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BACKGROUND: Clinicians are often required to provide a qualified guess on the probability of

decannulation in estimating patients’ rehabilitation potential and relaying information about

prognosis to patients and next of kin. The objective of this study was to use routinely gathered

clinical data to develop a prognostic model of time to decannulation in subjects with acquired

brain injury, for direct implementation in clinical practice. METHODS: Data from a large

cohort including 574 tracheostomized subjects admitted for neurorehabilitation were analyzed

using discrete time-to-event analysis with logit-link. Within this model, a reference hazard func-

tion was modeled using restricted cubic splines, and estimates were presented using odds ratios

(95% CIs). RESULTS: A total of 411 subjects (72%) were decannulated within a median of 27 d

(interquartile range 16–49) at the rehabilitation hospital. The prognostic model for decannula-

tion included age, diagnosis, days from injury until admission for rehabilitation, swallowing, and

overall functional level measured with the Early Functional Abilities score. Among these, the

strongest predictors for decannulation were age and a combination of overall functional abilities

combined with swallowing ability. CONCLUSIONS: A prognostic model for decannulation was

developed using routinely gathered clinical data. Based on the model, an online graphical user

interface was applied, in which the probability of decannulation within x days is calculated along

with the statistical uncertainty of the probability. Furthermore, a layman’s interpretation is pro-

vided. The online tool was directly implemented in clinical practice at the rehabilitation hospital,

and is available through this link: (http://www.hospitalsenhedmidt.dk/regionshospitalet-hammel/

research-unit/Prognosissoftware/). Key words: cerebrovascular disease/stroke; information technol-
ogy; prognosis; development; dysphagia; decannulation; tracheostomy; implementation. [Respir Care
2020;65(11):1678–1686. © 2020 Daedalus Enterprises]

Introduction

In patients with acquired brain injury, decannulation

from a tracheostomy tube is an important marker of the

rehabilitation potential. Therefore, patients and next of kin

may often approach clinicians with questions about the

timeframe for decannulation.1 Being able to present an evi-

dence-based prognosis for decannulation is a valuable sup-

plement for health care professionals working with

tracheostomized patients, both in clinical decision-making

and in the involvement of patients and next of kin.2

The ideal approach for making a prognostic model for

decannulation would be to gather the best evidence from

clinical factors associated with decannulation and then con-

duct an observational study on a large population of subjects,

in which data are observed over time, to see if and when sub-

jects are decannulated.3 However, conducting such studies

may be cumbersome and may include predictors that are not

routinely gathered in clinical practice, thus making the prog-

nostic model less relevant and feasible for clinical practice.3
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By using clinical data, which are routinely gathered as part

of everyday practice, it is possible to develop prognostic

models that can be implemented directly into clinical prac-

tice because they do not require any changes in practice or

the purchase of new medical equipment.3

Several small studies have reported that swallowing

capability,4-6 coughing,5,7 and early rehabilitation8 were

predictors of decannulation in subjects with acquired brain

injury. However, these studies are of poor quality and do not

provide an applicable prognostic tool. A recent multi-center

study from Germany used routinely gathered clinical data to

identify practicable predictors of decannulation in subjects

with primarily neurological diseases. However, no prognos-

tic model was developed from the analyses, and no internal

validation of the predictors was reported.9 In a recent study

from Italy, a decannulation prediction tool for subjects with

acquired brain injury was developed based on routinely

gathered clinical data.10 Internal validation of the prognostic

model was analyzed by splitting the population into a devel-

opment sample and a validation sample, and an algorithm on

how to use the prediction tool was provided. However, the

statistical uncertainty of the prediction was not provided and

no interpretation in layman’s term was presented. For clini-

cal decision-making and for communicating with patients

and next of kin, the confidence interval of the prediction

along with an easily interpreted likelihood are needed, in

order to emphasize the uncertainty of such predictions and

to avoid creating false hopes. A further limitation in the

above studies is that they investigated predictors of decannu-

lation at discharge from rehabilitation units, without consid-

ering the time to decannulation regardless of continued

hospitalization. To be of greater use in clinical practice, a

prognostic model that presents a likelihood of decannulation

within a specific period (eg, 30 d) is warranted.

The objective of this study was to use routinely gathered

clinical data to develop a prognostic model and an online

tool for calculating the probability of time to decannulation

in subjects with acquired brain injury, for direct implemen-

tation in clinical practice.

Methods

Study Population

The study population included tracheostomized patients

with acquired brain injury admitted to Hammel Neuro-

rehabilitation Centre and University Research Clinic, from

March 2011 to the end of 2018. The inclusion criterion was

that subjects should be registered in the medical record as

tracheostomized within 3 d of admission. From a popula-

tion of 609 tracheostomized patients, 574 subjects (94%)

met this inclusion criterion. The 35 excluded patients did

not differ from the study population regarding demographic

factors. Data from electronic medical records have been

routinely transferred to a clinical database for administra-

tive, organizational, economic reporting, and research pur-

poses. Data handling for this study was approved by the

Danish Patient Safety Authority (ID: 3-3013-2832/1), and

approval for storing data were granted by the Data

Protection Agency in the Central Region of Denmark (ID:

1-16-02-35-19). In Denmark, no ethical approval is needed

for research using only register-based data.

Rehabilitation Setting

At Hammel Neurorehabilitation Centre and University

Research Clinic, neurorehabilitation is provided for patients

with acquired brain injury who have complex rehabilitation

needs. The hospital has a nationwide catchment area, and

patients may be admitted once the neurosurgical treatment

of the primary and secondary injuries is completed, to

such a degree that complications are deemed unlikely.11

Rehabilitation starts at early levels of recovery and is pro-

vided by interdisciplinary teams of occupational therapists,

physiotherapists, nurses, and auxiliary nurses, with close

involvement from physicians, neuropsychologists, speech

language therapists, and dieticians.11,12 In Denmark, dys-

phagia, and therefore decannulation of patients suffering

from severe dysphagia, is primarily managed by occupa-

tional therapists, in close collaboration with physicians and

the rest of the multidisciplinary team.

QUICK LOOK

Current knowledge

Previous studies have investigated predictors of decan-

nulation in subjects with acquired brain injury and

other critical illnesses. A simple algorithm for calculat-

ing the probability of decannulation of patients dis-

charged from rehabilitation has also been published.

Being able to present an evidence-based prognosis for

decannulation would be a valuable tool in clinical deci-

sion-making, and in the involvement of patients and

their next of kin.

What this paper contributes to our knowledge

A prognostic model and online tool for evaluating time

to decannulation in subjects with acquired brain injury

was developed. The online tool was directly imple-

mented in clinical practice, as it required no change in

practice or the purchase of equipment. Several interpre-

tations of the probability of decannulation are provided

along with the statistical uncertainty, which is essential

information in relaying information about prognosis to

patients and next of kin. The online tool has been made

publicly available.
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Decannulation

The study outcome was time to first attempt of decannu-

lation from any type of tracheostomy tube (cuffed or non-

cuffed), and decannulation from a cuffed tube specifically.

In Figure 1, examples A and B illustrate the most common

courses of tube management leading to decannulation.

However, as seen in example C, patients sometimes have

more complex courses leading to decannulation, showing

that it is not always a straightforward process.

Decannulation is attempted when the physician and the

interdisciplinary team determine that the patient has suffi-

cient respiratory capacity and is able to protect his or her

airways. This is done through a combination of clinical

assessments and observations, endoscopic evaluation of

swallowing, systematic registrations of saliva above the

cuff, coughing, and sometimes blue dye.4,13,14 In addition,

the patient should have tolerated at least 24 h with a capped

tube.4,14 The protocol for decannulation remained the same

through the study period.

Clinical Predictors

The predictors included in the prognostic model were

chosen by a panel of clinical experts working with tracheos-

tomized patients in collaboration with a statistician, and

selection was based on clinical relevance for the probability

of decannulation, along with availability in the medical

records. Clinically meaningful predictors that were statisti-

cal significantly associated with the probability of decannu-

lation in the multivariate model were included in the final

model. The predictors included were: age (age groups: <
18, 18–40, 41–65, and > 65 y); diagnosis of acquired brain

injury categorized as stroke (ischemic or hemorrhagic), trau-

matic brain injury, subarachnoid hemorrhage, encephalo-

patic brain injury, and other injuries; weeks from injury

until admission to rehabilitation (grouped as unknown, 0–2,

2–4, 4–8, and > 8 weeks); and the Early Functional

Abilities (EFA) score.15 The EFA is an interdisciplinary

score developed to assess functional abilities during rehabil-

itation in patients with severe acquired brain injury.15 The

EFA is an appropriate assessment tool for functional level in

patients with severe disabilities because it is more sensitive to

changes in these subjects than the Functional Independence

Measure, which is more appropriate for patients with moder-

ate to mild disabilities.11,16,17 The EFA was scored within 72 h

from admission to rehabilitation and every fourth week by an

interdisciplinary team consisting of occupational therapists,

physiotherapists, nurses, and auxiliary nurses.16,17 The EFA

was developed in Germany and is also used in Denmark16 and

Norway.18 Additionally, a newly published English version of

the EFA has made its use in other countries possible.19 The

scale includes 20 items merged into 4 overarching dimen-

sions: vegetative functions, oro-facial functions, sensorimotor

abilities, and cognitive abilities.19 All items are scored on a 5-

point Likert scale (1: no function; 2: severe disturbance; 3:

moderate disturbance; 4: slight disturbance; 5: normal), with a

total score ranging from 20 to 100. This score, along with the

item score for swallowing function (ie, swallowing function

vs no swallowing function),5,10,20 were included in the prog-

nostic model, with the following categories: (1) EFA 20–40 +

no swallowing function, (2) EFA 20–40 + swallowing func-

tion, (3) EFA 41–60 + no swallowing function, (4) EFA 41–

60 + swallowing function, (5) EFA 61–100 + no swallowing

function, (6) EFA 61–100 + swallowing function, and (7)

missing. The region from which the subject was referred was

also included as a predictor, because the likelihood of being

discharged with a tracheostomy tube was reduced in subjects

from central Jutland (for organizational reasons) compared

with the 4 other regions in Denmark, thus introducing system-

atically different right-censoring mechanisms of event times

between regions.21 For international usage, this predictor has

Cuffed tube    Cuff deflation    Non-cuffed tube    Capped    Decannulation

Non-cuffed tube    Cuffed tube    Cuff deflation    Non-cuffed tube    Capped    Decannulation

Non-cuffed tube    Capped    Decannulation

A

B

C

Time
Fig. 1. Process from admission at neurorehabilitation until decannulation from a tracheostomy tube. A: Common process for a subject admitted
with a cuffed tube. B: Common process for a subject admitted with a non-cuffed tube. C: Process for a non-cuffed subject with aspiration risk

detected at admission for rehabilitation.
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been removed in the English version of the online templates,

by fixating the region variable to central Jutland.

Statistical Analysis

A prognostic model was developed based on clinical pre-

dictors from the first week following admission to the reha-

bilitation hospital. The prognostic model can be applied to

calculate the probability of decannulation in newly admit-

ted patients, which is based on evidence from “patients like

me.”

We applied discrete time-to-event analysis with logit-

link to calculate time to decannulation.22-24 In this model,

a reference hazard function was analyzed, expressed as

hðtÞ ¼ PðT ¼ tjT � tÞ h, using restricted cubic splines with
4 knots.25,26 This function represents the daily likelihood of

decannulation, given that it has not occurred yet. The prog-

nostic factors included modify the reference hazard function

as seen in an ordinary logistic regression. A time-to-event

analysis was applied, in which subjects may be right-cen-

sored due to discharge from the hospital before decannula-

tion.21 Hence, time to decannulation can be modeled and

predicted despite the possibility that subjects may be dis-

charged with a tracheostomy tube. The associations between

the predictors and probability of decannulation are presented

as odds ratios (95% CI) in a multiple adjusted model.

Missing values were seen in weeks from injury until admis-

sion and in EFA scores. These missing values were treated

as independent categories in the analytical model. The model

was validated using standard methods.25 For illustrative pur-

poses, figures showing the hazard function for decannulation

for different subgroups of subjects are presented. The R sta-

tistical software was used for all analyses.

Results

Two thirds of the tracheostomized subjects were men,

and one third were diagnosed with an ischemic or hemor-

rhagic stroke. The second largest diagnostic group was

traumatic brain injury. See Table 1 for further baseline

characteristics of the study population. Of the 574 trache-

ostomized subjects, 411 (72%) were decannulated within

a median of 27 (interquartile range 16–49) d at the reha-

bilitation hospital. Nine (2%) failed decannulation and

had a tracheal tube re-inserted during stay at the rehabili-

tation hospital. Multiple adjusted odds ratios for each

predictor included in the model are displayed in Table 2.

The strongest predictors of decannulation from any tra-

cheostomy tube were age and functional level: subjects

< 18 y were 4.23 times (95% CI 2.36–7.52) more likely

to be decannulated during stay at the hospital compared

with those > 65 y old, and subjects with an EFA score of

61–100 with swallowing function at admission were 4.67

times (95% CI 2.96–7.38) more likely to be decannulated

compared with those who had an EFA score of 20–40

and no swallowing function.

In Figure 2, the probability of decannulation for 3 sub-

groups with traumatic brain injury, subarachnoid hemor-

rhage, and stroke are displayed, representing subjects

with good, intermediate, and bad prognoses, respec-

tively. As an example, for the subarachnoid hemorrhage

subgroup (intermediate prognosis), the probability of

being decannulated not later than 60 d from admission is

67%. In Figure 3, the probability is presented for addi-

tional subgroups, showing 2 subgroups with and without

swallowing function in Figure 3A, 2 subgroups with

traumatic brain injury and stroke in Figure 3B, and 2

subgroups with subarachnoid hemorrhage and stroke in

Figure 3C.

The online prognostic tool is available online at (http://

www.hospitalsenhedmidt.dk/regionshospitalet-hammel/

research-unit/Prognosissoftware/). The instructions de-

scribe the purpose of the prognostic tool along with a

layman’s interpretation of a good (green), intermediate

(yellow), and bad prognosis (red). In addition, brief

instructions for use are provided. In the prognosis tem-

plate, the clinical characteristics of the subject are

entered, and the probability (95% CI) is provided. In

addition, prognosis for the 80% fractile is provided,

stating that 80% of subjects (like her/him) were not dec-

annulated within x days.

Discussion

In this study, we present an example of how routinely

gathered clinical data can be used to develop a simple

and feasible prognostic model, analyzing time to decan-

nulation in subjects with acquired brain injury. Based

on the prognostic model, an intuitive online tool was

Table 1. Baseline Characteristics of Tracheostomized Subjects With

Acquired Brain Injury Admitted for Rehabilitation

Age, y 54 (3–85)

Female 208 (36)

Diagnosis

Stroke 188 (33)

Traumatic brain injury 151 (26)

Subarachnoid hemorrhage 107 (19)

Encephalopatic injury 40 (7)

Other 88 (15)

Time from injury until admission at rehabilitation

hospital, d

30 (0–1,056)

Missing 83 (14)

EFA at admission 42 (21–97)

EFA missing 78 (14)

Data are presented as median (range) or n (%). N ¼ 574 subjects.
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developed for clinical application. In the online tool,

clinically meaningful information acquired during the

first week of admission for rehabilitation is entered, and

a prognosis for decannulation is generated on the basis of

data from “patients like me.” The prognosis is presented

with both an estimate and a confidence interval, as well

as a layman’s interpretation. Thus, the prognosis can be

used as a supplement in clinical decision-making regard-

ing patients’ course of rehabilitation, and it may be used

in informing patients and next of kin about the probabil-

ity of decannulation.

Several previous studies have investigated predictors of

decannulation in subjects with acquired brain injury.

However, many studies are of poor quality (eg, small study

populations, or the use of univariate analyses),4,5,7,8,20,27-29

thus limiting the conclusions that may be drawn from those

studies.30 A few recent studies have investigated the predic-

tion of decannulation in larger study populations of subjects

with neurological diseases and acquired brain injury using

routinely gathered clinical data and applying multivariable

analytical methods.30 We add to the pool of evidence on

the prediction of decannulation by development of a prog-

nostic model for decannulation in a large population of

subjects with acquired brain injury, in which time to dec-

annulation has been included in the model. By including

time (eg, 30 d), the prognosis for decannulation can be cal-

culated, thus giving the prognostic model a more nuanced

picture than a model calculating probability of decannula-

tion at discharge.

In the model, which included age, diagnosis, days until

admission to rehabilitation, region, swallowing function,

and functional ability after the injury, we found that age in

particular and a combination of swallowing function and

overall functional ability after the injury were highly asso-

ciated with time to decannulation. Age as an inverse predic-

tor of decannulation is in line with several previous studies

investigating predictors of decannulation in either subjects

with acquired brain injury or critically ill subjects in gen-

eral,9,10,20,31 and swallowing function has also been reported

as a predictor of decannulation.5,10,20,31

For illustrative purposes, we have presented probability

curves for subgroups, to show that the model is able to

Table 2. Associations Between Routinely Gathered Data From Medical Records and Decannulation From a Tracheostomy Tube in Subjects With

Acquired Brain Injury

Decannulation From a Cuffed Tube Decannulation From Any Tracheostomy Tube

Odds Ratio (95% CI) P Odds Ratio (95% CI) P

Age, y

< 18 4.48 (2.47–8.14) < .001 4.23 (2.36–7.52) < .001

18–40 2.15 (1.54–2.98) < .001 2.26 (1.61–3.17) < .001

41–65 2.06 (1.58–2.68) < .001 1.99 (1.53–2.61) < .001

> 65 1 1

Diagnosis

Stroke 1 1

Traumatic brain injury 1.36 (1.04–1.77) .02 1.35 (1.03–1.77) .030

Subarachnoid hemorrhage 1.44 (1.08–1.93) .01 1.51 (1.12–2.02) .006

Encephalopatic injury 0.81 (0.51–1.30) .39 0.84 (0.53–1.33) .45

Other 0.67 (0.48–0.94) .02 0.79 (0.57–1.10) .16

Weeks from injury until admission

0–2 1.48 (.85–2.60) .17 1.76 (.99–3.12) .052

2–4 2.14 (1.43–3.19) < .001 2.24 (1.50–3.37) < .001

4–8 1.79 (1.21–2.66) .004 1.83 (1.23–2.73) .003

> 8 1 1

Missing 1.32 (.81–2.13) .26 1.59 (.99–2.57) .06

EFA at admission to rehabilitation

20–40, no swallowing function 1 1

20–40, swallowing function 1.89 (1.38–2.59) < .001 1.62 (1.19–2.22) .002

41–60, no swallowing function 1.67 (1.16–2.47) .007 1.51 (1.02–2.23) .04

41–60, swallowing function 3.61 (2.63–4.95) < .001 2.97 (2.17–4.06) < .001

61–100, no swallowing function 2.37 (1.15–4.88) .02 2.18 (1.03–4.64) .043

61–100, swallowing function 6.69 (4.16–10.8) < .001 4.67 (2.96–7.38) < .001

Missing 2.52 (1.68–3.81) < .001 2.16 (1.45–3.21) < .001

Decannulation from a cuffed tube: n ¼ 520 subjects. Decannulation from any tracheostomy tube: n ¼ 574 subjects. Analyses adjusted for the other predictors in the table along with referring region

(Central Jutland vs the 4 other Danish regions: northern Jutland, southern Jutland, Zealand, and Copenhagen).
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discriminate the probability of decannulation for these sub-

groups. Thus, a young man with a traumatic brain injury, a

short hospitalization in acute care, good overall functional

ability, and swallowing function has a far better prognosis

than an elderly man with a stroke, a long hospitalization in

acute care, lower overall functional ability, and no swallow-

ing function. This finding corresponds well with an algo-

rithm for probability of decannulation proposed by

Reverberi et al,10 in which a higher probability for decannu-

lation was calculated for younger subjects versus older sub-

jects, no saliva aspiration versus saliva aspiration, and

traumatic brain injury versus stroke. However, in the prog-

nostic algorithm by Reverberi et al,10 the statistical uncer-

tainty of the prognosis is not taken into account. In

communicating a prognosis to patients and next of kin, it is

necessary that the statistical uncertainty of the prognosis is

provided because they may suffer further crisis reactions if

their expectations are not met. In addition to providing con-

fidence intervals for probabilities, the following statement

is also provided: “80% of patients like her/him have been

decannulated in x days,” thus taking into account the risk of
statistical type II errors.

It has been reported that female gender is a predictor of

decannulation.9 Gender was associated with the probability

of decannulation in univariate analyses but not in multivari-

ate analyses. In addition, there is no clinical rationale to jus-

tify the inclusion of gender as a predictor of decannulation,

and it was therefore not included in the final model. In the

study by Reverberi et al,10 the Functional Oral Intake Scale

(FOIS) as a measure of dysphagia was proposed as a pre-

dictor of decannulation, but FOIS was not included in the

final model due to statistical elimination. FOIS is also

scored systematically at the present rehabilitation hospital,

but FOIS was not included as a predictor of decannulation

because patients with cuffed tracheostomy tubes are re-

stricted from oral intake of food due to the high risk of

aspiration. Thus, patients with a cuffed tube will, by defini-

tion, have a FOIS score of 1, which will present a floor

effect with no prognostic value. Therefore, we included

the swallowing item in the EFA, which indicates whether

the patient swallows spontaneously and whether there is

risk of aspiration.19 Other functions that have been reported

to predict decannulation, such as vegetative status and

consciousness,9,10 are embedded in the EFA and are there-

fore taken into account in the EFA score. The Functional

Independence Measure was also considered as a predictor

of decannulation, but it was not included because the EFA

has been reported to have superior value in describing the

functional level in subjects with severe acquired brain

injury, whereas the Functional Independence Measure is

better in describing the functional level in subjects with

moderate or mild acquired brain injury.16,17 The EFA was

therefore included in the model. We acknowledge that EFA

is not yet widely applied internationally in assessing the

functional level of patients with acquired brain injury.

However, with knowledge about the functional level of a

particular patient and with the EFA manual, an EFA score

can be calculated easily by an interdisciplinary team, mak-

ing it possible for clinicians in other settings to assess the

predictive value of the prognostic tool on their own

patients. Results from clinical assessments such as blue dye

and fiberoptic endoscopic evaluation of swallowing have
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been proposed to be strong predictors of decannulation.4,32

These assessments are frequently carried out at the rehabili-

tation hospital, but they are not assessed systematically on

every patient, and not within the first few days after admis-

sion. With the objective of developing a simple tool for

direct implementation in clinical practice,3 predictors that

were available within the initial 72 h after admission were

chosen, in order to calculate an early prognosis for decan-

nulation. Future research and development of the model

could include clinical assessment throughout hospitaliza-

tion to yield a weekly updated prognosis of the probability

of decannulation within a certain timeframe. This would

help clinicians set goals on a daily basis and ensure that evi-

dence-based information can be relayed to patients and

next of kin.

Conclusions

The objective of this study was to present an example of

how routinely gathered clinical data from medical records

can be used to develop a prognostic model to assess time to

decannulation in subjects with acquired brain injury.

Several important predictors of decannulation proposed in

the research literature were therefore not included in the

model due to a lack of availability in the medical records.

Thus, clinicians should interpret the probability of decan-

nulation by taking into account any further information

they may have about important clinical predictors of

decannulation.

Based on the model, we introduced an online tool that

was directly applied in clinical practice to assist deci-

sion-making and to relay evidence-based information to

patients and next of kin regarding prognosis for decannu-

lation. The clinical tool for calculating early prognosis of

time to decannulation is available online at (http://www.

hospitalsenhedmidt.dk/regionshospitalet-hammel/research-

unit/Prognosissoftware/), enabling clinicians in other set-

tings to assess the predictive value of the prognostic

model on their patients, considering that the prognostic

tool was developed and validated on a selected popula-

tion of subjects with acquired brain injury.
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Keller A. Inter-rater reliability of the early functional abilities scale. J

Rehabil Med 2011;43(10):892-899.

19. Hankemeier A, Rollnik JD. The early functional abilities (EFA) scale

to assess neurological and neurosurgical early rehabilitation patients.

BMC Neurol 2015;15:207.

20. Schneider H, Hertel F, Kuhn M, Ragaller M, Gottschlich B,

Trabitzsch A, et al. Decannulation and functional outcome after

PROGNOSTIC TOOL FOR DECANNULATION IN BRAIN INJURY

RESPIRATORY CARE � NOVEMBER 2020 VOL 65 NO 11 1685

http://www.hospitalsenhedmidt.dk/regionshospitalet-hammel/research-unit/Prognosissoftware/
http://www.hospitalsenhedmidt.dk/regionshospitalet-hammel/research-unit/Prognosissoftware/
http://www.hospitalsenhedmidt.dk/regionshospitalet-hammel/research-unit/Prognosissoftware/


tracheostomy in patients with severe stroke (DECAST): a prospective

observational study. Neurocrit Care 2017;27(1):26-34.

21. Kalbfleisch JD, Prentice RL. The statistical analysis of failure time

data Wiley J; 2002.

22. Efron B. Logistic regression, survival analysis, and the Kaplan-Meier

curve. J Am Stat Assoc 1988;83(402):414-425.

23. Jenkins SP. Easy estimation methods for discrete-time duration mod-

els. Oxf Bull Econ Stat 1995;57(1):129-136.

24. Singer JD, Willett JB. It’s about time: using discrete-time survival

analysis to study duration and the timing of events. J Educ Stat

1993;18(2):155-195.

25. Harrell FE. Regression modeling strategies: with applications to linear

models, logistic and ordinal regression, and survival analysis. New

York: Springer; 2015.

26. Rutherford MJ, Crowther MJ, Lambert PC. The use of restricted cubic

splines to approximate complex hazard functions in the analysis of

time-to-event data: a simulation study. J Stat Comput Simul 2015;85

(4):777-793.

27. Ringrose H, Brown M, Walton K, Sivan M. Association between

paroxysmal sympathetic hyperactivity and tracheostomy weaning

in traumatic brain injury. NeuroRehabilitation 2018;42(2):207-

212.

28. Rollnik JD, Krauss JK, Gutenbrunner C, Wallesch C, Münte T,

Stangel M. Weaning of neurological early rehabilitation patients from

mechanical ventilation: a retrospective observational study. Eur J Phys

Rehabil Med 2017;53(3):441-446.

29. Chiavaroli F, Derraik JGB, Zani G, Lavezzi S, Chiavaroli V, Sherwin

E, et al. Epidemiology and clinical outcomes in a multicentre regional

cohort of patients with severe acquired brain injury. Disabil Rehabil

2016;38(20):2038-2046.

30. Moons KGM, Royston P, Vergouwe Y, Grobbee DE, Altman DG.

Prognosis and prognostic research: what, why, and how? BMJ

2009;338:b375.

31. Hernández G, Ortiz R, Pedrosa A, Cuena R, Vaquero Collado C,
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