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Abstract
Introduction and objectives: Subjects with severe acquired brain injury (sABI) require long-term
mechanical ventilation and, as a consequence, the tracheostomy tube stays in place for a long
time. In this observational study, we investigated to what extent the identification of late tra-
cheostomy complications by flexible bronchoscopy (FBS) might guide clinicians in the treatment
of tracheal lesions throughout the weaning process and lead to successful decannulation.
Subjects and methods: One hundred and ninety-four subjects with sABI admitted to our rehabili-
tation unit were enrolled in the study. All subjects received FBS and tracheal lesions were
treated either by choosing a more suitable tracheostomy tube, or by laser therapy, or by steroid
therapy, or by a combination of the above treatments.
Results: Overall, 122 subjects (63%) were decannulated successfully. Our subjects received 495
FBSs (2.55 per subject) and as many as 270 late tracheostomy complications were identified. At
least one complication was found in 160 subjects (82%). In only 11 subjects, late tracheostomy
complications did not respond to the treatment and were the cause of decannulation failure.
Conclusions: In conclusion, in sABI patients FBS is able to guide successful tracheostomy weaning
in the presence of late tracheostomy complications that could get in the way decannulation.
© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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role of flexible bronchos
Introduction

Improved care in the intensive care unit (ICU) has resulted in
many patients surviving acute respiratory failure.1 Approxi-
mately 10% of critically ill patients receive a tracheostomy
to facilitate weaning from prolonged mechanical ventilation
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support.2 In Italian ICU, 26% of patients maintained trache-
ostomy despite weaning from mechanical ventilation.3

According to Cox4, 25% of tracheostomy patients died in hos-
pital and 23% were discharged to rehabilitation or long-term
care units. When clinical stability is achieved, tracheostomy
allows patients to be transferred to other step-down units.2

A multidisciplinary tracheostomy team is recommended to
facilitate weaning.5,6

Several decannulation protocols have been suggested in
the past, mainly in acute intensive care settings, for sub-
jects whose tracheostomy tube was expected to be
removed within a short period of time.7,8-10 In 2014, Santus
et al.11 conducted a systematic review of the literature on
tracheostomy tube removal to assess predictors of success-
ful decannulation and to propose a predictive score to help
clinicians in choosing decannulation timing. Cough effec-
tiveness and the ability to tolerate tracheostomy tube cap-
ping were the most widely considered parameters in
clinical practice. Indeed, among the 10 reviewed papers,
only Ceriana et al.12 considered the absence of tracheal
stenosis assessed by endoscopy as a primary requirement
for proceeding to decannulation. Hence, in the score pro-
posed by Santus et al.11, airway patency was merely listed
among the minor criteria.

Subjects with severe acquired brain injury (sABI), due to
trauma, cerebrovascular disease or post-anoxic coma
require a prolonged stay in the ICU because of very slow
weaning from mechanical ventilation and subsequent diffi-
cult decannulation. As motor control and the ability to exe-
cute simple voluntary tasks are severely impaired, due to
both neurological damage and cognitive disorders,13 cough
effectiveness, which is considered a major criterion for suc-
cessful decannulation11, is not always reliably assessable.
The prolonged stay of the tracheostomy tube may cause
inflammation and stenosis or excessive cough, and it may
also impair swallowing by hindering tracheal elevation
against the epiglottis, which is an automatic mechanism to
prevent aspiration of food or secretions.8,9 Further, while
the incidence of post-tracheostomy tracheal stenosis is
around 2.6% in the general population,14 the overall inci-
dence of airway stenosis in subjects with sABI is 20%, a quar-
ter of which were severe; 15% of subjects died as a result of
tracheal complications and the incidence of stenosis was sig-
nificantly higher following tracheostomy than following intu-
bation only.15 Finally, Law16 observed airway lesions in 67%
of subjects with a long-term tracheostomy tube, mainly tra-
cheal granuloma (60%) and tracheomalacia (29%). Less fre-
quently observed lesions were tracheal stenosis (14%) and
vocal cord and laryngeal dysfunction (8%). Accordingly, the
authors concluded by recommending that all decannulation
candidates should undergo anatomic examination of the air-
ways. The same recommendation has also been recently
highlighted by Enrichi et al.13, who suggested that endo-
scopic assessment of airway patency also plays a pivotal role
for successful decannulation in subjects with sABI.

In this observational study conducted on a large series of
subjects with sABI, we investigated to what extent the iden-
tification of late tracheostomy complications by bedside
flexible bronchoscopy (FBS) might guide clinicians in the
treatment of tracheal lesions and, consequently, lead to suc-
cessful management of the tracheostomy tube throughout
the weaning process.
2

Materials and methods

Subjects

One hundred and ninety-four subjects were selected among
those admitted to the High Intensity Rehabilitation Unit of
the Don Gnocchi Foundation, Florence, Italy, from January
2012 to December 2016.

The inclusion criteria were: 1) confirmed diagnosis of
sABI; 2) presence of tracheostomy cannula; 3) age > 18
years; 4) stable spontaneous breathing; and 5) absence of
fever, sepsis or active infection.

The Institutional Review Board approved the study proto-
col and all participants, or their legal representatives,
signed the informed consent form for personal data process-
ing on admission to the Rehabilitation Units.

Rehabilitation program

Each subject underwent a multidisciplinary customised
rehabilitation program aimed at recovering neurological and
cognitive impairments, at weaning the patient from the tra-
cheostomy tube and at restoring oral feeding. The program
was carried out by pulmonologists, neurologists, speech and
swallow therapists and physiotherapists. The decision about
decannulation was made according as previously
described,13 such as tolerance of tracheostomy tube capping
for at least 72 h12 and absence of severe dysphagia, defined
as the ability to manage secretions, as assessed by the
speech and swallow therapist.17,18

Decannulation protocol

According to previous literature on tracheostomy tube
removal,13,17 swallowing assessment was combined with the
pathophysiological assessment of respiratory function (air-
way patency and cough). The protocol included the follow-
ing preliminary clinical assessments:

� arterial O2 saturation > 92% while breathing room air or
with oxygen supplementation (if needed), without respi-
ratory acidosis;

� evaluation of cough effectiveness, with the assessment of
protective cough reflexes;

� no significant abnormalities on the chest X-ray;
� satisfactory nutritional conditions.

If the above clinical conditions were stable, subjects
underwent the following further evaluations:

� spontaneous management of oral secretion by the ability
to tolerate tracheostomy tube with deflated cuff with
stable peripheral O2 saturation and clinical monitoring;

� the blue dye test;17

� ability to cough and breath by progressively longer cap-
ping of the cannula for at least 72 h with no need of
aspiration.11

FBS was performed at least once throughout the decan-
nulation process: at the first cannula change and/or while
removing the tracheostomy tube and/or when weaning
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protocol failure occurred, to assess and to manage the rea-
son of failure.

The follow-up until discharge was clinical in all the
patients and endoscopic when it was necessary to evaluate
the spontaneous healing of milder complications. Most of
the non-decannulated patients were transferred to long-
term care with the indication to perform replacement of the
tracheostomy tube as previously described.19
Airway patency assessment

Airway patency assessment and tube replacement was
performed at the subject’s bedside by a pulmonologist
using the Pentax 15-RBS portable flexible fibrebroncho-
scope (PENTAX Medical Europe GMBH Hamburg, Germany).
Laser therapy was performed with rigid bronchoscopy in
acute settings.

FBS was performed through nasal access to assess the
supraglottic and subglottic planes, the position and size of
the tracheostomy tube and the tracheal patency during
quiet breathing, deep breath and cough after cannula
removal. When decannulation was not yet possible, during
FBS a suitable tube was chosen according to the clinical
characteristics of the patients and the size of the trachea to
minimize the encumbrance in order to prevent or treat tra-
cheal complications. In general we placed a non-fenestrated
tube to minimize friction on the tracheal mucosa, uncuffed
tracheal cannula if the management of the oral secretions
was good and a tube size that let the air reach the glottic
plane.
Table 1 Subjects’ clinical characteristics and comparison betwee

Whole group
(n 194)

Succ
(n 12

Sex (males) 123 (63%) 85 (7
Age (years) 61.2 § 14.6 59.1
GCS on admission (score 3�15, 15 best) 8.8 § 3.4 9.8 §

Cause of sABI
Post-traumatic 58 (30%) 42 (7
Post-anoxic 36 (18%) 17 (4
Vascular 97 (50%) 62 (6
Others 3 (2%) 1 (50

Origin of the patients
General ICU 119 (61%) 72 (5
Neurological ICU 61 (32%) 41 (3
Cardiovascular ICU 14 (7%) 9 (7%

Days spent in the ICU 68.2 § 88.9 51.1
Days from tracheostomy

to Rehabilitation Unit
54.6 § 71.9 49.0

Days spent in the Rehabilitation Unit 148.3 § 91.1 153.

Data are shown as means § standard deviation or as absolute numbers w
GCS, Glasgow Coma Scale; sABI, severe acquired brain injury; ICU inten
(*) From Student’s t-test, Pearson’s chi-squared test or Wilcoxon rank-s

3

Data analysis

Subjects were divided into two subgroups according to dec-
annulation success or failure. The significance of differences
between subgroups was tested using Student’s t-test for
independent samples, Pearson’s chi-squared test and the
Wilcoxon rank-sum test for continuous, categorical and ordi-
nal variables, respectively. The analysis of variance was
used to assess possible differences in the stay of tracheos-
tomy tube in successfully decannulated patients according
to origin. Statistical analysis was performed using the STATA
12 software (Stata Corporation, Collage Station, TX, USA).
Statistical significance was set at p < 0.05.
Results

Table 1 shows the subjects’ clinical characteristics and com-
parison between decannulated and non-decannulated
patients. In 55% of our patients tracheotomy techniques
were unknown; 42% of the patients received percutaneous
tracheostomy and 3% open surgical tracheostomy.

In our series, 122 subjects out of 194 (63%) were decannu-
lated successfully. Of these, 39 (32%) were decannulated
after the first FBS, while the remaining 83 (68%) needed
more than one FBS before being decannulated. The mean
lapse of time between admission to the rehabilitation unit
and decannulation was 59 § 58 days. The time to decannula-
tion was similar in patients coming from different acute set-
tings: 93 § 63 days from cardiological ICU, 110 § 73 days
from general ICU, 92 § 56 days from neurological ICU
n decannulated and non-decannulated patients.

essful decannulation
2, 63%)

Decannulation failure
(n 72, 37%)

p (*)

0%) 38 (53%) 0.021
§ 15.2 64.7 § 12.9 0.010
3.3 7.4 § 2.6 < 0.001

2%) 16 (28%)

0.1037%) 19 (53%)
3%) 36 (37%)
%) 1 (50%)

9%) 47 (65%)
4%) 20 (28%) 0.674
) 5 (7%)

§ 36.2 96.2 § 132.7 < 0.001
§ 64.7 64.9 § 83.4 0.140

2 § 96.9 140.1 § 80.4 0.335

ith percentages in brackets.
sive care unit.
um test, as appropriate.



ARTICLE IN PRESS
JID: PULMOE [mSP6P;July 2, 2021;1:28]

B. Lanini, B. Binazzi, I. Romagnoli et al.
(p 0.356). None of the decannulated subjects underwent
emergency re-cannulation due to lack of airway patency
until discharge from rehabilitation.

Successfully decannulated subjects were younger and
predominantly male and showed a significantly higher Glas-
gow Coma Scale (GCS) score on admission to the rehabilita-
tion unit and a significantly shorter stay in the ICU. No
significant difference was found regarding the cause of sABI,
the lapse of time between tracheostomy and admission to
the rehabilitation unit and the number of days spent in the
rehabilitation unit.

With regard to the GCS score, 13 out of 122 successfully
decannulated subjects (11%) showed on admission a score <

8, which is considered a critical divide;13 however, 8 of them
improved their level of consciousness in the course of the
rehabilitation up to a GCS score > 10.

Decannulation was not possible in 72 out of 194 subjects
(37%). Among these, the main cause of decannulation failure
was severe dysphagia with the inability to manage oral
secretions in 34 patients (47%), followed by the occurrence
of acute events that prematurely stopped the rehabilitation
program in 22 subjects (31%), late tracheostomy complica-
tions in 11 subjects (15%) and ineffective cough in 5 subjects
(7%) (Fig 1).

Altogether, our 194 subjects received 495 FBSs (2.55 per
subject). The observed complications of the bedside proce-
dures were very mild and did not require transferring the
patient to an acute setting. The most frequent complication
was bleeding in about 15% of procedures: in 10% it spontane-
ously resolved while in 5% local therapy with tranexamic acid
was performed. As many as 270 late tracheostomy complica-
tions were identified: 121 granulomas, 103 oedemas, 30 tra-
cheomalacias and 16 tracheal ring ruptures. The late
tracheostomy complications, their original settings (neurolog-
ical, cardiovascular or general ICU), their treatment (trache-
ostomy tube change, laser, systemic or nebulized steroid
therapy or combined therapy) and outcomes are shown in
Figure 1. In 9 subjects, tracheal lesions were not treated
because they were located between the cannula and the glot-
tis and the presence of concurrent severe dysphagia contrain-
dicated the removal of the cannula. In only 11 subjects, late
tracheostomy complications did not respond to the treatment
and were the cause of decannulation failure. In these
patients, after the rehabilitation discharge, tracheal compli-
cations were followed by the acute care ward of origin.
Discussion

In this observational study, we found a very high incidence of
late tracheostomy complications, the vast majority of which
could be treated successfully based upon FBS findings, so
that we were able to remove the tracheostomy tube in a rel-
evant proportion of subjects and late tracheostomy compli-
cations were rarely the cause of decannulation failure.

The aforementioned findings represent the strength of
the study. In fact, FBS has been relegated to the role of a
minor prediction criterion for successful decannulation.11

However, most of the previous papers7,8-11 tested the crite-
ria for predicting successful decannulation in subjects who
had received tracheostomy for any clinical reason, who had
been hospitalised in any ward and, mainly, in subjects whose
4

tracheostomy tube had been expected to be removed within
a short period of time. This is not the case for subjects with
sABI, as they generally require long-term mechanical venti-
lation; consequently, the tracheostomy tube stays in place
for a long time and a high incidence of tracheal lesions is
expected. In these subjects, cough effectiveness, which is,
undoubtedly, a valuable criterion for decannulation,11 is not
always reliably assessable due to the concurrent neurologi-
cal damages and cognitive disorders that severely impair
motor control and the ability to execute simple voluntary
tasks.13 In subjects with sABI,13 alongside tracheostomy
tube capping, instrumental swallowing assessment and the
blue dye test, endoscopic assessment of airway patency also
plays a pivotal role in predicting successful decannulation.
Our results, not only confirm the high incidence of late tra-
cheostomy complications in subjects with sABI and the rele-
vant role of FBS as an indicator of successful decannulation,
but also show that FBS is a valuable tool for guiding clinicians
in the management of tracheostomy tubes throughout the
weaning process. In fact, the choice of the most suitable tra-
cheostomy tube for every single subject and the targeted
medical and/or laser therapy, all of them based upon FBS
findings, resolved tracheal lesions and led to successful dec-
annulation in a relevant proportion of subjects.

Another finding of this study was that successfully decan-
nulated subjects showed a significantly higher GCS score on
admission to the rehabilitation unit. Although this finding is
not surprising, its meaning in clinical practice has not yet
been completely clarified and shared. Physicians place
greater emphasis on the level of consciousness compared
with respiratory therapists who, generally, tend to pay more
attention to other factors, such as the cause of respiratory
failure and the ability to tolerate tracheostomy tube cap-
ping.18,20 Further, Santus et al.11 in their prediction score
listed the level of consciousness, classified as drowsy or
alert, among the minor criteria for decannulation. Finally,
Enrichi et al.13 found that the level of consciousness was not
a critical factor for decannulation in subjects with sABI.
Within this multifaceted context, our data show that in sub-
jects with sABI, although a good level of consciousness on
admission is a positive predictor of successful decannulation
in most subjects, a low GCS score on admission may not nec-
essarily be per se a negative predictor because some sub-
jects may improve their level of consciousness in the course
of the rehabilitation.

In our series, successfully decannulated subjects showed
shorter stay in the intensive care unit. Although this finding
is not surprising, it has never been reported before. Most of
the previous studies were conducted in acute settings and
the number of days spent in the intensive care unit was not
considered. Thus, this study adds the notion that in subjects
with sABI, the duration of the stay in the ICU is a predictor
of decannulation: the shorter the stay, the more likely the
decannulation. These results make clear the need to apply
early and standardised strategies that reduce the length of
stay in intensive care. The early use of non-invasive ventila-
tion21,22 and mechanical cough assist23,24 in patients with
prolonged and difficult weaning from invasive ventilation
could reduce the stay in ICU, promote early weaning and
minimize complications.

Despite the interesting and novel findings of this study, at
least two limitations need to be considered. Given the



Fig. 1 Origin, treatment and outcomes of the late tracheostomy complications. White squared box: decannulated patients, grey
squared box, non-decannulated patients.
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observational design of the study, the lack of a control group
represents the main methodological limitation and does not
allow us to draw definitive and generalisable conclusions on
the management and weaning from tracheostomy tube in
patients with sABI. Another limitation is that our study is not
multicentre. The general lack of an interventional pulmonol-
ogist on the multidisciplinary staff of the ABI rehabilitation
unit limits the application of our bedside protocol.

In conclusion, by using FBS we found a very high
incidence of late tracheostomy complications, the vast
majority of which could be treated successfully based
upon FBS findings, so that we were able to remove the tra-
cheostomy tube in a relevant proportion of subjects. In
addition, late tracheostomy complications were rarely the
cause of decannulation failure. Further, the choice of the
most suitable tracheostomy tube for every single subject
and the targeted medical and/or laser therapy, all of them
based upon FBS findings, resulted in healing tracheal
5

lesions and led to successful weaning from the tracheos-
tomy tube even in the relevant proportion of subjects who
did not fulfill the decannulation criteria on the first clini-
cal and FBS assessment. Thus, the take-home message
from this study is that FBS is strongly recommended to
guide clinicians throughout the weaning process and to
achieve successful decannulation in subjects with sABI
and, probably, in all subjects with long-term stay of the
tracheostomy tube.
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