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Abstract 

Background: Most studies determining the pre-

dictors of extubation outcomes in patients with 

mechanical ventilation have not included high-

risk populations who avoid extubation and un-

dergo tracheostomy. 

Objective: To evaluate predictors of extubation 

intolerance by analyzing patients regardless of 

whether extubation was attempted or not. 

Design: Retrospective cohort study. 

Settings: Mixed intensive care unit (ICU) of 

Kumamoto University Hospital. 

Patients and participants: Medical data of 288 

consecutive mechanically ventilated adults were 

collected. Initial outcomes of endotracheal tube 

treatment were classified as 1) successful extu-

bation, 2) extubation failure, and 3) tracheos-

tomy without attempting extubation. Clinical 

variables responsible for those outcomes were 

determined by logistic regression and decision 

tree analyses. We defined combined outcome of 

. 

extubation failure and tracheostomy as extuba-

tion intolerance in the present study. 

Results: Of 288 patients, 17 failed extubation 

and 37 opted for tracheostomy without extuba-

tion. Logistic regression analysis revealed that 

the significant predictors of extubation failure 

were weak cough strength, poor consciousness, 

and excessive airway secretion. The propensity 

score of extubation failure calculated by logistic 

regression analysis in the tracheostomy group 

was as high as that of extubation failure group. 

A decision tree to predict the outcomes was de-

scribed by branching with consciousness, style 

of ICU admission, and volume of airway secre-

tion. 

Conclusions: The principle predictors of extu-

bation intolerance were related to instability of 

airway patency, and the decision making of tra-

cheostomy was shown to be appropriate. These 

statistical methods could reduce the selection 

bias of study subjects. 

Key words: Mechanical ventilation, extubation, tracheostomy, logistic regression analysis, propensity 
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Introduction 

Appropriate weaning and extubation are critical 

. 

matters for patients with invasive mechanical ven-

tilation. “Weaning” is the process in which me-

chanical ventilation is gradually withdrawn and the 

patient resumes spontaneous breathing, (1) while 

“extubation” is defined the process in which the 

patient is liberated from an endotracheal tube. 

Extubation failure is generally defined as the need 

for re-intubation within 48-72 h after planned ex-

tubation. (2,3) Such failure can lengthen ventilato-

ry support (4) and increase the incidence of noso-

comial pneumonia. (5,6) Further, it is associated 

with mortality. (7) Early extubation when the pa-

tient’s condition is not adequately recovered causes 

failure; however, prolonged invasive mechanical 

ventilation increases patient discomfort, the inci-

dence of ventilator-associated pneumonia, (8) and 

medical expense. (9) Thus, it is necessary to ana-

lyze the pathophysiology of extubation failure to 

determine the appropriate timing for extubation. 

Numerous predictors of extubation outcome, such 

as advanced age, (5,7) cough strength, (10,11) res-

piratory frequency (f) divided by tidal volume (Vt), 

. 
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(3,12) amount of endotracheal secretion, (10,11) 

level of consciousness, (10,12) and levels of B-

type natriuretic peptide during a spontaneous 

breathing trial (SBT) (13) have been indicated. In 

almost all studies, the predictors of extubation out-

come, such as sensitivity, specificity, predictive 

value, and likelihood ratio, have been calculated on 

the basis of the data of successful or failed extuba-

tion. However, these evaluations have targeted on-

ly selected patients who underwent extubation and 

have not included patients who were deemed intol-

erant of extubation and therefore underwent tra-

cheostomy. Recently, the pre-test probability of 

extubation failure has been found to be relatively 

low (10%-16%), (14-16) in part, because clinicians 

likely avoided extubation in high-risk patients. 

Therefore, the risk of extubation failure tends to be 

obscured and difficult to study. To determine the 

precise predictors of extubation outcome, all me-

chanically ventilated patients would need extuba-

tion without considering tracheostomy. If this oc-

curred, many of them would likely require re-

intubation, making this approach unethical. 

In the present study, we targeted all mechanically 

ventilated high-risk patients, including those who 

underwent tracheostomy without extubation, and 

analyzed the risk factors of extubation intolerance 

by logistic regression analysis, calculation of pro-

pensity score, and decision tree analyses. 

 

Methods 

Patients 

We enrolled 288 consecutive patients aged 18 

years and above who were treated with invasive 

mechanical ventilation via an endotracheal tube in 

the mixed intensive care unit (ICU) of Kumamoto 

University Hospital during a 20-month period. The 

ICU has 11 beds and admits approximately 400 

patients per year. Specialized clinicians and inten-

sivists affiliated with the ICU discussed in-patient 

treatments twice daily in conferences. Patients who 

either died or were discharged from the ICU before 

extubation or tracheostomy were excluded from 

the study. 

 

Data collection 

This was a retrospective cohort study. All clinical 

data up to the time when the enrolled patients ei-

ther underwent extubation or underwent tracheo-

stomy as well as extubation outcomes were col-

lected from medical records. 

The criteria for SBT initiation were as follows: 1) 

improvement in the pathology requiring mechani-

cal ventilation, 2) PaO2/FiO2≥200 mmHg, 3) 

PEEP≤5 cmH2O, 4) no excessive airway secretion, 

. 

5) adequate cough reflex, 6) low risk of myocardial 

ischemia, 7) low catecholamine dosage, 8) no in-

crease in intracranial pressure, and 9) adequate 

level of consciousness. SBT was performed when 

all criteria were satisfied or when the attending 

clinician judged that a patient could perform SBT 

without adverse events, even if some criteria were 

not satisfied. At the beginning of SBT, the mode of 

the ventilator was changed to continuous positive 

airway pressure (CPAP), and after 30-60 min, 

competence was assessed by the following criteria: 

1) SpO2>90%, 2) increase in PaCO2≤10 mmHg, 

3) f/Vt≤100 breaths/min/L, 4) systolic blood pres-

sure of 90-180 mmHg with increases ≤30 mmHg, 

5) heart rate <140/min with increases ≤20%, 6) no 

sweating, and 7) stable mental status (no delirium, 

agitation, or restlessness). Clinicians carefully ob-

served the patient, and if the patient complained of 

severe distress or deviated from the abovemen-

tioned criteria prior to 60 min or at the end of SBT, 

he/she was again provided ventilatory support until 

the next SBT. SBT findings were discussed, and 

extubation decisions were made by attending clini-

cians, including intensivists. 

Most patients underwent SBT once, and some un-

derwent it twice. Rarely, three procedures were 

required. For this study, we collected data relevant 

to the last SBT. Five patients in the tracheostomy 

group did not undergo SBT, while three did not 

breathe spontaneously or showed very low ventila-

tory function and two others were hemodynamical-

ly unstable. In these cases, ventilatory modes were 

not changed and clinical findings 1-2 days before 

tracheostomy (other than f/Vt) were collected. 

These data did not constitute SBT but were record-

ed for convenience. 

Although there is no stipulated protocol for the 

decision to perform tracheostomy, there is a con-

sensus among clinicians that if the patients cannot 

satisfy the SBT/extubation criteria after 2 weeks of 

invasive mechanical ventilation or if the patients 

are not expected to satisfy that criteria by 2 weeks, 

they are judged to be candidates for tracheostomy. 

The extubation failure group consisted of cases 

requiring re-intubation or emergency support with 

non-invasive positive airway pressure (NPPV) 

within 48 h of extubation, while the tracheostomy 

group consisted of cases that had undergone tra-

cheostomy without undergoing extubation based 

on the clinician’s decision. A combined group in-

cluding extubation failure and tracheostomy pa-

tients was designated as extubation intolerant in 

this study. The practice of re-extubation or trache-

ostomy after the first extubation failure was not 

included in this analysis. 
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The following determinants were collected: age, 

sex, body surface area (BSA), body mass index 

(BMI), style of ICU admission, blood examination 

data, f during SBT, Vt during SBT, P/F ratio dur-

ing SBT, systolic blood pressure during SBT, 

cough strength, volume of airway secretion, and 

level of consciousness. 

Nursing staff assessed cough strength based on 

responses when a suction tube was inserted into the 

trachea through the endotracheal tube, and re-

sponses were scored as four grades. The grade 

“none” indicated no cough reflex, “weak” indicat-

ed the degree of cough in which one could not spit 

secretions, “moderate” indicated that one could 

occasionally spit secretions, and “adequate” indi-

cated a level at which one could always spit secre-

tions. Nursing staff also assessed the airway secre-

tion volume when they suctioned secretions 

through the endotracheal tube, and responses were 

classified as follows: “little” indicated that the col-

lected secretion was <1 cm3, “moderate” indicated 

that the collected secretion was 1-3 cm3, and 

“large” indicated that the collected secretion was 

>3 cm3 based on visual observation. Conscious-

ness was classified into three levels: “good” was 

defined as waking spontaneously (equivalent to E4 

and M6 in the Glasgow coma scale [GCS]), “mod-

erate” was defined as waking in response to stimuli 

equivalent to E2-3 or M4-5 in GCS, and “poor” 

was defined as not waking to stimuli equivalent to 

E1 or M1-3 in GCS. 

The study was approved by the Ethical Committee 

of the Faculty of Life Science at Kumamoto Uni-

versity (approval number 647) and performed in 

accordance with the principles laid down in the 

1964 Declaration of Helsinki. 

 

Statistical analysis 

Representative numerical values of patient charac-

teristics with non-normal distribution were pre-

sented by the median and interquartile range, and 

the values of the three patient groups were com-

pared by Kruskal Wallis analysis and Steel-Dwass 

post hoc tests where appropriate. Values with nor-

mal distribution were presented as means and 

standard deviations, and the three patient groups 

were compared by one-way analysis of variance 

(ANOVA) and Tukey HSD post hoc tests where 

appropriate. Categorical data were presented as the 

number of patients and percentage of total patients 

in the same group, and the three groups were com-

pared by chi-square analysis or Fisher’s exact test. 

Logistic regression analysis was used to adjust for 

confounders and identify variables that inde-

pendently predict extubation failure and extubation  

. 

intolerance. The method of variable selection in the 

logistic regression models was forward selection 

(likelihood ratio). Patients in whom extubation was 

attempted (n=251) were analyzed for predictors of 

extubation failure, and all the patients (n=288) 

were analyzed for predictors of extubation intoler-

ance (Figure 1). The propensity score of extuba-

tion failure was calculated by a logistic regression 

model including significant explanatory variables 

relevant to the outcome of extubation failure. The 

algorithm used in the decision tree model was chi-

squared automatic interaction detection (CHAID). 

The level of significance chosen for all analyses 

was p<0.05. Analyses were performed using SPSS 

software version 24 (SPSS Inc., Chicago, IL, 

USA). 

 

Results 

Patient characteristics 

Among 288 patients mechanically ventilated in the 

ICU during the study period, 234 were successfully 

extubated, 17 failed extubation, and 37 underwent 

tracheostomy without extubation based on the cli-

nician’s decision. Thus, 54 were determined intol-

erant for extubation (by combining the last two 

groups) in the present study (Figure 1). By Bayes’ 

theorem, the pre-test probability of extubation fail-

ure was 0.068, that of tracheostomy was 0.128, and 

that of extubation intolerance was 0.188. 

Table 1 shows patient characteristics and clinical 

data. Univariate analysis showed that the common 

findings significantly responsible for both extuba-

tion failure and the decision to perform tracheo-

stomy compared with successful extubation were 

as follows: 1) emergent admission to the ICU, 2) 

larger number of days from the initiation of me-

chanical ventilation to SBT, 3) lower level of con-

sciousness, 4) larger volume of airway secretion, 

and 5) longer stay in the ICU. There was no varia-

ble that was significant only in extubation failure 

and not in tracheostomy. 

 

Logistic regression analysis for predictors of extu-

bation outcomes 

Table 2 shows the results of logistic regression 

analyses to define significant predictors of extuba-

tion failure (A) and extubation intolerance (B). 

Significant predictors of extubation failure were 

determined to be as follows: 1) insufficient cough 

strength (odds ratio [OR] 0.370, p=0.003), 2) low 

level of consciousness (OR 4.106, p=0.003), and 3) 

excessive airway secretion (OR 4.929, p< 0.001). 

Significant predictors of extubation intolerance 

were as follows: 1) insufficient cough strength (OR 

0.423, p=0.001), 2) low level of consciousness  

. 
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(OR 8.520, p<0.001), 3) excessive airway secretion 

(OR 2.409, p=0.002), 4) emergent admission to the 

ICU (OR 4.982, p=0.002), and 5) low PaO2/FiO2 

ratio (OR 0.993, p=0.009). 

 

Propensity scores of extubation failure among out-

come groups 

Propensity scores of extubation failure were calcu-

lated in all patients by logistic regression models 

containing the significant variables of cough 

strength, consciousness, and volume of airway se-

cretion. A higher score, close to 1, indicated “like-

ly to fail extubation,” while a lower score, close to 

0, indicated “likely to extubate successfully.” The 

distribution of propensity score in the group of tra-

cheostomy without extubation was as high as that 

in the extubation failure group (Figure 2). 

 

Decision tree model to predict extubation out-

comes and decision to perform tracheostomy 

The variables of consciousness, style of ICU ad-

mission, and volume of airway secretion were se-

lected by decision tree analysis as significant pre-

dictors of the outcomes (Figure 3). Twelve total 

nodes were described by the branching structure. 

In total, 99.2% of patients grouped with “good 

consciousness,” “planned ICU admission,” and 

“little volume of airway secretion” were success-

fully extubated. Further, 26.7% of patients with 

“good consciousness,” “emergent ICU admission,” 

and “moderate/large volume of airway secretion” 

failed extubation. All the patients with “poor level 

of consciousness” avoided extubation and under-

went tracheostomy (Figure 3). 

 

Discussion 

In the present study, we analyzed mechanically 

ventilated patients in the ICU, including the high-

risk population who avoided extubation and select-

ed tracheostomy, by multivariate analysis. We de-

termined several significant predictors of extuba-

tion failure and evaluated the accuracy of decision 

making for performing tracheostomy. Furthermore, 

we established a decision tree that clearly de-

scribed the outcomes of endotracheal tube man-

agement. 

It has been shown in many past studies that proto-

col-directed weaning and extubation in mechani-

cally ventilated patients increase successful extu-

bation. (17,18) The rate of re-intubation after extu-

bation is now low, (14-16) likely due to advance-

ments in the understanding of endotracheal tube 

management and the decreased number of extuba-

tions performed on high-risk patients in many hos-

pitals. These circumstances create difficulty in e-  

. 

valuating accurate predictors of extubation failure. 

If extubation criteria were strictly followed and 

only extubated patients were studied, potential ex-

tubation predictors would not be detected. Howev-

er, our unique analysis is essential because the 

study design included patients who underwent tra-

cheostomy without attempted extubation and thus 

permitted the detection of insidious risk factors. 

Before analyzing our data, we had assumed that 

the factors responsible for extubation failure and 

tracheostomy would be similar because the deci-

sion to perform tracheostomy appeared to be pred-

icated by the inability to perform successful extu-

bation. Consistent with our assumption, the predic-

tors of these two outcomes were similar (Table 2). 

The three common predictors, i.e., weak cough 

strength, poor consciousness, and excessive airway 

secretion, are important for maintaining airway 

patency, and their significance was shown in past 

studies. (10,11) In addition, the neurological status 

has previously been associated with extubation 

outcome. (10,12) and our findings confirm these 

collective observations. 

Logistic regression analysis revealed that emergent 

ICU admission and low PaO2/FiO2 ratio were also 

significant predictors of extubation intolerance 

(combined outcome of extubation failure and tra-

cheostomy [Table 2]). These two variables 

demonstrate a stronger relationship with tracheo-

stomy than extubation failure (Table 1). Patients 

with emergent ICU admission have a generally 

unfavorable systemic condition compared with 

patients with planned admission. For example, in 

patients with emergent ICU admission, the number 

of days from ICU admission to SBT was longer 

(median [interquartile range]: 6 [3-11] vs. 1 [1-1], 

p<0.001), APACHE 2 score in ICU admission was 

higher (21 [15-27] vs. 18 [16-20], p=0.001), and 

RSBI at the end of SBT was higher (47.6 [32.5-

69.3] vs. 36.9 [24.8-48.3], p<0.001) than those in 

patients with planned admission. Emergent admis-

sion may be determined as a significant predictor 

that is representative of the factors mentioned 

above. These inconspicuous variables in patients 

with emergent ICU admission may cause physi-

cians to avoid extubation and to decide on per-

forming tracheostomy. Namen et al showed that 

low oxygenation was associated with an increased 

risk of extubation failure in neurosurgical patients; 

(12) however, other studies have revealed that low 

oxygenation does not predict extubation outcome. 

(3,19,20) In the present study, a low PaO2/FiO2 

ratio was significant in comparison of tracheosto-

my and successful extubation (Table 1) and lo-

gistic regression (Table 2B) but did not be selected 

. 
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as a significant variable in the decision tree model 

(Figure 3). 

The propensity score is often used in non-

randomized studies when study subjects are select-

ed by matching the subjects of another group. (21) 

In the present study, the propensity score was used 

to evaluate whether the decision to perform trache-

ostomy without extubation was appropriate, and 

we identified that the propensity score of extuba-

tion failure in the tracheostomy group was as high 

as that in the extubation failure group. 

Decision tree analysis for outcomes of endotrache-

al tube management in mechanically ventilated 

adult patients has been used in some previous stud-

ies; (22-24) however, no study has evaluated sim-

ultaneously the three outcomes: successful extuba-

tion, extubation failure, and decision making of 

tracheostomy. The results of the decision tree 

model in the present study could be visually recog-

nized and easily understood by a wide variety of 

medical staff. 

Two studies have analyzed the risk factors of extu-

bation failure in populations including patients 

who have undergone tracheostomy. (25,26) Both 

have indicated that the greatest common risk factor 

of extubation failure is atelectasis. These studies 

targeted patients with myasthenic crisis, and multi-

variate analysis was not performed because of the 

small sample size. Further, they mainly evaluated 

treatments and complications. In contrast, in the 

present study, we mainly evaluated physiological 

parameters. 

A limitation of our study was that the design was 

retrospective and observational without any inter-

vention. However, we feel that there was minimal 

bias in the clinician’s decision with regard to extu-

bation because the staff did not know at that time 

. 

that extubation practices were targets of the re-

search. Although our results should be confirmed 

in large prospective studies, it may be difficult to 

evaluate precise predictors of extubation failure as 

the rate of extubation failure is decreased, as de-

scribed above. Therefore, we suggest that the 

methods used in the present study are a superior 

way to detect insidious predictors. Another limita-

tion of our study was that the research was con-

ducted at a single center. Although all the patients 

were treated in the ICU, they were assigned to re-

spective specialties, and decisions regarding extu-

bation were made not only by a limited number of 

experts in intensive care but also by specialists in 

various departments. 

 

Conclusion 

We analyzed mechanically ventilated patients in 

the ICU, including those at a high risk of extuba-

tion failure who underwent tracheostomy, by mul-

tivariate analysis and determined the significant 

predictors of extubation failure that were related to 

instability of airway patency. The accuracy of the 

decision to perform tracheostomy was evaluated by 

propensity scoring of extubation failure as well as 

decision tree analysis that distinguished the out-

comes of endotracheal tube management. These 

statistical methods could exclude the selection bias 

of study subjects. 
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Table 1. Patient characteristics and clinical data 

 

 Successful extuba-

tion (n=234) 

Extubation failure 

(n=17) 

Tracheostomy without 

extubation (n=37) 

p value 

Age (year) 64.0 (54.0-73.3) 65.0 (60.0-74.0) 73.0 (64.0-78.0)* 0.008 

Gender (n) 

- Male 

- Female 

 

148 (63.2) 

86 (36.8) 

 

14 (82.4) 

3 (17.6) 

 

27 (73.0) 

10 (27.0) 

0.167 

BMI (kg/m2) 22.2 (19.7-24.5) 19.6 (18.5-23.9) 21.2 (17.2-22.9) 0.019 

Style of ICU admission (n) 

- planned 

- emergent 

 

160 (68.4) 

74 (31.6) 

* 

7 (41.2) 

10 (58.8) 

* 

1 (0.0) 

36 (100.0) 

<0.001 

Sodium (mEq/L) 139 (137-141) 136 (134-139) 139 (136-142) 0.049 

Total bilirubin (mg/dL) 1.0 (0.6-1.5) 1.0 (0.6-2.0) 0.8 (0.6-1.9) 0.837 

Creatinine (mg/dL) 0.8 (0.6-1.1) 0.8 (0.7-1.2) 0.8 (0.6-1.6) 0.700 

Hematocrit (%) 31.0 (28.0-36.0) 29.0 (26.5-36.5) 33.0 (26.5-38.5) 0.635 

White blood cells (×1000/mm3) 9.5 (7.0-13.0) 8.0 (7.0-11.5) 11.0 (7.8-16.0) 0.248 

Day from admission to SBT (day) 1.0 (1.0-3.0) 6.0 (1.0-8.0)* 9.0 (4.0-15.0)* 0.003 

Respiratory frequency (f) in SBT 

(breaths/min) 

18.0 (15.0-22.0) 25.0 (13.0-28.5) 22.0 (15.5-26.0)* 0.004 

Tidal volume (Vt) in SBT (L) 0.45 (0.37-0.51) 0.48 (0.34-0.59) 0.39 (0.30-0.48) 0.017 

f/Vt in SBT (breaths/min/L) 38.6 (30.0-58.0) 40.0 (26.6-88.8) 64.8 (35.8-82.4)* 0.003 

P/F ratio in SBT (mmHg) 341.5±74.4 327.8±89.0 266.8±104.8* <0.001 

PEEP in SBT (cmH2O) 3.0 (3.0-4.0) 3.0 (3.0-4.0) 5.0 (4.0-5.5)* <0.001 

Systolic blood pressure in SBT 

(mmHg) 

120 (106-135) 119 (101-126) 120 (95-130) 0.389 

Heart rate in SBT (/min) 79 (70-90) 80 (73-95) 90 (78-110)* 0.017 

Cough strength (n) 

- non 

- weak 

- moderate 

- adequate 

 

5 (2.1) 

40 (17.1) 

86 (36.8) 

103 (44.0) 

 

2 (11.8) 

5 (29.4) 

5 (29.4) 

5 (29.4) 

* 

4 (10.8) 

13 (35.1) 

10 (27.0) 

10 (27.0) 

0.003 

Consciousness (n) 

- good 

- moderate 

- poor 

 

210 (89.7) 

24 (10.3) 

0 (0.0) 

* 

11 (64.7) 

6 (35.3) 

0 (0.0) 

* 

8 (21.6) 

19 (51.4) 

10 (27.0) 

<0.001 

Volume of airway secretion (n) 

- little 

- moderate 

- large 

 

170 (72.6) 

45 (19.2) 

9 (8.1) 

* 

3 (17.6) 

6 (35.3) 

8 (47.1) 

* 

13 (35.1) 

11 (29.7) 

13 (35.1) 

<0.001 

 

Legend: Numerical data are shown as the median (interquartile range) or the mean (standard deviation), 

and categorical data are shown as the number of patients (percentage of total patients in the same group). p 

values provided in the table are calculated by multiple comparison for numerical data and by chi-square 

analysis or Fisher’s exact test for categorical data. *=p<0.05 compared with the successful extubation 

group by post hoc analysis after multiple comparisons; BMI=body mass index; SBT=spontaneous breath-

ing trial; f/Vt=respiratory frequency/tidal volume; P/F=PaO2/FiO2; PEEP=positive end-expiratory pressure. 
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Table 2. Significant predictors of extubation failure and extubation intolerance (combined outcome of ex-

tubation failure and tracheostomy decision) by logistic regression analyses 

 

A. Extubation failure 

 

Variable Coefficient Odds ratio (95% CI) p value 

Cough strength -0.993 0.370 (0.191-0.719) 0.003 

Consciousness 1.412 4.106 (1.113-15.141) 0.003 

Volume of airway secretion 1.595 4.929 (2.434-9.982) <0.001 

 

Legend: CI=confidence interval. 

 

 

B. Extubation intolerance (combined outcome of extubation failure and tracheostomy) 

 

Variable Coefficient Odds ratio (95% CI) p value 

Cough strength -0.860 0.423 (0.249-0.718) 0.001 

Consciousness 2.142 8.520 (3.582-20.269) <0.001 

Volume of airway secretion 0.879 2.409 (1.399-4.149) 0.002 

Emergent ICU admission 1.606 4.982 (1.773-13.994) 0.002 

PaO2/FiO2 ratio -0.007 0.993 (0.988-0.998) 0.009 

 

Legend: CI=confidence interval. 

 

96 Crit Care Shock 2017 Vol. 20 No. 4 



 

 

 

Figure 1. Study populations grouped by treatments and extubation outcomes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Three study groups were classified by treatments and extubation outcomes: successful extubation, 

extubation failure, and performance of tracheostomy without extubation. Patients who underwent extuba-

tion were analyzed for predictors of extubation failure, and all the patients were analyzed for predictors of 

extubation intolerance (a combined outcome of extubation failure and tracheostomy) by logistic regression 

models. 
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Figure 2. Comparison of propensity scores of extubation failure calculated by logistic regression model 

among the outcomes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: The distribution of propensity scores for extubation failure in three outcome groups calculated by 

logistic regression models using the significant variables cough strength, consciousness, and volume of 

airway secretion. Box plots display the median, interquartile range, 10th and 90th percentile, as well as out-

lying data points. 
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Figure 3. Decision tree of extubation outcomes and decision making to perform tracheostomy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: The decision tree describes 12 nodes branched by significant variables responsible for the out-

comes, and the percentage and frequency of outcomes are shown. 
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