
Freeman-Sanderson (2016 A).18 Moreover, psychological factors 
such as low affect were observed to hinder recovery by reducing 
patient engagement and participation, indicating the complex in-
terplay between psychological states and communication out-
comes, as highlighted by Freeman-Sanderson (2016 A).18 Upper 
airway secretions were identified as a physical barrier that in-
terfered with voice quality, potentially obstructing the gas flow 
line and impacting communication effectiveness, as outlined by 
McGrath (2016).19 Intolerance factors, including issues related to 
airway patency and respiratory muscle weakness, further posed 
challenges to the successful implementation of communication 
devices, as detailed by O’Connor (2020).21 Additionally, poor 
speech cannula placement and drug-induced sedation were iden-
tified as specific barriers that hindered the effective use of com-
munication devices, underscoring the importance of addressing 
technical and pharmacological challenges in tracheostomy man-
agement, as elucidated by Pryor (2016) and O’Connor (2020), re-
spectively.21,23 

Certainty of Evidence 

The certainty of evidence varied across studies: Freeman-Sander-
son, 2016 A,18 McGrath, 2016,19 and Pryor, 201623 provided 
low-quality evidence, while McGrath, 2019,20 O’Connor, 2020,21 

and Sutt, 201624 presented moderate-quality evidence (Figure 3). 
Pandian, 2020 and Freeman-Sanderson, 2016 B offered high-qual-
ity evidence.17,25 These assessments inform confidence levels in 
the effectiveness of tracheostomy management strategies. 

DISCUSSION 

This systematic review found that different types of communica-
tion devices significantly impact the quality of life (QOL), speech 
intelligibility, and voice quality in patients undergoing tra-
cheostomy. Studies showed improvements in self-esteem, cheer-
fulness, and voice-related QOL with the use of these devices, 
though results varied across specific metrics like speech intelligi-
bility and voice quality. Time to significant events, such as phona-
tion and decannulation, was reduced in some instances, indicat-
ing potential for faster recovery processes. Clinical response and 
tolerance varied, with some patients experiencing minimal side 
effects. Healthcare utilization outcomes, such as ICU and hospi-
tal length of stay, showed mixed results, with no significant dif-
ferences in some studies. Facilitators for implementing commu-
nication devices included early intervention and improvements in 
communication and QOL, while barriers involved variability in 
speech-language pathology services, upper airway secretions, and 
intolerance factors. 

Patient Characteristics 

Patient characteristics, such as age, sex, race, and medical indi-
cations for tracheostomy, varied across the studies, reflecting the 
diverse nature of tracheostomized populations, similar to other 
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Table 5. Facilitators and Barriers 

Themes Phrases from the Studies 

Facilitators 

Early 
Intervention 

"Early, targeted intervention by speech pathology during mechanical ventilation leads to the effective restoration of 
speech significantly earlier in the ICU admission" (Freeman-Sanderson, 2016 B) 

Improvement in 
Communication 
& QOL 

"Improvement in communication and quality of life coincided with the return of voice" (Freeman-Sanderson, 2016 A) 

Patient 
Perceptions and 
Comfort 

"He liked having the speech cannula in situ and reported anxiety and frustration when unable to communicate verbally" 
(Pryor, 2016) 

"Patient perceptions of comfort and adjustment have not previously been explored but clinical experience would suggest 
these are an important facilitator, or indeed barrier, to the success of speech restoration in a setting where anxiety 
around breathing may already be elevated" (Pryor, 2016) 

Laryngeal 
Function 

"There is a need for cooperation and intact laryngeal function for artificial communication voice restoration to be 
successful" (McGrath, 2016) 

Initial Signs of 
Tolerance 

"Once patients overcome the initial transition period and are not exhibiting any signs of intolerance after 2 hours, there 
does not appear to be any limitations to extended use" (O’Connor, 2020) 

Barriers 

Variability in 
SLP Services 

"There is variability regarding the degree of speech-language pathology communication support for patients within the 
ICU, with some centers not able to access speech-language pathology services" (Freeman-Sanderson, 2016 A) 

Low Affect 
Hindering 
Recovery 

"Low affect may also inhibit recovery by reducing participation and engagement" (Freeman-Sanderson, 2016 A) 

Upper Airway 
Secretions 
Interference 

"Upper airway secretions may also interfere with the quality of voice, and secretions above the cuff can lead to a 
blocked gas flow line" (McGrath, 2016) 

Intolerance 
Factors 

"intolerance can be related to airway patency (for example, swelling, tumours, stenosis, and granulation tissue in the 
upper airways; tracheomalacia; or vocal cord paralysis), air trapping (due to inelastic lung recoil or difficulty exhaling 
around the tracheostomy), gross aspiration, and fatigue (due to ICU-acquired respiratory muscle weakness)" 
(O’Connor, 2020) 

"Any indication of whether there is a central or neurological factor limiting the tolerance of the one-way speaking valve 
would likely be evident within the first 2 hours" (O’Connor, 2020) 

Poor Speech 
Cannula 
Placement 

"Participants were unable to use the speech cannula as the fenestration was observed to sit against the posterior 
tracheal wall, and as such, there was no passage for expired air" (Pryor, 2016) 

Drug-Induced 
Sedation 

"The remainder of participants in this study were not trialed with a one-way speaking valve on mechanical ventilation 
owing to drug-induced sedation" (O’Connor, 2020) 

Figure 3. Level of Certainty using GRADE scoring 
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studies that describe the characteristics of patients with a tra-
cheostomy.2 Age has been identified as a predictor of quality of 
life and mortality among patients with a tracheostomy.26,27 Fe-
male sex has been identified as a predictor of reporting communi-
cation issues related to tracheostomy decision-making in patients 
receiving prolonged mechanical ventilation.28 

Communication device characteristics 

The communication devices employed in the included studies en-
compassed different tracheostomy tube types (Portex cuffed non-
fenestrated tubes, Blue Line Ultra Suction tracheostomy tubes, 
and Shiley Evac (Blom TTS fenestrated) tubes) and speaking 
valves (Passy-Muir speaking valves with ventilators, Passy-Muir 
speaking valves on tracheostomy collar (off the ventilator)). Alter-
native communication methods included communication boards 
or iPads. Findings highlight the availability of multiple options for 
speech restoration in the ICU, allowing healthcare professionals to 
tailor interventions to individual patient needs. Prioritizing com-
munication in the ICU has resulted in earlier introduction of com-
munication devices,21 earlier return to voice,17 and the ability for 
patients to tolerate the communication device for an extended pe-
riod.23 In 2019, Zaga’s literature review highlighted similar com-
munication modalities mentioned above, in addition to the use 
of an electrolarynx and a combination of multiple modalities.13 

In 2019, Karlsen’s literature review identified the need for future 
studies to compare the various communication aids against each 
other to strengthen the evidence on already existing communica-
tion aids. 

Quality of Life, Speech Intelligibility, and Voice Quality 

The role of communication emerges as a salient determinant22,
25,29 of quality-of-life for patients navigating the complexities of 
tracheostomy-related care. Findings from our review revealed no-
table improvements in quality of life, speech intelligibility, and 
voice quality following tracheostomy management interventions. 
Emotional factors, such as anxiety and frustration, were identified 
as barriers to successful speech restoration. The patient’s inability 
to communicate with nurses and family members, even if non-ver-
bal language was used, resulted in increased negative emotions 
such as helplessness, frustration, embarrassment, and depres-
sion.30‑32 Additionally, Zaga’s literature review (2019) further 
stated that patients experience psychological distress and feelings 
of powerlessness during their ICU admission when their commu-
nication is significantly compromised.13 Studies in our review re-
ported significant enhancements in various domains of quality of 
life, particularly in areas related to communication and voice-re-
lated activities, indicating the profound impact of interventions 
aimed at restoring voice function. However, challenges such as 
speech intelligibility impairments and voice abnormalities were 
also observed, underscoring the multifaceted nature of commu-
nication difficulties in tracheostomized patients. Factors affecting 
voice quality included upper airway secretions and blockage of the 
gas flow line above the cuff, which may affect the clarity and au-
dibility of speech.19 

Clinical responses and tolerance 

Findings suggest a generally positive adaptation to communica-
tion devices. Instances of oxygen desaturation and tachypnea were 
present in both experimental and control groups, with some pa-
tients experiencing increased secretions, coughing, or hyperten-
sion. However, a majority of attempts to gain speech were suc-
cessful, with noticeable improvements in cough and swallow 
functions. Usage duration of one-way speaking valves varied, re-
flecting different patient tolerances for vocalization tasks. Physio-
logically, one-way speaking valves contributed to improved lung 
impedance and reduced carbon dioxide levels, without adversely 
affecting oxygen saturation and heart rate, underscoring their po-
tential for enhancing respiratory function following tra-

cheostomy.24 Factors such as airway patency, tracheomalacia, vo-
cal cord paralysis, inelastic lung recoil, and difficulty exhaling 
around the tracheostomy tube can contribute to intolerance and 
impact the effectiveness of speaking devices.21 

Healthcare utilization 

Data on healthcare utilization suggests that the implementation of 
tracheostomy management strategies did not significantly alter the 
length of ICU stay when comparing experimental (In-line one-
way speaking valve) and control (Portex orator speaking valve) 
groups.17 Additionally, while there was an observed difference in 
hospital length of stay, it was not statistically significant.17 Mc-
Grath 2019 and O’Connor 2020 reported median ICU stays of 28 
and 37 days, respectively, but did not report on hospital length 
of stay. Pandian 2020’s findings suggest that the experimental 
group (Blueline Ultra Suctionaid) had a notably longer ICU and 
hospital stay compared to the control (one-way speaking valve) 
group. These findings highlight a potential increase in healthcare 
resource use associated with certain tracheostomy interventions, 
though the implications of this increase require further investiga-
tion to understand the underlying causes and to determine the clin-
ical significance. 

Facilitators and Barriers to Using Communication Devices 

Facilitators such as early intervention by speech pathology, patient 
perceptions, and comfort, and laryngeal function maintenance 
emerged as key factors contributing to successful tracheostomy 
management. However, barriers including variability in access to 
speech-language pathology services, psychological factors, upper 
airway secretions interference, and intolerance factors posed chal-
lenges to effective communication and patient care. In addition 
to the barriers indicated in the articles included in our literature 
review, Pandian et al (2022) identified reduced access to care or 
supplies as a barrier to promoting effective oxygenation and com-
munication, especially in the context of the recent COVID-19 pan-
demic.8 Another potential barrier mentioned in articles outside of 
this literature review is the great physical and mental effort needed 
to communicate with a tracheostomy in place.30,33 Addressing 
these barriers through comprehensive care strategies tailored to in-
dividual patient needs is essential to optimize outcomes and en-
hance patient experiences in tracheostomy management. Overall, 
this review provides valuable insights into the complexities of tra-
cheostomy management and underscores the importance of mul-
tidisciplinary approaches and patient-centered care in optimizing 
outcomes for tracheostomized patients. 

Implications for Interprofessional Teams 

Speech-language pathologists (SLPs), physicians, nurses, and res-
piratory therapists are critical for optimizing communication for 
tracheostomy patients. The review findings emphasize the need 
for collaborative care planning to select and implement the most 
appropriate communication devices based on individual patient 
needs, which can improve QOL and expedite recovery. Providers 
should consult SLPs more frequently as they play an important 
role in assessing speech intelligibility and voice quality, which 
will guide the team to tailor interventions appropriately, providing 
early targeted therapy to restore communication abilities effec-
tively. Providers with prescriptive authority need to pay attention 
to the overall clinical response, monitor tolerance to devices, and 
adjust medical treatment as needed. Bedside nurses providing on-
going care should know the differences between tracheostomy 
tube types and communication devices to be able to monitor pa-
tient vitals in response to the devices, and be the first to identify 
signs of intolerance or complications.34 Nurses should also ed-
ucate patients and their families about communication strategies 
and assistive devices to facilitate effective communication during 
the recovery process.35,36 Respiratory therapists should collabo-
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rate with SLPs and nurses to make ventilator setting changes to 
promote use of communication devices. 

Collaborations among interprofessional teams can also aid in 
addressing affective factors and psychological well-being,3,37‑40 

which are crucial for successful speech restoration.41‑44 Providing 
emotional support to patients and addressing anxiety and frustra-
tion can engage patients in speech restoration efforts.45 

Furthermore, findings underscore the necessity of regular, open 
communication among team members to address and navigate the 
identified barriers, such as variability in SLP services and the im-
pact of upper airway secretions. The team must be attuned to the 
facilitators of successful device use, such as patient comfort and 
perceptions, which require the concerted efforts of the entire care 
team to support and reinforce. Collectively, these professionals 
must also be cognizant of healthcare utilization metrics, working 
together to streamline processes that could lead to shorter lengths 
of stay and better resource management without compromising 
patient outcomes. Interprofessional education and protocols re-
garding the use of communication devices may help standardize 
care, mitigate variability in services, and ensure a patient-cen-
tered approach to tracheostomy management, however, this re-
quires further investigation. 

Implications for Health Policy 

The findings have several implications for health policy in the 
context of ICU settings. Access to speech-language pathology ser-
vices should be emphasized, addressing staffing needs and poten-
tial barriers to access.46,47 Interprofessional collaboration and ef-
fective communication among healthcare professionals should be 
promoted.48‑51 Health policy should support outcome measure-
ment and quality improvement initiatives, prioritize patient-cen-
tered care and informed decision-making, and allocate resources 
for research and evidence generation to drive evidence-based 
practices and enhance the delivery of speech restoration interven-
tions in the ICU.2,52 

Limitations 

Limitations of this study should be acknowledged to provide con-
text for interpreting the findings and understanding the potential 
implications for future research and clinical practice. First, despite 
efforts to conduct a comprehensive literature search across multi-
ple databases and sources, some relevant studies may have been 
missed, leading to potential selection bias. Additionally, the in-
clusion criteria limited the review to studies published in English 
from 2016 onwards, potentially excluding relevant non-English 
studies and earlier publications that could contribute valuable in-
sights. Moreover, the variability in study designs and outcome 
measures across the included studies introduces heterogeneity that 
may affect the generalizability of the findings. The small sample 
sizes and varying clinical contexts of the included studies further 
limit the statistical power and applicability of the results to 
broader patient populations. Finally, the complexity of tra-
cheostomy management and the multitude of factors influencing 
clinical outcomes necessitate cautious interpretation of the find-
ings, recognizing the need for further well-designed studies to elu-
cidate the optimal approaches to tracheostomy care and communi-
cation device selection in ICU settings. 

Conclusion 

This systematic review elucidates the substantial benefits of com-
munication devices in enhancing quality of life, speech intelli-
gibility, and voice quality for patients with tracheostomy. The 
data demonstrates notable improvements in self-esteem and cheer-
fulness, contributing to increased voice-related quality of life. 
Although variability was observed, there is a suggestion of ac-
celerated progress toward critical recovery milestones such as 
phonation and decannulation. Clinical responses and tolerance to 

these devices varied among patients, with a generally low inci-
dence of side effects. In terms of healthcare utilization, the find-
ings were mixed, indicating that while some patients may benefit 
from shorter stays, the impact of communication devices on over-
all hospital and ICU length of stay is inconclusive. Effective im-
plementation of these devices is facilitated by early intervention 
and the observed enhancements in communication, yet is chal-
lenged by the availability of speech-language pathology services 
and physiological barriers. The review highlights the multifaceted 
implications of communication devices in tracheostomy care, re-
inforcing the necessity for individualized patient assessments to 
optimize outcomes. 
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