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Abstract

Neurological patients frequently have disorders of consciousness, swallowing disorders, or neurological states that are
incompatible with extubation. Therefore, they frequently require tracheostomies during their stay in an intensive care unit.
After the acute phase, tracheostomy weaning and decannulation are generally expected to promote rehabilitation. However,
few reliable predictive factors (PFs) for decannulation have been identified in this patient population. We sought to identify
PFs that may be used during tracheostomy weaning and decannulation in patients with brain injuries. We conducted a sys-
tematic review of the literature regarding potential PFs for decannulation; searches were performed on 16 March 2021 and
1 June 2022. The following databases were searched: MEDLINE, EMBASE, CINAHL, Scopus, Web of Science, PEDro,
OPENGREY, OPENSIGLE, Science Direct, CLINICAL TRIALS and CENTRAL. We searched for all article types, except
systematic reviews, meta-analyses, abstracts, and position articles. Retrieved articles were published in English or French,
with no date restriction. In total, 1433 articles were identified; 26 of these were eligible for inclusion in the review. PFs for
successful decannulation in patients with acquired brain injuries (ABIs) included high neurological status, traumatic brain
injuries rather than stroke or anoxic brain lesions, younger age, effective swallowing, an effective cough, and the absence
of pulmonary infections. Secondary PFs included early tracheostomy, supratentorial lesions, the absence of critical illness
polyneuropathy/myopathy, and the absence of tracheal lesions. To our knowledge, this is the first systematic review to identify
PFs for decannulation in patients with ABIs. These PFs may be used by clinicians during tracheostomy weaning.
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Introduction

During their stay in an intensive care unit (ICU), approxi-
matively 10% of patients will require tracheostomies
[1]. The clinical scenarios that are most likely to require
tracheostomies include reduction of dead space during
mechanical ventilation weaning, treatment of a conscious-
ness disorder, treatment involving a neurological status
that is incompatible with extubation, the need to counter-
act inefficient airway protection related to a neurological
lesion and/or to ICU hospitalisation [1-3]. Tracheostomy
weaning and its final step, decannulation, is a complex
process. The procedure requires a weaning protocol and a
trained multidisciplinary team (an intensivist, an ear nose
and throat (ENT) specialist, physiotherapists, speech ther-
apists, and nurses); it can be performed in the ICU or after
ICU discharge [4—6]. Weaning protocols usually involve
decision-making procedures that are based on clinical
criteria and sometimes instrumental assessments [7—-10].
However, many of these protocols heavily rely on expert
opinion, and there are limited evidence-based guidelines
for successful decannulation [2].

A systematic review by Santus et al. concluded that a
strong cough and the ability to tolerate tube capping are pre-
dictive factors (PFs) for decannulation [3]. The same review
described secondary PFs that may also be important. These
secondary PFs included the level of oxygenation, capnia, the
level of consciousness and neurological state, age, swallow-
ing status, the quantity and quality of secretions, the duration
of mechanical ventilation, the stability of haematic gases
(PaO, and PaCQ,), the aetiology of respiratory failure, and
comorbidities [3]. A literature review by Meideros et al. con-
cluded that the following criteria were indicators for decan-
nulation success: clinical and haemodynamic stability, high
level of alert consciousness, no requirement for mechanical
ventilation, no dependence on humidification, good secre-
tion management, and the absence of bronchoaspiration [4].
Meideros et al. reported that swallowing, airway patency,
and secretion management assessments were important steps
in tracheostomy weaning [4].

However, these previous reviews included patients who
had undergone tracheostomies for various reasons (e.g.,
respiratory, neurological, and swallowing disorders). In
contrast, patients with acquired brain injuries (ABIs) may
require tracheostomies for the treatment of a particular
neurological defect [5]. Therefore, the factors that influ-
ence tracheostomy weaning and decannulation in such
cases may be unique to this patient population. Here, we
sought to identify PFs that may be used by clinicians to
predict success, failure, or difficulties during tracheostomy
weaning and decannulation. Validated PFs for these pro-
cedures will enable clinicians to provide better treatment.

@ Springer

Materials and Methods

We used the Population—Intervention—Control-Outcome
(PICO) research strategy.

e Population: All patients were aged > 18 years and had
ABISs from traumatic, vascular, encephalopathic, or onco-
logical aetiologies. Patients were required to be free from
mechanical ventilation, and articles describing patients
with medullar lesions or neurodegenerative diseases were
excluded.

e Intervention: Decannulation and/or tracheostomy wean-
ing.

e Control: none.

e Outcome: PFs for decannulation success and/or failure
and/or delayed and/or difficult and/or easy tracheostomy
weaning.

To identify PFs, we evaluated sociodemographic (age
and sex) and clinical data, aetiologies, ABI treatments, dis-
ease severity, related disabilities (cognitive and functional),
comorbidities, medical and surgical history, and variables
linked to tracheostomies (e.g., SpO, level, tube capping tol-
erance, and tracheostomy timing).

Interventions such as specific rehabilitation strategies
(e.g., electric stimulation), specific assessments (e.g., use
of flexible bronchoscopy), and specific weaning procedures
(e.g., use of a team-based procedures) were not regarded as
potential PFs. We searched for all types of articles, except
for systematic reviews, meta-analyses, abstracts, and posi-
tion articles. Eligible articles were published in English or
French. Our principal outcome was the identification of PFs
for successful or failed decannulation. Our secondary out-
come was the identification of PFs for delayed decannulation
or PFs for difficult or easy tracheostomy weaning.

We searched the following electronic databases: MED-
LINE, EMBASE, CINAHL, Scopus, Web of Science,
PEDro, OPENGREY, OPENSIGLE, Science Direct, CLINI-
CAL TRIALS and CENTRAL. There were no restrictions
on the date of publication. The first search was performed on
16 March 2021 (deadline, 16 March 2021). Searches were
repeated on 1 June 2022 (with a date filter of 16 March 2021
or the 2021-2022 period, depending on the database), imme-
diately prior to the final analyses and hand searching of the
bibliographies.

e On MEDLINE, we searched (tracheostom* [MH]
or tracheostom* [TIAB] or tracheostom*[OT]
or tracheotom*[MH] or tracheotom*[TIAB] or
tracheotom*[OT] or cannula*[MH] or cannula*[TIAB]
or cannula*[OT]) and (brain injur*[MH] or brain
injur*[TIAB] or brain injur*[OT] or stroke [MH] or
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stroke [TTAB] or stroke [OT] or traumatic brain injur*
[MH] or traumatic brain injur* [TIAB] or traumatic
brain injur*[OT] or neuro* [MT] or neuro* [TIAB] or
neuro* [OT] or neuro* or central nervous system [MT]
or central nervous system [TIAB] or central nerv-
ous system [OT]) and (weaning or weaning [TIAB]
or weaning [OT] or decannulation or decannulation
[TIAB] or decannulation [OT] or tube removal or tube
removal [TIAB] or tube removal [OT])

e On EMBASE, we searched «tracheostomy and decan-
nulation and stroke or brain injury»

e On CINAHL, we searched «tracheostomy and decan-
nulation and brain injury or post-stroke or stroke or
head injury or traumatic brain injury or post-stroke
or stroke or head injury or traumatic brain injury or
acquired brain injury»

e On CENTRAL, we searched «tracheostomy and decan-
nulation and stroke or brain injury»

¢ On OPENGREY/OPENSIGLE, we searched «trache-
ostomy and decannulation»

e On PEDro, we searched «tracheostomy and decannula-
tion»

e On Web of Science, we searched «tracheostomy and
decannulation»

e On CLINICAL TRIALS, we searched «tracheostomy
and decannulation»

e On Scopus, we searched «tracheostomy and decan-
nulation and (brain injury or stroke or CNS)»

e On Science Direct, we searched «tracheostomy and
decannulation and (brain injury or stroke or CNS)»

Articles were entered into the Rayyan QCRI data man-
agement and extraction web application (http://rayyan.
gcri.org). Duplicates were removed, and two reviewers
(TG and GM) screened articles independently. Initial
selection was based on the assessment of each article’s
title and abstract. If necessary, the entire article was read.
Disagreements regarding article inclusion were resolved
by discussion. Remaining disagreements were resolved
by consensus, in consultation with a third reviewer (EC).
The reasons for exclusion of each article were recorded.

Risk of bias (RoB) assessment was performed for each
article by TG and GM independently, using the Quality in
Prognosis Study (QUIPS) tool [6]. Consensus was sought
between the two reviewers, and any disagreements were
resolved by consultation with a third reviewer (EC). The
QUIPS tool has a reported interrater agreement ranging
between 70% and 89.5% (median 83.5%) [7]. This search
strategy was registered on PROSPERO on 8 April 2021
(CRD42021246999).

Results

In total, 1433 articles were identified, and 214 duplicates
were removed. Of the remaining 1219 articles, 1167 were
excluded by screening. The reasons for exclusion were
wrong population (837 articles), wrong outcome (213
articles), background articles (54 articles), wrong study
design (30 articles), wrong publication type (19 articles),
publication in a language other than English or French
(5 articles: 1 in German, 1 in Japanese, and 3 in Manda-
rin Chinese), and ongoing investigation (9 articles). The
full-text versions of 52 articles were assessed for eligibil-
ity, and 26 articles were excluded. The reasons for exclu-
sion were wrong outcome (13 articles), publication as an
abstract only (6 articles), duplicate publication (3 articles),
wrong population (2 articles), publication in a language
other than English or French (1 article in Mandarin Chi-
nese), and wrong study design (1 article). Therefore, 26
full-text articles were included in this review (Fig. 1); 5
described patients with traumatic brain injuries (TBIs), 17
described patients with ABIs (various aetiologies), and 4
described patients with stroke.

There were two types of study design. In total, 9 studies
assessed a predefined PF (7 for patients with ABIs, 1 for
patients with TBIs, and 1 for patients with stroke), whereas
17 studies sought to identify PFs among many variables
(10 for patients with ABIs, 4 for patients with TBIs, and 3
for patients with stroke). One of these 26 articles described
a population of patients with ABIs but included a sub-
group analysis for patients with stroke (Reverberi et al.,
2018). Consequently, this study is described in both the
ABI and stroke subgroups [20].

Among the 26 included studies, there were 15 retro-
spective monocentric observational studies, 8 prospective
monocentric observational studies, 1 retrospective mono-
centric case—control observational study, 1 retrospective
multicentric observational study, and 1 prospective multi-
centric observational study. According to the QUIPS tool,
10 articles had a low RoB, 10 articles had a moderate RoB,
and 6 articles had a high RoB. Our interrater agreement
was 65% after the first blinded round. Rating was different
between the 2 reviewers for 9 articles. However agreement
was found by consensus for all the articles.

The complete results are described in Table 1, where
articles are first classified according to the population
studied (TBI, ABI, or stroke), then classified according
to the study design used (assessment of a predefined PF
or identification of PFs among many variables). Hazard
ratio (HR), odd ratio (OD), 95% confidence interval (CI),
positive and negative likelihood ratio, sensitivity and
specificity are reported when available. Complete RoB
are reported in Table 2.
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Fig. 1 Flow chart

1 record identified through
handsearching in the selected
articles’ bibliography

\/

1219 records after
duplicates removed

1432 records identified
through database searching

1167 records excluded:
wrong population: 837
articles

wrong outcome: 213
articles

background articles: 54
articles

wrong study design: 30
articles

wrong publication type:
19 articles

language other than
English or French: 5
articles

ongoing studies: 9 studies

1219 records screened

26 full-text articles
excluded:
wrong outcome: 13
articles
only abstract available: 6
articles

52 full-text articles duplicates: 3 articles
assessed for eligibility wrong population: 2
articles
language other than
English or French: 1
article
wrong study design: 1
article

26 full-text articles
included in the review

Discussion Intrinsic PFs Present Before ABI

In this systematic review, we describe intrinsic and extrinsic =~ Age

PFs. Intrinsic PFs may be subdivided into PFs present before

the ABI and PFs present only after the ABI. Only one extrinsic ~ Younger age is reportedly a PF for decannulation in 10
PF was identified; it was present only after the ABI. studies, including 7 from the ABI subgroup [15-21] and 4
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Table2 Complete RoB: low RoB are written en Italics, moderate RoB are written in Underline, high RoB are written in Bold

Study participa- Study attrition Prognosis fac- Outcome  Study confound-  Statistical Overall rating bias
tion tor measure- measure-  ing analysis and
ment ment reporting
Jenkins et al. [8]  Low Moderate Low Moderate  Moderate Low Moderate
Nowak et al. [14]  Low Moderate High High Moderate Low High
Klingbeil [17] Low Moderate High High High High High
Zanataet al. [15]  Moderate High Moderate High High Low High
Ringrose et al. Moderate Moderate Moderate Moderate  Moderate Moderate Moderate
[39]
Hakiki et al. [33] Low Low Low Low Low Low Low
Decannulation
after severe ABI
Woo, Kelly, Moderate High High Moderate =~ Moderate Moderate High
Krishner (1986)
Heidler et al. Low Low Low Low Moderate Low Low
(2018)
Mortensen et al. Moderate Moderate Low Moderate  Low Low Low
[30]
Lanini et al. [10]  Moderate Low Moderate Moderate  Moderate Moderate Moderate
Mackiewicz- High High High High High High High
Narkowicz et al.
[19]
Perin et al. (2017) Moderate High Moderate Moderate  High Low High
Lui et al. [35] Low Moderate Moderate Moderate  Moderate Low Moderate
Mannini et al. [11] Low Low Low Moderate  Low Low Low
Reverberi et al. Low Low Low Moderate  Moderate Low Moderate
(28]
Chan et al. [29] Low Low Moderate High Moderate Low Moderate
Enrichi et al. [32] Low Low Low Moderate  Moderate Low Low
Leto et al. (2021) Low Moderate Low Low Low Low Low
low
Bellon et al. Low Moderate Low Moderate  Moderate Low Low
(2022)
Hakiki et al. [33] Low Low Low Low Low Low Low
polyneuropathy
Huang et al. [41]  Moderate Moderate Low Moderate  Moderate Low Moderate
Mitton et al. Low Moderate Moderate Moderate  Low Low Moderate
(2017)
Park and Lee [21] Low High Moderate Low Moderate Low Moderate
Schneider et al. Low Moderate Low Moderate  Low Low Low
[23]
Kiichler et al. [22] Low Moderate Low High Moderate Low Moderate
Gessler et al. [42] Low Low Low High Low Low Low

from the stroke subgroup [20-24]. Younger age is usually
associated with better overall health and fewer comorbidi-
ties. Notably, there is no definitive cut-off for age, although
Kiichler et al. and Gessler et al. proposed that ages > 60 years
or 65 years, respectively, should be used as cut-offs for
delayed decannulation [23, 24].

In contrast, one study of patients with TBIs found that
older age was a PF for decannulation [8]. The authors
hypothesised that this observation was related to the small

number of physicians who performed tracheostomies on
younger patients. Moreover, the study cohort lacked geriat-
ric patients, which may have been influenced by the demo-
graphic characteristics of patients with severe TBIs (i.e.,
frequently younger men: 55% are 0-44 years old, whereas
29% are > 65 years old) [9]. Moreover, fewer tracheostomies
are performed on older patients with TBIs because of the
higher risk associated with the procedure in patients who
are aged > 65 years (72% mortality) [9]. Thus, older patients
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with tracheostomies may have better overall health or less
severe TBIs.

Sex

The effect of sex was evaluated in 11 studies, and no effect
was observed in 8 studies [8, 15, 20, 22, 23, 25, 27, 28].
Only one study found that male sex was a PF for decannula-
tion [10], whereas two studies found that male sex was a PF
for less frequent decannulation [16, 19]. However, selec-
tion bias may have been responsible for these observations
because most patients were male in these studies (Heidler
et al., 68%; Mannini et al., 64%; and Lanini et al., 63%).

Body Mass Index

Body mass index was evaluated in three studies; it was a
PF for delayed decannulation in one study [11] but had no
effect in two studies [25, 27]. A high body mass index can
impair respiratory function and have a negative impact on
tracheostomy weaning.

Intrinsic PFs Present Only After ABI
Neurological Status

In total, 14 studies found that a higher neurological status
was the most important PF for decannulation [8, 9, 16, 18,
20, 23, 24, 28-34]. This finding is not surprising because
swallowing is strongly dependent on neurological control
[35-37]. Central lesions can impair swallowing centres in
the brainstem or modulators in the cerebral hemispheres
[12]. Moreover, diffuse lesions can severely impair alert-
ness; therefore, dysphagia may occur regardless of whether
swallowing centres are intact [13].

There is no consensus regarding the method for measure-
ment of neurological status. Therefore, various scales were
observed among studies in this review (see supplemental
file 1 for a complete description of all the scales reported
in this review).

In the TBI subgroup, Nowak et al. used the Rancho
Los Amigos Scale (RLAS), a cognitive behavioural scale
designed to evaluate patients with ABIs who are recovering
from comas [14]. The RLAS used in Nowak et al. is the first
iteration and comprises 8 levels: I No response to deep pain
stimulus; II Generalized response to deep pain stimulus; III
Localized response to deep pain stimulus; IV Confused, agi-
tated; V Confused, inappropriate, not agitated; VI Confused,
appropriate; VII Automatic, appropriate; VII Purposeful,
appropriate. Jenkins et al. and Zanata et al. used the Glas-
gow Coma Scale (GCS) at admission [8] and at the latest
assessment [15], respectively. The GCS is probably the most
widely used behavioral scale used to assess the severity of
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TBI at the acute phase. It is composed of 3 subscale scores
(eye-opening, verbal and motor). The total score is ranging
from 3 to 15 (scores of 3-8 indicating a severe injury, 9-12
a moderate injury, and 13—15 a mild injury) [16]. Klingbeil
did not report any scale [17]. In one study, craniotomy was a
PF for a lower likelihood of decannulation [8]. Craniotomy
may be associated with a worse neurological status because
this surgical procedure is performed on patients with intrac-
ranial hypertension [18]. Conversely, Jenkins et al. found
that GCS score at admission was not a PF for decannulation,
presumably because of the many confounders involved at
that time, such as the use of sedation [8].

In the ABI subgroup, the following scales were used:
Coma Recovery Scale-revised (CRS-r) (at admission or
later) in five studies [16, 19, 31, 33, 41], GCS (at admission
or later; cut-off, GCS < 8) in eight studies [9, 15, 18, 19, 27,
28, 31, 42], and level of cognitive functioning (LCF) in one
study [11]. Moreover, functional scales were used to assess
disabilities related to the severity of ABIs. These included
the Glasgow Coma Outcome Scale (GCOS), the Functional
Independence Measurement (FIM), the Disability Rating
Scale (DRS), and the Early Functional Abilities (EFA)
scale. Better functional status was a PF for decannulation
in three studies [17, 19, 21]. Improvements in the Disorders
of Consciousness (DoC) or Emergence from Minimal Con-
sciousness State (E-MCS) were also PFs for decreasing the
time until decannulation [41]. However, three studies did not
find that the GCS was a PF for decannulation [15, 27, 42].
This observation may be explained by the characteristics
of each population: all patients with TBIs had a GCS score
of < 6 at admission [19], or the correlation between a higher
GCS and decannulation showed a tendency that failed to
reach statistical significance [27, 42]. Importantly, the GCS
was designed for patients with TBIs and may lack precision
when applied to patients with ABIs (e.g. stroke). Therefore
its use should be reserved for TBI patients. [16]. Conversely,
the CRS-r was more reliable for predicting decannulation
failure, difficulties, or delayed decannulation. The CRS-r is
a standardized and validated assessment measure of the neu-
robehavioral status of brain-injured patients. It is also used
to detect subtle improvements in disorders of consciousness
[20]. It is composed of 6 subscales for assessment of oromo-
tor, communication, auditory, visual, motor and alertness
process. It is organized in 29 items. Patients can be rated
between 0 (minimum score corresponding to an Unrespon-
sible Wakefullness Syndrome (UWS) and 23 (maximum
score, corresponding to a normal and complete conscious
state) [20].

In the stroke subgroup, the results were less clear. Some
of the indicators used were more relevant for the conse-
quences or severity of a stroke (e.g., the Korean Mini Men-
tal State Examination (K-MMSE) score, the Korean Modi-
fied Barthel Index (K-MBI), decompressive craniotomy, the
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World Federation of Neurosurgical Societies (WEFNS) scale,
and the presence of cerebral vasospasm). The PFs associated
with successful decannulation included a higher K-MMSE
score, a higher K-MBI, and the absence of vegetative status
[21]. PFs associated with delayed decannulation included
decompressive craniotomy and cerebral vasospasm [23, 24].
One study found that a WFNS grade of IV-V was a PF for
decannulation failure [22]. The GCS was only used in one
of these studies [23] and was not a PF: the GCS score was
higher in the decannulated group, but the difference was not
statistically significant.

Lesion Localisation

Two studies [19] evaluated the impact of lesion localisation;
they found that the presence of infratentorial lesions was
a PF for decannulation failure, presumably because neuro-
logical control of swallowing is principally supported by
brainstem structures [24]. Infratentorial lesions may damage
these structures and impair swallowing.

Type of Lesion

Lesion type was a PF for decannulation failure in four stud-
ies [19-21, 27]. Patients who had lesions with traumatic
rather than vascular causes were more likely to experience
successful decannulation. Patients with anoxic lesions were
least likely to experience successful decannulation, pre-
sumably because of the poor overall prognosis for anoxic
patients [25].

Coughing

A strong cough was a positive PF in five studies [8, 18, 20,
27, 42]. Coughing protect the respiratory airway. When
cough is impaired, patients experience a greater risk of pul-
monary infections. Coughing clears the airway, but the vocal
cords and inspiratory/expiratory muscles must exhibit suf-
ficient function to maintain a strong cough [26]. An ABI can
impair coughing [27] and increase the risk of pulmonary
infections.

In the TBI subgroup, one study highlighted parameters
associated with respiratory function that are assessed during
tracheostomy weaning, including an effective cough, phona-
tion, and the quality and quantity of tracheal secretions [15].

In the ABI subgroup, a strong cough was a PF for suc-
cessful decannulation in three studies [20, 27, 42]. One
study showed that a weak cough was a reason for decannu-
lation failure [10]. Additionally, Reverberi et al. found that
the combined presence of a voluntary cough and a reflex
cough was a more reliable PF than the presence of a vol-
untary cough alone, followed by the presence of a reflex
cough alone; the absence of coughing was a poor PF for

decannulation [28]. The strength of a voluntary cough can
be measured using a peak cough flow (PCF); a cut-off of
160 L/min has been proposed [7, 11]. However, this value
is most relevant for patients with neuromuscular diseases,
rather than patients with ABIs [2]. Moreover, reduced levels
of alertness may hinder the assessment of a voluntary cough
in patients with ABIs. Consequently, Chan et al. proposed
the use of induced peak cough flow (IPCF) to assess cough
strength [42] where the cough reflex is induced by touching
the tracheal mucosa with a suction catheter through a trache-
ostomy tube; cough strength is recorded using an electronic
peak flow meter. Chan et al. proposed a rather low peak flow
rate threshold of 29 L/min [29].

In the stroke subgroup, two studies [20, 34] found that an
effective cough was a PF for successful decannulation. To
evaluate coughing, Park and Lee used the PCF measurement.
However, only 31 of 101 patients were able to complete the
measurement because of cognitive impairments [21]. This
is similar with Chan et al. who proposed measuring IPCF
because the assessment of PCF requires voluntary control
[29]. Reverberi et al. emphasised the importance of an effec-
tive cough [20] for decannulation.

Swallowing

Effective swallowing was a positive PF in five studies [8,
18, 20, 27, 42]. Similar to an effective cough, effective swal-
lowing protects the airway, whereas an impaired swallow-
ing may increase the risk of pulmonary infections and thus
decannulation failure.

In the TBI subgroup, one study highlighted parameters
associated with swallowing function that are assessed dur-
ing tracheostomy weaning: tube capping, safe swallowing
(with no sign of aspiration), phonation, and the quality and
quantity of tracheal secretions [15].

In the ABI subgroup, three studies found that effective
swallowing was a PF for decannulation [9, 17, 18]. Lanini
et al. reported that severe dysphagia and an inability to man-
age oral secretions resulted in decannulation failure in 34
patients (47%) [10]. Mortensen et al. assessed patients with
different EFA scores combined with the swallowing item
(i.e., 20—40 plus no swallowing, 20-40 plus swallowing,
41-60 plus no swallowing, 41-60 plus swallowing, 61-100
plus no swallowing, or 61-100 plus swallowing) [30]. They
found that an EFA score of 61-100 combined with effec-
tive swallowing was a PF for successful decannulation. The
EFA score is used to assess patients with severe disabilities,
usually within the first 72 h after admission. It comprises
20 items in 4 categories (autonomic, oro-facial, sensorimo-
tor and cognitive functions/abilities). More specifically the
6th and 7th items are referring respectively to the swallow-
ing function and the tongue movements and chewing. The
EFA total score is ranging from 20 to 100, higher scores
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indicating better abilities. This score is a reliable tool to
predict outcomes [31].

Enrichi et al. created a ‘dysphagia cluster’ comprising
fibreoptic evaluation of swallowing using the Penetra-
tion—Aspiration Scale (PAS) score and a cut-off of <5 (i.e.,
swallowing difficulties with penetration but no aspiration),
in combination with the blue-dye test (the positive criterion
was the absence of a blue trace) [32]. Fibreoptic evaluation
is used to assess penetration/aspiration and pharyngeal resi-
dues. The blue-dye test is used to assess aspiration alone.
The two tests are complementary. The ‘dysphagia cluster’
exhibited 94.4% sensitivity and 81.8% specificity. Moreover
Enrichi et al. also found that mild dysphagia, characterised
by pharyngeal residues or penetration (PAS score, 2-5),
was not a negative PF for decannulation [32]. Consequently,
patients with mild dysphagia may benefit from decannula-
tion. However, severe dysphagia is a negative PF for decan-
nulation. Furthermore Enrichi et al. used clusters of clinical
parameters to evaluate PFs for decannulation, including air-
way patency (tube capping and instrument assessment) and
dysphagia (instrument assessment and the blue-dye test).
Both clusters exhibited high specificity and sensitivity. The
authors then combined these clusters (airway patency and
dysphagia) to created the “clinical cluster”, that had a sen-
sitivity of 100% and a specificity of 82.5% [32]. This cluster
was used to assess severe swallowing disorders and impaired
airway patency, which can cause major problems during tra-
cheostomy weaning.

In the stroke subgroup, two studies [20, 34] found that an
effective swallowing was a PF for successful decannulation.
Park and Lee evaluated improvements in swallowing using
video fluoroscopic swallowing studies (VFSS), in combi-
nation with the Functional Dysphagia Scale (FDS) and the
PAS [21]. Reverberi et al. emphasised the importance of
the lack of saliva aspiration for decannulation, which was
assessed using the blue-dye test [28].

Tracheal Lesions

Three studies, two involving patients with TBIs [29, 30] and
one involving patients with ABIs [33], found that tracheal
lesions were negative PFs for decannulation. Lesions such
as granulomas, oedemas, and tracheomalacias may decrease
airway patency [34], thereby hindering tracheostomy wean-
ing (especially tube capping). However, one study [10] found
that the presence of tracheal lesions rarely causes decan-
nulation failure. In that study, only 11 of 194 patients could
not be decannulated because of tracheal lesions that did not
respond to treatment. However, tracheal lesions were present
in 82% of the included patients. Therefore, lesions are very
common, but the problem can usually be addressed by using
a smaller cannula [2]. Enrichi et al. proposed an evaluation
of airway patency based on tube capping and instrumental
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assessment [32]. However, they did not provide recommen-
dations for the treatment of tracheal lesions or improvement
of airway patency. One study found that vocal cord palsy
was a PF for difficulties during decannulation [35]. Vocal
cord palsy may be associated with aspiration, a weak cough,
or decreased airway patency, leading to difficulties during
tracheostomy weaning [12].

Pulmonary Infections

Five studies found that pulmonary infections were negative
PFs for decannulation [16, 23, 28, 31]. In the ABI subgroup,
pulmonary infections were PFs for decannulation failure,
delayed decannulation, reduced likelihood of decannula-
tion, and difficulties during decannulation in four studies
[16, 28, 31]. Pulmonary infections can severely impair res-
piratory function, hindering tracheostomy weaning. Addi-
tionally, pulmonary infections may result from swallowing
disorders [12]. Patients with severe swallowing disorders
are more likely to develop pulmonary infections that make
them ineligible for tracheostomy weaning and decannula-
tion. Infection treatment alone may not ensure that these
patients can be safely decannulated, and instrument-based
swallowing evaluations may be necessary. In the stroke sub-
group, one study found that pneumonia was a PF for delayed
decannulation [22]. Another study found that the absence
of sepsis was a PF for decannulation [23], whereas pneu-
monia was not. Although the difference was not statistically
significant, there were more cases of pneumonia in the non-
decannulated group (6 cases, n=34) than in the decannu-
lated group (1 case, n=19). In total, there were only 7 cases
of pneumonia in 53 patients. In the study by Kiichler et al.,
64 of 87 patients had pneumonia, including all patients in
the non-decannulated group [22]. One explanation for this
difference is that all patients in the first study had poor-grade
subarachnoid haemorrhages. Indeed, Schneider et al. studied
patients with severe stroke (median National Institutes of
Health Stroke score, 32; interquartile range, 22.5-32) [23].
Nevertheless, the reason for the discrepancy between the
two studies is unclear.

CIPN/M

Two studies found that CIPN/M was a PF for decreased
likelihood of decannulation and for delayed decannulation
[16]. Critical illness polyneuropathy (CIP), critical illness
myopathy (CIM), or critical illness neuromyopathy (CINM)
are different classifications of ICU-aquired weakness (ICU-
AW). This condition is frequent in patients who survived to
ICU stay with a prevalence of ~46%; 95% CI 43-49% [36].
It is ‘a clinically detected weakness in critically ill patients
in whom there is no plausible aetiology other than critical
illness’. It is also considered to be an independent factor for
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worse outcomes [37]. The presence of these critical illnesses
can impair coughing, swallowing, and respiratory function,
leading to difficulties during tracheostomy weaning. Nev-
ertheless, CIPN/M is usually reversible. Therefore, Haikki
et al. found that CIPN/M was a PF for delayed decannulation
but not for decannulation failure [38].

Paroxysmal Sympathetic Hyperactivity (PSH)

In the TBI subgroup, one study found that PSH was a PF for
delayed decannulation but was not associated with decan-
nulation failure [39]. PSH frequently occurs in patients with
TBIs [39]. These parasympathetic disorders (e.g., tachyp-
noea and tachycardia) can lead to difficulties during trache-
ostomy weaning [40]. However, in patients with TBIs, PSH
usually subsides over time [40]. Therefore, PSH is a PF for
delayed tracheostomy weaning but not for decannulation
failure.

Extrinsic PF Present Only After ABI
Early Tracheostomies

Two studies found that an early tracheostomy is a positive PF
for decannulation [24]. Early tracheostomies may promote
rehabilitation and allow earlier consideration of decannula-
tion. In the ABI subgroup, Huang et al. [41] found that an
early tracheostomy (day 1 to 10) was a PF for early decan-
nulation, compared with late tracheostomy (after day 10).
Huang et al. only studied patients with infratentorial lesions,
but those lesions had various aetiologies including gliomas,
meningiomas, neurilemmomas, and vascular malformations
[41]. In the stroke subgroup, Gessler et al. also found that an
early tracheostomy was a PF for early decannulation [42].

Mechanical Ventilation

Six studies have tested mechanical ventilation as a PF.
Results are unclear, probably because of the heterogeneity
of the outcomes studies. Three studies found that the need
for mechanical ventilation and a longer mechanical venti-
lation duration are PFs for a lower likelihood of decannu-
lation or a delayed decannulation (Jenkins 2020; Heidler
2018, Manini 2021). Conversely, 3 studies did not find any
relation between mechanical ventilation and decannulation.
However in Nowak et al. mechanical ventilation duration
was very short, ranging from 2 to 7 days. In Haikki et al.
and in Schneider et al. it is only the presence of mechanical
ventilation at admission that was studied, data on mechani-
cal ventilation duration are not available. Therefore it is dif-
ficult to conclude on the impact on mechanical ventilation
and mechanical ventilation duration on decannulation in this
population. More studies are needed to answer this question.

Study Limitations

One of the main limitations of this review was that most
included studies involved the identification of PFs among
many potential variables. The tested variables often dif-
fered among studies, and some variables were only tested
in one study. Additionally, the most frequently reported PF
was neurological status; this was also the most frequently
tested and (arguably) most anticipated PF. The frequency
and expectation aspects are important sources of potential
bias. Furthermore, many of these studies were retrospec-
tive, and only available data could be tested. Importantly,
the data recorded may differ among studies because of
distinct clinical environments and local procedures. Few
studies focused on specific variables that were considered
potential PFs a priori, and only one PF (early vs late tra-
cheostomy) was tested twice [24, 53]. Additionally, only
10 of the 26 studies included in this review had a low
RoB; most included studies were retrospective, and with
many confounding factors. The outcomes considerably
varied among studies; they included decannulation failure,
delayed decannulation, likelihood of decannulation, and
decannulation success. Importantly, these outcomes are
not equivalent: a delayed decannulation may also be suc-
cessful. Conversely, early decannulation may be followed
by recannulation, and an increased likelihood of decannu-
lation does not necessarily increase the likelihood of suc-
cessful decannulation. Finally, tracheostomy weaning and
decannulation protocols frequently differed among studies.
For example, some studies used instrumental assessments
and evaluated PFs that could not be compared with other
studies. Similarly, decisions to decannulate were based
on clinical factors that may have varied among studies.
Confounding factors may also have arisen because of the
different methods used.

Although it was largely based on retrospective obser-
vational studies that focused on different populations (i.e.,
patients with TBIs, ABISs, and stroke), this systematic review
of the literature identified several PFs for successful decan-
nulation in patients with brain injuries. These PFs included
high neurological status, TBIs rather than stroke or anoxic
brain lesions, younger age, effective swallowing, an effec-
tive cough, and the absence of pulmonary infections. Less
frequently reported PFs that may be more applicable to aeti-
ological subgroups included early tracheostomy, supraten-
torial lesions, the absence of CIPN/M, and the absence of
tracheal lesions. These PFs may be used by clinicians before
decannulation and during tracheostomy weaning. However,
prospective studies with more reliable methodologies are
needed to validate these PFs and identify others.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00455-023-10646-2.
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