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Background: Tracheostomy is a lifesaving procedure provided for patients with
severe neurological injury. However, there is a lack of clarity about whether
patients can be decannulated within 6 months in those receiving tracheostomy
and what factors can be detected as a predictor for decannulation.

Objective: The objective of this study was to explore predictive factors of
decannulation in patients with neurological injury receiving tracheostomy
within 6 months and construct a novel nomogram model for clinical diagnosis
and treatment.

Methods: This retrospective observational study enrolled patients with
neurological injury who were admitted to the ICU of neurosurgical department
in the First Affiliated Hospital of Nanjing Medical University between January
2016 and March 2021. Patients were divided into decannulation group
and cannulation group according to whether tracheostomy tube removal
was performed within 6 months after tracheostomy. Multivariable logistic
regression analysis was performed to determine associated risk factors with
a bootstrap backward selection process. The nomogram to assess the
probability of decannulation at 6 months was constructed based on the
regression coefficients of the associated factors and validated by bootstrap
resampling. Model performance was measured by examining discrimination
(Harrell's C-index), calibration (calibration plots), and utility (Kaplan—Meier
curves stratified by the tertile of the predicted probability calculated and
subgroup analysis stratified by age and intervention).

Results: A total of 40.1% (147/367) of patients decannulated within 6
months. Significant variables in multivariable logistic regression analysis were
age (odds ratio [OR], 0.972; 95% confidence interval [Cl], 0.954-0.990),
National Institutes of Health Stroke Scale (NIHSS) score (OR, 0.936; 95% ClI,
0.911-0.963), early rehabilitation (OR, 5.062; 95% CI, 2.889-8.868), shock
(OR, 0.175; 95% ClI, 0.058-0.533), and secondary surgery (OR, 0.210; 95%
Cl, 0.078-0.566). The area under receiver operating characteristic curve
estimated with these variables was of 0.793 (95% Cl, 0.747-0.838; P < 0.001).
A nomogram prediction model was constructed to predict the probability of
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decannulation in tracheostomized patients with a concordance index of 0.788
after internal validation.

Conclusion:

injury patients.

We developed a nomogram that can predict the probability
of decannulation within 6 months in
The nomogram,

tracheostomized neurological

including age, NIHSS scores, early

rehabilitation, shock, and secondary surgery, may assist clinicians in estimating
patients’ prognosis.

neurological injury, tracheostomy, decannulation, predictive factor, nomogram

Introduction

Neurological injury includes all those diseases that render
patients acutely neurologically devastated. Taken together,
neurological injuries can be divided into those with traumatic
and nontraumatic causes. The largest groups are stroke and
traumatic brain injury (1). Patients with severe neurological
injury admitted to intensive care unit (ICU) frequently
experience respiratory failure due to loss of airway protective
reflexes or decreased respiratory drive and are at risk for
pulmonary complications (2). These patients frequently
require mechanical ventilation and ultimately tracheostomy.
Tracheostomy is a procedure commonly performed in
these patients and is increasingly done at the bedside as
a percutaneous dilatational technique by intensivists (3).
Purported benefits of tracheostomy include assisted oral
and pulmonary management, improved patient comfort,
reductions in the requirement for sedation, and eased ventilator
weaning (4). However, keeping tracheostomy tube for a long
time may cause inflammation, impair swallowing function
by impeding tracheal elevation against the epiglottis, and
increases risk of adverse effects such as granulation tissue
formation, tracheal stenosis, or tracheomalacia (5). It is widely
accepted that there are clear benefits of decannulation (6).
On the contrary, it is important to identify the influencing
factors of decannulation within 6 months after tracheostomy
in neurological injury patients. However, few studies had
investigated the suitable predictors for successful tracheostomy
decannulation. Among 131 consecutive neurosurgical patients,
GCS score, the presence of vocal cord palsy, and pneumonia
were reported to be associated with difficult tracheostomy
decannulation within 3 months (7). Heidler and colleagues
found that likelihood of successful decannulation in early
rehabilitation clinics was significantly associated with age,
duration of mechanical ventilation, complications, oral diet,
and responsivity at admission (8). Nonetheless, predictive factor
for decannulation after tracheostomy in neurological injury is
still poorly understood. Meanwhile, it is important to explore
an intuitive and efficient instrument which may help clinicians
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in estimating decannulation at early stages and optimizing their
treatment strategies.

Nomogram has been accepted as a reliable tool to construct
a statistical predictive model that quantifies the risk of a clinical
event (9), but there is limited evidence that concentrates on the
establishment of nomogram for the prediction of decannulation
in patients with neurological injury. With this perspective, we
conducted the current study to investigate predictive factors of
decannulation within 6 months in tracheostomy-treated patients
with neurological injury. With the assistance of predictive
factors, we also constructed a novel nomogram model for
decannulation prediction.

Methods

Patients and population

This study retrospectively enrolled patients with moderate
or severe neurological injury, who were admitted to ICU of
neurosurgical department in the First Affiliated Hospital of
Nanjing Medical University between January 2016 and March
2021. Inclusion criteria are listed as follows: (1) aged > 18
years; (2) time interval from symptom onset to admission <
24h; (3) patients with moderate or severe neurological injury,
defined as traumatic brain injury or stroke (Glasgow Coma
Scale score 9-12 and 3-8, respectively) (2); and (4) percutaneous
tracheostomy performed during hospitalization. Those patients
who died within 72h of admission were excluded from the
current study. Each participant or the guardian provided an
informed consent form before enrollment. In addition, this
study was performed with approval from the Ethics Committee
of the First Affiliated Hospital of Nanjing Medical University
(Reference Number 2020-SR-409).

Data collection

After eligibility validation, one researcher collected data
through a retrospective analysis of the medical records of
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all patients. All data were input by two research assistants
and the researchers adjudicating the predictors were blind
to the outcome. Data to be used in this study included
(1) demographic characteristics of age, sex, smoking history,
alcohol consumption history, and history of chronic diseases;
(2) clinical characteristics of major diagnosis, National Institutes
of Health Stroke Scale (NIHSS) score at admission, GCS score
at admission, pupillary reactivity, related complications within
6 months (thoracic trauma, inhalation pneumonia, shock,
intracranial infection, and epilepsy), early rehabilitation, and
secondary surgery condition; and (3) tracheostomy indicators
of anteropower diameter and transverse diameter of trachea,
the timing of tracheostomy, time of decannulation, and related
adverse events. In this study, we defined early rehabilitation as
interventions directed at improving neurological impairments
or disability that commence within the first 7 days after
onset (10). Shock was diagnosed as the systolic blood
pressure of <90 mmHg or the mean arterial pressure <70
mmHg, with associated tachycardia, tissue hypoperfusion,
and hyperlactatemia (11). Secondary surgery refers to the
secondary surgical treatment for recurrent cerebral hemorrhage
or aggravation of hydrocephalus after the first operation (12).
Tracheostomy performed in the first week from admission was
defined as early tracheostomy, while later than 7 days was
classified as late (13). The process of tracheostomy weaning in
our institution is based on the standard decisional flowchart
summarized by Ceriana et al. (14). The following criteria needed
to be satisfied: (1) stable clinical condition; (2) PaCO, < 60
mmHg; (3) no delirium; (4) normal endoscopic examination or
revealing stenotic lesions occupying <30% of the airway; (5)
patient able to expectorate on request and develop a maximal
expiratory pressure of at least 40 cmHO; (6) urgent swallowing
evaluated by gag reflex, blue dye, and videofluoroscopy. The
inner diameter of the cannula was reduced to 6 mm and kept
capped for 3-4 days when all the criteria had been met. If the
arterial blood gases remained constant (pH > 7.35 and PaCO,
< 5% increase), decannulation was performed. In our study,
the cannulated group was defined as long-term cannulation
during the first 6 months after tracheostomy. Patients with a
need for reintubation after decannulation or death during the
6-month period were also allocated as cannulated group (15).
Date of decannulation was collected from inpatient/physician
records. Patients were followed till discharge or till the day
of decannulation.

Statistical analysis

Continuous variables were presented as median with
interquartile range or mean with standard deviation. Categorical
variables were presented as counts and proportion. Differences
between continuous variables were compared using t-test.
Chi-squared test was used for categorical variables and
Wilcoxon rank-sum test was applied to compare variables
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with a non-normal distribution. Univariate binary logistic
regression analyses were performed to determine independent
predictor for the probability of decannulation. Collinearity
of combinations of variables was evaluated by tolerance and
variation inflation factor (VIF) values, with tolerance < 0.1
and VIF > 10 considered indicative of multicollinearity (16).
All variables with P < 0.05 in univariate logistic analyses
were further assessed by multivariable logistic regression using
a backward stepwise selection. Data were presented as odds
ratio (OR) and 95% confidence interval (95% CI). Receiver
operating characteristic curves (ROC) were constructed to
evaluate predictive performance. Variables with P < 0.05 in
multivariate analysis were incorporated into R software to
construct the nomogram of the prediction model. Nomogram
was subjected to 1000 bootstrap resamples for internal validation
to assess predictive accuracy (17), and calibration curves were
plotted to calibrate the nomogram. In a well-calibrated model,
predictions should fall on a 45-degree diagonal line. In addition,
Harrell’s C-index was measured to quantify the discrimination
performance of the nomogram, ranging from 0.5 (absence
of discrimination) to 1 (perfect discrimination) (18). Finally,
we plotted Kaplan-Meier curves over the tertiles of patients
stratified by scores predicted by nomograms in dataset to further
assess calibration and performed subgroup analysis stratified
by age (<60 years old or >60 years old) and whether early
rehabilitation was performed (19). Statistical analyses were
performed in SPSS version 26.0 (IBM Corp, Armonk, NY, USA)
and graphics produced with R software (Version 4.1.1.). The R
packages rms, grid, lattice, Formula, and ggplot2 were used for
the analysis. For all analyses, statistical significance was set at P
< 0.05.

Results

Patient baseline characteristics and
univariate analysis

A total of 408 patients with moderate or severe neurological
injury receiving tracheostomy were admitted to ICU of
neurosurgical department between January 2016 and March
2021. Forty-one patients were excluded: 6 for missing or
overlapping data and 35 for lack of outcome at follow-up
time point. A total sample of 367 fulfilled the inclusion
of whom 69 died within 6 months. Of these
tracheostomized subjects, 147 (40.1%) were decannulated

criteria,

within a median of 89 days (interquartile range 59-133)
from tracheostomy. Patients were followed until the day of
decannulation to assess for complications. Twenty-seven
(19.1%) patients were diagnosed with dysarthria, 25 (17.0%)
patients were detected with swallowing dysfunction, two
(1.4%) with incomplete healing of incision during tracheal
19 (12.9%) with
pulmonary infection.

extubation, and tracheostomy-related
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TABLE 1 Univariate and multivariate logistic regression analyses of patients decannulated within 6 months.

Varibales Univariate Multivariate

Decannulated Cannulated P-value OR 95% CI P-value
(n=147) (n = 220)

Age 55.42 +13.98 59.89 + 13.06 0.002 0.972 0.954-0.990 0.003

Sex (male) 93 (63.3%) 149 (67.7%) 0.377

Type of disease 0.203

Traumatic brain injury 48 (32.7%) 76 (34.5%)

Ischemic stroke 2 (1.4%) 10 (4.5%)

Hemorrhagic stroke 97 (66.0%) 134 (60.9%)

GCS 6(5,9) 5(4,7) <0.001

NIHSS 34 (29,40) 39 (34,40) <0.001 0.936 0.911-1.963 <0.001

Pupillary reactivity 0.007

Both reactive 102 (69.4%) 122 (55.5%)

One reactive 21 (14.3%) 31 (14.1%)

Both unreactive 27 (16.3%) 67 (30.5%)

Heart disease 7 (11.6%) 44 (20.0%) 0.033

High blood pressure 78 (53.1%) 115 (52.3%) 0.882

Diabetes 22 (15.0%) 41 (18.6%) 0.361

Renal insufficiency 4(2.7%) 12 (5.5%) 0.209

Chronic lung disease 4(2.7%) 21 (9.5%) 0.011 0.310 0.094-1.020 0.054

Smoker 33 (22.4%) 49 (22.3%) 0.968

Alcohol involved 28 (19.0%) 36 (16.4%) 0.507

Thoracic trauma 6 (10.9%) 27 (12.3%) 0.685

Inhalation pneumonia 29 (19.7%) 37 (16.8%) 0.477

Shock 5(3.4%) 33 (15.0%) <0.001 0.175 0.058-0.533 0.002

Intracranial infection 4(9.5%) 2 (5.5%) 0.137

Epilepsy 6(10.9%) 24 (10.9%) 0.994

Early rehabilitation 61 (41.5%) 31 (14.1%) <0.001 5.062 2.889-8.868 <0.001

Secondary surgery 6 (4.1%) 34 (15.5%) 0.001 0.210 0.078-0.566 0.002

Early tracheostomy 91 (61.9%) 142 (64.5%) 0.607

Anteropower diameter of trachea 18.16 +3.17 18.30 +3.14 0.687

Transverse diameter of trachea 16.58 +2.41 17.29 +2.40 0.006

The univariate results of factors associated with the
probability of decannulation showed that age (P = 0.002),
GCS score (P < 0.001), NIHSS score (P < 0.001), pupillary
reactivity (P = 0.007), early rehabilitation (P < 0.001), heart
disease history (P = 0.033), history of chronic lung disease
(P =0.011), shock (P < 0.001), secondary surgery (P = 0.001),
and transverse diameter of trachea (P = 0.006) were associated
with decannulated at 6 months. In addition, there were no
significant differences in other factors between groups (P >
0.05). Detailed information about the characteristics of patients
is shown in Table 1.

Multivariate analysis

There was significant correlation between NIHSS and GCS
scores (tolerance < 1, VIF > 10); however, backward stepwise
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selection in the multivariate regression excluded GCS score and
eliminated the bias caused by collinearity, indicating that NIHSS
score was more significant for the outcome. Furthermore, the
tolerance was >1, and VIF was significantly <10 for all other
variables, indicating non-significant collinearity among the
other independent variables. A multivariable logistic regression
analysis was performed with these significant variables in
univariate analysis. It revealed that age (odds ratio [OR], 0.972;
95% confidence interval [CI], 0.954-0.990; p = 0.003), NTHSS
scores (OR, 0.936; 95% CI, 0.911-0.963; p < 0.001), early
rehabilitation (OR, 5.062; 95% CI, 2.889-8.868; p < 0.001),
shock (OR, 0.175; 95% CI, 0.058-0.533; p = 0.002), and
secondary surgery (OR, 0.210; 95% CI, 0.078-0.566; p = 0.002)
were significant predictive factors (Table 1). Receiver operating
characteristic curve analysis was conducted to determine the
predictability of multivariable logistic regression analysis with
the results illustrated in Figure 1. The area under curve value for
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FIGURE 1
ROC curves for the probability of decannulation at 6 months.

discriminating the probability of decannulation at 6 months was
0.793 (95% CI, 0.747-0.838; P < 0.001).

Development and evaluation of the
prediction model

A nomogram prediction model was constructed with
multivariate analysis results. As shown in Figure 2, the total
points represent the cumulative sum of the points of each
index, and the probability represents the probability of result
variable corresponding to total points. The concordance index
was 0.788 by internal validation using bootstrapping with
1,000 iterations, which indicated that the predictive model had
favorable discrimination. In addition, overall calibration plots
were outstanding for the probability of decannulation between
probabilities predicted by nomogram and actual probabilities
(Figure 3).

To further assess the discriminative ability of model, the
predicted probability of decannulation was then plotted as
Kaplan-Meier curves stratified by tertile of the predicted
probability (Figure 4). Patients with lowest predicted 6-month
decannulation (tertile 3) had a worse outcome (14.4% 6-month
decannulation) compared with patients in tertiles 1 and 2 (68.0
and 37.0% 6-month decannulation, respectively) (P < 0.001).
Compared with actual survival based on Kaplan-Meier tables,
the mean 6-month decannulation predicted time by nomogram
revealed good estimation of 4.1, 5.0, and 5.6 months in tertiles 1,
2, and 3, respectively (P < 0.001).
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Subgroup analysis demonstrated that secondary surgery,
NIHSS, and early rehabilitation might be associated with
patients younger than 60 years (P < 0.05). Moreover, age, shock,
secondary surgery, GCS, and early rehabilitation were significant
predictive factors in patients older than 60 years, as shown
in Figure 5. Figure 6 shows nomogram of subgroup analysis
stratified by whether early rehabilitation was performed. Shock
and GCS were identified as independent predictors for patients
who received early rehabilitation. Age, shock, secondary surgery,
and GCS were significantly associated with patients who not
received early rehabilitation (P < 0.05).

Discussion

We developed and validated a simple intuitive statistical
predictive model to quantify the probability of decannulation
within 6 months in patients with neurological injury treated with
tracheostomy. Patients with severe neurological impairment
often require long periods of tracheostomy for airway protection
and mechanical ventilation (20). Clinicians are required
to provide a qualified estimation on the probability of
decannulation (21). Therefore, it is important to explore a
clinically applicable instrument for predicting the probability
of decannulation. A meta-analysis showed that half of severe
acute brain injury patients were decannulated at 6-12 months
(22). Hakiki et al. reported that 54.1% patients with severe
brain injury could be safely decannulated during their intensive
rehabilitation unit stay (23). In our study, 40.1% patients were
decannulated within 6 months. The lower decannulation rate
in the current study may be due to heterogeneity of primary
diseases including traumatic brain injury, ischemic stroke,
and hemorrhagic stroke, while other studies mainly focused
on patients with traumatic brain injury, especially for those
presenting consciousness.

Our model used ascertainable clinical and pathological
risk factors to conduct prediction on decannulation, including
age, NIHSS scores, early rehabilitation, shock, and secondary
surgery. Age as an inverse predictor of decannulation was
included in the model. This variable was in line with almost
all previous prognostic studies investigating predictors of
decannulation in either subjects with acquired brain injury or
critically ill subjects (8, 24, 25). In general, younger patients had
a higher probability of decannulation than older patients.

NIHSS is the most widely used scale for evaluating the
severity of stroke in the world. At present, the initial NIHSS
score is commonly used as an appealing prognostic marker for
long-term functional outcome of stroke patients (26). In this
study, NIHSS scores may serve as a better prognostic marker
of severe neurological injury in hospitalization. Mortensen
et al. (27) developed a prognostic model for decannulation
in patients with acquired brain injury, which included overall
functional level measured with Early Functional Abilities (EFA)
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FIGURE 3
Calibration curves for nomogram. Red dotted line represents
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bias correction by bootstrapping (1000 repetitions), indicating
nomogram performance.

score. In our study, GCS was associated with the probability
of decannulation in univariate analyses but not in multivariate
analyses. Clinicians usually use GCS to evaluate nervous system
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FIGURE 4
Kaplan—Meier curves demonstrating the probability of
decannulation within 6 months according to tertiles of
predicted scores.

functional defects of acute stroke patients, such as difficulty
in eye closure, decerebration, and decortication symptoms.
For patients with stroke, GCS often overestimates degree of
neurological deficit. Therefore, it may be unsuitable for stroke
patients without impaired consciousness (28).
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Early rehabilitation as a predictor variable was an important
clinical indicator, which was previously highlighted by Zivi
et al. (29). They demonstrated that an early neurorehabilitation
protocol carried out during ICU period could increase chance
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of decannulation by more than 300% for tracheostomized
patients affected by acquired brain injury. Vitacca et al. (30)
also confirmed the relationship between physiotherapy and
probability of decannulation. They found that eighty-three%
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FIGURE 6
Nomogram for predicting 6-month decannulation probability in subgroup stratified by early rehabilitation. (A) Patients who received early
rehabilitation. (B) Patients who not received early rehabilitation.

of critical care survivors underwent physical exercise were
decannulated vs. 14% of controls. Acute neurorehabilitation
unit is another option for assisting tracheostomy decannulation,
in which their decannulation failure rate significantly reduced
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from 27.3 to 9.1% (31). Therefore, data obtained in our
single center reinforced the evidence that early rehabilitation,
which included progressive peripheral muscle physiotherapy,
respiratory exercise, neuromuscular electronic stimulation
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(NMES), speech, and swallowing training, was feasible for
tracheostomized neurological injury patients. Indeed, several
reasons, such as clinical instability and inability to cooperate,
often preclude some patients from participating (32).

Subgroup analysis stratified by age showed that there
was no significant association between age and decannulation
outcome in patients younger than 60 years old. However,
in the subgroup of patients older than 60 years old, the
probability of decannulation decreased with increasing age,
which may be related to the decline of cardiopulmonary reserve
capacity in elderly populations (33). On the contrary, the
difference in the occurrence of shock in the age subgroup
may be due to the small effect of the correction of circulatory
shock on organ function in the young population. However,
shock in elderly population has a great impact on organ
function and is more likely to leave related multiple organ
dysfunction (34). The overall nomogram indicates the positive
significance of early rehabilitation for successful decannulation
in patients with moderate/severe neurological injury within 6
months. Early rehabilitation is worth popularizing in clinical
practice, but some grass-roots hospitals lack early rehabilitation
intervention conditions. Therefore, we set up subgroups and
drew nomograms according to whether early rehabilitation
was performed which can be applied to different medical
institutions to predict 6-month decannulation of patients with
severe neurological injury. While the small size of some
subgroups limits generalizability, our results highlight a need
for larger studies providing more outcome data for each
condition separately.

To the extent of our knowledge, no study tackled the
prediction of decannulation probability using data available by
nomogram models. Our model was developed in a moderate or
severe neurological injury cohort and focused on demographic
and clinical variables that would be routinely available at time
of treatment. The present nomogram was comprised of five
variables: age, NIHSS scores, whether early rehabilitation was
performed, whether shock occurred, and whether secondary
surgery was performed during hospitalization. These factors
have been incorporated into a nomogram to assist clinicians
in estimating the probability of decannulation for individual
patients, which in turn may assist with medical decision (35).
Our nomogram model showed that using the above independent
risk factors as predictive variables had a good C-index level and a
good correlation with actual occurrence. Correction curves with
internal validation using bootstrapping with 1,000 iterations also
showed that our nomogram model could effectively predict the
probability of decannulation within 6 months in patients with
moderate or severe brain injury receiving tracheostomy.

However, this study also has the following shortcomings.
First, our study excluded patients who died within 72h and
included only patients with traumatic brain injury and stroke,
which limited the wider application of the model. Second, we
constructed prediction nomogram based on the retrospective
review of medical records, and the database did not include
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other risk factors for neurological injury such as swallowing
function and laboratory markers. Thus, restricted in using
certain factors may have limited the power of our nomogram
to identify their significance. Finally, since the present study
was conducted at a single center, our findings may have limited
generalizability and additional external validations; therefore,
larger samples are warranted to direct implementation of our
model in clinical practice.

Conclusion

Multiple clinical parameters have been shown to have
prognostic accuracy for decannulation in patients with
moderate/severe neurological injury, and further investigation
is warranted. We developed a nomogram model for the
prediction of decannulation with the predictors including age,
NIHSS scores, presence of early rehabilitation, presence of
shock, and presence of secondary surgery, which may help

clinicians in estimating patients’ prognosis.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by the Ethics Committee of the First
Affiliated Hospital of Nanjing Medical University. The
patients/participants provided their written informed consent
to participate in this study.

Author contributions

XW, LW, and ZW conceived and designed the study.
XW, YS, XL, and FL collected the dates. LW analyzed the
results and wrote the manuscript. YZ reviewed and edited the
manuscript. All authors contributed to the article and approved
the submitted version.

Acknowledgments
The authors greatly appreciate Yu Bin, from the Institute for

Disaster Management and Reconstruction, Sichuan University,
for his efforts donated to statistical analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fneur.2022.979160
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wang et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Baharoglu MI, Brand A, Koopman MM, Vermeulen M, Roos Y. Acute
management of hemostasis in patients with neurological injury. Transfus Med Rev.
(2017) 31:236-44. doi: 10.1016/j.tmrv.2017.07.002

2. Robba C, Poole D, McNett M, Asehnoune K, Bosel ], Bruder N, et al.
Mechanical ventilation in patients with acute brain injury: recommendations of the
European society of intensive care medicine consensus. Intens Care Med. (2020)
46:2397-410. doi: 10.1007/500134-020-06283-0

3. Lazaridis C, DeSantis SM, McLawhorn M, Krishna V. Liberation of
neurosurgical patients from mechanical ventilation and tracheostomy in
neurocritical care. J Crit Care. (2012) 27:417e1-8. doi: 10.1016/j.jcrc.2011.08.018

4. Jenkins R, Badjatia N, Haac B, Van Besien R, Biedlingmaier JF
Stein DM, et al. Factors associated with tracheostomy decannulation in
patients with severe traumatic brain injury. Brain Injury. (2020) 34:1106—
11. doi: 10.1080/02699052.2020.1786601

5. Enrichi C, Battel I, Zanetti C, Koch I, Ventura L, Palmer K, et al. Clinical
criteria for tracheostomy decannulation in subjects with acquired brain injury.
Respirat Care. (2017) 62:1255-63. doi: 10.4187/respcare.05470

6. Christopher K. Tracheostomy decannulation. Respir Care. (2005) 50:538-41.

7. Lui HC, He Z, Zhuang TFE, Ng CE, Wong GK. Tracheostomy decannulation
outcomes in 131 consecutive neurosurgical patients. Br ] Neurosurg. (2021) 3:1-
5. doi: 10.1080/02688697.2021.1995591

8. Heidler MD, Salzwedel A, Jobges M, Luck O, Dohle C, Seifert
M, et al. Decannulation of tracheotomized patients after long-term
mechanical ventilation—results of a prospective multicentric study in
German neurological early rehabilitation hospitals. BMC Anesthesiol. (2018)
18:65. doi: 10.1186/s12871-018-0527-3

9. Feng LH, Su T, Bu KP, Ren S, Yang Z, Deng CE, et al. A clinical prediction
nomogram to assess risk of colorectal cancer among patients with type 2 diabetes.
Sci Rep. (2020) 10:14359. doi: 10.1038/s41598-020-71456-2

10. Bernhardt J, Godecke E, Johnson L, Langhorne P. Early rehabilitation after
stroke. Curr Opin Neurol. (2017) 30:48-54. doi: 10.1097/WCO.0000000000000404

11. Vincent JL, De Backer D. Circulatory shock. N Engl ] Med. (2013) 369:1726-
34. doi: 10.1056/NEJMra1208943

12. Gross BA, Jankowitz BT, Friedlander RM. Cerebral intraparenchymal
hemorrhage: a review. JAMA. (2019) 321:1295-303. doi: 10.1001/jama.2019.2413

13. Robba C, Galimberti S, Graziano F, Wiegers EJA, Lingsma HE
Taquaniello C, et al. Tracheostomy practice and timing in traumatic brain-
injured patients: a CENTER-TBI study. Intens Care Med. (2020) 46:983-
94. doi: 10.1007/s00134-020-05935-5

14. Ceriana P, Carlucci A, Navalesi P, Rampulla C, Delmastro M, Piaggi G,
et al. Weaning from tracheotomy in long-term mechanically ventilated patients:
feasibility of a decisional flowchart and clinical outcome. Intens Care Med. (2003)
29:845-8. doi: 10.1007/s00134-003-1689-z

15. Kuchler ], Wojak JE Smith E, Brocke ], Abusamha A, Tronnier
VM, et al. Management of tracheostomized patients after poor grade
subarachnoid hemorrhage: disease related and pulmonary risk factors for
failed and delayed decannulation. Clinical Neurol Neurosurgery. (2019)
184:105419. doi: 10.1016/j.clineuro.2019.105419

16. Liao Y, Yin G, Fan X. The positive lymph node ratio predicts survival in T1-
4N1-3MO0 non-small cell lung cancer: a nomogram using the SEER database. Front
Oncol. (2020) 10:1356. doi: 10.3389/fonc.2020.01356

17. Harrell E Lee K, Mark D. Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measuring and
reducing errors. Stat Med. (1996) 15:361-87.

18. Harrell E, Califf R, Pryor D, Lee K, Rosati R. Evaluating the yield of medical
tests. JAMA. (1982) 247:2543-6. doi: 10.1001/jama.247.18.2543

19. Kim Y, Margonis GA, Prescott JD, Tran TB, Postlewait LM, Maithel
SK, et al. Nomograms to predict recurrence-free and overall survival after

Frontiersin Neurology

10

10.3389/fneur.2022.979160

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

curative resection of adrenocortical carcinoma. JAMA Surgery. (2016) 151:365-
73. doi: 10.1001/jamasurg.2015.4516

20. Singh RK, Saran S, Baronia AK. The practice of tracheostomy decannulation-
a systematic review. ] Intens Care. (2017) 5:38. doi: 10.1186/s40560-017-0234-z

21. Moons KG, de Groot JA, Bouwmeester W, Vergouwe Y, Mallett S,
Altman DG, et al. Critical appraisal and data extraction for systematic reviews
of prediction modelling studies: the CHARMS checklist. PLoS Med. (2014)
11:¢1001744. doi: 10.1371/journal.pmed.1001744

22. Wahlster S, Sharma M, Chu F Granstein JH, Johnson NJ, Longstreth
WT, et al. Outcomes after tracheostomy in patients with severe acute brain
injury: a systematic review and meta-analysis. Neurocritical Care. (2021) 34:956-
67. doi: 10.1007/512028-020-01109-9

23. Hakiki B, Draghi E Pancani S, Portaccio E, Grippo A, Binazzi B, et al.
Decannulation after a severe acquired brain injury. Archives Phys Med Rehabilitat.
(2020) 101:1906-13. doi: 10.1016/j.apmr.2020.05.004

24. Reverberi C, Lombardi E Lusuardi M, Pratesi A, Di Bari M.
Development of the decannulation prediction tool in patients with
dysphagia after acquired brain injury. | Am Med Directors Associat. (2019)
20:470-75e1. doi: 10.1016/j.jamda.2018.09.022

25. Schneider H, Hertel F, Kuhn M, Ragaller M, Gottschlich B, Trabitzsch A, et al.
Decannulation and functional outcome after tracheostomy in patients with severe
stroke (DECAST): a prospective observational study. Neurocritical Care. (2017)
27:26-34. doi: 10.1007/s12028-017-0390-y

26. Mistry EA, Yeatts S, de Havenon A, Mehta T, Arora N, De Los Rios La
Rosa F, et al. Predicting 90-day outcome after thrombectomy: baseline-adjusted 24-
hour NIHSS is more powerful than NIHSS score change. Stroke. (2021) 52:2547-
53. doi: 10.1161/STROKEAHA.120.032487

27. Mortensen J, Kjeldsen SS, Honore H, Pedersen AR. Using routinely gathered
clinical data to develop a prognostic online tool for decannulation in subjects with
acquired brain injury. Respir Care. (2020) 65:1678-86. doi: 10.4187/respcare.07497

28. Li QX, Zhao XJ, Fan HY Li XN, Wang DL, Wang XJ, et al. Application values
of six scoring systems in the prognosis of stroke patients. Front Neurol. (2019)
10:1416. doi: 10.3389/fneur.2019.01416

29. Zivi I, Valsecchi R, Maestri R, Maffia S, Zarucchi A, Molatore K,
et al. Early rehabilitation reduces time to decannulation in patients with
severe acquired brain injury: a retrospective study. Front Neurol. (2018)
9:559. doi: 10.3389/fneur.2018.00559

30. Vitacca M, Barbano L, Vanoglio E, Luisa A, Bernocchi P, Giordano A, et al.
Does 6-month home caregiver-supervised physiotherapy improve post-critical
care outcomes? A randomized controlled trial. Am ] Phys Med Rehabilitat. (2016)
95:571-9. doi: 10.1097/PHM.0000000000000441

31. Berney L, Wasserfallen JB, Grant K, Levivier M, Simon C, Faouzi M, et al.
Acute neurorehabilitation: does a neurosensory and coordinated interdisciplinary
programme reduce tracheostomy weaning time and weaning failure? Neuro
Rehabilitat. (2014) 34:809-17. doi: 10.3233/NRE-141081

32. Costi S, Brogneri A, Bagni C, Pennacchi G, Beneventi C, Tabbi L,
et al. Rehabilitation of difficult-to-wean, tracheostomized patients admitted to
specialized unit: retrospective analyses over 10-years. Int ] Environ Res Public
Health. (2022) 19:2982. doi: 10.3390/ijerph19052982

33. Yan M, Sun S, Xu K, Huang X, Dou L, Pang J, et al. Cardiac aging:
from basic research to therapeutics. Oxidative Med Cellular Longevity. (2021)
2021:9570325. doi: 10.1155/2021/9570325

34. Wang W, Xiang F, Song H, Zhang C, Zhang B, Lyu Y, et al. Retrospective
study on the characteristics of early organ injury in elderly patients with severe
burns. Chinese ] Burns. (2019) 35:163-68.

35, Lin R, Yu Y, Wang Y, Foster E, Kwan P, Lin M, et al. Risk
of post-stroke epilepsy following stroke-associated acute symptomatic
seizures. Front Aging Neurosci. (2021) 13:707732. doi: 10.3389/fnagi.2021.7
07732

frontiersin.org


https://doi.org/10.3389/fneur.2022.979160
https://doi.org/10.1016/j.tmrv.2017.07.002
https://doi.org/10.1007/s00134-020-06283-0
https://doi.org/10.1016/j.jcrc.2011.08.018
https://doi.org/10.1080/02699052.2020.1786601
https://doi.org/10.4187/respcare.05470
https://doi.org/10.1080/02688697.2021.1995591
https://doi.org/10.1186/s12871-018-0527-3
https://doi.org/10.1038/s41598-020-71456-2
https://doi.org/10.1097/WCO.0000000000000404
https://doi.org/10.1056/NEJMra1208943
https://doi.org/10.1001/jama.2019.2413
https://doi.org/10.1007/s00134-020-05935-5
https://doi.org/10.1007/s00134-003-1689-z
https://doi.org/10.1016/j.clineuro.2019.105419
https://doi.org/10.3389/fonc.2020.01356
https://doi.org/10.1001/jama.247.18.2543
https://doi.org/10.1001/jamasurg.2015.4516
https://doi.org/10.1186/s40560-017-0234-z
https://doi.org/10.1371/journal.pmed.1001744
https://doi.org/10.1007/s12028-020-01109-9
https://doi.org/10.1016/j.apmr.2020.05.004
https://doi.org/10.1016/j.jamda.2018.09.022
https://doi.org/10.1007/s12028-017-0390-y
https://doi.org/10.1161/STROKEAHA.120.032487
https://doi.org/10.4187/respcare.07497
https://doi.org/10.3389/fneur.2019.01416
https://doi.org/10.3389/fneur.2018.00559
https://doi.org/10.1097/PHM.0000000000000441
https://doi.org/10.3233/NRE-141081
https://doi.org/10.3390/ijerph19052982
https://doi.org/10.1155/2021/9570325
https://doi.org/10.3389/fnagi.2021.707732
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Development and validation of a nomogram for decannulation in patients with neurological injury: A prognostic accuracy study
	Introduction
	Methods
	Patients and population
	Data collection
	Statistical analysis

	Results
	Patient baseline characteristics and univariate analysis
	Multivariate analysis
	Development and evaluation of the prediction model

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


