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This prospective, case-controlled observational study 
assessed whether an evidence-based extubation check-
list would increase anesthesia providers’ documenta-
tion of standardized extubation criteria and reduce the 
occurrence of preventable extubation failures in the 
early postoperative period. The sample consisted of 
622 ASA Physical Status I to IV patients, aged 10 to 
100 years but primarily adults, who underwent elective 
and emergency surgeries at a university-based adult 
trauma teaching hospital. 

Before the study, all anesthesia and postanesthesia 
care unit staff received an in-service on adherence to 
an evidence-based extubation checklist, followed by 
implementation of the checklist for 12 weeks. Demo-
graphic data, anesthesia flow sheets, provider notes, 
and quality assurance records were reviewed to deter-

mine utilization of the checklist before extubation and 
to ascertain those patients who required reintubation. 
Following use of the extubation checklist, documenta-
tion of patient readiness for extubation increased from 
54% to 92.5%, and extubation failures decreased from 
2.5 per month to 1.2 per month.

This study confirmed that extubation failure 
occurred less frequently when the extubation checklist 
was used (P = .001, Fisher exact test). Study results 
indicate that an extubation checklist may positively 
influence provider documentation of evidence-based 
criteria for extubation and can reduce the occurrence 
of preventable extubation failures.
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M
edically related errors cost approximately 
$8.8 billion and resulted in 238,337 
potentially preventable deaths from 2004 
through 2006.1 In 1.1 million patient 
safety incidents at 249 hospitals, postop-

erative respiratory failure was among the most frequently 
cited adverse events.1 The appropriate removal of an 
endotracheal tube following general anesthesia requires 
skill and judgment learned through experience.2 Extuba-
tion failure can lead to dire consequences, including cya-
nosis, hypoxia, tachycardia, hypertension, negative-pres-
sure pulmonary edema, acute bronchospasm, agitation, 
and, in a worst-case scenario, cardiopulmonary arrest.3 
Reintubated patients have a significantly increased risk 
of prolonged hospitalization or intensive care unit (ICU) 
stay, ventilator-acquired pneumonia, and morbidity and 
mortality.4-7

Traditional extubation criteria are based on global 
patient condition and respiratory system status. Global 
patient factors consist of return of consciousness, ability 
to protect the airway, normal body temperature, absence 
of residual neuromuscular blockade, and normal meta-
bolic parameters (eg, absence of clinically significant 
anemia, acidosis, or major electrolyte abnormality). 
Frequently applied respiratory criteria include a vital 
capacity of greater than 15 mL/kg, a negative inspira-

tory force of greater than −20 cm H2O, and an oxygen 
saturation measured by pulse oximetry (Spo2) of 90% or 
greater when breathing an oxygen concentration of less 
than 40%.8 Recommendations in patients with trauma 
are similar, with the additions that the patient is hemo-
dynamically stable, and that all urgent diagnostic and 
therapeutic procedures are completed.9 

Despite the fact that management of the airway is ar-
guably considered an anesthesia provider’s greatest and 
most refined skill, difficulty in managing the airway is 
among the most frequently cited causes of anesthesia-
related morbidity and mortality.10 Adverse outcomes 
associated with respiratory events were reported to be 
the largest class of injury in the American Society of 
Anesthesiologists’ Closed Claims Study (522 of 1,541 
cases; 34%). Death or brain damage occurred in 85% of 
such cases. The median cost of settlement or jury award 
was in excess of $200,000.10 More recently, several ar-
ticles from the AANA Journal have reinforced the notion 
that respiratory events continue to be among the most 
frequently cited causes of preventable adverse patient 
outcomes11 and that death and brain damage were among 
the most frequently reported outcomes.12,13 

The R Adams Cowley Shock Trauma Center (STC) is 
the dedicated acute care trauma hospital for the state of 
Maryland. The STC admits approximately 7,800 patients 
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each year, most of whom are men aged 18 years and older. 
On average, 6,500 operative cases are performed annu-
ally, with most of these cases performed using general 
anesthesia with an endotracheal tube. Historically, failed 
extubation ranks as the most frequently cited sentinel 
event reported by the STC anesthesia department’s 
quality improvement committee, with a failed extubation 
rate of approximately 25 to 30 patients annually. 

A retrospective review of all surgical patients who 
underwent general anesthesia and in whom extuba-
tions failed between January 2000 and October 2009 
(Table 1) was conducted at the STC, as part of routine 
quality management. Only those patients who were 
purposely extubated by an anesthesia care provider 
and subsequently experienced failed extubation within 
2 hours following extubation (the early postoperative 
period) were included. A total of 240 patients had a 
failed extubation from January 2000 to October 2009 
postoperatively at the STC. Patients in whom extuba-
tion failed longer than 2 hours postoperatively were 
excluded, which left 180 patients (75%). The anesthesia 
care provider did not document adherence to evidence-
based, nationally recognized extubation criteria in 53% 
of the medical records reviewed. Based on this finding, 
we hypothesized that an evidence-based extubation 
checklist would encourage the use and documentation 
of extubation criteria and would decrease the incidence 
of extubation failure in our institution. We further hy-
pothesized that an extubation checklist would improve 
provider awareness of risk factors for reintubation, while 
simultaneously improving the level of documentation 
available to assess failures.

Leape and colleagues14 have emphasized that most 
safety problems are multifactorial in nature and require 
a multipronged management approach. Consequently, 
when considering the problem of failed extubation, 
several factors warrant consideration. These include  an 
assessment of the patient population, the medications 
and monitors in use, the level of staff education and 
awareness of this problem, and the way in which the in-
stitutional “system” contributes. It became apparent to us 
that improved provider education was required at our in-
stitution, as was improved consistency of documentation. 

A checklist is no more than essential actions or per-
formance criteria arranged in a systematic manner.15 
A checklist encourages the user to record the presence 
or absence of the items listed to ensure that they are 
all considered or completed each time the checklist is 
used.16 A clinically sound checklist highlights only the 
essential criteria that should be considered in a particular 
area.17 The use of a checklist is a form of human-factors 
engineering that can compensate for cognition failures in 
a variety of settings.18 An important goal of any checklist 
is that it limits errors of omission by clearly defining 
expected provider behaviors. This is particularly true 

during stressful conditions when vigilance, memory, or 
clinical reasoning may be adversely affected.15 

A systematic review of more than 178 university-
affiliated or governmental publications that considered 
the use of checklists in clinical settings assessed their po-
tential to improve the quality of patient care and patient 

Characteristic No. (%)

Gender 
 Male 143 (79.4)
 Female 37 (20.6)
Age (y) 
 Mean 43.8
 Range 14 - 94
Mean length of surgery (min) 141.5
Body mass index (kg/m2)
 Mean 31.5
 Range 16.5 - 108.7
Type of admission
 Direct 108 (60.0)
 Transfer from other facility 43 (23.9)
 Readmission 25 (13.9)
 Shock Trauma Clinic 1 (0.6)
Mean length of stay (d) 13
Mechanism of injury
 Motor vehicle collision 39 (21.6)
 Soft-tissue infection 39 (21.6)
 Interpersonal violence 28 (15.0)
 Various readmissions 17 (9.0)
 Fall 16 (8.0)
 Motorcycle crash 18 (10.0)
 Other 23 (12.7)
Surgical service 
 General 26 (14.4)
 Orthopedic 76 (42.2)
 Neurosurgery 2 (1.0)
 ENT/plastic 20 (11.0)
 Soft-tissue 46 (25.5)
 Thoracic vascular 4 (2.2)
 Other 6 (3.3)
ASA category 
 I 23 (12.7)
 II 68 (37.7)
 III 72 (40.0)
 IV 13 (7.2)
 Missing data 4 (2.2)
Disposition
 Discharged to home 78 (43.3)
 Discharged to rehabilitation 98 (54.4)
 Died 4 (2.2)

Table 1. Demographic Characteristics of Patients Who 
Failed Extubation Before Utilization of Extubation 
Checklist (n = 180)
Abbreviation: ENT, ear, nose, and throat.
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safety. The primary conclusion was that implementa-
tion of checklists is not always directly correlated with 
statistically significant improvements in patient care or 
error reduction.15 However, the author concluded that 
the evidence was strong enough to support the use of 
checklists to promote consistency during the provision 
of patient care.15 Furthermore, a recent multicenter study 
demonstrated a reduction in the death rate of all patients, 
from 1.5% before utilization of a surgical safety checklist 
to 0.8% (P = .003), and an inpatient complication rate 
reduction from 11% to 7% after implementation of a 
checklist (P < .001).18 

Materials and Methods
A power analysis using statistical analysis software 
(G*Power 3.1.2) determined that a patient population 
size of at least 134 would be necessary, given a medium 
effect size and an α of .05.19 Following approval by the 
institutional review board of the University of Maryland, 
Baltimore, we shared with all providers in the Division 
of Trauma Anesthesiology and the postanesthesia care 
unit (PACU) information from the quality management 
program on the incidence and causes of early postopera-
tive reintubation. During the presentations, the investi-
gators sought provider input and suggestions regarding 
items that should be incorporated into the checklist. The 
checklist therefore incorporated best practice from a sys-
tematic review of the literature regarding standard extu-
bation criteria as well as input from anesthesia providers 
who routinely extubate patients at the STC. A review of 

the literature failed to discover any formalized checklist 
that contained best practice extubation guidelines in 
the postoperative patient. It was therefore necessary to 
develop a basic evidence-based extubation checklist to 
aid in this pilot study. The Figure shows the final version 
of this document. The evidence-based checklist was pre-
sented to all staff from the anesthesia department as well 
as the PACU via 3 half-hour in-services before institu-
tion of the study. It was hoped that the checklist devised 
would serve as a pilot to test the validity of the checklist. 

The checklist was implemented for a 12-week period, 
during which time we reviewed every patient’s anesthesia 
flow sheet and provider notes to determine utilization 
of the checklist before extubation, documentation of se-
lected demographic factors, and the occurrence of failed 
extubation. Throughout this implementation phase, staff 
from both units were kept informed (via regular email 
updates and during bedside consultations) regarding the 
utilization of the checklist and the results of data collec-
tion. The checklist was not a legal part of the patient’s 
chart. It was used primarily to encourage providers to 
follow best practice guidelines for all patients they con-
sidered appropriate to extubate. The checklists were col-
lected and counted at the end of each clinical day. It was 
hoped that a checklist was used on all patients who were 
extubated in the early postoperative period. 

We assessed the utilization rate of the extubation 
checklist, the incidence of reintubation occurring in this 
cohort, and the causes of the reintubations that did occur 
in all electively extubated patients. Simple descriptive 

Figure.  Patient Extubation Checklist 
Abbreviations: PACU, postanesthesia care unit; NA, not applicable; WNL, within normal limits; ETT, endotracheal tube. 
a 36.1°C - 37.2°C

Operating room/PACU (circle one)

Criteria 

(1)  Awake Yes No

(2)  Follows commands Yes No

(3)  Agitated Yes No

(4)  Cooperative Yes No

(5)  Train-of-four (noted on record) Yes No

(6)  Muscle relaxant reversed (if other than succinylcholine) Yes No/NA

(7)  Temperature WNL (97°- 99°F)a Yes No

(8)  ETT leak test (If airway edema suspected) Yes No/NA

Comments

            

Provider signature      Provider name/title (please print)
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statistics were used to describe the population and the 
overall results. The Fischer exact test was used to assess 
the association between use of the checklist and the inci-
dence of reintubation. 

Results
• Patients With Failed Extubation Before Checklist 
Implementation. As noted in Table 1, most of the 180 
patients in the prechecklist sample were male (n = 143; 
79.4%), and 34% (n = 61) had emergency (vs elective) 
surgery. The average age was 43 years, with an age range 
of 14 to 94 years. These demographics are consistent with 
the overall surgical population of the STC. The most fre-
quent reasons these patients underwent surgery was as a 
consequence of motor vehicle collisions (n = 39, 21.6%), 
soft-tissue infections (n = 39, 21.6%), and interpersonal 
violence, including gunshot wounds, knife wounds, and 
assaults (n = 28, 15.5%). Surgeries averaged 141 minutes 
in length. Before implementation of the checklist, 122 
(68%) of the failed-extubation group were classified as 
overweight or obese based on National Heart, Lung, and 
Blood Institute criteria.20 Additional characteristics of 
this group are included in Table 1.

During the study period, from October 15, 2009, 
through January 15, 2010, a total of 946 patients un-
derwent surgery. It was hoped that a checklist would be 
utilized for every patient who was extubated. Providers 
were encouraged to fill out a checklist for all patients 
before extubation in the early postoperative period. A 
total of 622 patients were extubated either in the operat-
ing room or shortly on arrival to the PACU. Of these pa-
tients, 488 (78%) had a completed extubation checklist. 
Table 2 summarizes selected demographic characteristics 
of these patients. 

The successfully extubated patient population was 
composed primarily of males (n = 435, 70.4%), with a 
mean age of 43.8 years (range, 10 to 100 years). These 
demographics are consistent with the overall surgical 
population at the STC. Patients in the successfully ex-
tubated group (n = 618) underwent surgery because of 
mechanisms of injuries such as soft-tissue infection (n = 
134, 21.7%), motor vehicle collision (n = 102, 16.5%), 
falls (n = 106,17%), and interpersonal violence (n = 91, 
14.7%). Their surgeries lasted slightly less than 2 hours 
on average (112.5 minutes), and these individuals were 
closer to ideal body mass index (BMI), with an average 
BMI of 28.5 kg/m2. Additional demographic characteris-
tics of this sample are reflected in Table 2.

Only 4 individuals of the sample of 622 patients had 
a failed extubation during utilization of the checklist 
(0.6%) All these patients were males, and averaged 56 
years of age (range, 47 to 69 years). They had had surgery 
primarily as a consequence of a soft-tissue infection (n 
= 3, 75%). The remaining patient in whom  extubation 
failed was a readmission and underwent a general ab-

dominal surgical procedure. Among the failed-extubation 
group, surgeries averaged slightly more than 1 hour (76.5 
minutes). This group had an average BMI of 36.5 kg/m2 
(range, 27.9 to 50 kg/m2), placing all of them into the 
overweight or obese categories.

Following implementation of the extubation check-
list, there were 4 extubation failures during a 3-month 
period (1.25 patients per month) as opposed to 2 to 3 
patients each month who had failed extubations before 
implementation of the extubation checklist. Fisher exact 
test confirmed that extubation failure occurred less fre-
quently when the extubation criteria were documented 
(P = .001).

Before implementation of the extubation checklist 
(January 2000 to October 2009), 45% of the time pro-
viders documented that a patient had met standard ex-
tubation criteria on the patient care record. Following 
implementation of the extubation checklist, standard 
extubation criteria were documented 92.5% of the time, 
indicating a significant improvement in provider docu-
mentation of standard extubation criteria. 

Discussion  
Our research indicates that an extubation checklist im-
proved the documentation of evidence-based criteria for 
extubation and, over a 3-month period, reduced the oc-
currence of extubation failure. It is hoped that the consis-
tent utilization of an evidence-based extubation checklist 
will help to ensure optimal application of evidence-based 
practice standards and, when failure does occur, will 
help identify causative factors. The fact that all anesthesia 
providers must take an active role in the development of 
patient safety strategies has been stressed for many years 
in the anesthesia-related literature.12,14,21,22

Given the relatively short duration of this project, it 
is recommended that the study be replicated for a longer 
period and in other anesthesia practices. Analysis of the 
impact of the checklist would improve with an increased 
sample size. The overall provider checklist usage rate of 
78% leaves some room for improvement. All providers 
need to be held accountable for documenting evidence-
based extubation criteria before elective extubation. 
Although teaching may provide one venue to reduce this 
adverse occurrence, an extubation checklist may be an 
excellent way to standardize this procedure and improve 
outcomes for patients who are extubated postoperatively. 
It is hoped that continued encouragement of providers at 
our center regarding the potential value of such a check-
list will improve provider adherence to the checklist. It 
is likely that increased staff encouragement to utilize the 
checklist and adhere to best practice guidelines contrib-
uted to the significant improvement in provider docu-
mentation of a patient having met extubation criteria and 
the short-term reduction in extubation failure during the 
study period. 
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Table 2.  Demographic Characteristics of Patients After Utilization of Extubation Checklist, by Extubation Result  
(n = 622)
Abbreviation: ENT, ear, nose, and throat.
a Some percentages do not total to 100 because of rounding.

 Extubation Succeeded Extubation Failed 
Characteristic (n = 618), No. (%)a (n = 4), No. (%)

Gender

 Male 435 (70.4) 4 (100)

 Female 183 (29.6) 0

Age (y)

 Mean 43.8  56.0

 Range 10 -100 47- 69

Mean length of surgery (min) 112.5  76.5

Body mass index (kg/m2)

 Mean 28.5  36.5

 Range 13.3 -77.8 27.9 - 50.0

Type of admission

 Direct 340 (55.0) 0

 Transfer from other  facility 105 (17.0) 2 (50.0)

 Readmission 166 (26.9) 2 (50.0)

 Shock Trauma Clinic 7 (1.1) 0

Mean length of stay (d) 10.5  10.5

Mechanism of injury

 Motor vehicle collision 102 (16.5) 0

 Soft-tissue infection 134 (21.7) 3 (75.0)

 Interpersonal violence 91 (14.7) 0

 Various readmissions 109 (17.5) 1 (25.0)

 Fall 106 (17.1) 0

 Motorcycle crash 20 (3.2) 0

 Other 56 (9.1) 0

Surgical service

 General 87 (14.0) 1 (25.0)

 Orthopedic 299 (48.0) 0

 Neurosurgery 24 (4.0) 0

 ENT/Plastic 90 (14.0) 0

 Soft-Tissue 111 (18.0) 3 (75.0)

 Thoracic Vascular 6 (1.0) 0

 Other 1 (.2) 0

ASA category

 I 69 (11.1)   0

 II 315 (51.0) 1 (25.0)

 III 217 (35.1) 3 (75.0)

 IV 17 (2.7) 0

Disposition 

 Discharged to home 473 (76.5) 2 (50.0)

 Discharged to rehabilitation 145 (23.5) 2 (50.0)

 Died 0  0
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Based on the results of this project, this evidence-based 
extubation checklist has become a mandatory part of the 
anesthetic record at the STC. Additionally, at present, 
the STC is transitioning to an electronic medical record 
system termed the Anesthesia Information Management 
System (AIMS), and the checklist will become a part of 
these records. 

In order to improve sustainability and provider utili-
zation, it is recommended that quarterly or annual staff 
in-services be conducted on proper use of the checklist 
along with an orientation to the AIMS charting system. 
These in-service programs could either be “live” or 
computer-based tutorials. Ongoing quality improvement 
activities at the STC will assess the effect that use of the 
checklist has in terms of documentation of a patient 
meeting evidence-based criteria before extubation as well 
as patient outcome in terms of failed extubation. It is 
hoped that a sustained reduction in the rate of prevent-
able failed extubations will be realized following consis-
tent application of the extubation checklist by all provid-
ers at the STC. Whether this checklist could be used in 
nontrauma settings is as of yet undetermined. Clearly, 
one could argue that all patients who are electively ex-
tubated postoperatively would benefit from consistent 
application of best practice guidelines before extubation. 

As noted by Youngblut and Brooten23(p475): 

Nursing research that describes clinical phenomena and then 
develops and tests interventions to address the most pressing 
clinical problems must increase substantially to produce the 
knowledge necessary to guide practice and improve patient 
outcomes. More than ever before, it is critical that clinicians, edu-
cators, and researchers work together to accomplish these aims.

An important clinical concern that occurs not only at the 
STC but also at trauma centers throughout the United 
States is the issue of when to initiate postoperative ex-
tubation.

The results of this project indicate that an extuba-
tion checklist may positively influence provider docu-
mentation of evidence-based criteria for extubation as 
well as reduce the occurrence of preventable extubation 
failures. Extubation failure is accompanied by such 
adverse clinical outcomes as tachycardia, hypertension, 
noncardiogenic pulmonary edema, and even death,3 this 
extubation checklist may actually reduce these adverse 
patient outcomes.  Furthermore, as noted by Hales and 
Pronovost,16(p234) “the use of simple tools for error reduc-
tion, such as checklists, may contribute to better patient 
outcomes and safety, more effective practices, and more 
effective use of allocated funds and resources.” 
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