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Abstract
Background  Postoperative patients constitute majority of critically ill patients, although factors predicting 
extubation failure in this group of patients remain unidentified. Aiming to propose clinical predictors of reintubation 
in postoperative patients, we conducted a post-hoc analysis of a multicenter prospective observational study.

Methods  This study included postoperative critically ill patients who underwent mechanical ventilation for > 24 h 
and were extubated after a successful 30-min spontaneous breathing trial. The primary outcome was reintubation 
within 48 h after extubation, and clinical predictors for reintubation were investigated using logistic regression 
analyses.

Results  Among the 355 included patients, 10.7% required reintubation. Multivariable logistic regression identified 
that the number of endotracheal suctioning episodes during the 24 h before extubation and underlying respiratory 
disease or pneumonia occurrence were significantly associated with reintubation (adjusted odds ratio [OR] 1.11, 
95% confidence interval [CI] 1.05–1.18, p < 0.001; adjusted OR 2.58, 95%CI 1.30–5.13, p = 0.007). The probability 
of reintubation was increased significantly with the higher frequency of endotracheal suctioning, as indicated 
by restricted cubic splines. Subgroup analysis showed that these predictors were consistently associated with 
reintubation regardless of the use of noninvasive respiratory support after extubation.

Conclusions  Endotracheal suctioning frequency and respiratory complications were identified as independent 
predictors of reintubation. These readily obtainable predictors may aid in decision-making regarding the extubation 
of postoperative patients.
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Background
Extubation failure, reintubation, is a crucial aspect affect-
ing patient prognosis in intensive care [1]. International 
guidelines recommend spontaneous breathing trial (SBT) 
as a standard evaluation prior to extubation [2, 3]. How-
ever, extubation failure still occurs in approximately 10% 
of patients who are extubated after successful SBT [4, 5]. 
Extubation failure has been associated with increased 
incidence of ventilator-associated pneumonia, prolonged 
duration of mechanical ventilation, and longer inten-
sive care unit (ICU) and hospital stays, contributing to 
increased mortality [1, 6, 7, 8]. Given that extubation 
failure deteriorates patient prognosis, predictors of extu-
bation outcomes have been investigated and risk factors 
including age, Glasgow Coma Scale (GCS) score, and 
PaO2:FiO2 have been indicated [9, 10, 11]. Furthermore, 
prediction models incorporating multiple clinical pre-
dictors and imaging diagnostics, such as diaphragmatic 
ultrasonography, have been proposed [12, 13, 14, 15, 16, 
17, 18]. However, the guidelines for extubation in inten-
sive care do not specify predictors of extubation [2, 19], 
and definitive methods for predicting reintubation, par-
ticularly in postoperative patients, have yet to be estab-
lished [13, 20].

Postoperative patients constitute a significant portion 
of intensive care patients, accounting for 21 to 60% of 
all critically ill patients [21, 22, 23]. General anesthesia 
reduces muscle tone, resulting in a decrease in thoracic 
and airway dimensions and lung volume. Consequently, 
altered postoperative lung capacity leads to atelectasis, 
restricted ventilatory impairment, and diaphragmatic 
dysfunction [24]. Postoperative pulmonary complications 
are characterized by impaired pulmonary gas exchange, 
which appears within the first few days after surgery and 
may last up to 7 days. Postoperative pulmonary compli-
cations include hypoxemia, atelectasis, pleural effusion, 
as well as prolonged mechanical ventilation or extubation 
failure. Abdominal surgery requires transection of the 
abdominal muscles, and damage to the chest wall from 
surgical procedures leads to diaphragmatic dysfunc-
tion [25]. The impact of postoperative pulmonary com-
plications on mortality is higher in patients undergoing 
thoracic surgery than in those undergoing abdominal 
surgery [26]. The risk index for postoperative respira-
tory complications (ARISCAT score) has been developed 
based on a population-based study that included patients 
undergoing surgery with general and regional anesthe-
sia [27]. However, postoperative treatment and data at 
extubation were not included as predictors in the risk 
index. Extubation failure is consistently associated with 
increased morbidity and mortality in postoperative 
patients requiring mechanical ventilation [28, 29]. Rein-
tubation outside the operating room is likely to result 
in increased procedural complications, such as hypoxia, 

hypotension, arrhythmias, and aspiration, compared to 
initial intubation [30, 31]. In addition, patients with extu-
bation failure have been shown to have higher postopera-
tive complications, including myocardial infarction and 
acute renal failure, as well as more blood transfusions 
due to bleeding complications [32, 33].

Due to the significance of postoperative patients in the 
current clinical practice of intensive care and the impact 
of reintubation on the prognosis in these patients, we 
aimed to investigate the clinical predictors of reintuba-
tion in postoperative patients.

Methods
Study participants
We conducted a post-hoc analysis of a multicenter pro-
spective observational study across five tertiary care 
centers in Japan [34]. The original study included adult 
patients who underwent invasive mechanical ventilation 
for > 24 h between May 2017 and April 2019. The patients 
were extubated after successful SBT and cuff leak test. 
According to the weaning strategies with national con-
sensus [35], SBT was performed for 30  min on positive 
end-expiratory pressure (PEEP) of 5 cmH2O with pres-
sure support (PS) of 5 cmH2O. The risk of upper airway 
obstruction was examined by the cuff leak test before 
extubation and confirmed as low risk with a cuff leak 
volume > 110 mL and a percentage of cuff leak > 10%. 
The extubation protocol for the study patients is pre-
sented in detail the Additional file 1, Table S1. Patients 
younger than 18 years; those who were tracheotomized, 
discharged or died with mechanical ventilation; those 
extubated at the discretion of other than the prescribed 
procedure; those receiving extracorporeal membrane 
oxygenation, and those who died within 48 h after extu-
bation were excluded. Based on continuous monitoring 
after extubation, reintubation and the use of noninvasive 
respiratory support were determined and performed by 
the intensivist in accordance with standard practice. The 
present study was approved by the ethics review board of 
Osaka University Hospital (Approval Number: 22247), 
and the requirement for written informed consent was 
waived.

Details of data collected
The present study included postoperative patients from 
the original cohort and utilized data from those patients. 
We collected the patient characteristics of this cohort, 
including age, sex, body mass index, Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score, 
comorbidities, and systemic diagnosis for ICU admis-
sion. For clinical convenience and validity, respiratory 
and cardiovascular complications were presented as a 
single variable (underlying respiratory disease or pneu-
monia occurrence during mechanical ventilation, and 
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underlying or new occurrence of heart failure during 
mechanical ventilation). Underlying and new occurrence 
of heart failure, defined as New York Heart Association 
functional classification IV or left ventricular ejection 
fraction ≤ 40%, was derived from a comorbid diagnosis 
and diagnosis at the time of initiation of mechanical ven-
tilation. Comorbidity of chronic obstructive pulmonary 
disease (COPD), asthma, and other respiratory diseases 
(restrictive or obstructive lung diseases) integrated as 
underlying respiratory disease. The occurrence of pneu-
monia was identified as both the diagnosis at the time 
of initiation of mechanical ventilation and pneumonia 
occurrence based on observations made during mechani-
cal ventilation. As processes of care during mechanical 
ventilation, the duration of mechanical ventilation was 
documented until extubation was attempted. Arterial 
blood gas and respiratory data during successful SBT 
were obtained at least 15 min after the commencement of 
the SBT. Parameters before extubation included Sequen-
tial Organ Failure Assessment score and the GCS score 
prior to extubation, as well as fluid balance and num-
ber of endotracheal suctioning episodes during the 24 h 
before extubation. As respiratory support after extuba-
tion, reintubation and the use and cause of noninva-
sive respiratory support (noninvasive ventilation [NIV] 
and high-flow nasal cannula [HFNC]) within 48  h after 
extubation were collected. The ICU and hospital length 
of stay, and the ICU and hospital mortality rates were 
recorded as patient outcomes.

Outcomes measured
The primary outcome of this study was reintubation 
within 48  h after extubation. The secondary outcomes 
were lengths of ICU and hospital stay, and ICU and hos-
pital mortality.

Statistical analyses
Numerical data are presented as medians with inter-
quartile ranges (IQRs) and categorical data as numbers 
and percentages. To delineate the distribution among 
event categories, the Mann–Whitney U test was applied 
to continuous variables and the chi-square test or Fish-
er’s exact test to categorical variables. The association 
between potential clinical predictors (systemic diag-
nosis, respiratory and cardiovascular complications, 
rapid shallow breathing index, fluid balance, the num-
ber of endotracheal suctioning episodes during the 24 h 
before extubation, and duration of mechanical ventila-
tion) and reintubation were separately investigated by 
logistic regression analyses [11, 26, 34, 36]. To adjust for 
potential confounders, age, GCS score before extuba-
tion, and PaO2:FiO2 during SBT were considered in the 
regression models [9]. A visual description of the non-
linear relationships between the number of endotracheal 

suctioning episodes during the 24  h before extubation 
and the estimated probability of reintubation was pre-
sented using restricted cubic splines with 3 knots in the 
logistic regression model. Restricted cubic splines are a 
flexible statistical method for modelling non-linear rela-
tionships between a continuous predictive variable and 
the log odds of the outcome in regression models. They 
allow for smooth curve fitting while maintaining stability 
at the tails of the predictor distribution, reducing the risk 
of overfitting. Moreover, we performed a subgroup analy-
sis according to the use of noninvasive respiratory sup-
port after extubation, considering the potential impact 
on the risk of reintubation. Subgroup analyses were 
also conducted in the two groups based on the median 
APACHE II score in this cohort or stratified by the risk of 
extubation failure. Patients older than 65 years and those 
with cardiopulmonary complications (COPD or chronic 
heart failure) were considered at a high risk for extuba-
tion failure [2, 37]. The interaction effect was evaluated 
for statistically significant subgroup differences using the 
multivariable logistic regression model. A significance 
level of < 0.05 in a two-tailed test was considered statis-
tically significant. All analyses were performed using R, 
version 4.3.2 (R Foundation for Statistical Computing, 
Vienna, Austria).

Results
Following standardized extubation of 355 postopera-
tive patients, 38 (10.7%) required reintubation within 
48  h (Table  1, Additional file 1: Figure S1). Reintuba-
tion occurred at a median of 11.2  h (IQR 2.6–23.9) 
after attempted extubation. The patients who were suc-
cessfully extubated and those who required reintuba-
tion had comparable patient backgrounds. Patients who 
required reintubation had underlying respiratory dis-
ease or pneumonia occurrence more commonly, had 
longer duration of mechanical ventilation before extu-
bation, and had more frequent endotracheal suctioning 
compared to patients who were successfully extubated 
(Table  2). Regarding respiratory support after extuba-
tion, reintubated patients more frequently recieved NIV 
alone, HFNC alone, or both NIV and HFNC compared 
to patients with successful extubation. The indications for 
NIV or HFNC were mostly refractory hypoxemia or pro-
phylactic (Additional file 1: Table S1). As for patient out-
comes, patients who required reintubation had similar 
mortality rates with significantly longer ICU and hospital 
stays compared to those who had successful extubation 
(17.12 [12.81–28.23] vs. 6.56 [3.95–10.70] d, and 70 [49–
127] vs. 40 [27–73] d, p < 0.001 for both) (Table 3).

Potential clinical predictors of reintubation
The relationship between each potential clinical pre-
dictor and reintubation was investigated using logistic 
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Table 1  Patient characteristics stratified by extubation outcomes
Total cohort
(n = 355)

Successful extubation (n = 317) Reintubation
(n = 38)

P value

Age, years 69 (55–76) 69 (54–76) 69.5 (63–76) 0.674
Male sex, n (%) 221 (62.3) 195 (61.5) 26 (68.4) 0.481
Body mass index, kg/m2 22.7 (20.1–25.6) 22.8 (20.1–25.9) 22.2 (19.7–24.1) 0.297
APACHE II score 17 (13–22) 17 (13–22) 16 (13–20) 0.407
Comorbidity, n (%)
  Heart failure 99 (27.9) 88 (27.8) 11 (28.9) 0.850
  COPD 27 (7.6) 24 (7.6) 3 (7.9) 1.000
  Asthma 16 (4.5) 14 (4.4) 2 (5.3) 0.684
  Other respiratory diseases 39 (11.0) 31 (9.8) 8 (21.1) 0.051
  Diabetes mellitus 96 (27.0) 83 (26.2) 13 (34.2) 0.334
  Chronic kidney disease 74 (20.8) 64 (20.2) 10 (26.3) 0.399
  Malignancy 36 (10.1) 29 (9.1) 7 (18.4) 0.087
Systemic diagnosis for ICU admission, n (%)
  Cardiac 224 (63.1) 199 (62.8) 25 (65.8) 0.413
  Gastrointestinal 74 (20.8) 68 (21.5) 6 (15.8)
  Respiratory 24 (6.8) 18 (5.7) 6 (15.8)
  Neurological 12 (3.4) 12 (3.8) 0 (0.0)
  Renal urological 9 (2.5) 9 (2.8) 1 (2.6)
  Others 15 (4.2) 15 (4.7) 0 (0.0)
Data are expressed as medians (interquartile range) or n (%)

APACHE Acute Physiology and Chronic Health Evaluation, COPD chronic obstructive pulmonary disease, ICU intensive care unit

Table 2  Processes of care during mechanical ventilation
Total cohort Successful 

extubation
Reintubation P 

value
Underlying respiratory disease or pneumonia occurrence during mechanical ventila-
tion, n (%)

108 (30.4) 89 (28.1) 19 (50.0) 0.008

Underlying or new occurrence of heart failure during mechanical ventilation, n (%) 105 (29.6) 94 (29.7) 11 (28.9) 1.000
Duration of mechanical ventilation, h 67.8 

(42.5–126.5)
66.4 (42.1–118.2) 97.7 (63.9–164.6) 0.012

ABG and respiratory data during successful SBT
  pH 7.43 

(7.40–7.46)
7.43 (7.40–7.46) 7.44 (7.41–7.46) 0.891

  PaCO2, mmHg 40.70 
(37.15–44.20)

40.60 
(37.20–44.10)

42.95 
(36.00–45.12)

0.252

  PaO2, mmHg 106.0 
(89.4–125.0)

105.5 (89.5–125.0) 106.5 
(88.4–126.5)

0.797

  Respiratory rate, breaths/min 18 (15–21) 18 (15–21) 18.5 (16–22) 0.150
  Tidal volume, mL 417 (355–500) 422 (354–500) 408 (371–474) 0.549
  PaO2:FiO2, mmHg 295 (232–353) 294 (234–353) 309 (213–351) 0.971
  Rapid shallow breathing index, breaths/min/L 41.84 

(32.50–56.05)
41.84 
(31.82–56.18)

41.88 
(35.54–55.54)

0.374

Parameters before extubation
  SOFA score 8 (6–10) 8 (6–10) 8 (6–10) 0.417
  Fluid balance during the previous 24 h, mL -327 (-1,088 to 

421)
-327 (-1,064 to 
400)

-412 (-1,198 to 
404)

0.676

  Glasgow Coma Scale score, point 11 (10–11) 11 (10–11) 11 (10–11) 0.189
  Number of endotracheal suctioning episodes during the 24 h before extubation 12 (9–15) 12 (9–15) 15 (11–17) 0.009
Data are expressed as medians (interquartile range) or n (%)

ABG arterial blood gas, SBT spontaneous breathing trial, SOFA Sequential Organ Failure Assessment
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regression analysis (Table  4). Among the clinical pre-
dictors examined, underlying respiratory disease or 
pneumonia occurrence and the number of endotra-
cheal suctioning episodes were found to be significantly 
associated with reintubation in the univariable analysis 
(crude odds ratio [OR] 2.56, 95% confidence interval [CI] 
1.30–5.06, p = 0.007; crude OR 1.09, 95%CI 1.03–1.15, 
p = 0.002, respectively). The restricted cubic spline dem-
onstrated that the unadjusted probability of reintuba-
tion significantly increased with increasing frequency 
of endotracheal suctioning (Fig.  1). After adjustment 
for fundamental confounding factors, the multivariable 
logistic regression model similarly showed that patients 
with underlying respiratory disease or pneumonia occur-
rence during mechanical ventilation had a higher risk 
of reintubation (adjusted OR 2.58, 95%CI 1.30–5.13, 
p = 0.007). The multivariable model consistently demon-
strated the significant association between the number of 
endotracheal suctioning episodes during the 24 h before 
extubation and reintubation (adjusted OR 1.11, 95%CI 
1.05–1.18, p < 0.001).

Table 3  Respiratory support after extubation and patient outcomes
Total cohort Successful extubation Reintubation P value

Use of noninvasive respiratory support during 48 h after extubation
  NIV, n (%) 39 (11.0) 29 (9.1) 10 (26.3) 0.004
  HFNC, n (%) 90 (25.4) 74 (23.3) 16 (42.1) 0.017
  NIV or HFNC, n (%) 114 (32.1) 93 (29.3) 21 (55.3) 0.003
Patient outcomes
  ICU length of stay, d 7.39 (4.34–12.55) 6.56 (3.95–10.70) 17.12 (12.81–28.23) < 0.001
  Hospital length of stay, d 44 (28–79) 40 (27–73) 70 (49–127) < 0.001
  ICU mortality, n (%) 4 (1.1) 3 (0.9) 1 (2.6) 0.365
  Hospital mortality, n (%) 22 (6.2) 18 (5.7) 4 (10.5) 0.275
Data are expressed as medians (interquartile range) or n (%)

NIV noninvasive ventilation, HFNC high-flow nasal cannula, ICU intensive care unit

Table 4  Association between reintubation and clinical predictors: logistic regression analysis
Crude OR (95%CI) P value Adjusted OR* 

(95%CI)
P 
value

Systemic diagnosis 0.691 0.581
  Cardiac 4.02 (0.53–30.70) 4.98 (0.61–40.90)
  Gastrointestinal 2.82 (0.33–24.40) 3.65 (0.39–33.90)
  Respiratory 10.70 (1.19–95.70) 14.10 (1.46–135.00)
  Other ref ref
Underlying respiratory disease or pneumonia occurrence during mechanical 
ventilation

2.56 (1.30–5.06) 0.007 2.58 (1.30–5.13) 0.007

Underlying or new occurrence of heart failure during mechanical ventilation 0.97 (0.46–2.03) 0.928 0.97 (0.46–2.04) 0.934
Rapid shallow breathing index 1.01 (0.99–1.02) 0.425 1.01 (0.99–1.02) 0.506
Fluid balance during the 24 h before extubation 1.00 (1.00–1.00) 0.843 1.00 (1.00–1.00) 0.780
Number of endotracheal suctioning episodes during the 24 h before extubation 1.09 (1.03–1.15) 0.002 1.11 (1.05–1.18) < 0.001
Duration of mechanical ventilation 1.00 (0.99–1.00) 0.646 1.00 (0.99–1.00) 0.652
OR odds ratio, CI confidence interval

* Adjusted OR for age, Glasgow Coma Scale score, and PaO2:FiO2

Fig. 1  Association between reintubation and number of endotracheal 
suctioning episodes during the 24 h before extubation: restricted cubic 
spline curve of logistic regression analysis
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Subgroup analysis
During the 48  h after extubation, noninvasive respira-
tory support was used in 114 patients (32.1%) (Table 3). 
Consistently, patients with underlying respiratory dis-
ease or pneumonia occurrence had an increased risk of 
reintubation among the subgroup without noninvasive 
respiratory support (crude OR 4.00, 95%CI 1.45–11.00) 
and the subgroup with noninvasive respiratory support 
(crude OR 1.58, 95%CI 0.60–4.14) (Table  5). The num-
ber of endotracheal suctioning episodes during the 24 h 
before extubation also indicated a higher probability of 
reintubation among patients not requiring noninvasive 
respiratory support (crude OR 1.07, 95%CI 0.98–1.18) 
and patients requiring noninvasive respiratory support 
(crude OR 1.08, 95%CI 1.01–1.16). The associations 
between each independent variable and reintubation 
were not significantly different between the subgroups 
(p for interaction = 0.193 and 0.877). subgroup analysis 
according to the use of noninvasive respiratory support 
after extubation, considering the potential impact on the 
risk of reintubation. Moreover, the association between 
the identified clinical predictors and the rate of reintu-
bation was consistent regardless of the severity of illness 
(p for interaction = 0.325 and 0.991) or risk of extubation 
failure (p for interaction = 0.777 and 0.084) (Additional 
file 1: Table S3, S4).

Discussion
Key findings
In this multicenter prospective cohort of 355 postopera-
tive critically ill patients, reintubation was performed at a 
rate of 10.7%. Our analysis investigated predictive factors 
for reintubation that are easily assessed in routine clinical 
practice for postoperative patients. A higher frequency of 
endotracheal suctioning and respiratory complications 
were significantly associated with increased reintubation 
rates. These factors were consistently associated with 
reintubation regardless of the use of noninvasive respira-
tory support after extubation.

Relationship with prior studies
During mechanical ventilation, it is recommended that 
excessive airway secretions are removed by endotracheal 
suctioning as needed [38]. Pulmonary congestion result-
ing from excessive fluid infusion and airway inflamma-
tion lead to enhanced tracheobronchial secretions [39, 
40]. Excessive airway secretions have been reported as 
a risk factor for upper airway obstruction and reintu-
bation [41, 42], and the expert consensus in France and 
current weaning strategies with national consensus in 
Japan present decreased airway secretion clearance as 
an indicator of a high-risk group for extubation [35, 43]. 
However, the objective measure to assess the excessive 
amount of airway secretions has not been determined. 
In a prior single-center prospective observational study, 
we described that, as an objective measure of secretion, 
having > 15 endotracheal suctioning episodes/24  h was 
significantly associated with post-extubation stridor 
(adjusted OR 2.97, 95%CI 1.01–8.77) [36]. Furthermore, 
Haruna et al. have shown in a single-center retrospec-
tive study that endotracheal suctioning frequency (more 
than once every 2 h) is a contributing factor to reintuba-
tion in critically ill patients (OR 10.65, 95%CI 4.60–24.62) 
[44]. In this multicenter prospective study of postopera-
tive patients using a standardized extubation procedure, 
we have clarified the validity of endotracheal suction-
ing frequency as an objective measure. As shown by the 
restricted cubic spline of the logistic regression analysis, 
the probability of reintubation increased significantly 
with the number of endotracheal suctioning episodes 
during the 24 h before extubation.

Underlying comorbidities have a significant impact 
on the postoperative outcomes of patients and the asso-
ciation between respiratory complications represented 
by COPD and reintubation has been reported [45, 46]. 
Patients with respiratory complications have chronic 
restrictions in the airflow and reduced pulmonary func-
tion. Thus, critically ill patients with respiratory compli-
cations often require prolonged mechanical ventilation, 

Table 5  Subgroup analysis of reintubation risk for each predictive variable, with and without noninvasive respiratory support after 
extubation

Subgroup P 
value 
for in-
terac-
tion

Patients without noninvasive 
respiratory support (n = 241)

Patients with noninvasive respira-
tory support (n = 114)

Reintubation, n (%) 17/241 (7.1) 21/114 (18.4)
Predictive variable: Underlying respiratory disease or pneumonia occurrence 0.193
Crude OR (95%CI) 4.00 (1.45–11.00) 1.58 (0.60–4.14)
P value 0.007 0.357
Predictive variable: Number of endotracheal suctioning episodes during the 24 h before extubation 0.877
Crude OR (95%CI) 1.07 (0.98–1.18) 1.08 (1.01–1.16)
P value 0.143 0.029
OR odds ratio, CI confidence interval
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leading to respiratory muscle fatigue and impaired gas 
exchange, including suspended hypercapnia, which can 
result in an increased risk of post-extubation respiratory 
failure and extubation failure. In addition, pneumonia 
(including ventilator-associated pneumonia), which is 
one of the most frequently acquired infections in ICUs, 
is associated with prolonged mechanical ventilation and 
increased mortality. In a meta-analysis of 38 studies 
involving 22,304 critically ill patients, Li et al. demon-
strated that patients with COPD and pneumonia had sig-
nificantly higher rates of reintubation than those without 
COPD and pneumonia (OR 1.34, 95%CI 1.05–1.72; OR 
2.58, 95%CI 1.72–3.87, respectively) [11]. Regarding rein-
tubated patients after general anesthesia, a recent meta-
analysis has described causal patient characteristics, 
including COPD [47]. Consistently, the present analysis 
indicates respiratory complications as an independent 
predictor of reintubation.

The use of noninvasive respiratory support after post-
extubation respiratory failure is widely available, and 
international guidelines on liberation from mechani-
cal ventilation contain recommendations for the use of 
prophylactic noninvasive respiratory support after extu-
bation in high-risk patients with respiratory and cardio-
vascular complications [2, 48]. The use of noninvasive 
respiratory support has been shown to reduce the inci-
dence of reintubation and postoperative respiratory fail-
ure compared to conventional oxygen therapy (COT), 
also in low-risk patients with the exception of older 
patients and those with severe illness [49]. Boscolo et al. 
reported a recent network meta-analysis of 5,063 patients 
from 32 trials evaluating noninvasive respiratory sup-
port (NIV, HFNC, or COT) after extubation in critically 
ill adult patients [50]. Compared with COT, NIV and 
HFNC were found to have lower reintubation rates (NIV: 
OR 0.61, 95%CI 0.46–0.81; HFNC: OR 0.60, 95%CI 0.43–
0.84) along with lower incidences of ventilator-associated 
pneumonia, length of ICU and hospital stay, and hospital 
mortality. However, the advantages of noninvasive respi-
ratory support vary depending on the clinical condition 
of the patient and the device type used. In this study, 
noninvasive respiratory support was used after extu-
bation in 32.1% of the included patients. Patients who 
received noninvasive respiratory support in this study 
showed a higher rate of reintubation than those who did 
not. The risk of reintubation may have been exacerbated 
by the implementation of noninvasive respiratory sup-
port after the development of post-extubation respiratory 
failure with refractory hypoxemia. Nevertheless, sub-
group analysis showed that the clinical predictors iden-
tified in our study were consistently associated with the 
rate of reintubation, regardless of the use of noninvasive 
respiratory support.

Implications for clinicians
Endotracheal suctioning is an essential procedure in the 
management of mechanically ventilated patients, and 
endotracheal suctioning frequency can be assessed in 
clinical records without the use of specific measurement 
devices. Along with respiratory complications, endotra-
cheal suctioning frequency is a clinically valid and versa-
tile risk factor for reintubation. In postoperative patients 
who are commonly encountered in clinical practice, the 
predictors identified in this study may provide a defini-
tive indicator of extubation.

Strengths and limitations
The present study has several strengths. The findings 
constitute the analysis of data derived from a multicenter, 
prospective, observational study based on currently rec-
ommended extubation procedures. We applied a uniform 
SBT method with pressure support ventilation with low 
PS and PEEP levels, following international guidelines 
recommending inspiratory pressure augmentation [2]. 
However, our study has some limitations. A primary 
limitation is the observational nature of the study and the 
fact that the decision for post-extubation respiratory sup-
port, including reintubation, was made by the intensivist 
based on local standard practices. The reintubation rate 
in this study was comparable to those in existing reports 
of critically ill patients [4, 5], indicating that our cohort 
represents the standard clinical practice. Second, the 
implementation of endotracheal suctioning was not pro-
tocolized, and the need for endotracheal suctioning was 
determined by the clinician. The general guidelines are 
widely accepted for endotracheal suctioning procedures 
[38], and the standard procedures with periprocedural 
oxygenation as appropriate have been implemented. 
Third, the NIV or HFNC settings and devices used were 
not considered in this study. A recent systematic review 
indicated that the effect of noninvasive respiratory sup-
port differs depending on the presence of post-extuba-
tion respiratory failure and the risk of extubation failure 
[29]. Our data does not reveal the treatment strategies 
for noninvasive respiratory support, including the indi-
cations, device types, and settings. Fourth, the surgical 
procedure may affect postoperative outcomes including 
the need for reintubation, and our data did not include 
the detailed procedure. In the present study, multivariate 
logistic regression analysis showed no statistically sig-
nificant differences in the probability of reintubation by 
disease among the included postoperative patients. How-
ever, the probability of reintubation has been reported 
to vary depending on the surgical procedure and the use 
of noninvasive respiratory support [51]. Thus, personal-
ized extubation strategies are to be developed accord-
ing to the surgical procedure and the pathophysiology 
of each patient. The predictive factors identified in this 
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study were consistently and significantly associated with 
the rate of reintubation, as shown by detailed subgroup 
analyses, and may aid in the decision of extubation in the 
overall postoperative patients.

Conclusions
In post-operative patients, endotracheal suctioning 
frequency and respiratory complications were inde-
pendently associated with reintubation. Patients who 
underwent reintubation required prolonged treatment, 
and further large-scale investigations of this population 
are warranted.
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