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BACKGROUND: Patients with acquired brain injury (ABI) often require long periods of having a
tracheostomy tube for airway protection and prolonged mechanical ventilation. It has been recog-
nized that fast and safe decannulation improves outcomes and facilitates the recovery process.
Nevertheless, few studies have provided evidence for decannulation criteria, despite the high prev-
alence of ABI subjects with tracheostomies. The aim of our study was to assess which clinical
parameters are the best predictors for decannulation in subjects with ABI. METHODS: In this
cross-sectional study, we recruited 74 consecutive ABI subjects (mean age 51.52 � 16.76) with
tracheostomy tubes. First, the subjects underwent the original decannulation assessment for can-
nula removal. Second, they underwent our experimental decannulation protocol. The experimental
protocol included: voluntary cough (cough peak flow >160 L/min), reflex cough, tracheostomy tube
capping (>72 h), swallowing instrumental assessment (penetration aspiration scale <5), blue dye
test, number of trachea suctions, endoscopic assessment of airway patency (lumen diameter >50%),
saturation (SpO2 >95%), and level of consciousness evaluation (Glasgow coma scale >8). The
reference standard was clinical removal of the tracheostomy tube within 48 h. RESULTS: Param-
eters showing the highest values of sensitivity and specificity, respectively, were tracheostomy tube
capping (80%, 100%), endoscopy assessment of airway patency (100%, 30%), swallowing instru-
mental assessment (85%, 96%), and the blue dye test (65%, 85%). All these were combined in a
clinical cluster parameter, which had higher sensitivity (100%) and specificity (82%).
CONCLUSION: These results suggest that the best clinical prediction rule for decannulation in
acquired brain injury subjects is a combination of the following assessments: (1) tracheostomy tube
capping, (2) endoscopic assessment of patency of airways, (3) swallowing instrumental assessment,
and (4) blue dye test. Key words: acquired brain injury; tracheostomy tube; decannulation protocol;
weaning protocol; dysphagia; voluntary cough; reflex cough; blue dye test; airways patency; tracheos-
tomy tube capping. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Tracheostomy is one of the most frequent procedures in
intensive care unit patients: about 10% of patients requir-

ing more than 3 d of mechanical ventilation are expected
to undergo tracheostomy.1,2 Although the removal of tra-
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cheostomy tubes (decannulation) is not risk-free, there is
evidence of benefits from decannulation.2,3 Keeping a tra-
cheostomy tube in place may cause inflammation and ste-
nosis or excessive cough, and it may impair swallowing by
impeding tracheal elevation against the epiglottis, which is
an automatic mechanism to prevent aspiration of food or
secretions.3,4

The frequency of tracheostomy in patients with trau-
matic brain injury contrasts with the lack of objective cri-
teria for weaning. In the literature, there are different de-
cannulation protocols designed mostly for acute intensive
care where tracheostomy tubes are expected to be removed
after a short time period.1,5 Conversely, there is a lack of
information on this topic concerning postacute patients
with acquired brain injury (ABI).6 This population is char-
acterized not only by severe neurological impairment but
also by cognitive disorders, which alter motor control and
the ability to execute simple voluntary tasks. In addition,
these patients often have tracheostomy tubes for a long
period of time, which increases the risk of adverse effects
such as formation of granulation tissue, tracheal stenosis,
or tracheomalacia.4,7,8 It is widely accepted that there are
clear benefits to tracheostomy tube removal.3 Hence, there
is a growing need to identify a protocol not only for as-
sessing whether a patient is ready for decannulation but
also specifically designed for ABI patients. A recent sys-
tematic review of tracheostomy decannulation by Santus
et al6 selected 2 quantitative and 8 semi-quantitative cri-
teria for safe tube removal. Although they emphasized the
importance of defining specific criteria, the majority of
them were subjective, depending upon the experience of
the healthcare professionals.

The aims of the our study were to test the performance
of quantitative parameters for safe decannulation in post-
acute ABI subjects and to explore whether the clustering
of more than one test might result in a better clinical
prediction rule for safe decannulation of ABI subjects.

Methods

This cross-sectional study was conducted in accordance
with the amended Declaration of Helsinki and received
approval from the ethical committee for clinical experi-
mentation of the province of Venice and Istituto di Ri-
covero e Cura a Carattere Scientifico. Informed consent
was obtained from all participants directly or from legal
decision makers or proxies, according to their ability to
provide informed consent. All participants were assessed
first for decannulation following the original decannula-
tion protocol, and the decision for cannula removal was
based on this protocol. Second, they underwent the exper-
imental decannulation protocol. Those who assessed sub-
jects according to the decannulation protocols were blinded
to the experimental outcome to avoid bias during the pro-

cess of decannulation. Finally, participants underwent fol-
low-up assessment after 48 h to verify whether the trache-
ostomy tube was removed, which was considered the
reference standard.

Subjects

Participants were consecutively recruited immediately
after admission to the Neurorehabilitation Department of
Fondazione Ospedale San Camillo in Venice, Italy, from
July 2, 2015, to July 31, 2016. The inclusion criteria were
confirmed diagnosis of ABI, presence of tracheostomy
cannula, absence of citrus allergy, age �18 years, and
clinical stability defined as the absence of fever, sepsis, or
active infection and hemodynamic stability.9

Decannulation Protocol

This protocol was completed by the senior neurologist
and a speech and language therapist, who were responsible
for making decisions concerning decannulation. The deci-
sion for decannulation was based on the following param-
eters, which have been described in the literature:

1. Toleration of tracheostomy tube capping for 72 h.10

2. Absence of severe dysphagia, defined as the ability to
manage secretions, which was assessed by a senior
speech and language therapist.11,12

QUICK LOOK

Current knowledge

Decannulation protocols are designed mostly for inten-
sive care, thus tracheostomy tubes are expected to be
removed after a short time. There is a lack of informa-
tion on this topic concerning postacute subjects with
acquired brain injury (ABI). ABI is characterized by
severe neurological impairments and cognitive disor-
ders, which alter motor control and ability to execute
simple voluntary tasks. Thus, decannulation protocols
for intensive care might be not adequate for ABI de-
cannulation.

What this paper contributes to our knowledge

This study investigated the most significant and objec-
tive parameters for tube removal in postacute ABI sub-
jects. From our findings, four parameters showed ade-
quate sensitivity and specificity to be clustered as a
unique diagnostic test for weaning from tracheostomy
tube among postacute ABI subjects.
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Experimental Decannulation Protocol

This protocol was designed following the guidelines
described by Santus et al,6 who suggested the evaluation
of the following major quantitative parameters: voluntary
cough (maximum expiratory pressure; cough peak flow
�160 L/min) and tube capping for �24 h). Moreover,
another 8 minor semi-quantitative criteria were consi-
dered in the following domains: level of consciousness
(drowsy/alert); secretions (thick vs thin); swallowing (im-
paired vs normal); CO2 levels (PaCO2

�60 mm Hg); airway
patency (tracheal stenosis �50% seen by bronchoscopy);
age �70 y; indication for tracheostomy; and comorbidities
(present vs none). Some of these criteria are based on
subjective assessment, depending upon the expertise of the
healthcare staff, which is a limitation in the decannulation
process. For this reason, we implemented a new protocol
including only quantitative parameters to achieve objec-
tive evaluation.

This protocol was completed by a senior speech and
language therapist, a senior respiratory therapist, and a
senior otorhinolaryngologist before the decannulation pro-
tocol. It was hypothesized that decannulated subjects were
positive for the following selected parameters (Table 1):

1. Presence and efficacy of voluntary cough were assessed
based on a study by Bach et al,13 in which subjects were
evaluated with a spirometer (Pony FX Cosmed, Rome,
Italy). Subjects had a negative score when cough peak
flow �60 L/min or they could not cough voluntarily
due to cognitive deficits (eg, buccofacial apraxia, lack
of responsiveness).

2. The cough reflex test consisted of the inhalation of a
nebulized tussigenic agent (0.1 mol/L of citric acid),
using an ultrasonic nebulizer (MO-03, Norditalia
Elettromedicali, San Martino della Battaglia), with a
particle size of 3 �m and a fixed output rate of 0.9 mL/
min. The inhalation administration was presented via a
mouthpiece mask and had a 15-s delivery period, al-
ternated with a 60-s rest period. Each administration
was repeated 3 times. The cough response was consid-
ered positive when at least 2 coughs were elicited.14,15

3. Tracheostomy tube capping for at least 72 hours. This
consisted of the ability to keep the tracheostomy stoma
closed and breathe though the mouth. This has been
described by Stelfox et al as a fundamental determinant
for tracheostomy decannulation.12

4. Swallowing instrumental assessment was carried out
through fibro-endoscopic evaluation with liquid and
food administrations, reported as the gold standard for
swallowing.16,17 Severity was assessed using the pene-
tration aspiration scale (scores 1–8).18 A score of 1
indicates absence of dysphagia, scores between 2 and 5
indicate swallowing difficulties and penetration events,
and scores �5 show aspiration events.

5. The blue dye test consisted of 4 drops of 1% Evans blue
dye on the back of the subject’s tongue. The trachea
was suctioned at set intervals every 4 h for 12 h to
verify the presence blue-tinged tracheal secretions, sug-
gesting aspiration.19,20

6. The number of tracheal suctions was registered in a
table at the subject’s bedside. Nurses were instructed to
record the numbers of suctions. A negative score was
considered as 2 or more suctions every 8 h.21

Table 1. Summary of the Parameters of Experimental Decannulation Protocol, Description of the Modality of Assessment, and Relative Criteria
for Positivity

Parameters Modality of Assessment Criteria for Positivity

Voluntary cough Spirometer (Pony FX, Cosmed, Rome, Italy) Cough peak flow � 160 L/min
Reflex cough Inhalation of 0.1 mol/L citric acid using MO-03

nebulizer (Norditalia Eletromedicali, San
Martino della Battaglia, Italy)

Presence of 2 consecutive coughs

Tracheostomy tube capping Ability to breathe through the nose and mouth
with tracheostomy tube capped

Tracheostomy tube capping � 72 h

Swallowing instrumental assessment Fibroendoscopic evaluation during liquid and food
administration; severity score assessed by
penetration assessment scale

Penetration assessment scale � 5, no
aspiration events

Blue dye test Trachea suctioned every 4 h during a 12-h interval Absence of blue traces
Number of tracheal suctions Nurses wrote down the number of suctions � 2 suctions every 8 h
Endoscopic assessment of airway patency Endoscopy evaluation of the airway patency Lumen diameter � 50%
Saturation Oxygen saturation (Nonin Medical model 7500,

Nonin, Plymouth, Minnesota)
SpO2

� 95%

Level of consciousness Level of consciousness assessed by Glasgow
coma scale rated by a senior neurologist

GCS � 8

GCS � Glasgow coma scale
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7. Instrumental evaluation of patency of the airways was
evaluated by endoscopy, considering tracheal stenosis
as lumen diameter �50%.4,5,10

8. SpO2
� 95% in ambient air.6,12,22

9. Level of consciousness was measured with the Glas-
gow coma scale21,23,24 (GCS, score 3 � totally unre-
sponsive, severe deficit; score 15 � best responsive, no
deficit), rated by a senior neurologist. The level of con-
sciousness was considered insufficient when the GCS
was consistently less than 8 (comatose subject).

Follow-Up Decannulation Assessment

Follow-up decannulation assessment, considered as the
reference standard, was carried out 48 h after tube removal
for decannulated subjects. Weaning failure was defined as
the failure to pass a spontaneous-breathing trial or the need
for recannulation within 48 h after tube removal.

Data Analysis

Demographic data were summarized using percentages
and means with standard deviations. In the analyses we
examined the parameters separately, and then in 3 clusters.
Two of the clusters were created to combine the clinical
tests considered specific for airway patency (ie, tube cap-
ping, instrumental assessment of airways patency) and dys-
phagia (ie, blue dye test, swallowing instrumental assess-
ment), respectively, and the third was the combination of
all 4 parameters (ie, clinical cluster for decannulation).
Differences in quantitative variables between subject
groups were assessed with Student t test or Mann-Whitney
test, according to the Shapiro-Wilk test of normality. Sub-
sequently, sensitivity, specificity, negative predictive value,
positive predictive value, positive likehood ratio, negative
likehood ratio were calculated to determine the perfor-
mance of each parameter. For categorical data, the asso-
ciation between 2 variables was tested using the Fisher
exact test. A penalized logistic regression analysis, based
on Firth’s bias reduction method, was used to determine
which clusters were associated with successful decannu-
lation at follow-up. Finally, a receiver operating charac-
teristic curve analysis was performed to assess the dis-
crimination ability of the logistic regression. Statistical
significance was set at P � .05. Data were analyzed using
the statistical software R.

Results

Seventy-four participants (mean age, 51.5 � 16.8 y; 32
females) were recruited; 57 (77%) of them were decannu-
lated over the 48-h time period (mean age 54.6 � 15.4 y)
and 17 (22.9%) (mean age 58.8 � 14.6 y) were not. Three
(5%) of the 57 decannulated subjects failed the follow-up

assessment after 48 h and underwent emergency recannu-
lation due to lack of airway patency; 2 subjects presented
with tracheomalacia, while 1 subject had bilateral paraly-
sis of the vocal folds (Fig. 1). All other parameters as-
sessed by the protocols were normal, indicating a possible
successful decannulation.

Age was not significantly different between decannu-
lated and non-decannulated subject groups (t � �0.65,
P � .51). Time from cannula placement to assessment was
significantly different between decannulated (mean,
66.1 � 42.6 d) and non-decannulated (mean, 82.5 � 97.3 d)
subjects (P � .001).

Fisher exact test showed that all of the parameters were
strongly associated with decannulated and non-decannu-
lated subjects groups (Table 2). Sensitivity and specificity
were estimated for all the parameters (Table 2). Parame-
ters showing the best values of sensitivity and specificity
were tracheostomy tube capping, swallowing instrumental
assessment using penetration aspiration scale scores �5,
number of tracheal suctions, and the blue dye test. Airway
patency, cough reflex test, SpO2

, and GCS � 8 showed
high specificity but low sensitivity. On the contrary, vol-
untary cough and swallowing instrumental assessment us-
ing a penetration aspiration scale score � 1 showed high
sensitivity but low specificity.

In addition, with the aim to improve the ability to detect
better tracheal patency, we combined positivity of airway
patency and tube-capping tests in a tracheal patency clus-
ter, which resulted in a better sensitivity (94.1%) and spec-
ificity (94.7%) than each test separately. Thus, we consid-
ered this as a new reference standard for tracheal patency.
We also created a dysphagia cluster including blue dye test
and swallowing instrumental assessment penetration aspi-
ration scale scores �5 to verify whether dysphagic sub-
jects (without secretion aspiration) were also candidates

Fig. 1. Flow chart.
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for successful decannulation. The dysphagia cluster had
high sensitivity (94.4%) and specificity (81.8). Thereafter,
the positivity to our new tracheal patency cluster was com-
bined with the dysphagia cluster in a decannulation clus-
ter, which showed a sensitivity of 100% and specificity of
82.5%.

Penalized logistic regression analyses were fitted using
cluster as covariates.26,27 The results are given in Table 3.
Receiver operating characteristic curves and area under
the curve were computed for each model (Fig. 2, 3, 4). The
best model has patency cluster as a covariate, which also
has the higher percentage of correct classification (0.98)
(Table 3).

Discussion

We investigated the most significant and objective pa-
rameters for tube removal in postacute ABI subjects. From
our findings, 4 parameters showed adequate sensitivity
and specificity to be clustered as a unique diagnostic test
for tracheostomy tube weaning among postacute ABI sub-
jects.

In the literature, most of the decannulation protocols are
designed for acute tracheostomized subjects, who differ
significantly from those who are postacute.6 Our postacute
subjects were more severe, not only because they failed
the first decannulation trial, but also because having a
tracheostomy tube for a long period of time negatively
affects oropharyngeal-laryngeal structures, altering swal-
lowing dynamics and airways structures.4,7

A systematic review of tracheostomy decannulation pro-
posed a protocol of 2 quantitative and 8 semi-quantitative
criteria for safe decannulation mainly for acute subjects.6

Nevertheless, the majority of these selected criteria con-

Table 3. Summary of the Penalized Logistic Regression Analyses
Using Cluster as Covariates

Covariate
Log(Odds

Ratio) � SD

Correct
Classification

� SD (%)

Area Under the
Curve � SD

Clinical cluster 5.28 � 1.4 0.88 0.917
Dysphagia cluster 3.17 � 0.69 0.84 0.841
Patency cluster 7.26 � 1.69 0.98 0.975

Fig. 2. Receiver operating characteristic curve of the dysphagia
cluster, showing an area under the curve of 0.841.

Fig. 3. Receiver operating characteristic curve of the clinical clus-
ter, showing an area under the curve of 0.917.

Fig. 4. Receiver operating characteristic curve of the patency clus-
ter, showing an area under the curve of 0.975.
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sisted of subjective assessments, requiring clinical exper-
tise. Conversely, we included in our study a detailed quan-
titative evaluation for each parameter. We found that the
most sensitive and specific criteria for decannulation were
tracheostomy tube capping, instrumental evaluation of pa-
tency of the airways, blue dye test, and swallowing instru-
mental assessment (penetration aspiration scale score �5).

The tracheostomy tube-capping trial consisted of the
ability to breathe through the mouth with the tracheostomy
cannula closed with a cap for 72 h. In a study by Santus
et al,6 the ability to tolerate tracheostomy tube capping and
cough effectiveness were the most frequent criteria used
by clinicians to predict successful decannulation. Our study
confirmed this high sensitivity and specificity, but at fol-
low-up assessment 3 participants were false negative. Spe-
cifically, these subjects passed the capping trial test with
no saturation reductions, but when the tube was removed
they underwent emergency tracheostomy tube replacement
because of respiratory failure. Two of these subjects pre-
sented with tracheomalacia, and one had bilateral vocal
fold paresis. It seems that the tracheostomy tube was keep-
ing the airway open. In the literature, few studies con-
firmed that a partial upper airway occlusion could be asymp-
tomatic when subjects breathe at tidal volume as occurred
in our study. In particular, Law et al7 observed airway
lesions in 67% of subjects with long-term tracheostomy
tubes, characterized by tracheal granuloma (60%) and tra-
cheomalacia (29%). Less frequently observed lesions were
tracheostenosis (14%) and vocal cord and laryngeal dys-
function (8%). We inferred that the tube-capping test does
not seem to be a sufficient criterion for airway patency
assessment in long-term tracheostomy patients who often
present with episodes of obstructive airway lesions. There-
fore, in this population, the tube capping should always be
executed in combination with an endoscopic evaluation of
airway patency. The instrumental assessment of airway
patency allows not only the verification of an open tra-
cheal lumen, but also the presence of edema, granuloma,
and tropism of trachea tissue, which could occlude the
airways.4,7 For this reason, we created a clinical cluster
including the tube capping and endoscopic evaluation of
airway patency. This criterion reached higher specificity
and sensitivity, confirming the importance of both tests for
the assessment of airway patency in a decannulation pro-
tocol.

In our study, another fundamental criterion was the fi-
bro-endoscopic swallowing assessment, which allowed the
detection of the presence or absence of dysphagia18 and
the severity of swallowing disorders, verifying the pres-
ence of food or secretions in airways (penetration aspira-
tion scale score � 1 indicates absence of dysphagia; pen-
etration aspiration scale score � 2–5 indicates penetrations;
penetration aspiration scale scores � 5–8 indicates aspi-
ration). In the literature, many studies reported only the

presence or absence of dysphagia assessed by a subjective
clinical evaluation,6 depending upon clinician experience,
without any information on inhalations. Interestingly, we
found that the presence of mild dysphagia characterized by
pharyngeal residues or penetration (penetration aspiration
scale scores 2–5) was not a negative predictor of decan-
nulation. Indeed, tubes were removed from subjects with
mild dysphagia without aspiration who had good manage-
ment of saliva (penetration aspiration scale score �5).
This result contrasts with a previous study6,11 that evalu-
ated generic dysphagia symptoms and revealed the impor-
tance of penetration/aspiration examinations during tra-
cheostomy tube removal. Clinically, the presence of
inhalation is often assessed by the blue dye test,19 which is
well known for its high specificity and sensitivity. Our
results confirmed that the presence of blue-dyed secretions
in the inner cannula is an indicator of aspiration of secre-
tions into the airways and is a negative predictor of de-
cannulation success. However, the blue dye test does not
give information on the presence and localization of pha-
ryngeal residues or the potential causes of inhalations. We
combined fibro-endoscopic evaluation with the blue dye
test in a dysphagia cluster, which showed higher specific-
ity and sensitivity. For this reason, we recommend com-
bining these in neurologic postacute patients in order to
have complete information on swallowing function.

On the basis of these results for both airway and swal-
lowing assessments, we created a clinical prediction rule
to identify the best combination parameters for decannu-
lation. We included the cluster for airway patency and the
dysphagia cluster. The combination of these parameters
had high sensitivity and specificity, demonstrating the im-
portance of airway patency and secretion management eval-
uation. This does not imply that other tests are not impor-
tant; however, the tube-capping trial, tracheal lumen � 50%
evaluated by endoscopy, fibro-endoscopic swallowing as-
sessment (penetration aspiration scale score �5), and blue
dye test are likely to be essential evaluations for tube
removal in severe neurological patients.

There is broad consensus that voluntary cough effi-
ciency13 is one of the most predictive criteria for decan-
nulation. In contrast, our results show that the assessment
of voluntary cough was not sufficient; the sensitivity was
high but the specificity was too low. This result depends
on the difficulties that many neurological patients with
severe cognitive deficits have in performing voluntary
cough.24 Subjects with severe ABI often could not answer
simple commands (eg, “try to cough”) not only because of
cognitive impairment but also due to buccofacial apraxia
that compromised the execution of voluntary cough.15

The voluntary cough assessment, which requires corti-
cal control and volitional drive, is different from the
cough reflex, which is triggered by laryngeal tussigenic
receptors.15 For this reason, we tested the reflex cough
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using a nebulized tussigenic, which does not require any
voluntary interventions by patients. The cough reflex test
was administered to all subjects and showed high speci-
ficity for tracheostomy tube removal. Hence, the reflex
cough test seems to be more appropriate for this popula-
tion, providing information on involuntary mechanisms of
airway protection from inhaled secretions, although it is
not a sufficient criterion for decannulation.

Another criterion for assessing secretion management is
to count the number of tracheal suctions.21 In our study,
this criterion was sensitive and specific. It is, however, too
subjective because it is dependent on the healthcare pro-
fessionals and caregivers who are responsible for the pa-
tient. In addition, there are now methods of mechanical
and manual cough assist that are designed to remove se-
cretions, so it seems that computing the number of trache-
al-suctions is not an essential evaluation for decannulation
decisions.

We also analyzed the level of consciousness and oxygen
saturation criteria as suggested by Santus et al.6 They de-
fined the level of consciousness as alert versus drowsy but
aroused status. Nevertheless, we decided to fix alert status
at GCS � 8, corresponding to a non-comatose status.23 In
our study, 7 (9.4%) subjects with GCS � 8 were success-
fully decannulated because they swallowed saliva effi-
ciently and were fed only via percutaneous endoscopic
gastrostomy, although they were in a semi-comatose status
(GCS � 5). In contrast with Santus et al,6 we inferred that
the level of consciousness was not fundamental for decan-
nulation in ABI patients who were fed by percutaneous
endoscopic gastrostomy and had good management of se-
cretions.

Likewise, oxygen saturation was not a predictable pa-
rameter for decannulation. Most decannulated subjects had
SpO2

� 95%, and 11% had low saturation peak events
� 90%, but they were successfully decannulated because
the saturation was stabilized by the use of noninvasive
ventilation or oxygen therapy.25

The major limitation of the our study was the significant
difference in the time from tracheostomy tube placement
to assessment among decannulated and non-decannulated
subjects. We are aware that non-decannulated subjects had
the tube for a longer period than decannulated subjects,
which could have impacted the weaning process nega-
tively. However, the positive decannulation group had the
tracheostomy tube for longer periods (mean 66.1 � 42.6 d)
than has been reported in literature, so these data increase
knowledge on decannulation and the period of time of
tracheostomy tubes stay in place.

Conclusions

These results suggest that the clinical prediction rule for
decannulation in ABI patients is the combination of the

following assessments: (1) tracheostomy tube capping, (2)
endoscopic assessment of patency of airways, (3) swal-
lowing instrumental assessment using penetration aspira-
tion scale scores �5, and (4) blue dye test. Nevertheless,
further evaluations such as voluntary and reflex cough and
level of consciousness yield important information on pa-
tients, although they are not essential parameters for de-
cannulation in persons with ABI. Decannulation as quickly
and safely as possible should be the primary goal of the
multidisciplinary team28 in neurologic rehabilitation to in-
crease recovery and the independence.
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