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BACKGROUND: The ABCs of trauma resuscitation begin with the airway evaluation, and effective airway management is imperative in the care of a patient
with critical injury. The Eastern Association for the Surgery of Trauma Practice Management Guidelines committee aimed to update the
guidelines for emergency tracheal intubation (ETI) published in 2002. These guidelines were made to assist clinicians with decisions
regarding airway management for patients immediately following traumatic injury. The goals of the work group were to develop evidencebased guidelines to (1) characterize patients in need of ETI and (2) delineate the most appropriate procedure for patients undergoing ETI.
METHODS:
A search of the National Library of Medicine and the National Institutes of Health MEDLINE database was performed using PubMed
(www.pubmed.gov).
RESULTS:
The search retrieved English-language articles published from 2000 to 2012 involving patients who had sustained blunt trauma,
penetrating trauma, or heat-related injury and had developed respiratory system insufﬁciency or required ETI in the immediate period
after injury (ﬁrst 2 hours after injury). Sixty-nine articles were used to construct this set of practice management guidelines.
CONCLUSION: The data supported the formation of six Level 1 recommendations, four Level 2 recommendations, and two Level 3 recommendations.
In summary, the decision to intubate a patient following traumatic injury is based on multiple factors, including the need for oxygenation and ventilation, the extent and mechanism of injury, predicted operative need, or progression of disease. Rapid sequence
intubation with direct laryngoscopy continues to be the recommended method for ETI, although the use of airway adjuncts such as
blind insertion supraglottic devices and video laryngoscopy may be useful in facilitating successful ETI and may be preferred in
certain patient populations. There is no pharmacologic induction agent of choice for ETI; however, succinylcholine is the neuromuscular blockade agent recommended for rapid sequence intubation. (J Trauma Acute Care Surg. 2012;73: S333YS340. Copyright *
2012 by Lippincott Williams & Wilkins)
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T

he ﬁrst priority in the care of all trauma patients is the
afﬁrmation of a patent airway to ensure adequate oxygenation and ventilation. The ABCs of trauma resuscitation
begin with the airway evaluation, and effective airway management is imperative in the care of a patient with critical injury. Patients may require emergency tracheal intubation (ETI)
for various reasons following injury including hypoxia,
hypoventilation, or failure to maintain or protect the airway
owing to altered mental status. However, multiple factors may
be present, which make the decision to intubate less straightforward. One of the most difﬁcult aspects of airway management in trauma is the potential deterioration in clinical status,
which may occur during the early phases of resuscitation. The
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decision to intubate may go well beyond a patient’s ability to
oxygenate or ventilate.
It has long been established that any decrease in oxygen
delivery to the injured brain, precipitated by hypoxia or hypotension, increases morbidity and mortality in the setting of
severe traumatic brain injury.1Y6 Therefore, the decision is not
only whether a patient needs intubation but also when and how
to intubate. Delays in adequate airway management may have
devastating consequences, and this is one of the more common
causes of preventable death in both the prehospital and the emergency department setting.7,8 Even for patients that are initially
stable, a delay in intubation is associated with increased mortality from 1.8% to 11.8% in one study.9 In addition, ETI has
the potential to cause secondary injury if performed inadequately or unsuccessfully by creating or exacerbating hypoxia
or hypotension.
In 2002, the Eastern Associated for the Surgery of
Trauma (EAST) Practice Management Guidelines (PMGs)
Committee work group on ETI formulated guidelines to assist
clinicians with decisions regarding airway management for
patients immediately following traumatic injury. The goals of
the work group were to develop evidence-based guidelines to
(1) characterize patients in need of ETI and (2) delineate the
most appropriate procedure for patients undergoing ETI. The
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basis for these guidelines was an evidence-based review of
patients who had sustained blunt trauma, penetrating trauma,
or heat-related injury and had developed respiratory system
insufﬁciency or required ETI in the immediate period after
injury (ﬁrst 2 hours after injury). The previous committee
reviewed literature from 1970 to 2001 and formulated the
guidelines published in 2003.10
In creating the updated guidelines for ETI, committee
members, with recognized expertise in trauma surgery, emergency medicine, and anesthesiology, formulated speciﬁc questions to be addressed during the assessment and revision process.
1. Are the 2002 guidelines still valid, and is there any new evidence to change the level of the previous recommendations?
2. Is direct laryngoscopy (DL) still the preferred method for
ETI in trauma?
3. What is the role of newly introduced airway adjuncts, such as
blind insertion supraglottic devices and video laryngoscopy?
4. Are there pharmacologic agents used for intubation that
should be recommended for or against in the setting of
acute injury?
5. What is the role of prehospital ETI?

PROCESS
Studies appropriate for the ETI update were identiﬁed
using MEDLINE. An initial database query was undertaken
using the same search criteria that were used in the original
PMG with citations published between January 2001 and
December 2011. This included a combination of MESH headings and title words with limits to English-language, human, all
ages, and all study types: hypercarbia, airway obstruction,
hypoventilation, aspiration, psychomotor agitation, hypoxia,
injury/injuries, trauma/traumatic, brain, head, intubation, endotracheal, tracheostomy, cricothyroidostomy, cricothyroidotomy, and cricothyrotomy. Given the speciﬁc questions posed
by the work group, additional search terms were used: videoassisted laryngoscopy, videolaryngoscopy, laryngeal mask airway, King LT, Combi-tube, and cricoid pressure.
In addition to the MEDLINE search, bibliography of
reviews, letters to the editor, and meta-analyses were used
to identify other relevant patient investigation articles. If an
article investigated trauma and medical patients, the article
was included if the trauma patient cohort was at least 50% or
if the study included a subgroup analysis on the speciﬁc
trauma population.
The initial search identiﬁed 2,688 citations. Letters to the
editor, case reports, reviews, and articles dealing with airway
training using simulation were excluded. The abstracts of the
remaining citations were reviewed, and those articles that did not
address the issues pertinent to the questions outlined previously
were further excluded. In total, 93 citations met the inclusion
criteria. These were distributed to members of the committee for
review, and ultimately, 69 were included in the analysis. Citations were cross-referenced to the 2002 document to ensure that
no articles included in the original database were repeated. The
breakdown of the 69 articles was as follows:
& Population appropriate for intubation (11 articles),
& Prehospital care (36 articles),
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& Pharmacologic agents (7 articles),
& Airway adjuncts and video-assisted laryngoscopy
(9 articles), and
& Other (6 articles).
Articles and recommendations were classiﬁed as described
in the EAST primer on using evidence-based outcome measures
to develop PMGs:
Class I: Prospective randomized controlled trial (3 articles)
Class II: Prospective clinical trial or retrospective analysis based
on reliable data (13 articles)
Class III: Retrospective case series or database review
(53 articles)
Level 1: The recommendation is convincingly justiﬁable based
on the available scientiﬁc information alone. This recommendation is usually based on Class I data; however, strong Class II
evidence may form the basis for a Level 1 recommendation,
especially if the issue does not lend itself to testing in a randomized format.
Level 2: The recommendation is reasonably justiﬁable by
available scientiﬁc evidence and strongly supported by expert
opinion. This recommendation is usually supported by Class II
data or a preponderance of Class III evidence.
Level 3: The recommendation is supported by available data but
adequate scientiﬁc evidence is lacking. This recommendation
is generally supported by Class III data. This type of recommendation is useful for educational purposes and in guiding future
clinical research.

RECOMMENDATIONS
Airway Assessment
Level 1
There were no recommendations.

Level 2
The recommendations are as follows:
1. A careful airway assessment should be performed before
initiating efforts to secure the airway. The goals of this
assessment are to identify potential markers of difﬁculty
with the following:
a. Bag-valve mask ventilation,
b. Laryngoscopy, and
c. Surgical airway.
2. The application of structured assessment tools (e.g., the
LEMON law) is recommended.
3. When signiﬁcant difﬁculty is anticipated, neuromuscular
blockade should be used with caution, and airway rescue
devices, including surgical airway equipment, should be
immediately available.

Level 3
There were no recommendations.

Scientiﬁc Foundation
The original PMGs did not include any recommendations
for airway assessment. Although many emergency intubations
are straightforward, as many as 0.3% to 2.7% result in ‘‘failed
* 2012 Lippincott Williams & Wilkins
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airways’’ in the setting of trauma.11,12 Recognition of speciﬁc
attributes of the difﬁcult airway allow for better preparation
and potentially preventable adverse consequences. An assessment tool used in the current (eighth) version of advanced
trauma life support is the LEMON mnemonic.13
L: Look externally (facial trauma, large incisors, beard or
moustache, large tongue);
E: Evaluate the 3-3-2 rule (incisor distance G 3 ﬁngers, hyoid
mental distance G 3 ﬁngers, thyroid to mouth G 2 ﬁngers);
M: Mallampati score;
O: Obstruction (presence of any condition that could cause
obstruction); and
N: Neck mobility (all patients with blunt trauma require cervical
in-line stabilization that makes visualization of the glottis
more difﬁcult).
The use of the LEMON score was able to successfully
stratify the risk of intubation difﬁculty. Patients with a high
airway assessment score were found to have a poor laryngoscopic view compared with those patients with a low airway
assessment score.14

Indications for ETI
Level 1
1. ETI is indicated in trauma patients with the following traits:
a. Airway obstruction,
b. Hypoventilation,
c. Persistent hypoxemia (SaO2 e 90%) despite supplemental oxygen,
d. Severe cognitive impairment (Glasgow Coma Scale
[GCS] score e 8),
e. Severe hemorrhagic shock, and
f. Cardiac arrest.
2. ETI is indicated for patients experiencing smoke inhalation
with any of the following traits:
a. Airway obstruction,
b. Severe cognitive impairment (GCS score e 8),
c. Major cutaneous burn (Q40%),
d. Major burns and/or smoke inhalation with an anticipated
prolonged transport time to deﬁnitive care, and
e. Impending airway obstruction as follows:
i. Moderate-to-severe facial burn;
ii. Moderate-to-severe oropharyngeal burn, and
iii. Moderate-to-severe airway injury seen on endoscopy.

Level 2
There were no recommendations.

Level 3
3. ETI may also be indicated in trauma patients with any of the
following traits:
a. Facial or neck injury with the potential for airway
obstruction,
b. Moderate cognitive impairment (GCS score 9 9Y12),
c. Persistent combativeness refractory to pharmacologic
agents,
d. Respiratory distress (without hypoxia or hypoventilation),
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e. Preoperative management (i.e., patients with painful
injuries or undergoing painful procedures before nonemergent operation), and
f. Early ETI is indicated in cervical spinal cord injury with
any evidence of respiratory insufﬁciency (complete
cervical SCI or incomplete injuries C5 and above).

Scientiﬁc Foundation
After publication of the original PMG guidelines on ETI,
there was some debate about whether the criteria recommended
for ETI after trauma (Number 1 in the previous enumeration)
fully represented the trauma population that would beneﬁt from
ETI. The committee expanded the criteria that may indicate a
need for ETI (Number 3 in the previous enumeration). These
recommendations were based on several retrospective studies
that identiﬁed the need for airway management for patients with
these criteria. Sise et al.15 performed a retrospective review of
1,000 consecutive patients that were intubated after injury. The
study evaluated indications for intubation and characterized
them as either those indicated by the EAST Guidelines or
other discretionary indications (DI). In the study population of
1,000 patients, 44% were intubated for reasons other than
those stated in the EAST guidelines. These DI included altered
mental status with GCS score of greater than 8 (24.8%),
combativeness (12.7%), preoperative management (4.8%),
facial or neck injury (1.5%), and respiratory distress without
hypoxia (0.6%). Importantly, one in three DI patients was
found to have signiﬁcant head injury. Despite a 12.6% rate of
head injury in those patients intubated for combativeness in
this study, intubation in this setting is not without risk. A study
by Muakkassa et al.16 demonstrated that patients intubated for
combativeness as the only indication have longer stay, an increased incidence of pneumonia, and poorer discharge status
when compared with matched controls. However, given the risk
of signiﬁcant head injury and the importance of being able to
complete a thorough trauma evaluation, persistent combativeness that inhibits the ability to adequately evaluate potential
injuries and that is refractory to safe pharmacologic management is included in the criteria for ETI.
Another patient population studied with regard to early
tracheal intubation are those with cervical spinal cord injuries.
Three retrospective studies with more than 400 patients support thorough evaluation of respiratory status, and those with
complete SCI should be intubated early, especially with injury
levels of C5 and above.17Y19 Those patients with incomplete
SCI with any sign of respiratory insufﬁciency should also be
intubated early.17
Patients with penetrating neck trauma are also at risk for
airway compromise and increased mortality when airway management is delayed or ineffective. In addition to the data of
Sise et al., multiple other studies support early ETI for patients
with neck injury.20Y23 Given the risk of airway injury and
potential difﬁculty with airway management, three studies
have attempted to delineate the best approach for airway control
in this patient population.21Y23 Although none was able to
make deﬁnitive recommendations for the best method of obtaining ETI, these studies support either DL or awake nasotracheal intubation. In these situations, there are no deﬁnitive
recommendations as to where ETI should take place, whether
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in the trauma bay or in the operating room. This decision is
made by the trauma surgeon in charge based on airway stability, anticipation of difﬁcult airway management, and available personnel.

Procedural Options
Level 1
1. Orotracheal intubation guided by DL is the ETI procedure
of choice for trauma patients.
2. Rapid sequence intubation (RSI) should be used to facilitate
orotracheal intubation unless markers of signiﬁcant difﬁculty with intubation are present. An RSI drug regimen
should be given to achieve the following clinical objectives:
a. Adequate sedation and neuromuscular blockade,
b. Maintenance of hemodynamic stability and CNS
perfusion,
c. Maintenance of adequate oxygenation,
d. Prevention of increases in intracranial hypertension, and
e. Prevention of vomiting and aspiration.
There are no recommendations regarding the use of speciﬁc induction agents used for RSI in trauma. Succinylcholine
is the recommended agent of choice for neuromuscular blockade, in the absence of any contraindications to its use.
3. Enhancements for safe and effective ETI in trauma patients
include the following:
a. Availability of experienced personnel,
b. Pulse-oximetry monitoring,
c. Maintenance of cervical neutrality,
d. Conﬁrmation of tube placement using auscultation of bilateral breath sounds and end-tidal CO2 detection, and
e. Continuous end-tidal CO2 monitoring for patients with
severe traumatic brain injury.
4. Cricothyroidostomy is appropriate when emergent/urgent
tracheal intubation is needed and cannot be achieved rapidly with DL or with the use of alternative airway techniques and devices.

Level 2
5. When ETI cannot be achieved rapidly with DL, a number of
airway rescue devices may be used as follows:
a. Blind-insertion supraglottic devices (i.e., LMA, Combitube, and King Airway),
b. Gum-elastic bougie,
c. Video laryngoscopy, and
d. Surgical cricothyroidostomy.
Decisions regarding the most appropriate rescue technique should be guided by the clinical scenario at hand, resource
availability, and the skill and experience of the treating clinician.

Level 3
6. Video laryngoscopy may offer signiﬁcant advantages over
DL, including the following:
a. Superior views of the glottis (Cormack-Lehane I/II);
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b. Higher intubation success rates for patients with anatomically difﬁcult airways, in obese patients, and in those
with the cervical spine held in-line; and
c. Higher intubation success rates by inexperienced airway
providers.

Scientiﬁc Foundation
RSI is the preferred method of airway management for
most of the injured trauma patients. RSI provides rapid unconsciousness (induction) and neuromuscular blockade (paralysis).
This is especially important in trauma patients who likely are
not fasted and are at much greater risk for vomiting and aspiration. This method has been proven safe and effective during
the past several decades and is considered standard of care for
emergency airway management. The choice of pharmacologic
agents used for RSI, however, is less straightforward. Multiple
factors, such as hemodynamic instability, the presence of traumatic brain injury, or comorbid conditions, may alter the use
of speciﬁc pharmacologic agents.
After careful review of the literature, the committee decided
not to make recommendations on the use of speciﬁc pharmacologic agents for induction during RSI. In many centers, etomidate
is the drug of choice for induction because of its rapid onset,
hemodynamic stability, and extensive experience with its use. The
use of etomidate for induction has been the source of much
controversy and has been studied speciﬁcally in trauma patients.
Single-dose etomidate has been associated with adrenal insufﬁciency,24 as well as increased incidence of adult respiratory
distress syndrome and multiple-organ dysfunction syndrome25
Despite these two retrospective reviews, the evidence is not
strong enough to recommend against its use. Ketamine has
long been avoided for induction in patients suspected of
traumatic brain injury because of a theoretical increase in intracranial pressure (ICP). Multiple reviews and editorials have
questioned this historical bias.26,27 In addition, several studies
have assessed the use of ketamine as a sedative agent and its
effect on ICP, some demonstrating actual decreases in ICP.28,29
There are no convincing studies evaluating the effects of
ketamine on ICP when used as an induction agent. Ketamine
may be a preferable agent for patients in shock because it may
actually increase blood pressure in normotensive or hypotensive patients. A review of other possible induction agents used
for intubation after trauma is available.30
The use of a neuromuscular blocking agent (NMBA) is a
fundamental part of RSI. Succinylcholine remains the agent of
choice in trauma because of its consistently rapid onset and
short duration of action. There is no evidence that the fasciculations caused by succinylcholine cause signiﬁcant increases in
ICP for patients with traumatic brain injury, and there is no
support for giving defasciculating doses of nondepolarizing
NMBAs.31 Suspected elevation of ICP is not a contraindication for the use of succinylcholine. For patients with a contraindication to succinylcholine, such as prolonged immobilization,
chronic kidney disease, or skeletal muscle myopathies, high-dose
rocuronium is the preferred alternative.
Although a standard of care in emergency intubations, the
efﬁcacy of cricoid pressure (CP) has recently been questioned.
Its introduction into clinical practice followed a description of
the technique and small case series32 and was never subject
* 2012 Lippincott Williams & Wilkins
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to rigorous evaluation. The technique is used in theory to reduce the risk of aspiration during the induction phase of
anesthesia, although its application, timing, and technique are
not standardized. Recent evidence suggests that CP impairs
laryngoscopic view, reduces bag-valve mask ventilation efﬁciency, and does not prevent aspiration.33 In a prospective, observational study of 400 adult trauma patients intubated with
CP, researchers compared the effect on laryngoscopic view of
three maneuvers (release of CP, BURP, and laryngeal manipulation under direct vision). Removing CP facilitated intubation in most cases and was not associated with a worsening
view of the glottis in any case.34 The authors reported only two
cases of regurgitation associated with failed intubation, prolonged
BVM, and the removal of CP. The current recommendation is that
early removal of CP in cases of poor laryngeal view will likely
facilitate intubation with minimal risk to the patient. Because
of this controversy and lack of evidence base, the application of
CP was removed as a Level 1 recommendation.
Since the 1980s, when the use of the LMA was ﬁrst
reported, the use of supraglottic airway devices has become
increasingly popular. Currently, multiple versions of the LMA,
the Combitube, and the King Airway (LT, LTS, and LTS-D)
are available. Beneﬁts of supraglottic devices are that they can
be placed blindly, rapidly, and the performance of these devices is not affected by the patient characteristics that negatively
affect mask ventilation, laryngoscopy and successful performance of cricothyroidotomy (obesity, limited neck movement,
facial hair, etc.). In a large study of prehospital airway management, alternate airway insertions (primarily the Combitube) occurred in 96 of 100,000 patient care events with a
success rate of 87.2%.35 Other studies using the Combitube as
a rescue device for failed ETI show success rates of 95%.36
Studies with the King airway show success rates of 92% to
100%,37Y39 and 96% of participants in one study preferring the
King to the Combitube.39
The exact role for supraglottic devices compared with
prehospital DL is unclear. A review of ﬁve controlled clinical
trials with more than 1,500 patients comparing ETI with alternative airway techniques was unable to show a difference in
outcome.40 The high variability in prehospital provider competence and experience make recommendations for a speciﬁc
rescue device a challenge. Based on the available data, it seems
that supraglottic airway devices show an acceptable success rate
as primary and rescue airway adjuncts.
DL by trained physicians, with the use of in-line stabilization for cervical spine protection, has been shown to be a
safe and effective means of intubation after trauma.41Y45 Despite good success rates with DL, the use of video laryngoscopy and the studies evaluating its use have been increasing.
So far, there is inconclusive evidence indicating that video
laryngoscopy should replace DL in trauma patients requiring
ETI. Several studies in nontrauma patients have investigated
various types of video laryngoscopes (i.e., Glidescope, Bullard,
Airtraq, and Pentax AWS). The speciﬁc features and characteristics of the video laryngoscopes vary, but they each provide an
indirect view of the upper airway and a theoretical advantage
in minimizing cervical spine motion during intubation. Studies
have supported that the Cormack-Lehane grade is improved,46Y48
cervical spine motion is lessened,49Y52 force and pressures
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exerted on the airway are decreased,53,54 hemodynamic
responses are minimized,55 and time to intubation is similar56
with video as compared with DL. One study speciﬁcally looking at patients intubated with cervical spine immobilization by a
semirigid collar showed improved views with the Glidescope over
a Macintosh blade.57 However, improved laryngeal views are
not always matched with higher intubation success rate. Despite the good visualization of the glottis, the insertion and
advancement of the endotracheal tube may occasionally fail,
and despite the growing evidence that video laryngoscopy
may be superior to DL in some cases, many of these studies
are performed in cadaver models, simulation scenarios, and
elective nontrauma patients and performed by personnel well
trained with the use of the devices. One retrospective study of
822 emergency department intubations (of which, 960% were
trauma patients) showed that overall success rates for video
laryngoscopy were similar to DL, but ﬁrst-attempt success
rates were higher using the Glidescope.58 Another emergency
departmentYbased review also showed similar overall success
rates but an increased time to completion when the Glidescope
was used compared with DL.59
Video-assisted devices may have a greater role for patients
with potentially difﬁcult airways. Studies performed in patients
with easy laryngoscopy (Cormack-Lehane grade I or II) demonstrate similar success rates as DL but increased time to intubation.49,60,61 The beneﬁt is more measurable for patients with
difﬁcult airways, where DL may not provide good visualization.60,62,63 Further studies, looking speciﬁcally at trauma
patients, need to be performed before further recommendations may be made regarding the use of video laryngoscopy
for ETI.

Areas for Future Investigation
Prehospital ETI
The subject with the most literature and the most Level 1
and Level 2 data is regarding the role of prehospital intubation in trauma. Of the 69 articles reviewed for this PMG, 31
involved this perplexing question. Many studies support improved functional outcomes for those receiving ETI in the
ﬁeld,64Y71 but as many demonstrate delays in transport to deﬁnitive care and similar or worse outcome.72Y84 More specifically, some studies evaluated the beneﬁt of RSI versus
intubation without RSI70,85Y90 However, despite the plethora
of data, literature reviews,91Y93 as well as expert panels formed
to attack this particular question,94 no conclusion could be
reached regarding prehospital intubation for patients with traumatic brain injury, with or without RSI. Diversity of patient
population, differing airway algorithms, various experience
among emergency medical service personnel in ETI, and differing reporting make consensus difﬁcult. Until further multicenter prospective studies are performed, local emergency medical
service directors must evaluate local factors to ensure optimal
outcome for patients meeting this criteria.
This review also did not take into consideration speciﬁc
pediatric trauma airway considerations. The committee thought
as though the scope of experience as well as the lack of significant data made recommendations in this area beyond this
committee’s expertise.
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Key Points
& The decision to intubate a patient following traumatic injury
is based on multiple factors including not only the need for
oxygenation and ventilation but also mechanism of injury,
predicted operative need, or progression of disease (i.e., burns,
spinal cord injury).
& ETI is best achieved by an RSI technique with DL.
& There is no pharmacologic induction agent of choice for ETI.
& Succinylcholine is the NMBA of choice for paralysis for ETI.
& The use of CP is no longer a Level 1 recommendation.
& Airway adjuncts may be useful in facilitating successful ETI.
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