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Endotracheal intubation and extubation are pro-
cedures routinely performed by clinicians who 
manage the airway of critically ill or injured 
patients (e.g., emergency physicians, anesthesiol-
ogists, and intensive care physicians) and patients 
undergoing general anesthesia (i.e., anesthesi-
ologists and other anesthesia providers). Most of 
the time, extubation is a planned, intentional, and 
controlled event and in these circumstances the 
rate of complications related to extubation has 
been reported in the literature to be as high as 12%. 
The unplanned, unintentional, and uncontrolled 
removal of the endotracheal tube (ETT) can be 
either due to actions of the patient removing their 
own tube, defined as self-extubation, or due to an 
external force applied to the ETT during nursing 
care or movement of the patient that causes the 
dislodgement of the tube, defined as accidental 
extubation. Unplanned extubation is associated 
with significant complications, including aspira-
tion pneumonia, hypoxemia, arrhythmias, vocal 
cord injury, brain damage, and death.
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Drew was a teenager who loved skateboard-
ing. He fell one day and sustained a head 
injury. The local emergency room elected 
to intubate Drew for transport to a tertiary 

care center. Enroute, his life-sustaining breathing tube 
became dislodged. The ambulance team reintubated 
Drew but did not recognize the tube had been placed in 
his esophagus. He quickly became hypoxic, his heart 
rate slowed, and he went into cardiopulmonary arrest. 
Therefore, the ambulance was diverted to the nearest 
ER. However, upon arrival the ER physician noted that 
Drew had sustained irreversible brain ischemia and 
Drew was pronounced dead. Although Drew’s death 
was tragic it is not an isolated example of complications 
that can occur from the unintentional and uncontrolled 
removal of a patient’s life-sustaining breathing tube.

Airway management is routinely performed by anes-
thesiologists, intensivists, emergency physicians, and 
other trained airway providers such as nurses, anesthe-
sia assistants,  respiratory therapists, and paramedics. 
Airway management includes placing a life-sustaining 
breathing tube into the trachea (intubation) and even-
tual removal of the tube when the patient no longer 
requires the airway support (extubation). Most of the 
time, removal of the endotracheal tube (ETT) occurs 
in a planned, intentional, and controlled fashion. Yet 
even when extubation occurs as part of a planned and 
controlled situation, it is associated with complications,  
with rates reported in the literature as high as 12%.1,2  

When removal of the endotracheal tube is unplanned, 
unintentional, and uncontrolled, it is typically referred 
to simply as an unplanned extubation (UE). UE can 
occur when the patient dislodges their tube by pull-
ing on it (self-extubation) or when an external force is 
applied to the tube during movement of the patient or 
other nursing care (accidental extubation).3-5  UE can 
occur in any setting where intubated patients are cared 
for, including the operating room, intensive care unit, 
the emergency department, diagnostic imaging suites, 

and procedural areas such as the GI or CV labs. It also 
can occur during transport between any of these areas. 

Many publications in the literature address the 
challenge of predicting and managing the difficult intu-
bation, but the problems that occur during extubation, 
including unplanned extubation, are much less widely 
studied. This is especially true in the intensive care 
unit (ICU), where airway complications associated with 
extubation are higher.4-7

Incidence and Risk Factors

The incidence of unplanned extubation, as reported in 
the literature, ranges widely, from 0.5–35.8% in adults 
and as high as 80.8% in neonates.4, 8-14 The majority of 
studies on the incidence of UE were conducted in the 
intensive care unit. Unplanned extubation in the neo-
natal ICU (NICU) is the fourth-most commonly reported 
adverse event.14-17.

In the United States, an average of 1.65 million adult 
patients are intubated and mechanically ventilated 
in intensive care settings each year.18-19  The median 
reported annual unplanned extubation rate in the ICU 
is 7.3%, which extrapolates to more than 120,000 adult 
patients who experience an unplanned, unintentional, 
uncontrolled extubation every year in the ICU.4 In the 
NICU, the median reported annual  unplanned extuba-
tion rate is even higher at 18.2%.16 On average 80,000 
patients are intubated and mechanically ventilated in the 
NICU, resulting in more than 14,500 neonatal patients in 
the NICU experiencing an unplanned extubation each 
year. The rate of occurrence of UE outside the ICU setting 
is unknown, as very few published studies exist.

While less common in the operating room setting, 
certain conditions can still lead to accidental or self-ex-
tubation in the OR. Most patients receive general 
anesthesia with muscle relaxation, which reduces the 
risk of patient movement and accidental extubation. 
Self-extubation during emergence from anesthesia is 
rare but does occur. Many patients do not require reintu-
bation, but vocal cord injury is a risk if the ETT cuff was 
not deflated before tube removal. More serious are the 
rarer events of accidental extubation that occur during 
the operative procedure. These events can occur during 
procedures in or proximal to the airway, or during lat-
eral or prone positioning of the patient. Several case 
reports exist describing accidental extubation during 
prone spine surgery.18-20 One case report describes an 
extubation that occurred during a wakeup test to per-
form a neurological exam. This case was successfully 
rescued with the placement of a supraglottic airway 
device.20 Another case report describes an extubation 
that occurred with the patient in the prone position and 

Annual Number of Unplanned 
Extubations and Associated Cost

121,000
$5 billion



the head flexed and secured with surgical 
pins. This patient’s airway was rescued 
using fiberoptic intubation.21 Some sur-
gical procedures require the head of the 
patient to be positioned 180 degrees away 
from the anesthesia machine, restricting 
visualization as well as monitoring of the 
endotracheal tube. Dislodgement of the 
endotracheal tube, as well as a delay in 
recognition that extubation occurred, is 
possible in these cases.

In comparison to the operating room, 
accidental extubation is much more 
common in the intensive care environ-
ment. Unlike in the operating room 
environment, general anesthesia and 
muscle relaxation often are not employed, 
potentially increasing the risk of patient 
movement and tube dislodgement.

Self-extubation is the most common cause 
of UE in adults and has been the cause in 
62–90% of reported incidents.22,23 Other 
causes include accidental extubation 
while moving the patient, manipulating 
the endotracheal tube, or performing suc-
tioning maneuvers. Accidental extubation 
can also occur while the patient is being 
turned or repositioned. Intubated patients 
often need to travel outside the ICU setting 
for diagnostic scans such as CT or MRI, or 
for interventional procedures (e.g., endos-
copy, cardiac catheterization) and may 
need to be moved several times during 
which accidental extubation may occur.

Several risk factors can increase the pos-
sibility of extubation due to either patient 
action or accident (Table 1).4,8,11,24-28

Inadequate securement of the tube 
can increase the risk for removal or 
dislodgement. Additional  factors that 
can increase the risk of dislodgement 
or removal include lack of physical 
restraints, inadequate patient sedation, 
or patient agitation or restlessness in 
the setting of an inadequately secured 
ETT.4,8,11 Use of physical restraints or 
oversedation can also potentially lead 
to agitation and increased risk of extu-
bation.4  Emergency surgery, delirium 
or confusion, congestive heart failure, 
or the presence of nosocomial infection 
have also been linked as risk factors for 
unplanned extubation in the ICU.25-27 Lack 

of a clear plan for extubation can also 
increase risk.

The lack of standardized procedures for 
weaning and extubation has also been 
associated with increased risk of UE.4,8,24 
Human factors in the ICU can also play 
a role in increasing risk and have been 
linked to unplanned or accidental intu-
bation, including fatigue, level of nursing 
experience, and inadequate staffing 
patterns.4,25 Other human factors such 
as high nursing workload and higher 
nurse-to-patient staffing ratios have been 
linked as contributing factors for UE, and 
it is not surprising that unplanned extu-
bations occur more frequently during 
evening and night shifts.23,28,29

A study by Danielis et al. surveyed 
nurses in the ICU  to identify  precipitat-
ing factors for unplanned or accidental 
extubation.28 The results of the survey 
identified several key factors: a chaotic 
working environment, poor nurse-to-
patient ratios, lack of communication 
among providers, and barriers to direct 
observation of the patient. Many insti-
tutions utilize continuous sedation with 
sedation vacations, and UE has been 
known to occur when the sedation 
vacation is instituted but not clearly com-
municated to the entire care team. 28 

Complications

In the operating room setting, reported 
airway-related complications are 
higher during extubation than during 
intubation; 12% of all airway claims 
collected by the American Society of 
Anesthesiologists’ closed claims database 
occurred during extubation.1,30  Another 
report from the 4th National Audit Project 
of the Royal College of Anaesthetists and 
the Difficult Airway Society found that 
one-third of reported claims were due 
to respiratory complications associated 
with emergence and extubation.31 In both 
studies, airway-related complications 
that occurred outside the operating room 
setting, under uncontrolled conditions, 
were even higher.

UE can lead to a large variety of complica-
tions (Table 2).22,23,31,32 

Table 1. 
Risk Factors for 

Unplanned Extubation

Table 2. 
Complications 

Associated With 
Unplanned Extubation

Clinical

Other

Inadequate Securement 
of the Endotracheal Tube

Inadequate Sedation

Lack of 
Physical Restraints

Restlessness or Agitation

Delirium or Confusion

Unclear or Lack of 
an Extubation Plan

Hypoxemia

Hemodynamic Instability

Vocal Cord Injury

Aspiration Pneumonia

Respiratory Failure

Brain Damage

Cardiac Arrest

Death

Increased:

ICU Length of Stay

Hospital Length of Stay

Hospital Costs

ICU Mortality Rate



When an endotracheal tube is acci-
dently removed before the tracheal 
cuff is deflated, injury can occur to 
the vocal cords or trachea. Intubated 
patients with large secretion burdens 
can potentially aspirate these secre-
tions during an unplanned extubation 
and this can lead to aspiration pneu-
monia. Unplanned extubation can 
result in hypoxia if oxygenation or ven-
tilation is inadequate after the tube is 
removed, and this hypoxia can prog-
ress to hemodynamic instability and 
hypotension, arrhythmias, brain dam-
age, cardiac arrest, and even death if 
not successfully treated.

S u c c e s s f u l  r e i n t u b a t i o n  a f t e r 
unplanned extubation can be quite 
challenging, especially if hypoxia or 
airway edema is present. The reported 
reintubation rate after unplanned 
extubation varies in the literature but 
may be as high as 89%.4,34,35 A study by 
Mort assessing the need for reintuba-
tion after unplanned extubation found 
that 89% of patients needed reintu-
bation within two hours, and 66% 
required reintubation within 30 min-
utes after accidental extubation.35 The 
need for reintubation after acciden-
tal extubation is higher and carries a 
poorer prognosis compared to reintu-
bation after patient self-extubation.36 A 
study by de Lassence et al. reported an 
overall reintubation rate of 77% after 
unplanned extubation. The major-
ity of the patients in this study who 
required reintubation experienced 
accidental extubation, and 37% of 
patients who self-extubated did not 
require re-intubation.23

Prolonged mechanical ventilation 
increases the risk of ventilator-asso-
ciated pneumonia (VAP), a condition 
associated with longer ICU and hospi-
tal lengths of stay (LOS).37,38 Unplanned 
extubation has been associated 
with increased VAP rates, as well as 
increased ICU and hospital length of 
stay and increases in mortality rates. 
23,37-42  However, conflicting studies 
have found no increases in mortality 
in intubated patients who experienced 
unplanned extubation.8,34 De Lassence 
et al. found that both ICU and hospi-
tal length of stay were longer (18 vs. 

9 days for ICU LOS and 30 vs. 18 days 
for hospital LOS) in intubated patients 
who experienced unplanned extu-
bation.23 Similar results have been 
reported in pediatric and neonatal 
patients with UE.43-45

Other, more severe complications have 
also been reported after unplanned 
extubation. In a study by Klugman, 
cardiovascular collapse occurred fol-
lowing 20% of unplanned extubations, 
and neonatal patients were found to 
be at higher risk.46 Increased mortality 
rate and worse prognosis have been 
reported in multiple studies exam-
ining complications after unplanned 
extubation.34,41,46

Costs

Complications associated with UE, 
especially if they increase hospital or 
ICU length of stay, can significantly 
increase hospital costs.47-49 The need for 
mechanical ventilation in the ICU, even 
in the absence of complications, adds 
to hospital costs (Table 3). According 
to Dasta et al., mechanical ventilation 
adds an average of $1,522 to hospital 
costs per day.48 The average cost for an 
ICU stay for a mechanically ventilated 
patient without an unplanned extu-
bation is $59,206. Due to an increased 
ICU length of stay (18 vs. 9 days) for 
patients who experience an unplanned 
extubation, the average cost of an ICU 
stay and complications for a patient 
who experiences an unplanned extuba-
tion is $100,198. Therefore, due to the 
increased length of stay and complica-
tions that occur due to an unplanned 
extubation, the additional cost per 
unplanned extubation is $40,992.48,49 A 
study by Roddy factored in complica-
tions such as nosocomial infection and 
increased LOS in pediatric patients who 
experienced unplanned extubation in 
the ICU and found that costs increased 
by $36,692 per UE incident.45  In the 
United States, the overall cost burden 
in the ICU from unplanned extubations 
totals near $5 billion.23,47,49 If incidents 
of unplanned extubation in the NICU 
are included, this adds an additional 
$500 million in hospital costs.49

Yearly Cost of 
Unplanned Extubations

ICU Days on MV

ICU Days off MV

Non-ICU Days

$4,960,032,000

Table 3. 
Average Yearly Costs 

Associated With Unplanned 
Extubation in the Adult ICU

Yearly Cost of 
Unplanned Extubations

ICU Days on MV

ICU Days off MV

Non-ICU Days

$4,960,032,000
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Prevention

The literature clearly shows that UE is both common 
and costly. Yet, the gravity of this very serious problem 
remains underrecognized in many hospitals and com-
monly is not acknowledged as a valid problem. Many 
hospitals still do not track unplanned extubation rates 
as a quality metric, and most electronic health record 
(EHR) systems do not include data sets to track acci-
dental or self-extubation. An informal survey of EHR 
companies conducted by the Airway Safety Movement 
found that none surveyed had a data field for UE. A 
major first step in prevention is to increase awareness 
of the problem. There are several strategies that can be 
employed to reduce the risk of UE.

Increased Awareness of Risk Factors
An important first step to increase awareness of the prob-
lem is staff education for providers caring for intubated 
patients about the risk factors and how to monitor for 
patients at risk. Vats et al. created an airway risk assess-
ment scoring tool that can stratify pediatric patients and 
identify patients at risk for unplanned intubation.50 This 
tool assigns points for several risk factors, with a score of 
5 or higher indicating high risk for UE. The study found 
a high correlation between the scoring tool and the inci-
dence of unplanned extubation.

Several hospitals have introduced quality improvement 
initiatives using multidisciplinary interventions to pre-
vent unplanned extubation and improve outcomes. 
Chao et al. used a multidisciplinary approach of stan-

dardized procedures, revised sedation and weaning 
protocols, improved restraint and securement methods, 
and improved communication, and found a significant 
reduction in UE rates from 3.19 to 0.95 per 100 patients.51 
Chao’s strategy also used team resource management 
and a no-blame culture, and created a task force to iden-
tify high-risk patients. Similar quality improvement 
strategies have demonstrated a reduction in unplanned 
extubation rates in the pediatric and neonatal ICUs.53,54 

Kandil et al. demonstrated a reduced rate of UE by 75% 
(1.2 to 0.3 UE per 100 ventilator days) using quality 
improvement methods.57 Galiote et al. reduced unin-
tended extubations in their Level IV NICU by 61% using 
quality improvement methods.56

Strategies to Reduce the Incidence of Unplanned Extubation
Individual strategies can also reduce the incidence 
of UE. Standardization of protocols as well as the cre-
ation of bundles and checklists in the ICU setting has 
been shown to reduce VAP and improve outcomes.57,58 
Standardization of tube restraint methods as well as 
patient restraint and sedation protocols could have a 
similar benefit.51,55,56 

Kandil identified several strategies that should be 
deployed during high-risk situations to decrease the inci-
dence of unplanned extubation.55 High-risk situations 
include repositioning the ETT, moving the patient during 
nursing procedures, and situations that require trans-
port of the patient from one unit to another. One of the 
strategies is to require two caregivers to participate in any 
high-risk situation, with one of the caregivers being solely 

Figure 1. Society for Airway Management Collaborative
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Table 4. Attributes of an Optimal Endotracheal Tube 
Securement Device

responsible for protection of the tube. The caregiver who is 
responsible for the protection of the ETT performs a verbal 
call-out of the ETT depth position prior to movement of the 
patient (e.g., “ETT 23cm at upper incisors”) and upon com-
pletion of movement of the patient (e.g., “ETT at 23 cm…
No change”). The same caregiver directs a verbal call-out of 
when to begin coordinated movement of the patient (e.g., 

“move on-three… 1… 2… 3”). 

Improving and optimizing securement of the ETT can 
prevent UE. Many different methods and securement 
devices exist to maintain an indwelling ETT. Although 
no single method or device has been proven superior, 
there are several recommended attributes for an optimal 
securement method (Table 4).59-61 

Human and Environmental Factors
Human factors that impact the incidence of UE, such as 
staffing ratios, teamwork, and communication, should 
be optimized to reduce risk. The use of simulation has 
been shown to be very effective for teaching and practic-
ing teamwork and communication outside of the clinical 
setting.62,63  A survey of nurses in the ICU identified sev-
eral organizational and environmental factors that  could 
be modified to reduce UE risk, such as communication 
failures, environmental chaos and barriers to direct sur-
veillance of the patient, and poor nurse-to-patient ratios.28

Operating Room Strategies
Briefings, or time-outs, are often used in the operating 
room to discuss extubation risks and strategies for pre-
vention and management in high-risk cases, similar to 
the concerns often discussed for cases at risk for airway 
fire.20,21  Cases at risk for airway fire are often also at risk 
for accidental extubation due to the nature of the proce-
dure. Since the airway is often inaccessible during these 

procedures, careful securement of the endotracheal 
tube is important to reduce extubation risk. In high-risk 
cases, it is recommended to have alternate airway devices 
immediately available for reintubation, such as video 
laryngoscopes, flexible bronchoscopes, and supraglottic 
airway devices.20,21

Strategies to Prevent Reintubation After Unplanned Extubation 
Strategies to maximize oxygenation and ventilation can be 
employed after unplanned extubation to avoid reintuba-
tion, or at least to prevent an urgent need for intervention. 
Several newer methods of high-flow oxygenation via the 
nasal route can potentially prevent or delay reintuba-
tion.64,65 Some of these methods also provide continuous 
positive airway pressure (CPAP), which can be especially 
useful in obese patients or individuals with obstructive 
sleep apnea.66,67  A study by Lin et al. used noninvasive 
positive pressure ventilation as a strategy after unplanned 
extubation, and found that it significantly reduced the 
rate of reintubation.34  Conversion to tracheostomy or 
early extubation are other strategies that can potentially 
reduce risk for unplanned extubation.

Conclusion and Future Directions

UE is a common and costly problem in the perioperative 
and intensive care environments, with a large impact on 
outcomes and hospital costs, yet it remains an under-
recognized problem. Increased awareness and prevention 
are critical. Better tracking and the implementation of 
quality improvement initiatives can potentially address 
the problem. Prevention requires commitment from not 
only clinical care providers but also leadership to imple-
ment strategies and protocols to standardize care. The 
Patient Safety Movement Foundation (PSMF) has iden-
tified that a hospitalwide culture of safety is important 
in reducing UE.68 Rates of UE should be identified and 
tracked, ideally within an EHR system. 

The Society for Airway Management, a global multidis-
ciplinary society devoted to improving airway safety, 
created a special projects committee to address unplanned 
extubation. This committee formed a collaborative with 
over 20 other medical societies and safety organizations 
to increase awareness of the magnitude of the problem. 
The collaborative has published over 20 articles on UE 
and developed a toolkit consisting of checklists, core 
data sets, and Actionable Patient Safety Solutions (devel-
oped by PSMF) that hospitals can use to track unplanned 
extubation.68 These resources can be downloaded from 
AirwaySafetyMovement.org or PatientSafetyMovement.
org completely free of charge.

The Children’s Hospitals’ Solutions for Patient Safety 
Network (SPS Network), consisting of 135+ Children’s 
Hospitals collaborating to eliminate serious harm in 
the children being cared for in their facilities, has been 
very successful in bringing together institutions, sharing 

Ease of placement, use, and maintenance

Prevents incremental tube movement that can lead to 
eventual malpositioning

Adequate stabilization against external forces that may 
dislodge tube

Facilitates suctioning but is not compromised by secretions

Allows tube movement for oral care

Requires infrequent adjustment or change

Cost-effective 

Enhances patient comfort and minimizes skin pressure

Avoids adhesives that could irritate skin

http://www.airwaysafetymovement.org
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proven best-practice quality improvement methods for 
UE, instituting those best practices, and publishing their 
results in peer-reviewed publications. Patterned after this 
model, a similar network is being formed for adult acute 
care hospitals. The Adult Hospitals’ Solutions for Airway 
Safety Network will also work together to determine if 
the quality improvement methods already proven by the 
SPS Network to reduce UE in the NICU and PICU can be 
effectively applied to the adult ICU environment. Through 
research and publication, the Adult Hospitals’ network 
hopes to demonstrate that a proven best-practice qual-
ity improvement bundle will decrease the incidence of 
UE from the literature benchmark of 7.3% and thereby 
decrease the associated complications and associated 
costs of nearly $5 billion. For more information on the 
Adult Hospitals’ Solutions for Airway Safety Network con-
tact akanowitz@airwaysafetymovement.org.
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