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Abstract

Background Clinical outcome after unplanned extubation

(UE) in patients admitted to the surgical intensive care unit

(SICU) has not been fully investigated. In this study we

assessed in-hospital mortality of patients with UE and deter-

mined whether UE is a predictor of in-hospital mortality.

Finally, we sought to identify predictors of reintubation after

UE in mechanically ventilated patients in the SICU.

Methods Medical charts of patients (n = 4,407) admitted

to the SICU between October 2007 and December 2011

were reviewed retrospectively.

Results Eighty-five episodes of UE occurred in 81 patients.

Patients with UE required emergency surgery more frequently

and had higher ICU and hospital mortality rates, reintubation

rate, and APACHE II scores and longer mechanical ventilation

(MV) and ICU stay than patients without UE (P \ 0.05 for all

associations). Multivariate analysis revealed that reintubation

(odds ratio [95 % confidence interval]: 4.14 [2.58–6.67];

P \0.001), APACHE II scores (1.14 [1.12–1.17]; P \0.001),

emergency surgery (1.73 [1.18–2.53]; P = 0.005), and chronic

neurologic disease (2.11 [1.30–3.41]; P = 0.002) were asso-

ciated with hospital mortality. Reintubation was necessary in

17 patients. On multivariate analysis, a score on the Richmond

Agitation–Sedation Scale (RASS, 0.48 [0.31–0.76];

P = 0.001), PaO2/FiO2 ratio (0.99 [0.99–1.00]; P = 0.048),

and MV duration before UE (1.46 [1.08–1.98]; P = 0.014)

were independently associated with reintubation after UE.

Conclusions Our results indicated that although patients

with UE had high in-hospital mortality, UE was not

directly associated with in-hospital mortality. Reintubation,

chronic neurologic disease, emergency operation, and

higher APACHE II score were related to increased in-

hospital mortality. A low RASS score, a low PaO2/FiO2

ratio, and long MV duration before UE were related to

reintubation after UE.

Introduction

Unplanned endotracheal extubation (UE) is a serious

adverse event in the intensive care unit (ICU), the incidence

of which has been reported to be 0.7–15.9 % [1, 2]. UE can

result in life-threatening complications such as arterial

hypoxemia and respiratory insufficiency. UE also increases

the need for mechanical ventilation (MV) and ICU care [3].

With respect to clinical outcomes, UE is not necessarily

associated with increased ICU or in-hospital mortality rates

[3–6]. However, most of the cited studies were conducted in

medical or mixed ICUs, few were conducted in surgical

ICUs, and hospital mortality rates in patients with UE and

those without UE were not compared [7–9].

Reintubation can often lead to hemodynamic and airway

complications [10]. Furthermore, patients requiring rein-

tubation have been reported to have higher mortality and

morbidity rates [2, 11]. Thus, it is important to identify

factors predictive of the need for reintubation in patients

with UE. Although previous reports showed that pneumo-

nia, age, and the amount of ventilatory support were sig-

nificantly associated with reintubation after UE [4, 12, 13],

factors predicting reintubation after UE are not well
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established, especially in surgical populations, because of

insufficient data.

We hypothesized that in-hospital mortality is higher in

patients with UE than in those without UE, and UE is

associated with in-hospital mortality. In this study we

assessed the in-hospital mortality of mechanically venti-

lated patients with UE in a tertiary-care surgical ICU and

determined whether UE is a predictor of in-hospital mor-

tality. Finally, we sought to identify predictors for reintu-

bation after UE.

Methods

Study design and setting

After approval by the human studies committee, a retro-

spective exploratory design was used. The study was car-

ried out on patients in a tertiary-care surgical intensive care

unit (SICU) that consisted of up to 32 beds (October 2007–

December 2008, 24 beds; January–July 2009, 28 beds;

August 2009–December 2011, 32 beds), and who were

operated on with an open system. The ICU was staffed by

an intensive care specialist, an intensive care medicine

fellow, and a senior anesthesia resident, who provided

coverage during the daytime beginning in March 2008.

Duty staffs or senior residents of each surgical department

were in charge of the intensive care of their patients on

nights and weekends. Nursing staff worked in three shifts:

8 am–4 pm, 4 pm–11 pm, and 11 pm–8 am, with a usual

patient-to-nursing staff ratio of 2:1, and 1:1 in the case of

severe critically ill patients.

Data collection

Electronic medical charts of patients admitted to the SICU

between October 2007 and December 2011 were reviewed.

Since March 2009, data were collected in a prospective

fashion.

Two data sets were collected. One was used to compare

clinical outcomes in patients with UE and those without

UE and included demographics, emergent operation, acute

physiology and chronic health care (APACHE) II score, the

need for reintubation, MV duration, days in the ICU and

length of hospital stay, ICU and in-hospital mortality rates,

and postoperative complications. The other data set was

used to identify predictors of reintubation after UE. The

data consisted of Richmond Agitation–Sedation Scale

(RASS) scores, MV duration before UE, history of sedation

in the 2 h preceding UE, the use of physical restraints,

nurse-to-patient ratio, the extent of MV support, the ability

to communicate at the time of UE, and PaO2/FiO2 ratio (PF

ratio) before UE.

Exclusion criteria

Patients with noninvasive positive-pressure ventilation

(NIPPV) or without mechanical ventilation, aged younger

than 18, and brain dead waiting for organ transplantation

were excluded from the study. Post cardiac surgery patients

were also excluded because they were admitted to a sep-

arate post cardiac surgical ICU. Medical patients admitted

to the SICU due to lack of space in the MICU were also

excluded. Patients with no extubation trial were excluded

(Fig. 1). Patients admitted to the SICU from a general ward

or the emergency room due to postoperative complications

or events were also excluded to focus on immediate post-

operative patients. If a patient experienced more than one

episode of UE during the study period, only the first was

included in the analysis.

Definitions

Accidental extubation was defined as the unintentional

removal of an endotracheal tube by a health-care staff

member. RASS score, as described previously [14], is as

follows: ?4 = combative, ?3 = very agitated, ?2 = agi-

tated, ?1 = restless, 0 = alert and calm, -1 = drowsy,

-2 = light sedation, -3 = moderate sedation, -4 = deep

sedation, and -5 = not able to be aroused.

Patients were considered to be in a weaning trial when

there was a progressive reduction in respiratory rate or

inspiratory pressure/volume from an initial MV setting or

were placed on a T-piece. Conversely, patients were con-

sidered to be in full MV if a weaning trial was not begun.

Reintubation was defined as reinsertion of the endotra-

cheal tube within 72 h after the UE. The usual criteria for

reintubation were the development of increased signs of

respiratory work, inability to protect the airway, persistent

low SaO2 \90 % with FiO2 C50 %, or severe arterial

blood gas deterioration. If NIPPV was applied in the pos-

textubation phase, reintubation was needed in patients with

NIPPV failure.

Statistical analysis

For continuous variables, values were compared using Stu-

dent’s t test for independent samples. Differences in propor-

tions were compared using the Chi square or Fisher’s exact

test when the cell size was small. To determine independent

risk factors for hospital mortality and reintubation after UE,

the univariate logistic regression method was used to screen

for significant risk factors, then risk factors with P \ 0.20 in

univariate analysis were entered into stepwise forward binary

logistic regression. All tests were two-tailed and P \ 0.05 was

considered to indicate statistical significance.
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Results

A total of 10,551 patients were admitted to the SICU

during the study period (Fig. 1). Of them, 5,300 patients

received MV, of which 893 patients were excluded

(Fig. 1). Finally, 4,407 immediate postoperative patients

were included in the data analysis.

Eighty-five episodes of UE (3 accidental extubation and

82 self-extubation) occurred in 81 patients. Two episodes

of UE occurred in two patients and three episodes of UE

occurred in one patient. The incidence of UE was 1.41 per

100 ventilated days.

Patients with UE had more frequent initial emergent

surgery, higher ICU and in-hospital mortality rates, a

higher reintubation rate, and a more prolonged MV

duration and ICU stay than patients without UE (Table 1).

The incidence of respiratory, renal, and neurologic com-

plications during the ICU stay was higher in patients with

UE.

On univariate analysis, UE, reintubation, initial emer-

gency surgery, high APACHE II score, chronic neurologic

and cardiac diseases, and older age were related to in-

hospital mortality (Table 2). On multivariate analysis, re-

intubation (odds ratio [OR] 4.14; 95 % confidence interval

[CI] 2.58–6.67; P \ 0.001), high APACHE II score (OR

1.14; 95 % CI 1.12–1.17; P \ 0.001), initial emergency

surgery (OR 1.73; 95 % CI 1.18–2.53; P = 0.005), and

chronic neurologic disease (OR 2.11; 95 % CI 1.30–3.41;

P = 0.002) were associated with in-hospital mortality

(Table 3).

Fig. 1 Flowchart of patient

selection
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Of the 81 patients with UE, NIPPV was applied in 3

patients in the postextubation phase. One patient required

reintubation because of NIPPV failure due to facial mask

intolerance, and two patients did not require reintubation

because of NIPPV success. Finally, reintubation was nec-

essary in 17 patients. Compared with UE patients without

reintubation, UE patients with reintubation had more initial

emergent surgery, higher tracheostomy and in-hospital

mortality rates, and longer MV and ICU stays (Table 4).

UE patients with reintubation had a higher incidence of

pneumonia within 3 days of postextubation.

Of the 81 patients with UE, 7 received sedatives (5 had

midazolam, 2 had propofol ? fentanyl) 2 h before UE.

Daily sedation interruption was used in five patients and light

sedation was maintained in two patients. The reintubation

rate was higher in patients with initial emergency surgery,

lower RASS score and PF ratio, a weaning trial from MV,

and long MV duration before UE (Table 5). On multivariate

logistic regression, a low PF ratio (OR 0.99; 95 % CI

0.99–1.00; P = 0.048) and RASS score (OR 0.48; 95 % CI

0.31–0.76; P = 0.001) and long MV duration before extu-

bation (OR 1.46; 95 % CI 1.08–1.98; P = 0.014) were

associated with reintubation after UE (Table 6).

Discussion

The major findings of this study were as follows: (1) UE

was associated with increased ICU and in-hospital mor-

tality rates, more frequent postoperative complications, and

more prolonged MV duration and ICU stays compared to

no UE. (2) UE patients who required reintubation had

significantly higher in-hospital mortality, longer ICU and

hospital stays, and more prolonged MV duration than

patients who remained extubated after UE. (3) The PaO2/

FiO2 ratio before UE, the RASS, and MV duration before

UE were associated with reintubation after UE.

This study is the first to compare clinical outcomes in

surgical ICU populations, including ICU and in-hospital

mortality rates, between patients with UE and those

Table 1 Comparison of

demographics and clinical

outcomes between patients with

unplanned extubation and those

without unplanned extubation

Data are presented as number of

patients (%) or mean ± SD or

median (25th–75th percentile)

UE unplanned extubation, PE

planned extubation, APACHE

acute physiology and chronic

health care, MV mechanical

ventilation, ICU intensive care

unit, LOS length of stay

Patients with UE (n = 81) Patients without UE (n = 4,326) P value

Age (years) 57.5 ± 14.8 55.1 ± 14.9 0.148

Sex (m) 52 (64.2 %) 2413 (55.8 %) 0.162

Department 0.245

General surgery 24 (29.6 %) 1026 (23.7 %)

Neurosurgery 40 (49.4 %) 2068 (47.8 %)

Thoracic surgery 11 (13.6 %) 966 (22.3 %)

Others 6 (7.4 %) 266 (6.1 %)

Unplanned admission 33 (40.7 %) 898 (20.8 %) 0.000

Initial emergent surgery 32 (39.5 %) 876 (20.2 %) 0.000

APACHE II score 19.0 ± 8.1 16.7 ± 6.8 0.011

Chronic disease

Neurologic 4 (4.9 %) 397 (9.2 %) 0.242

Respiratory 4 (4.9 %) 67 (1.5 %) 0.041

Cardiac 5 (6.2 %) 218 (5.0 %) 0.605

Liver 14 (17.3 %) 495 (11.4 %) 0.146

Kidney 1 (1.2 %) 120 (2.8 %) 0.727

Immunosuppressant 2 (2.5 %) 121 (2.8 %) 1.000

Reintubation 17 (21.0 %) 149 (3.4 %) 0.000

Tracheostomy 6 (7.4 %) 39 (0.9 %) 0.000

Complications during ICU stay

Cardiovascular 5 (6.2 %) 123 (2.8 %) 0.085

Respiratory 13 (16.0 %) 242 (5.6 %) 0.000

Renal 8 (9.9 %) 117 (2.7 %) 0.000

Neurologic 8 (9.9 %) 89 (2.1 %) 0.000

MV duration (days) 0.6 (0.1–2.6) 0.2 (0.1–0.6) 0.019

ICU LOS (days) 3.0 (1.1–8.0) 1.1 (0.9–3.0) 0.001

Hospital LOS (days) 19.0 (13.0–32.0) 15.0 (9.0–26.0) 0.124

ICU mortality 5 (6.2 %) 86 (2.0 %) 0.025

In-hospital mortality 9 (11.1 %) 143 (3.3 %) 0.000
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without. Interestingly, our findings suggest that ICU and in-

hospital mortality rates were higher in patients with UE

than in those without UE. This is inconsistent with the

results of previous studies in which the ICU and in-hospital

mortality rates of patients with UE and those without were

comparable in mixed-patient populations [5, 15]. More-

over, other studies demonstrated that patients with UE,

compared with patients without UE, had a lower mortality

rate in mixed-patient populations [3, 4, 6, 13]. In contrast, a

recent study of medical ICU patients reported higher ICU

mortality in patients with UE than in those with planned

extubation [11]. Such discrepancies in ICU/in-hospital

mortality can, in part, be explained by differences in the

study populations.

With respect to in-hospital mortality, this study showed

that reintubation, a high APACHE II score, emergency

surgery, and chronic neurologic disease were independent

risk factors. UE was a predictor of in-hospital mortality in

univariate analysis but it was not associated with in-hos-

pital mortality after adjusting for confounding factors.

However, in this study, patients with UE, compared with

those without UE, were sicker and had more frequent

emergency surgery and reintubation, which contribute to

unfavorable clinical outcomes. Such findings suggest that

although UE is not directly related to in-hospital mortality,

UE can affect in-hospital mortality by increasing other risk

factors associated with it.

Various factors, including a lower sedation level, use of

restraints, orotracheal intubation, insufficient endotracheal

tube fixation, and higher tube position relative to the carina,

have been reported as risk factors for UE [2, 8, 11, 16–18].

In this study, we did not focus on identification of risk

factors for UE. However, interestingly, we showed that the

proportion of emergency surgery was significantly higher

in patients with UE than in those without UE. A possible

reason for this is that in our hospital, a detailed explanation

of ICU circumstances, especially the need for postoperative

ventilatory support and a warning regarding UE, was given

to all patients with planned ICU admissions on the day

before surgery, whereas a full explanation likely was not

given to those admitted to the ICU unexpectedly. A further

study is needed to verify the association of emergency

surgery with UE.

Our findings indicate that among the patients with UE,

those who required reintubation had a significantly higher

in-hospital mortality rate and prolonged MV duration than

patients who remained extubated after UE. This agrees

with the results of previous studies in which ICU and in-

hospital mortality rates were significantly higher in patients

with reintubation than in those without reintubation after

Table 2 Factors related to hospital mortality in univariate analysis

Death (n = 152) Survival (n = 4255) P value OR 95 % CI

UE 9 (5.9 %) 72 (1.7 %) 0.000 3.66 1.79–7.46

Reintubation 32 (21.1 %) 134 (3.1 %) 0.000 8.20 5.36–12.56

Initial emergent surgery 78 (51.3 %) 830 (19.5 %) 0.000 4.35 3.14–6.03

APACHE II score 22.3 ± 9.1 16.3 ± 6.4 0.000 1.16 1.14–1.19

Chronic disease

Neurologic 25 (16.4 %) 376 (8.8 %) 0.002 2.03 1.31–3.16

Respiratory 4 (2.6 %) 67 (1.6 %) 0.315 1.69 0.61–4.70

Cardiac 13 (8.6 %) 210 (4.9 %) 0.049 1.80 1.00–3.23

Liver 18 (11.8 %) 491(11.5 %) 0.909 1.03 0.62–1.70

Kidney 6 (3.9 %) 115 (2.7 %) 0.359 1.48 0.64–3.42

Immunosuppressant 6 (3.9 %) 117 (2.7 %) 0.381 1.45 0.63–3.36

Age (years) 58.9 ± 15.7 55.0 ± 14.9 0.002 1.02 1.01–1.03

Data are presented as number of patients (%) or mean ± SD or median (25th-75th percentile)

OR odds ratio, CI confidence interval, APACHE acute physiology and chronic health care, UE unplanned extubation

Table 3 Factors related to in-hospital mortality in binary logistic

regression analysis

In-hospital mortalitya

P value OR 95 % CI

Reintubation 0.000 4.14 2.58–6.67

Initial emergent surgery 0.005 1.73 1.18–2.53

APACHE II score 0.000 1.14 1.12–1.17

Chronic neurologic disease 0.002 2.11 1.30–3.41

Nagelkerke R2 statistic was 0.198, 0.224, 0.230, and 0.236 in steps 1,

2, 3, and 4, respectively. Hosmer–Lemeshow goodness-of-fit test was

not significant at 5 % (p = 0.274, 0.694, 0.355, and 0.311 in steps 1,

2, 3, and 4, respectively)

OR odds ratio, CI confidence interval, APACHE acute physiology and

chronic health care
a Adjusted for unplanned extubation, underlying cardiac disease, and

age
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UE [2, 4, 9, 19]. A recent study reported that reintubation

after UE can cause pronounced clinical deterioration by

worsening the sequential organ failure assessment scores

for 72 h after UE [11]. Our results also suggested an

increased risk of developing respiratory complications,

especially pneumonia within 3 days after UE, in

Table 4 Comparison of demographics and clinical outcomes between reintubated and non-reintubated patients after unplanned extubation

Reintubation (n = 17) No reintubation (n = 64) P value

Age (years) 57.8 ± 13.5 57.4 ± 15.2 0.910

Sex (m) 13 (76.5 %) 39 (60.9 %) 0.271

Initial emergent surgery 11 (64.7 %) 21 (32.8 %) 0.035

APACHE II score 22.4 ± 9.1 18.1 ± 7.6 0.088

Chronic disease

Neurologic 2 (11.8 %) 2 (3.1 %) 0.192

Respiratory 0 (0 %) 4 (6.3 %) 0.574

Cardiac 1 (5.9 %) 4 (6.3 %) 1.000

Liver 3 (17.6 %) 11 (17.2 %) 1.000

Kidney 0 (0 %) 1 (1.6 %) 1.000

Immunosuppressant 0 (0 %) 2 (3.1 %) 1.000

MV duration before extubation (days) 1.3 (0.3–4.6) 0.4 (0.1–0.9) 0.021

MV duration before extubation (\1 days) 8 (47.1 %) 51 (79.7 %) 0.017

Tracheostomy 6 (35.3 %) 0 (0 %) 0.000

Pneumonia \3 days after extubation 4 (23.5 %) 0 (0 %) 0.001

MV duration (days) 4.9 (3.7–14.3) 0.4 (0.1–0.9) 0.015

ICU LOS (days) 12.0 (5.1–18.7) 2.6 (1.1–5.1) 0.025

Hospital LOS (days) 40.0 (26.0–57.0) 15.5 (11.8–28.0) 0.012

ICU mortality 3 (17.6 %) 2 (3.1 %) 0.060

In-hospital mortality 6 (35.3 %) 3 (4.7 %) 0.002

Data are presented as number of patients (%) or mean ± SD or median (25th–75th percentile)

APACHE acute physiology and chronic health care, MV mechanical ventilation, ICU intensive care unit, LOS length of stay

Table 5 Factors related to reintubation after unplanned extubation in univariate analysis

Reintubated (n = 17) Non-reintubated (n = 64) P value OR 95 % CI

Initial emergent surgery 11 (64.7 %) 21 (32.8 %) 0.021 3.75 1.22–11.54

APACHE II score 22.4 ± 9.1 18.1 ± 7.6 0.060 1.06 1.00–1.13

Chronic neurologic disease 2 (11.8 %) 2 (3.1 %) 0.173 4.13 0.54–31.77

RASS score –1.3 ± 2.3 0.3 ± 1.4 0.001 0.54 0.37–0.79

PaO2/FiO2 ratio before UE 281 ± 108 348 ± 107 0.028 0.99 0.90–1.00

Timing of UE (n) 0.554

Morning shift 8 (47.1 %) 22 (34.4 %) Reference

Evening shift 5 (29.4 %) 19 (29.7 %) 0.619 0.72 0.20–2.59

Night shift 4 (23.5 %) 23 (35.9 %) 0.279 0.48 0.13–1.82

Use of physical restraint 13 (76.5 %) 54 (84.4 %) 0.447 0.60 0.16–2.23

Nurse:patient ratio of 1:1 1 (5.9 %) 2 (3.1 %) 0.599 1.94 0.17–22.74

Type of MV (full:weaning) 9:8 16:48 0.031 3.38 1.12–10.22

Use of sedative 2 h before UE 3 (17.6 %) 4 (6.3 %) 0.154 3.21 0.65–16.02

Ability for communication 12 (70.6 %) 55 (85.9 %) 0.146 0.39 0.11–1.38

MV duration before UE (days) 1.3 (0.3–4.6) 0.4 (0.1–0.9) 0.003 1.40 1.13–1.74

Data are presented as number of patients (%) or mean ± SD or median (25th–75th percentile)

OR odds ratio, CI confidence interval, APACHE acute physiology and chronic health care, MV mechanical ventilation, UE unplanned extubation,

RASS Richmond Agitation–Sedation Scale
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reintubated patients. In agreement with our result, a pre-

vious study [4] reported that the rate of ICU-acquired

infections such as ventilator-associated pneumonia was

higher in UE patients with reintubation than those without.

In this study, the reintubation rate after UE was about

21 %. This is lower than that reported previously in sur-

gical ICU patients in which the reintubation rate after UE

was 36–58 % [7–9]. Various factors, including male gen-

der, APACHE II score of 17 or greater, chronic obstructive

pulmonary disease, restlessness/agitation, lower sedation

level, higher consciousness level, and use of physical

restraints, have been reported as predictors of reintubation

after UE [20]. Our data suggest that MV duration before

UE was an independent risk factor of reintubation after UE.

In this study, 73 % of UE occurred within the first day of

MV. This is consistent with a previous report in which

50 % of UE occurred among patients due to be extubated

electively in the next few hours [1]. Such results suggest

that most of the events are preventable, and staff vigilance

and a concern about early extubation are necessary, espe-

cially in surgical populations. Some studies reported that

reintubation after UE was associated with higher FiO2 or

low PaO2/FiO2 before UE [2, 9, 19, 21]. Consistent with

these, our results showed that reintubation after UE was

observed more frequently in patients with low PaO2/FiO2.

We showed that the RASS score was one of the risk factors

associated with reintubation after UE. The frequency of

reintubation after UE was higher in patients with a negative

RASS score. This is supported by a study in which patients

who needed reintubation had higher mean Ramsay scores

than those who did not [8]. Although the sedation scale

used was different, such findings suggest that deep sedation

is associated with reintubation after UE. Bouza et al. [3]

reported that reintubated patients showed a significant

trend toward sedation under full MV. As seen in our

results, because reintubation after UE was significantly

associated with increased in-hospital mortality and pro-

longed MV duration, it is the best strategy to avoid UE if

possible. Therefore, great attention should be paid to pre-

vent UE in patients with risk factors of reintubation.

This study has some limitations. It was conducted retro-

spectively at a single center. Additionally, the small sample

size may affect the ability to detect significant findings in

some instances. Also, we analyzed the data on immediate

postoperative patients admitted to a surgical ICU. The type

and location of the facility in which the study was conducted

may limit the generalizability of the results.

In conclusion, in surgical ICU patients, patients with UE

had a higher in-hospital mortality rate. However, reintu-

bation, chronic neurologic disease, emergency surgery, and

higher APACHE II score rather than UE were related to

increased in-hospital mortality. Because reintubation after

UE is associated with unfavorable clinical outcomes, spe-

cial attention is given to patients with a low RASS score, a

low PaO2/FiO2 ratio, and long MV duration to prevent

reintubation after UE.
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