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Abstract
Concurrently to the recent development of percutaneous tracheostomy techniques in the intensive care unit (ICU), the amount 
of tracheostomized brain-injured patients has increased. Despites its advantages, tracheostomy may represent an obstacle 
to their orientation towards conventional hospitalization or rehabilitation services. To date, there is no recommendation 
for tracheostomy weaning outside of the ICU. We created a pluridisciplinary tracheostomy weaning protocol relying on 
standardized criteria but adapted to each patient’s characteristics and that does not require instrumental assessment. It was 
tested in a prospective, single-centre, non-randomized cohort study. Inclusion criteria were age > 18 years, hospitalized for 
an acquired brain injury (ABI), tracheostomized during an ICU stay, and weaned from mechanical ventilation. The exclu-
sion criterion was severe malnutrition. Decannulation failure was defined as recannulation within 96 h after decannulation. 
Thirty tracheostomized ABI patients from our neurosurgery department were successively and exhaustively included after 
ICU discharge. Twenty-six patients were decannulated (decannulation rate, 90%). None of them were recannulated (success 
rate, 100%). Two patients never reached the decannulation stage. Two patients died during the procedure. Mean tracheostomy 
weaning duration (inclusion to decannulation) was 7.6 (standard deviation [SD]: 4.6) days and mean total tracheostomy time 
(insertion to decannulation) was 42.5 (SD: 24.8) days. Our results demonstrate that our protocol might be able to determine 
without instrumental assessment which patient can be successfully decannulated. Therefore, it may be used safely outside 
ICU or a specialized unit. Moreover, our tracheostomy weaning duration is very short as compared to the current literature.
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Introduction

Tracheostomy is a very common ICU procedure. Around 
10% of the patients under mechanical ventilation will 
undergo tracheostomy [1]. In ABI patients, tracheostomy is 
also frequently performed due to an inability to protect the 
airway and a poor neurological status incompatible with 
safe swallowing, as well as to facilitate mechanical ventila-
tion weaning, airway sputum management, and ICU dis-
charge [2]. Tracheostomy tube insertion can be done surgi-
cally or using percutaneous technique such as described by 
Ciagila [3, 4]. Due to the large and quite recent adoption of 
the percutaneous technique allowing tracheostomy place-
ment in the ICU [5–7], the amount of tracheostomized 
ABI patients is expected to increase. However, despite 
its numerous advantages in the ICU, tracheostomy itself 
may exacerbate dysphagia due to mechanical effects (e.g. 
reduced upper oesophagus sphincter opening, reduced 
hyo-laryngeal movements, local laryngeal, pharyngeal and 
oesophageal lesions, loss of subglottic pressure) and neu-
rophysiological complications (e.g. impairment in swal-
lowing/breathing coordination, laryngeal deafferentation, 
reduced laryngeal closure) [8–10]. Moreover, the presence 
of a tracheostomy at discharge from the ICU is problem-
atic in orienting these patients into health facilities adapted 
to their condition (i.e. rehabilitation centres or secondary 
care units). The management of tracheostomized patients 
is considered a cumbersome process and few facilities 
accept these patients (partly because of a low patients/
care givers ratio). In our French regional state (Nouvelle-
Aquitaine with 6,010,289 inhabitants in 2019), only 13 
secondary care centres are able to manage tracheostomized 
ABI patients (with only two or three beds per centre avail-
able for these type of patients). In addition, tracheostomy 
weaning in the ICU is well documented [2] but tends to 
extend the ICU cost and length of stay. These patients are 
thus frequently discharged from the ICU tracheostomized.

Due to its iatrogenic consequences on swallowing 
(described above), it is now widely accepted that, as 
soon as possible, tracheostomy weaning and tracheos-
tomy tube removal must be considered in ABI tracheos-
tomized patients [9]. This weaning improves swallowing 
and allows the patient to resume physiological breathing, 
oral nutrition, and phonation, all of which are fundamen-
tal needs, and also promotes rehabilitation and awakening 
[4, 10, 11]. Paradoxically, there are few recommendations 
for tracheostomy weaning. Existing guidelines are usually 
for ICU settings or are not specific of the ABI population 
[2, 12, 13]. The use of tracheostomy management bundle, 
tracheostomy specialised teams, and tracheostomy wean-
ing or decannulation protocols seems to reduce decan-
nulation failure, time to decannulation, and occurring of 

adverse events [12]. These protocols are usually based on 
cuff deflation and tube capping (with speaking valve or a 
plug) [14]. However, the choice of relevant clinical criteria 
remains debated, and the use of instrumental assessment is 
sometimes proposed in order to secure the decision [15].

In this study, we propose the evaluation of a pluridiscipli-
nary protocol based on a standardized reliable, yet simple, 
clinical assessment adjusted to each patient’s characteristics, 
with the aim of allowing for safe tracheostomy weaning for 
all patients. If proven safe and effective, a decannulation 
decision could be made through the use of our protocol in a 
secondary care unit, without requiring a systematic instru-
mental assessment.

Materials and Methods

This study was a prospective monocentric non-randomized 
single-arm cohort study (NCT03512054) approved by the 
ethical committee of our institution (notice number: 17 12 
08).

After discharge from neurological or traumatic ICUs, 
patients were consecutively and exhaustively enrolled in our 
tracheostomy weaning protocol before the COVID-19 pan-
demic, between 20/06/2018 and 20/12/2019 from two neu-
rosurgery units in a French university hospital (Bordeaux). 
All patients were considered stable at admission.

Inclusion criteria were age ≥ 18 years, hospitalized for 
an ABI, patient tracheostomized during an ICU stay and 
weaned from mechanical ventilation, written informed 
consent from the patient or associated legal representative, 
and the patient affiliated with or benefiting from the French 
healthcare system.

The exclusion criterion was severe malnutrition defined 
by the following: body mass index (BMI) < 16 kg/m2 or 
albuminemia < 20 g/L for age < 70 years; BMI < 18 kg/m2 
or albuminemia < 30 g/L for age > 70 years (standard criteria 
at protocol’s writing). Severe malnutrition was chosen as the 
only exclusion criterion due to its association with poorer 
functional outcome and increased risk for pneumonia and 
mortality [16].

Tracheostomy weaning was started immediately after dis-
charge from the ICU and inclusion in the study.

Our tracheostomy weaning protocol consisted of a five-
step decision-making logigram, created by our pluridiscipli-
nary team including two neurosurgeons, a physical medicine 
and rehabilitation physician, an intensivist, three physiother-
apists, a speech and language therapist, two nurses, and a 
health manager. This work was informed by a retrospective 
review of all of the tracheostomized patients managed in 
our department between 2014 and 2016 and a literature sur-
vey (unpublished results): we recorded 29 decannulations 
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without recannulation within a population of 37 ABI tra-
cheostomized patients.

The five steps (0–4) consisted of 0/deflating the tracheos-
tomy cuff, 1/manual occlusion of the cannula, 2/placement 
of a speaking valve for 12 h consecutively, 3/capping the 
cannula with a plug for 24 h consecutively, and 4/decannula-
tion (final removal of the tracheostomy) (Fig. 1).

Steps 0 and 1 are performed consecutively to assess air-
way patency. In the case of reduced airway patency or symp-
toms thereof, tracheostomy downsizing can be performed. 
Step 2 is designed to promote swallowing rehabilitation 
[17, 18]. To prevent mucus thickening due to the absence of 
humidification while breathing through the speaking valve 
(step 2) [19], this step was reduced to only 12 h. Step 3 
promotes swallowing rehabilitation and breathing through 
the upper airway. Breathing with a plugged tracheostomy 
(step 3) may increase ventilation workload (mainly because 
the tracheal lumen is reduced by the presence of the tra-
cheostomy tube) [20]. The 24 h duration was thought to 
be appropriate, so as to avoid unnecessary prolongation of 
step 3, while still allowing for the identification of patients 
with upper-airway obstruction or instability (e.g. obstruc-
tive apnoea).

In case of unresolved swallowing or airway patency dis-
orders, an instrumental assessment such as fiberoptic endo-
scopic evaluation of swallowing (FEES) or video-fluoro-
scopic swallowing study (VFSS) could have been asked for. 
But the primary strategy was to manage the patients using 
only our tracheostomy weaning protocol.

Our tracheostomy weaning protocol was tailored to each 
patient, based on the patient’s stability parameters acquired 

using our monitoring tool. After inclusion, the following 
vital parameters were recorded with the patient at rest: 
oxygen saturation, blood pressure, heart rate, respiratory 
rate, amount of secretion, body temperature, and patient 
response. Based on these parameters, we created for each 
patient a bundle of stability parameters, which consisted of 
the individual parameters, along with a range of minimal and 
maximal value tolerances (Fig. 2). If the patient fitted the 
stability parameters, s/he was considered ready to start the 
weaning protocol. Each step of the protocol was validated, 
based on the patient’s stability parameters and successful 
completion of the step within the allotted time duration. If 
the patient failed to fit the stability parameters, s/he had to go 
back to the previous step until the stability parameters were 
met again. With this approach, each patient could go back 
and forth between steps, depending on his/her own stability 
parameters, until reaching the final decannulation step. Sta-
bility parameters were assessed at each nurse’s visit (at least 
three times a day) or physiotherapist’s visit (at least once a 
day). If a decision to go to the next step or to go back to the 
previous step was taken by the attending caregiver, then the 
stability parameters had to be assessed within at least 30 min 
after the step change. Stability parameters were recorded at 
each assessment.

If a patient was unable to reach the last step during a 
consecutive 3-month period, then it was determined that 
this patient was unable to finish the tracheostomy weaning 
protocol and as such was removed from the protocol (wean-
ing failure). These patients were considered unsuitable for 
decannulation using our protocol. However, tracheostomy 
weaning could be continued over the 3-month period using 
our protocol but without data collection.

To provide maximum autonomy and empowerment 
regarding the protocol, nurses and paramedical staff were 
trained to use the tracheostomy protocol (approximately 
3 h of courses including stability parameter monitoring, 
tracheostomy management, swallowing function, and so 
forth) and to manage intercurrent events that could occur 
during tracheostomy weaning. After training, a pocket 
written document containing a brief description of our 

Fig. 1   Tracheostomy weaning procedure

Fig. 2   Stability parameters
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protocol, the list of the principal intercurrent events, and 
how to manage them was given to the nurses and care 
assistants as a reminder (supplemental file 1).

In our protocol, decannulation is a collegial decision 
based on the stability parameters but as to be validated by 
the attending medical doctor. The decannulation process 
was performed by a team comprising a physiotherapist, a 
nurse, and the attending medical doctor.

Data collection included obtaining information on the 
decannulation status (failure, success, or never decannu-
lated) and neurological status (at inclusion and unit dis-
charge). Decannulation was considered successful if the 
patient was still decannulated 96 h after tracheostomy 
tube removal. Neurological status at inclusion and unit 
discharge was assessed using the Coma Recovery Scale 
revised (CRS-r) [21]. Then the patients were classified in 
terms of the following: 1/unresponsive wakefulness syn-
drome [CRS-r: 0–7], 2/minimal consciousness state [CRS-
r: 8–15], or 3/able to communicate [CRS-r: 16–23]. The 
CRS-r is widely used to assess disorders of consciousness 
with ABI patients and is able to detect subtle disorder of 
consciousness improvements [22]. The severity of swal-
lowing function status at inclusion and unit discharge 
was described using 7 levels derived from the Dyspha-
gia Outcome Severity Scale (DOSS) (supplemental file 
2), assessment was done clinically [23]. Type of lesion 
(supratentorial, infratentorial, or both) as described in the 
ICU medical files; reason for tracheostomy placement as 
described in the ICU medical files. Length of the trache-
ostomy weaning as the time between inclusion and decan-
nulation; total time of tracheostomy as the time between 
insertion and decannulation, time between insertion and 
inclusion, and time between ICU discharge and inclusion 
in the tracheostomy weaning protocol. Number (total and 
number per patient) and type of intercurrent events dur-
ing tracheostomy weaning. Number and type of treatments 
and associated procedures and their indications (treatment 
and associated procedures were decided collegially based 
on the protocol and had to be validated by a medical doc-
tor). FEES during tracheostomy weaning or not. VFSS 
during tracheostomy weaning or not; presence of ethical 
limitations or not at inclusion. Type of lesion, type of tra-
cheostomy, feeding status at discharge from ICU, pulmo-
nary status at discharge from ICU, and functional status at 
discharge from ICU with modified Rankin score (mRS).

All patients also underwent a 6-month follow-up after 
inclusion to assess long-term tolerance (occurrence of life 
threatening events or no), vital status, and residency were 
recorded.

Aside from routine clinical evaluation, tracheostomy 
management, respiratory therapy, and physical therapy, the 
patients did not receive any specific evaluation or rehabilita-
tion before and after inclusion.

The study sample size was guided by inclusion feasibility 
within the two neurosurgery units of Bordeaux University 
Hospital. The number of eligible patients was estimated ret-
rospectively based on the unit records, and then increased 
depending on the observed inclusion pace. This was done 
to improve the analysis precision. Ultimately, we decided to 
include 30 patients over an 18-month period. Based on the 
estimated rate of 2–5% of patients unsuitable for decannula-
tion, the predicted number of decannulated patients was 28.

Qualitative data are described in terms of the number 
of patients, percentage, and 95% confidence interval (CI) 
according to the exact binomial distribution. Quantitative 
data are described in terms of number of patients, mean, 
and standard deviation (SD). Analyses were performed with 
SAS® software (version 9.4; SAS Institute, Cary, NC, USA).

Results

After discharge from neurological or traumatic ICUs, 30 
tracheostomized ABI patients (12 men) were consecu-
tively and exhaustively enrolled between 20/06/2018 and 
20/12/2019 from two neurosurgery units. The mean age was 
51.1 (SD: 13.5) years. In all, 15 patients had a supratentorial 
ABI, 8 patients had an infratentorial ABI, and 7 patients 
had infratentorial and supratentorial ABI. Mean CRS-r at 
inclusion was 16.0 (SD: 6.7). The patients were classified 
as being in the following states: 6 (20%) in an unresponsive 
wakefulness syndrome, 4 (13%) in a minimal consciousness 
state, and 20 (67%) as able to communicate. All patients had 
a 1.0 DOSS score at inclusion.

Reasons for tracheostomy placement were as follows, in 
order of frequency: impossibility to perform extubation due 
to neurological status for 14 patients (47%), swallowing dis-
order for 12 patients (40%), respiratory rehabilitation for 3 
patients (10%), and throat inflammatory process for 1 patient 
(3%). Mean time from tracheostomy to study inclusion was 
35 (22.8) days. Mean time from ICU discharge to inclusion 
was 16.2 (SD: 18.1) days. Mean time for ICU length of stay 
was 40.2 (16.7) days. Mean time for mechanical ventilation 
duration was 24.5 (10.7) days.

Of the 30 patients included, 26 were decannulated. All 
decannulations (100%, 95% CI: 87% to 100%) were success-
ful (see Fig. 3). Two patients were never able to reach the 
decannulation step after 3 months and were taken off of the 
weaning procedure according to our protocol (patients 7 and 
28), and two patients (7%) died during the weaning period 
and before decannulation (patients 12 and 13) (Fig. 3). One 
death was due to pulmonary embolism complications unre-
lated to our protocol, and the other one was due to cardiores-
piratory failure whose imputability to our protocol could 
not be excluded. Tracheostomy weaning was considered to 
have failed for this last patient. Thus, our decannulation rate 
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estimated for 29 patients was 90% (95% CI 72, 6–97, 8%). 
Two auto-decannulations were recorded during tracheos-
tomy weaning. Recannulation was performed in only one 
patient according to the stability parameters.

The mean duration of tracheostomy weaning (time 
between the start of tracheostomy weaning and decannula-
tion) was 7.6 (SD: 4.6) days. The mean total tracheostomy 
time (time between tracheostomy insertion and decannula-
tion) was 42.5 (SD: 24.8) days.

The mean CRS-r at unit discharge was 18.7 (SD: 6.3); 
4 patients (15%) were classified as being in an unrespon-
sive wakefulness syndrome, 2 patients (7%) as being in a 
minimal consciousness state, and 21 patients (78%) as being 
able to communicate. Mean DOSS at unit discharge was 3.1 
(SD: 2.1).

In all, 68 intercurrent events were recorded, with a mean 
of 2.3 (SD: 2.0) per patient. The four most frequent events 
were accessory respiratory muscle involvement (21%), anxi-
ety (18%), increase in saliva (10%), and stridor (10%). Com-
plete intercurrent events are described in Table 1. Fifty-two 
percent of these events were associated with a step-back in 
tracheostomy weaning and 75% were associated with a treat-
ment or an associated procedure setting. The four main indi-
cations for the treatments and associated procedures were 

accessory respiratory muscle involvement (22%), laboured 
audible breathing (15%), increase in saliva (12%), and anxi-
ety (10%). Complete indications for treatments and associ-
ated procedures are described in Table 2. The four main 
treatments or associated procedures were aerosol therapy 
with adrenaline (epinephrine 1 mg) (31%), cannula down-
sizing (15%), scopoderm patch (scopolamine) (14%), and 
anxiolytics (10%). Complete treatments and the associated 
procedure are described in Table 3.

At 6 months, 27 patients (90%) were still alive. One of the 
non-decannulated patients died of a severe digestive com-
plication unrelated to our protocol (patient 7). This death 
occurred after the patient had been taken off of the weaning 
procedure 3 months after inclusion, according to our proto-
col (Table 4). Fifteen patients (55%) were still hospitalized 
in a secondary care unit [rehabilitation centres (13 patients 
(50%)), specialized health care facilities (1 patient (4%)), 
long-term hospitalization centre (1 patient (4%))], 2 patients 
were still in hospital (7%), 7 patients (26%) were perma-
nently discharged at home, one had day hospitalisation (4%), 
one had in-house hospitalisation (4%), and one had unknown 
residency (4%).

Of the 26 patients decannulated with our protocol, none 
of them were recannulated at 6 months.

Fig. 3   Study flow chart

Table 1   Complete intercurrent events

Variable Total

Intercurrent event N 68
Agitation 3 4%
Anxiety 12 18%
Excessive bronchial sputum 1 1%
Saliva disorder 1 1%
Dyspnoea 1 1%
Pulmonary embolism 1 1%
Gastro-oesophageal reflux 2 3%
Hyperthermia 1 1%
Hyponatremia 1 1%
Irritative cough 1 1%
Respiratory distress 2 3%
Accessory respiratory muscles 

involvement
15 21%

Increased saliva 7 10%
Sepsis 2 2%
Laboured audible breathing 7 10%
Emesis 3 4%
Pneumopathy 2 3%
Mucus plug 1 1%
Thick bronchial mucus 1 1%
Death due to natural cause 1 1%
Technical issues 2 3%
Tracheal oedema 2 3%
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Discussion

The main findings of our study are that we were able to 
perform decannulation in 86% of the whole population, 
and 100% of our decannulations were successful. Another 
important finding is our tracheostomy weaning duration 
(7.6 [SD: 4.6] days), which appears to be rather short 
compared to the current literature (19–72 days) [24–27]. 
Conversely, our total tracheostomy time (42.5 [SD: 24.8] 

days) appears to be similar to what is commonly reported 
(25–74 days) [24, 28, 29].

Our results suggest that our protocol may be efficient for 
assessing which patient is ready to be successfully decannu-
lated, such that most will reach decannulation. Indeed, a high 
decannulation success rate can be associated with very con-
servative weaning protocols, thus with a low decannulation 
rate. However, this was not the case in our study, in which 
almost all of the participants were decannulated and all of 
our decannulations were successful. However, such a high 
success rate could also be interpreted as a consequence of 
unnecessary tracheostomy and easier tracheostomy weaning 
as a result. Although, the mean CRS-r at inclusion was 16.0 
(SD: 6.7) and one-third of our 30 patients were classified as 
being in an unresponsive wakefulness syndrome or minimal 
conscious state at inclusion, almost half of our patients were 
tracheostomized for “neurological status incompatible with 
extubation”. In addition, other than having a low level of 
consciousness, swallowing disorders can lead to tracheos-
tomy weaning failure [11, 15, 30]; in our study, all of our 
patients had impaired swallowing function at inclusion and 
almost half of our patients were tracheostomized for a “swal-
lowing disorder”. Notably, all of the patients in our cohort 
were included exhaustively and consecutively in 2 units that 
are used to receive all the brain-injured patients at ICU dis-
charge (traumatic and non-traumatic ABI). Our hospital is 
the largest of our state and the only one receiving severe ABI 
patients in ICU. This means that almost all tracheostomized 
ABI patients were discharged from ICU in our 2 neurosur-
gery units at the time of the study. Thus, we believe that our 
study population is representative of tracheostomized ABI 
patients that clinicians are used to managing.

Many of our patients could have started the tracheostomy 
weaning protocol earlier and even might have been decannu-
lated in the ICU. However, delaying tracheostomy weaning 
after ICU discharge to the ward was imposed by the study 
protocol, as we wanted to assess the safety and efficiency 

Table 2   Complete indication for treatment or associated procedures

Variable Total

Indication N 58
Anxiety 6 10%
Excessive bronchial sputum 1 2%
Saliva disorder 1 2%
Pulmonary embolism 1 2%
Gastro-oesophageal reflux 2 3%
Hyperthermia 1 2%
Hyponatremia 1 2%
Irritative cough 1 2%
Oedema 1 2%
Respiratory distress 2 3%
Accessory respiratory muscles 

involvement
13 22%

Increased saliva 7 12%
Sepsis 4 7%
Laboured audible breathing 9 15%
Pneumopathy 2 3%
Mucus plug 2 3%
Thick bronchial mucus 1 2%
Technical issues 2 3%
Tracheal oedema 1 2%

Table 3   Complete treatments or 
associated procedures

Variable Total

Treatment or associated procedure N 58
Aerosol therapy (adrenaline 1 mg) 18 31%
Scopolamine 8 14%
Anxiolytics 6 10%
Cannula downsizing 9 15%
Antibiotherapy 8 13%
Treatment for gastro-oesophageal reflux 2 3%
Treatment for hyponatremia 1 2%
Treatment for pulmonary embolism 1 2%
Oxygen therapy 1 2%
Treatment for sputum excess 2 3%
One-off tracheostomy weaning interruption 2 3%
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of our tracheostomy weaning protocol outside of the ICU. 
Thus, our patients all benefited from “late” tracheostomy 
weaning (i.e. in which the mean time between tracheostomy 
insertion and inclusion was 35.0 [SD: 22.8] days).

Our results then clearly pose the “early vs. late” trache-
ostomy weaning dilemma. Generally, recent studies tend to 
advocate for early rehabilitation for ABI patients [31]. Are 
these concepts necessarily transposable to tracheostomy 
weaning? The ICU can arguably be considered the safest 
place to perform tracheostomy weaning. It provides a higher 
number of caregivers, monitoring facilities, and re-intuba-
tion or rescue procedures that can easily be performed by 
on-the-spot intensivists [2, 14]. Early tracheostomy wean-
ing can therefore be started during the patient’s ICU stay 
[14, 15]. However, ABI patients’ critical statuses can be an 
obstacle and a cause of weaning failure in the acute phase 
[26]. By delaying tracheostomy weaning (i.e. mean delay 
was 35.0 [22.8] days in our study) at discharge from the 
ICU, our patients may have been able to attain respiratory, 
haemodynamic, and more importantly neurological stabil-
ity. This may explain our very short tracheostomy weaning 
duration and high success rate. Moreover, before inclusion, 
all patients received routine physiotherapy and respiratory 
therapy delivered by the attending ICU physiotherapists. It 
is possible to consider that it has participated to the general 
improvement of these patients before inclusion. In a prec-
edent study on a comparable population, early rehabilitation 
(motor, sensory and sometimes verticalisation) resulted in 
an earlier decannulation (61 vs 94 days for the delayed reha-
bilitation group). It has to be noted that our mean total time 
to decannulation remains shorter [3].

Concerns can be raised that because our protocol started 
only after ICU discharge, it could have been responsible of 
prolonged cannulation, which is thought to cause tracheal 
lesions such as tissue granulation, oedema, and tracheoma-
lacia [32]. However, our total tracheostomy time is similar 
to what is found in the literature [24, 28, 29]. By delaying 
tracheostomy weaning, we did not shorten the total tracheot-
omy time, but tracheostomy weaning may have been easier, 
safer, and had a high success rate. Moreover, if tracheostomy 
weaning had been started in the ICU, it may have lengthened 
the ICU length of stay and increased hospitalization costs, 
as the ICU cost is higher than the ward cost (in our hospi-
tal, the cost of one day in the neurosurgery unit and in the 
neurological ICU are 655.86€ and 1115.39€, respectively). 
Our tracheostomy weaning protocol might be safe enough to 
be performed outside of the ICU without systematic instru-
mental examination, with a high success rate, and without 
lengthening of the total tracheostomy time. Thus, tracheos-
tomized ABI patients could be discharged earlier from the 
ICU, without having completed or even started tracheostomy 
weaning. Counterintuitively, delayed tracheostomy weaning 
in ABI patients could be a potential resource that offers cost 

savings. However, our protocol needs to be tested against a 
FEES guided one in order to confirm this hypothesis.

One of the specificities of our protocol is the absence of 
systematic instrumental assessment such as FEES or VFSS, 
which are considered gold standard evaluations for swal-
lowing disorders [33, 34]. They can be used as an effective 
tool to guide tracheostomy weaning; FEES, in particular, 
can be very useful for diagnosing vocal cords impairments 
or pharyngo-laryngeal lesions such as tissue granulations, 
all frequently associated with swallowing disorders and thus 
tracheostomy weaning failure [34–36]. Warnecke et al. have 
proposed a FEES-guided protocol that seems to be faster, 
safer, or with less false negatives [15]. Unfortunately, FEES 
is not always immediately available outside of the ICU or 
ear, nose, and throat (ENT) ward and depends almost exclu-
sively on medical doctors in our country. VFSS for its part 
is not a bedside assessment and requires moving the patient 
to the radiology unit, which is not always appropriate at the 
acute or sub-acute phase. In our country (France) and in 
many others, relying on instrumental assessment only to 
manage all the tracheostomised patients with reasonable 
delay and to decide whether a patient should be decannu-
lated or not would simply be impossible. Thus it might be 
responsible of unnecessary prolonged cannulation that are 
very risky too (38)(Cheung & Napolitano. 2014). One of 
our goals was to create a tracheostomy weaning protocol 
that can be used under medical supervision by a nonmedical 
team and that is based almost solely on clinical examina-
tion. Reverberi et al. stated that instrumental assessment is 
not always available or even feasible with ABI patients, and 
might be for selected cases only [9]. They suggested that 
most of the patients should be able to undergo a tracheos-
tomy weaning protocol based only on clinical parameters 
[9]. Our aim was to create a protocol that is strong enough 
to minimise the risks (without ignoring them) for these 
patients and to detect which one really needs instrumental 
assessment. Thus, we replaced direct objective instrumental 
evaluation with indirect clinical assessment. For example, 
swallowing disorders and aspirations were revealed by res-
piratory signs such as an increase in suctioning and spu-
tum, an increase in the respiratory rate, and/or an increase 
in the body temperature (as a consequence of lung infec-
tion). Default in airway patency (caused by tissue granula-
tion or oedema, or by vocal cord paralysis for example) was 
revealed by respiratory noises such as a laboured audible 
breathing particularly if associated with an increased respir-
atory rate and/or accessory respiratory muscle involvement. 
Therefore, we did not consider FEES and VFSS as manda-
tory examinations, and management of intercurrent events 
was determined based directly on our clinical assessments. 
For example, cannula downsizing was performed at the first 
instance, to treat obstruction without a prior FEES. Nev-
ertheless, in our protocol, FEES or VFSS could have been 
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planned for patients with unresolved suspicion of tracheal 
stenosis or unmanageable swallowing disorders. It happened 
only for one patient in our cohort during tracheostomy wean-
ing (patient 9 with FEES only). FEES was performed by an 
ENT resident, as we suspected a tissue granulation after an 
episode of respiratory distress during the night; it did not 
reveal tissue granulation, and a mucus plug was suspected. 
In one study using FEES, it was found out that the presence 
of tracheal lesions (tissue granulation and oedema were by 
far the most common) was rarely the cause of decannula-
tion failure [32]. In this study, treatment options were tube 
change, laser, systemic or nebulized steroid therapy or com-
bined therapy [32]. It is what we proposed in our protocol. 
The difference is that we would start with steroid therapy 
or tube change without prior FEES and eventually relied on 
FEES in case of failure.

We could also have used the blue-dye test to detect silent 
aspirations. However, despite having an excellent specificity 
(100%), it is a very low sensitive test (10%) [37].

Swallowing disorders might have been misdiagnosed or 
underdiagnosed because of the lack of instrumental assess-
ment. Pulmonary infection is one of the major complications 
of swallowing disorders and can lead to death or delayed 
discharge [38]. However, in our cohort, we only had 2 pneu-
monia (3% of the total intercurrent events). They were suc-
cessfully treated by antibiotherapy (Table 1, 2, 3). A study 
conducted in a population of subarachnoid haemorrhage 
(SAH) tracheostomized patients had a post-tracheostomy 
pneumonia rate over 10% which is fairly higher than ours 
[29].

The absence of objective assessment could be seen as a 
limitation of this study, as well as the absence of swallow-
ing rehabilitation. However, we believe that tracheostomy 
weaning might be seen as a good way to functionally assess 
swallowing disorders (with cuff deflation and tube capping 
and a careful monitoring) at least concerning airway pro-
tection and non-alimentary swallowing, and also the best 
way to offer swallowing rehabilitation. We choose not to 
assess alimentary deglutition during tracheostomy wean-
ing because all our patients had enteral nutrition (mostly 
gastrostomy). Alimentary-swallowing could be easily tested 
later, after decannulation. Waiting for the patient to be able 
to perform alimentary deglutition in order to decannulate 
might be responsible of unnecessary prolonged cannulation 
if the patient is already able to manage saliva. Moreover, 
there are evidences that mild dysphagia is not a strong argu-
ment against decannulation in this population (Enrichi et al. 
2017). We believe that our protocol is able to detect patients 
unable to manage saliva and/or with severe dysphagia (as 
they would not be able to pass through our protocol steps) 
and thus prevent them to be decannulated.

We did not include cough assessment as a criteria for 
decannulation. Many protocols suggest that a strong cough 

might be a good predictor of decannulation readiness [39]. 
Accuracy of such classification (weak vs strong) remains 
questionable until you perform cough instrumental assess-
ment. Bach et Saporito have proposed a peak cough flow 
(PCF) > 160  l/min as a cut-off value [40]. However, the 
population was composed of neuromuscular patients (e.g. 
amyotrophic lateral sclerosis). Despite having serious disor-
ders these patients have few cognitive disorders and are usu-
ally able to actively participate to such testing. ABI patients 
are rarely able to do so. To our knowledge, only one study 
has described an induced peak cough flow (IPCF) suitable 
for ABI patients [41]. Accuracy, sensitivity, and specific-
ity for successful decannulation were, respectively, 75%, 
85,7%, and 54,7% with an optimal cut-off point of 29 l/min 
[41]. Here again we wanted to create an easy tracheostomy 
weaning protocol. The IPCF described by Chan et al. needs 
specific material and can be difficult to perform. Thus we 
choose not to include a specific cough evaluation.

Concerning the intercurrent events, aside from anxiety, 
the main two of them (i.e. accessory respiratory muscle 
involvement and a laboured audible breathing) can be asso-
ciated with reduced airway patency, which can have multiple 
causes (e.g. vocal cord paralysis or tissue granulation) [42, 
43]. The most frequent treatments and associated procedures 
(i.e. aerosol therapy with adrenaline and downsizing can-
nula) performed in our study are directly linked to these 
main intercurrent events. Moreover, with a mean of 2.3 per 
patient, the number of intercurrent events was quite low in 
our study. These events appear to be easily identifiable with 
clinical assessment, not so frequent, and quite easy to man-
age. This highlights the fact that tracheostomy weaning of an 
ABI patient outside of the ICU may not be as overwhelming 
as once thought.

Interestingly, anxiety, a frequent intercurrent event in 
our study, was not as frequently treated with medication 
as accessory respiratory muscle involvement or a laboured 
audible breathing. In fact, anxiety was probably more of a 
one-off state for the patients than a general one, and it was 
likely to be associated with intercurrent events; thus, it does 
not appear to require long-term drug therapy for many of 
our patients. A caregiver’s accompaniment or treatment for 
intercurrent events appears to have been sufficient to reduce 
anxiety in our patients. However, the use of anxiolytics may 
be helpful in some cases, particularly when the patient is 
not able to understand or to participate (e.g. in the case of 
comprehensive aphasia) [44, 45]. However in our study, 
anxiety was only clinically assessed by the whole team and 
decision to treat was taken collegially. This can be a cause 
of mis-diagnosis. But to our knowledge, there is no anxiety 
scale available for ABI patients with such disabilities and 
communication disorders.

Scopolamine has been used successfully to treat excess 
saliva, usually a sign of a swallowing disorder in which the 
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patient’s swallowing frequency or efficiency is reduced. 
Because it thickens saliva and reduces its production, sco-
polamine must be used with caution to avoid mucus plug 
development. However, its use remains controversial and 
there is no clear evidence of its efficiency [46, 47].

The main limitations of our study were the relatively 
small number of patients in our cohort and its monocentric 
nature. Indeed, our protocol must be tested on a larger scale, 
in multiple centres and against a FEES-guided protocol. In 
effect, we believe that our high rate of successful decannula-
tion does not rely only in our team’s pre-existing experience 
with tracheostomy weaning, or in the skills of a few clini-
cians. Even if team-based or multidisciplinary tracheostomy 
weaning had already shown its superiority over standard care 
ones [48], the additional strength of our protocol seems to 
lie in its ability to precisely drive caregivers through the 
use of our logigram, giving them the tools to prevent, rec-
ognize, and manage adverse events associated with trache-
ostomy weaning in ABI patients. Moreover, decannulation 
can be considered a rather stressful event for caregivers, the 
patients, and their families. Thus, the framework provided 
by our procedure secures the weaning and decannulation 
processes. However, even with larger-scale multicentric 
studies, it will never be possible to create a protocol capable 
of preventing every tracheostomy weaning failure. A “zero 
risk” tracheostomy weaning and decannulation protocol will 
probably never exist. However, we believe that, with our pro-
tocol, the risk of failure can be controlled to the maximum 
extent and is worth the effort with regard to the benefits of 
decannulation for these patients. In addition, team education 
as planned in our protocol is probably one of the keys for 
implementing a safe and efficient procedure.

Our death rate is 6% (2 patients). It seems to be fairly 
acceptable considering that tracheostomized ABI patients 
are usually patients with very severe disabilities and poor 
outcomes. Moreover, it is quite comparable with the current 
literature (between 4 and 21% in the decannulation failure 
group in Küchler et al. [49], between 5 and 6% in Huang 
et al. [50]). Additionally, the overall mortality in tracheos-
tomized patients has been shown to range from 22 to 45%, 
which is way over our mortality rate [51].

Of the two patients who died (patients 12 and 13), the 
question of the imputability of our protocol remains for one 
(patient 13). According to our protocol and the patient’s sta-
bility parameters, tracheostomy weaning had been stopped. 
Although direct imputability could not have been estab-
lished, it may be related to the low neurological status of 
this patient at inclusion (CRS-r = 3). Notably, five patients 
had a very low CRS-r at inclusion (below 7 and consid-
ered to be in an unresponsive wakefulness syndrome) and 
could have been decannulated (patients 1, 6, 11, 20, 22, see 
Table 4). In addition, this patient (patient 13) was consid-
ered a very severe case, with a poor recovery prognosis. 

Prior to inclusion, ethical decisions (limitation of active 
therapeutics) were considered accordingly by the medi-
cal staff and the patient’s relatives. However, we decided 
to include this patient considering the potential benefits of 
decannulation. Moreover, here again, four patients had the 
same ethical restriction but were decannulated successfully 
and were still alive at 6 months (patients 1, 22, 25, and 28, 
Table 4). Notably, one patient who had ethical restrictions 
at the inclusion died during the 6-month follow-up (patient 
7); however, this patient was not able to reach decannulation 
and was excluded from the tracheostomy weaning procedure 
after 3 months, according to our protocol. Evidence of clear 
predictive factors is still lacking to determine which patients 
are able to undergo tracheostomy weaning and decannula-
tion. Thus, we chose to include patients regardless of their 
neurological status. Our protocol was used as a decision-
making logigram, giving every patient a chance to reach 
decannulation.

At 6 months, 55% of our patients were still hospitalized. 
Considering our national care system and the severity of 
these patients, our proportion of hospitalized patients is 
not unusual. To note, some of them are even benefiting of 
home hospitalisation (1 patient) or day time hospitalisation 
(1 patient). Moreover, if these patients would not have been 
decannulated, it is very likely that they would have remained 
in our unit.

These days, despite the growing research, tracheostomy 
weaning and particularly decannulation in ABI patients still 
resemble more of an art form than a well-established sci-
ence. Due to the lack of evidence, this procedure is usually 
considered to be unsafe or overwhelming outside of an ICU 
or specialized unit. In this study, we evaluated the feasibility 
of such a process using a protocol tailored to patients based 
on the stability of their condition, allowing every patient 
to undergo safe, yet efficient, tracheostomy weaning. The 
decannulation decision was made through the use of our 
protocol, without the help of systematic instrumental assess-
ment such as FEES or VFSS. Given a decannulation rate of 
90% and a success rate of 100% in this study, we believe that 
our protocol might be used outside of the ICU or specialized 
unit by a pluridisciplinary non-medical team under medical 
supervision. The safety and efficiency of the protocol are 
based on team education and coordination and should be 
evaluated against instrumental evaluation with a randomized 
controlled study. Because these are results of a pilot study, 
we think that we must warn the reader against a misuse of 
our protocol especially before a controlled study has been 
performed.
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