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Abstract 

Purpose: Predicting extubation failure remains a clinical challenge. This study aimed to determine diagnostic accu‑
racy of models used at the bed side.

Methods: Post hoc analysis of 2341 patients at all risk included in five multicenter randomized trials. Diagnostic 
accuracy of three clinical prediction models was compared: 3‑factors model including age > 65y, chronic heart or 
pulmonary disease; 4‑factors model adding prolonged mechanical ventilation; and 11‑factors model including 
age > 65 years, ≥ 2 comorbidities, prolonged mechanical ventilation, acute heart failure as the primary indication for 
mechanical ventilation, moderate‑to‑severe chronic obstructive pulmonary disease, APACHE II score > 12 on extu‑
bation day, airway patency problems, inability to deal with respiratory secretions, not simple weaning, obesity, or 
hypercapnia at the end of the spontaneous breathing trial. Crude and adjusted for spontaneous breathing trial (SBT) 
models were compared for all‑cause reintubation at 7 days using Youden and Kappa indexes.

Results: The 3‑factors model had a very low global prediction capability (Youden index 0.08 and Kappa index 0.04); 
the 4‑factors and 11‑factors models had low global prediction capability (Youden index 0.12 and 0.16, and Kappa 
index 0.06 and 0.07, respectively). Aggressive SBT strategies (pressure support ≥ 7 cm  H2O with or without positive 
end‑expiratory pressure) were associated with extubation failure risk (p < 0.001). All adjusted models had low diagnos‑
tic capability (0.08/0.03, 0.07/0.03, and 0.06/0.02 respectively).

Conclusion: Based on these results, the 3‑factors model reported a very low diagnostic accuracy, and the 4 or 
11‑factors models showed similar low accuracy. No improvement was observed after adjusting for other aspects of 
weaning.
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Introduction

Predicting extubation failure remains a clinical chal-
lenge. Many models have been proposed, but their 
clinical applicability is limited [1–6]. Reintubation rates 

reported in published trials allow to calculate positive 
predictive values, but none of the remaining diagnostic 
performance parameters (e.g. sensitivity, specificity, and 
negative predictive value). Comparison of those models 
or their prospective validation are pending, thus a final 
model is lacking.

There are many reasons explaining this limited accept-
ance of a definitive model: first, a large amount of risk 
factors modify extubation outcome and a complete 
model is limited at the bed side (e.g. time consuming); 
second, many risk factors lack strong evidence, were 
described before the post-extubation respiratory sup-
port era or have conflicting results depending on the 
preventive therapy applied (e.g. obesity, acute or chronic 
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heart failure) [1, 3, 7–9]; third, some risk factors, mainly 
those related to airway failure lack an objective defini-
tion [2, 10]; fourth, clinical management during the acute 
phase of critical illness is strongly related to weaning (e.g. 
sedation practices), and many risk factors are treatable 
markers of clinical conditions associated to extubation 
outcome (e.g., physiological parameters during separa-
tion attempts, level of consciousness), making weaning 
highly dependent on local clinical practices [1, 3]; fifth, 
extubation failure is also related to other aspects of wean-
ing (e.g. screening, confirmatory test, and preventive 
therapy), but they have never been included in prediction 
models before [11].

Trials on weaning have used models designed for 
clinical decision making at the bed side, according to 
two different approaches: a pragmatic 3-factors model 
including age and most relevant comorbidities (e.g. 
chronic lung and heart diseases) [12], with the threat 
of underrating, and a detailed and time consuming 
11-factors model, including also characteristics of acute 
phase of critical illness (e.g. time on ventilator) and the 
clinical condition at the time of extubation (e.g. risk 
factors for airway failure) [11, 13–15], with the threat 
of overrating.

A benefit–risk analysis to select optimal model should 
also include the clinical consequences of classifica-
tion errors. Overrating is not associated to meaningful 
adverse clinical consequences, as it could associated to 
NIV-based strategy overuse and there is no proven risk 
with the use of post-extubation preventive NIV [11–
15], but underrating could lead to inadequate selec-
tion of preventive therapy, with the risk of an increased 
reintubation rate [13, 15].

The most prevalent risk factors are comorbidities, 
age, not simple weaning, and prolonged mechanical 

ventilation, respectively [14]. Not simple weaning 
is more difficult to define [3, 16, 17] and prolonged 
mechanical ventilation better detects ICU-acquired 
weakness [18]. A model defining high risk based on 
four factors (e.g. age, chronic lung or heart diseases, 
and prolonged mechanical ventilation), could poten-
tially detect most patients detected by an 11-factors 
model.

Thus, this study aimed to calculate and compare the 
diagnostic accuracy of three clinical models predicting 
extubation failure (e.g. three, four and 11 factors) by 
a post hoc analysis of five randomized trials including 
a mixed at-risk population, with a reduced treatment 
bias secondary to balanced spontaneous breathing 
trials and post-extubation preventive therapies. The 
flowchart of the study is presented in Fig 1. 

Take‑home message 

Optimal clinical model predicting extubation failure remains 
unknown: large clinical trials have used a pragmatic 3‑factors or a 
time consuming 11‑factors model; and other aspects of weaning 
(e.g., screening, spontaneous breathing trial, post‑extubation ther‑
apy) have never been considered as confounders in models predict‑
ing reintubation.

This large post‑hoc study including patients with a wide range of 
risk, showed limited diagnostic capability of all the clinical models 
used for clinical decision making at the bed side. No meaningful 
improvement was observed after adjusting for aggressive sponta‑
neous breathing trial (pressure support ≥ 7 cm  H2O with or without 
positive end‑expiratory pressure). A 4 factors model including age, 
chronic heart or lung disease, and prolonged mechanical ventilation 
could be used at the bed side to predict extubation failure and plan 
post‑extubation respiratory therapy.

Fig. 1 Flowchart of the patients included in the five randomized clinical trials. COT conventional oxygen therapy; HF high flow oxygen therapy; NIV 
noninvasive ventilation
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Methods
The five multicenter randomized trials used for this 
post-hoc analysis were conducted in different intensive 
care units (ICU) in Spain and published in 2016 [14, 
15], 2022 [12], and 2024 [11, 19]. The ethics commit-
tee at each hospital and the departments of health of 
the regional governments with which these hospitals 
are affiliated (Madrid, Castilla–la Mancha, Catalonia, 
and Illes Balears) approved the study protocols. All 
patients or their relatives provided written informed 
consent. The current study was performed according 
to the STARD guidelines [20].

Patients
The entire population analyzed in the current study 
included 2341 patients selected using the 11-factors 
model: 527 low risk patients randomized to preventive 
conventional oxygen therapy (COT) vs HFNC (Clini-
calTrials.gov ID: NCT01191489) [14]; 604 high risk 
patients, excluding hypercapnia at the end of the spon-
taneous breathing trial (SBT) randomized to HFNC vs 
NIV with a non-inferiority design (ClinicalTrials.gov ID: 
NCT01191489) [15]; 182 patients at very high risk (≥ 4 
risk factors) randomized to humidified NIV vs HFNC 
(ClinicalTrials.gov ID: NCT04125342) [12]; 144 obese 
at intermediate risk patients (≤ 3 risk factors exclud-
ing hypercapnia at the end of the SBT; ClinicalTrials.
gov ID: NCT04125342) [19]; and 940 patients at low or 
intermediate risk (≤ 3 risk factors excluding hypercapnia 
at the end of the SBT and obesity; ClinicalTrials.gov ID: 
NCT04758546) with planned HFNC and randomized to 
aggressive vs conservative screening and spontaneous 
breathing trial (SBT) [11].

Prediction models
High risk was defined as fulfilling at least one of the risk 
factors for any model. Three prediction models were 
analyzed: (1) 3-factors model predicting high risk for 
reintubation in any patient fulfilling at least one of the 
following: age > 65y, chronic heart or pulmonary dis-
ease defined according to the Charlson Comorbidity 
index [13]; (2) 4-factors model considering high risk for 
reintubation any patient fulfilling any of the previous 
3-factors model criteria or prolonged mechanical venti-
lation ≥ 7  days; and (3) 11-factors model, including as a 
high risk factor any of the following: age > 65 years, acute 
heart failure as the primary indication for mechanical 
ventilation, moderate-to-severe chronic obstructive pul-
monary disease, ≥ 2 comorbidities defined according to 
the Charlson Comorbidity index, Acute Physiology and 
Chronic Health Evaluation II (APACHE II) score > 12 
on extubation day, airway patency problems, inability to 
deal with respiratory secretions, difficult or prolonged 

weaning (failing the first SBT), length of mechanical ven-
tilation ≥ 7 days, a body mass index > 30 kg/m2, or hyper-
capnia at the end of the SBT [14, 15].

Outcomes
The primary outcome analyzed in the current study was 
all-cause reintubation rate, defined within 7  days after 
extubation. Two original studies reported reintubation 
rates at 72  h because the prevention time was limited 
to 24  h [13, 14], adding up to 403 reintubated patients 
reported in the original studies. For the current analysis 
with have included some additional patients reintubated 
within 7 days as reported in the supplementary material 
from those trials.

Reasons for reintubation were classified as non-res-
piratory related, airway failure or weaning failure [2]. 
Non-respiratory-related reintubations were considered 
those needed for surgical interventions or neurological 
deterioration; airway failure related reintubations were 
considered those recorded from the original studies as 
inability to clear secretions and persistent postextuba-
tion respiratory failure secondary to copious secretions 
that could not be adequately cleared or that were associ-
ated in conscious patients with changes in mental status, 
acidosis, hypoxemia, and persistent or worsening signs of 
respiratory-muscle fatigue [13, 14].

Statistical analysis
Descriptive analyses
An initial univariate descriptive analysis of all variables 
was performed. Categorical variables are presented as 
absolute and relative frequencies (percentages), while 
numerical variables are described using their median 
and interquartile range, due to the non-normal distribu-
tion assessed by the Kolmogorov–Smirnov test. Descrip-
tive analysis is provided both globally and according to 
extubation outcome (success or failure). To evaluate sta-
tistically significant differences in the distribution of vari-
ables between these two groups, the Chi-Square test for 
independence was employed for categorical variables. 
For numerical variables, the non-parametric Mann–
Whitney U test was used, given the rejection of the nor-
mality hypothesis.

Diagnostic accuracy comparison between the models
To assess the validity of predictions made by the three 
models, various validity measures were evaluated, includ-
ing sensitivity, specificity, positive predictive value, and 
negative predictive value, alongside concordance meas-
ures such as Youden’s and the Kappa index.
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Briefly, The Kappa index result can be interpreted 
as follows: values ≤ 0 as indicate no agreement, values 
between 0.01 and 0.10 as none to slight, 0.11–0.40 as 
fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and 
0.81–1.00 as almost perfect agreement [21].

The Youden’s index ranges from 0 through 1. It com-
bines sensitivity and specificity into a single measure 
(Sensitivity + Specificity −  1). In a perfect test, Youden’s 
index equals 1 [22].

Exploratory outcomes
Inclusion of others aspects modifying weaning (screening, 
confirmatory test and post‑extubation noninvasive 
respiratory support)
In order to determine whether the inclusion of the SBT 
variable is justified in the predictive models, subjects 
were categorized as ‘high risk’ if they presented any of the 
SBT categories statistically associated with failure risk 
(assessed through a univariate logistic regression model) 
or any of the initial risk factors from the primary models. 
Subsequently, the same validity and concordance meas-
ures as previously described were calculated. Finally, a 
multivariate logistic regression model was estimated to 
confirm whether or not the SBT was significantly asso-
ciated with reintubation. It included the variables asso-
ciated with extubation failure analysed in the previous 
models.

Results
The univariate analysis of general characteristics regard-
ing weaning from mechanical ventilation of the 2341 
patients included are presented in Table 1 and Table S1. 
Briefly, the global reintubation rate was 17.3%, the sam-
ple included 1433 (61.2%) male patients, with a mean 
age (± SD) of 60 (± 20) years, an APACHE II score at ICU 
admission of 16 (± 6), and 334 (14.3%) with coronavi-
rus disease (COVID-19). No differences were observed 
regarding the screening strategy (p = 0.533), but signifi-
cant differences were observed regarding the SBT strat-
egy (p < 0.001), and post-extubation therapy (p = 0.015).

Expectedly, more patients were classified as low risk 
in the 3-factors model compared to the 4 and 11-factors 
(1016, 802, and 673, respectively): among those patients 
predicted at low risk according to the 3-factors model, 
214 (21.1%) and 473 (46.5%) patients were defined as high 
risk with the 4 and 11-factors models, respectively. How-
ever, there was an unexpected cross-over classification in 
the opposite way: among the 673 patients at low risk by 
11-factors model, 131 (19.5%) patients were defined as 
high risk with 3 and 4-factors model.

Ninety five reintubations (23.5%) were secondary to 
non-respiratory reasons (e.g. surgical interventions or 

coma not associated to hypercapnia). From all the res-
piratory-related reintubations, 79 (19.5%) were classified 
as airway failure, and 231 (57%) as weaning failure (see 
Table S1).

Patients with hypercapnia at the end of the SBT were 
included only in one trial [12]. It analyzed 182 patients 
at very high risk according to the 11-factors model. Forty 
one of these patients were classified as low risk according 
to the 3-factors model.

Primary outcome
The diagnostic accuracy comparison is presented in 
Table  2 and Fig.  2. The 3-factors model had a very low 
global prediction capability (Youden index 0.08 and 
Kappa index 0.04); the 4-factors and 11-factors model 
had similar low global prediction capability (Youden 
index 0.12 and 0.16, and Kappa index 0.06 and 0.07, 
respectively).

Exploratory outcomes
The effect of the SBT, screening, and post-extubation 
therapy on reintubation is presented in Table S2). Finally, 
the adjusted exploratory analysis of a 3, 4, or 11-factors 
models included finally the SBT only, considering a risk 
factor a SBT performed with PS 7 cm  H2O + ZEEP or PS 
8 cm  H2O + PEEP 5 cm  H2O. All the adjusted models had 
a low global prediction capability (Youden index 0.08, 
0.07, and 0.06, respectively; and Kappa index 0.03, 0.03, 
and 0.02, respectively) (Table 3).

The multivariate logistic regression model generated 
to confirm the significant association of the SBT in the 
univariate analysis is presented in Table S3. All SBT apart 
from T-tube trials were associated with a significant 
increase in the reintubation rate.

Screening strategy lacked statistical significance in the 
univariate analysis and was not included in the adjusted 
multivariate analysis.

Discussion
The most important results of this study are that all clini-
cal models predicting extubation failure analyzed have 
low or very low diagnostic accuracy, the 4-factors and 
11-factors models have similar low diagnostic accuracy, 
and prediction is not improved after adjusting for other 
aspects of weaning (e.g. SBT).

There are some reasons for this limited diagnostic 
accuracy: first, our case-mix included a high proportion 
of non-respiratory reintubations (23.5%) secondary to the 
large amount of patients with primary non-respiratory 
failure at ICU admission. This reason for failing extuba-
tion is unpredictable with any of the clinical models used, 
and largely explains the low sensitivity and specificity 
of all models. Second, reintubations classified as airway 
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Table 1 Patient´s baseline characteristics

Entire population
n = 2341

Successfully extu-
bated
n = 1936

Reintubated
n = 405

p

General characteristics

 Male, n (%) 1433 1170 (60.4) 263 (64.9) 0.361

 Age, mean (± SD) 60 (20.0) 60 (20.0) 62 (19.0) 0.004

 APACHE II at ICU admission, mean (± SD)a 16 (6.0) 16 (6.0) 18 (8.0)  < 0.001

 SARS COVID‑19, no. (%)b 334 274 (14.2) 60 (14.8) 0.789

High risk factors for extubation failure, no. (%)c

 Hypercapnia at the end of the SBT 127 86 (4.4) 41 (10.1)  < 0.001

 Airway patency problems 140 109 (0.1) 31 (7.6) 0.148

 Respiratory secretions 332 248 (12.8) 84 (20.7)  < 0.001

 Not simple weaning 602 446 (23.0) 156 (38.5)  < 0.001

 APACHE II > 12 at  extubationa 493 358 (18.5) 135 (33.3)  < 0.001

 BMI >  30d 379 272 (14.0) 107 (26.4)  < 0.001

 CHARLSON index ≥  2e 963 764 (39.5) 199 (10.3)  < 0.001

 Prolonged mechanical ventilation 584 446 (23.0) 138 (34.1)  < 0.001

 Acute cardiac failure 190 138 (7.1) 52 (12.8) 0.001

 At least moderate COPD 239 179 (9.2) 60 (14.8) 0.001

 Age > 65 y 713 572 (29.5) 141 (34.8) 0.042

Comorbidities, no. (%)e

 Chronic heart disease 489 401 (20.7) 88 (21.7) 0.697

 COPD 241 190 (9.8) 51 (12.6) 0.113

 Other respiratory diseases 561 449 (23.2) 112 (27.6) 0.064

 Vascular diseases 114 84 (4.3) 30 (7.4) 0.013

 Hepatic diseases 175 125 (6.5) 50 (12.3)  < 0.001

 Other diseases 324 254 (13.1) 70 (17.3) 0.033

Diagnosis at ICU admission, no. (%)g

 Primary respiratory failure 1346 1092 (56.4) 254 (62.7) 0.023

 Primary non‑respiratory failure 1376 1150 (59.4) 226 (55.8) 0.200

 Trauma 294 243 (12.5) 51 (12.6) 1

 Surgical procedure 781 656 (33.9) 125 (30.8) 0.265

Screening strategy, no. (%)f

 Conservative strategy 1980 1633 (84.3) 347 (85.7) 0.533

 Aggressive strategy 361 303 (15.6) 58 (14.3)

SBT, no. (%)

 T‑tube trial 382 345 (17.8) 37 (9.1)  < 0.001

 Pressure support 5 cm  H2O 517 445 (22.9) 72 (17.8)

 Pressure support 7 cm  H2O 1075 843 (43.5) 232 (57.3)

 Pressure support 8 + PEEP 5 cm  H2O 367 304 (15.7) 63 (15.6)

Postextubation preventive therapy, no. (%)

 COT 263 231 (11.9) 32 (7.9) 0.015

 HFNC 1600 1325 (68.4) 275 (68.0)

 NIV 478 380 (19.6) 98 (24.2)

Three factors model predicting extubation failure, no. (%)

 Low risk patients 1016 866 (44.7) 150 (37.0) 0.007

 High risk patients 1325 1070 (55.3) 255 (63.0)

Four factors model predicting extubation failure, no. (%)

 Low risk patients 802 702 (36.3) 100 (24.7)  < 0.001

 High risk patients 1539 1234 (63.7) 305 (75.3)
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failure related were also prevalent (19.5%). Surprisingly, 
risk factors related to airway failure (e.g. airway patency 
problems and secretions management) showed no sig-
nificant or slight association (OR 1.43, 95%CI 1.06–1.91) 
with reintubation, respectively. Although they lack objec-
tive criteria, their low prevalence (6 and 14%, respec-
tively) could have contributed to their weak statistical 
association.

The most important flaw of the 3-factors compared to 
the 11-factors model was the low sensitivity (62.96% vs 
84.20%) with a reduced advantage on specificity (44.75% 
vs 31.46%), leading to a theoretical difference in optimal 
selection of post-extubation preventive therapy of 5% 
(85.24% vs 90.49% NPV, respectively), with an estimated 
risk of increased reintubation rate from 0.2% [15] to 
0.3% [13]. The 4-factors model could have a theoretical 
increase in the reintubation rate compared to the 11-fac-
tors model of 0.12% [15] to 0.18% [13].

There is a risk for collinearity including simultane-
ously the Charlson index and comorbidities separately, 
and APACHE II and age. This could partially explain why 

some patients at low risk using the 11-factors model were 
classified as high risk using the 3 or 4-factors model.

Adjusting for other aspects of weaning included only 
the SBT. Post-extubation therapy was not included in 
the final model to avoid selection bias, as the preven-
tive strategy is planned according to the predicted risk. 
HFNC and NIV were used in patients with progressive 
increased risk [12, 15]. The screening strategy did not 
show a significant result for reintubation and it was also 
not included [11].

Regarding the SBT, our univariate analysis reported 
significant differences on reintubation rate, and the 
multivariate confirmed the result for aggressive SBTs. 
The association between SBT and reintubation is a tra-
ditional controversy. Former physiological studies rec-
ommended SBT on PS 0  cm  H2O, continuous positive 
pressure (CPAP) 0 cm  H2O or T-tube, as they most accu-
rately reflect the physiologic conditions after extuba-
tion [23, 24]. Later large clinical trials centered on SBT 
effects have never confirmed differences in reintubation 
rate regarding the type of SBT [23, 25]. However, a recent 

APACHE II Acute Physiology and Chronic Health Evaluation II; BMI body mass index; COPD chronic obstructive pulmonary disease; COT conventional oxygen therapy; 
HFNC high flow nasal cannula; NIV noninvasive ventilation; PEEP positive end-expiratory pressure; SARS COVID-19 severe acute respiratory syndrome secondary to 
coronavirus disease 2019; SBT spontaneous breathing trial
a APACHE II score was calculated from 17 variables. Scores range from 0 to 71 points, with higher scores indicating more severe disease
b Severe hypoxemic respiratory failure secondary to RT-PCR-confirmed COVID-19 pneumonia
c Defined according to references [12, 13]
d Body mass index calculated as weight in kilograms divided by height in meters squared
e Comorbidities were categorized based on the Charlson Comorbidity Index (detailed in the online supplement). Fully detailed in Table S1
f Screening strategy defined according to the protocol reported in reference [8]
g There can be more than one diagnosis

Table 1 (continued)

Entire population
n = 2341

Successfully extu-
bated
n = 1936

Reintubated
n = 405

p

Eleven factors model predicting extubation failure, no. (%)

 Low risk patients 673 609 (31.5) 64 (15.8)  < 0.001

 High risk patients 1668 1327 (68.5) 341 (84.2)

Table 2 Comparison of crude diagnostic accuracy for reintubation at 7 days of the three models including 2341 patients 
recruited in five randomized trials [11, 12, 14, 15, 19]

Se sensitivity; Sp specificity; PPV positive predictive value; NPV negative predictive value

The 3-factors model included the following risk factors: age > 65y, chronic heart or pulmonary disease. The 4-factors model included the following risk factors: 
age > 65y, chronic heart or pulmonary disease, and prolonged mechanical ventilation. The 11-factors model included the following risk factors: age > 65 years, ≥ 2 
comorbidities, prolonged mechanical ventilation, acute heart failure as the primary indication for mechanical ventilation, moderate-to-severe chronic obstructive 
pulmonary disease, APACHE II score > 12 on extubation day, airway patency problems, inability to deal with respiratory secretions, not simple weaning, obesity, or 
hypercapnia at the end of the spontaneous breathing trial

Se Sp PPV NPV Youden Kappa

3 Factors model 62.96% 44.75% 19.26% 85.24% 0.08 0.04

4 Factors model 75.31% 36.31% 19.83% 87.55% 0.12 0.06

11 Factors model 84.20% 31.46% 20.44% 90.49% 0.16 0.07
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clinical meta-analysis found possible differences in rein-
tubation [26].

There are some possible clinical explanations for this 
conflicting results: first, widespread use of post-extu-
bation noninvasive respiratory support after the results 
of the initial physiologic studies can modify post-extu-
bation work of breathing; second, there could be some 
physiologic bias not considered when estimating the 
pre-extubation (e.g., endotracheal intraluminal diameter 
narrowing secondary to biofilm) [27] or post-extuba-
tion work of breathing (e.g., conditioning gases inhaled 
immediately after extubation) [14]. Third, reconnecting 
patients to the previous ventilator settings for rest after 
tolerating the SBT, reduced the reintubation rate irre-
spective of the length and type of SBT [28, 29], thus any 
kind of SBT could underestimate the actual post-extuba-
tion work of breathing. Both studies by Subira et al. [25] 
and Thille et al. [30] allowed patients considered at risk to 
rest and receive prevention. To explain our results sup-
porting the former physiologic studies, there are some 

possible additional reasons: first, only two trials included 
in the current analyses were published before the 2017 
guidelines and allowed T-tube trials [15, 19, 31]; sec-
ond, a SBT on PS 8 cm  H2O + 5 cm  H2O PEEP seems to 
be inadequately high when planned prevention includes 
HFNC alone therapy [11]; third, other aspects of weaning 
(e.g., risk stratification, screening and SBT) can buffer the 
effect of preventive therapy on reintubation. The analysis 
of patients randomized in clinical trials testing the opti-
mal preventive therapy could have reduced the buffer 
effect of the type of SBT on reintubation. In addition, 
non-respiratory reintubations can also modify the effect 
of SBT on reintubation [15, 19].

Our multivariate analysis rejected some of the most 
widely accepted factors (e.g., age, acute heart failure, and 
comorbidities analyzed separately) (see Table  S3) [21, 
22]. In addition, there is a risk of selection bias for hyper-
capnia at the end of the SBT, as this risk factor was an 
exclusion criteria in some of the original trials [10, 14, 15, 

Fig. 2 Diagnostic accuracy comparison of the three models

Table 3 Comparison of adjusted for aggressive SBT (pressure support 7 cm  H2O or pressure support 8 cm  H2O + 5 cm  H2O 
PEEP) diagnostic accuracy for reintubation at 7 days of the three models including 2341 patients recruited in five rand‑
omized trials [11, 12, 14, 15, 19]

Se sensitivity; Sp specificity; PPV positive predictive value; NPV negative predictive value

The 3-factors model included the following risk factors: age > 65y, chronic heart or pulmonary disease. The 4-factors model included the following risk factors: 
age > 65y, chronic heart or pulmonary disease, and prolonged mechanical ventilation. The 11-factors model included the following risk factors: age > 65 years, ≥ 2 
comorbidities, prolonged mechanical ventilation, acute heart failure as the primary indication for mechanical ventilation, moderate-to-severe chronic obstructive 
pulmonary disease, APACHE II score > 12 on extubation day, airway patency problems, inability to deal with respiratory secretions, not simple weaning, obesity, or 
hypercapnia at the end of the spontaneous breathing trial

Se Sp PPV NPV Youden Kappa

3 Factors model 90.37% 17.56% 18.65% 89.71% 0.08 0.03

4 Factors model 93.33% 13.58% 18.43% 90.69% 0.07 0.03

11 Factors model 96.05% 10.18% 18.28% 92.49% 0.06 0.02
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19], and low prevalence (e.g. acute heart failure) can also 
debilitate statistical results.

Even more, it is difficult to compare risk factors with 
one another from a methodological perspective: on 
one hand different models including different risk fac-
tors in a non-collapsible scale (e.g. odds ratio) could 
associate methodological pitfalls, on the other hand the 
comparison of the “strength of association” of two risk 
factors within a single model should also be avoided due 
to Table 2 fallacy [7, 32]. Our primary outcome, includ-
ing all-cause reintubation within 7  days can mitigate 
the methodological weakness related to differences in 
strength of association between some risk factors and 
reintubation [2, 10].

This study has some limitations: first, the post hoc 
design of the analysis, which was not prespecified, 
makes impossible to completely rule out bias. Our pri-
mary outcome including all-cause reintubations, and 
the randomized design of the original studies, with pro-
spective classification of reasons for reintubation aimed 
to reduce these bias. Second, our definition for chronic 
lung and heart diseases slightly differ from those 
originally used by Thille et  al. [33, 34], as we used the 
Charlson comorbidity index. This index includes more 
categories for both chronic cardiac and lung diseases. 
Thus, there is a risk in the current 3-factors model of 
overrating compared to the results in the study by 
Thille et al. [33, 34]. Third, there is a risk for selection 
bias when including the SBT in the multivariate model, 
as T-tube SBTs were performed only in two trials [15, 
19]. Fourth, the exclusion of hypercapnia at the end of 
the SBT in our multivariate analysis could be explained 
by a selection bias, because it was an exclusion criteria 
in four trials [11, 14, 15, 19]. Fifth, we chose reintuba-
tion at 7  days within extubation as primary outcome 
because most patients received post-extubation preven-
tive therapy, but those receiving conventional oxygen 
therapy or HFNC for 24  h, could have miss-classified 
some second-intubation episodes as reintubations. 
Sixth, from an ethical point of view, it is quite difficult 
to fully elucidate the effect of post-extubation therapy 
on the risk for failing extubation with this methodology 
due to the evidence demonstrating its benefit. However, 
the inclusion of randomized populations can reduce 
the effect of this bias in our results.

Conclusions
Based on these results, the 3-factors model reported a 
very low diagnostic accuracy, and the 4 or 11-factors 

models showed similar low accuracy. No meaningful 
improvement was observed after adjusting for other 
aspects of weaning.
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