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KEY POINTS

� Airway management is a critical skill for emergency physicians.

� Careful airway assessment and preplanning are essential in determining which patients
require invasive airway management and what equipment will be required to successfully
manage the patients’ airway.

� Airway management is a team-based procedure, and the emergency physician must be
receptive and responsive to team input to maximize the safety of the procedure.
Airway management is a critical procedure and essential skill necessary for all physi-
cians working in the emergency department. Optimal resuscitative treatment of
medical and trauma patients often revolves around timely and effective airway inter-
ventions that can be challenging in the acute setting, especially in critical patients.
Time-honored airway techniques and procedures combined with recent advances
in rapid sequence intubation (RSI), video laryngoscopy, and further advanced airway
techniques now offer emergency clinicians a wide range of exciting new options for
improving this crucial component of acute care and management.
AIRWAY MANAGEMENT DECISION MAKING AND BASIC MANAGEMENT

Initial patient assessment forms the cornerstone of further advanced airway manage-
ment, and the primary evaluation should focus on the quick identification of those who
may need respiratory support. This evaluation includes assessment for the patency of
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the airway and adequacy of ventilatory effort, potential hypoxia, or presence of illness
or injury that could result in further deterioration of the patients’ respiratory status.
These initial efforts should then guide proper management techniques and interven-
tions to improve the patients’ overall condition and optimize both oxygenation and
ventilation.
In general, patients with airway management issues may be divided into those who

need an immediate definitive intervention versus those who are more stable or less
urgent. The first category is generally identified as a crash airway and must be
managed without delay.1 The second group may be assessed in a more systematic
fashion in an effort to determine the next best step in treatment and to identify factors
that could make airway management difficult.
Primary efforts should focus on airway patency, and any potential obstruction

should be immediately treated. Simple airway repositioning may improve occlusion
from the tongue and may include varied techniques, such as the jaw thrust or chin
lift method. Inspection may also demonstrate airway occlusion from blood, vomit, or
other foreign bodies that should be quickly removed. Patients with altered levels of
consciousness may not protect their airway and may require insertion of an oropha-
ryngeal airway or a nasopharyngeal airway in an effort to overcome posterior tongue
displacement or loss of pharyngeal muscle tone.
In cases of potential respiratory compromise, it is also wise to identify early those

patients who may have difficulty with airway management and include this as
a component of the initial assessment. The commonly used mnemonic MOANS
(Table 1) can help identify those who may be difficult to provide ventilatory support
via a bag valve mask (BVM), and its individual components have been validated in
multiple studies.2–4 Similarly, the mnemonic LEMON (Table 2) may be used to identify
potential difficulties with endotracheal (ET) intubation.5,6

The initial evaluation using pulse oximetry to identify hypoxia is now almost universal
in prehospital and emergency triage vital signs and provides a useful initial screen for
those with potential respiratory issues and complaints.7 Pulse oximetry also gives
useful feedback on the effects of supplemental oxygen and assessment of further
treatment, delivering easily obtainable and noninvasive real-time information for
providers. In more critical patients, continuous pulse oximetry is essential for the
process of RSI and for further management of patients on noninvasive positive pres-
sure ventilation or mechanical ventilation (MV). As with all technology, there are limita-
tions, including factors like motion artifact and cardiac arrhythmias, and physical
barriers, like nail polish that may cause false readings.8,9 Pulse oximetry also provides
Table 1
MOANS: a mnemonic for identifying patients at risk for poor bag-valve-mask seal

MOANS2 Criteria

Mask seal Beards, facial injury

Obesity/obstruction BMI >26, airway obstruction, obstetric patients

Age Aged older than 55 years

No teeth

Stiffness Increased airway resistance (asthma, COPD), stiff lungs (pulmonary
edema, CHF, pneumonia)

Abbreviations: BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive
pulmonary disease.



Table 2
LEMON: a mnemonic for identifying patients at risk for difficult endotracheal intubation

LEMON4 Criteria

Look A quick external examination of the patient for potential signs of
airway management problems.

Evaluate the 3-3-2 Rule Examine the airway for structural and anatomic factors that may
make intubation difficult. Normal findings should show
a mouth opening that accommodates 3 of the patient’s fingers,
a mandible measuring 3 fingers from the mentum to the hyoid
bone, and a distance of 2 fingers from the hyoid bone to the
thyroid notch. When present, these factors predict sufficient
spatial relationships between the mouth, the mandible,
temporamandibular joint mobility, and the larynx to allow for
successful direct laryngoscopy and eventual endotracheal
intubation.

Mallampati Score Assessment of the posterior oropharyngeal structures visualized
when the mouth is open and the tongue is fully protruded.

Obstruction Upper airway obstruction from foreign bodies, edema, stridor, or
soft tissue masses.

Neck Mobility Assessment of difficulty of potential neck positioning to assure
optimum angles for visualization of the glottis. Examples
include potential cervical spine injuries, rheumatoid arthritis, or
degenerative arthritis.

Critical Airway Skills and Procedures 3
information solely on oxygenation and gives no information on ventilatory status,
carbon dioxide levels, or acid base status.7

An additional useful noninvasive measurement of respiratory status and ventilation
is the use of capnography. This technology measures the partial pressure of carbon
dioxide (CO2) during ventilation and provides a useful proxy measurement of arterial
CO2. This measurement may occur as a one-time measurement, as in the use of
a colorimetric end-tidal CO2 detector, or as an ongoing measurement of exhaled
CO2 displayed as a continuous capnogram. At present, these measurements are
most useful in confirming and assessing ET tube placement, for procedural sedation,
and for monitoring patients with obstructive lung disease, like chronic obstructive
pulmonary disease (COPD) or asthma, that may result in CO2 retention and potential
subsequent acidosis.10

Patients who are found to have inadequate ventilation may require assistance with
a BVM to deliver positive pressure ventilation in addition to supplemental oxygen. This
technique relies on an experienced operator who can ensure a tight mask seal and
works well in conjunction with an oropharyngeal or nasopharyngeal device (Fig. 1).
During the initial evaluation, patients who may be difficult candidates for adequate
BVM should be identified by the use of the mnemonic MOANS, as described earlier,
or by the identification of any factor that may make the seal of the mask inadequate.
The major drawbacks to BVM revolve around issues of lack of protection from pulmo-
nary aspiration and gastric inflation, both of which may occur with increased airway
pressures necessary for adequate ventilation.
BRIDGING ADJUNCTS

Although advanced airway procedures are often required to manage patients with
impending respiratory failure, there are a few alternatives to consider before



Fig. 1. Correct hand placement and technique for bag-valve mask ventilation.
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proceeding to ET intubation or other invasive airway interventions. ET intubation is not
without risk. Commonly reported adverse events surrounding intubation include
trauma to the upper airway structures, ET tube–induced tissue necrosis, loss of
protective anatomic barriers to infection and the resulting nosocomial pneumonias,
patient discomfort and agitation, as well as increased intensive care use and associ-
ated costs.11–13

Noninvasive ventilation (NIV) is delivered via positive pressure applied through either
a face mask or nose mask to spontaneously breathing patients. For optimal use,
patients must have sufficient respiratory effort to be able to effectively use the device.
NIV has been acknowledged as a viable airway management strategy since biblical
times when bellows and other positive pressure devices were used to maintain respi-
ration during resuscitation.14 In more modern times, NIV was used during the polio
epidemics of the 1950s to sustain the ventilation of patients with polio using devices,
such as the chest shell and the iron lung.15 In today’s emergency department, 2 nonin-
vasive adjuncts should be at the fingertips of an emergency physician: continuous
positive airway pressure (CPAP) and bilevel positive airway pressure (BiPAP).
CPAP is a critical airway procedure that requires patients to breathe against a contin-

uous and constant positive pressure that is delivered through a tight-fitting face mask.
Breathing against a continuous positive pressure encourages the recruitment on ate-
lectatic lungs, reduces the work of breathing, improves pulmonary compliance, and
may decrease the need for intubation.16 The typical settings are 10.0 to 12.5 cm H2O.
BiPAP ventilation cycles between 2 modes of positive airway pressure. During inspi-

ration, BiPAP ventilation provides high-flow inspiratory positive airway pressure.
Sensing thepatient’snative flow rate, theBiPAPventilator respondswithhigh-flowpres-
sure for either a fixed time period or until the gas flow rate decreases less than a preset
threshold, usually 25% of the expiratory volume. At the conclusion of inspiration, the
device switches to the expiratory positive airway pressure, delivering a lower positive
pressure to splint open alveoli and tomaintain a fixed alveolar pressure. Common start-
ing settings are 10 cm of inspiratory pressure and 5 cm of expiratory pressure.
Five conditions warrant consideration of noninvasive ventilation, and only 3 of which

apply directly to the emergency department setting.17 The use of NIV in COPD is
strongly supported by the medical literature.18–22 Both CPAP and BiPAP have demon-
strated decreased intubation rates for patients with acute cardiogenic pulmonary
edema and should be considered the first-line therapy for appropriate patients
(Table 3).23–27 An emerging use of NIV, which is not typically considered in the



Table 3
Indications and contraindications of use of NIV

Indications Contraindications

Alert and cooperative patient Decreased mental status (GCS <10)

Severe dyspnea at rest Uncooperative patient

Use of accessory muscles of respiration Poor respiratory effort

Respiratory rates >30 bpm Aspiration risk

Hypercarbic respiratory failure Inability to clear secretions

Acute respiratory acidosis (pH <7.30) Hemodynamic instability

Face trauma, surgery, or deformity

Upper gastrointestinal bleeding

Cardiac or respiratory arrest

Abbreviation: GCS, Glasgow Coma Scale.
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emergency setting, is the application of NIV for patients who are immunocompro-
mised.28,29 ET intubation andMV are associated with significant morbidity, particularly
nosocomial pneumonias. Avoidance of ET intubation in this patient population may
come with resulting decreases in mortality and intensive care length of stays.28 NIV
ventilation may also be particularly useful for patients with hematological malignan-
cies, patients who have elected a do-not-intubate status, and for relief of severe dysp-
nea in patients with cancer.29 Nonemergency department indications include the use
of NIV in extubation failure among patients with COPD and use in postoperative
patients.30–33 Although promising, controversy exists regarding the use of NIV in
patients with asthma.34,35

Two hours is considered an adequate trial if NIV is to be implemented.36,37 Improve-
ments in acidosis and carbon dioxide retention should be demonstrated within this
time window. Failure to demonstrate improvement should lead the clinician to proceed
to intubation and MV. Of course, any worsening of these parameters during the trial
should prompt the clinician to more aggressively manage the patients’ ventilation.
Other criteria for failed NIV trial are worsening mental status or agitation, worsening
oxygenation, hemodynamic instability, or inability to tolerate the mask.7 There are
few complications associated with use of NIV. The most common complication is
skin breakdown or necrosis secondary to the tight-fitting masks. Some patients
may experience retention of secretions or gastric distention. Others may find the
mask itself intolerable and the NIV trial may fail because of patient anxiety or inability
to tolerate the tight-fitting mask.

ET INTUBATION

ET intubation is a key procedure for emergency physicians and is taught in every
emergency medicine residency in the United States. Often, clinicians are quick to
jump to ET intubation in patients who might be better managed using skills we have
already discussed, such as simple airway positioning maneuvers; nasal or oral
airways; or bridging adjuncts, such as BiPAP. The physical skill of ET intubation is rela-
tively easy to master with enough practice, but applying the appropriate assessment
skills and knowledge to know when to intubate is often very complex.

Indications

Indications for ET intubation fall into 2 categories: reflexive and relative. The most
obvious reflexive indication is for those patients who are not breathing. Patients
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with severe facial injuries or those who are so obtunded that they can no longer protect
their airway also require ET intubation. It has been traditionally taught that the absence
of a gag reflex signals the need to intubate; however, Davies and colleagues38 demon-
strated that approximately 37% of the general population have an absent gag reflex. It
may be more prudent to assess patients’ ability to swallow spontaneously and handle
their secretions. These reflexive indications require rapid patient assessment and
intervention to prevent fatal outcomes.
Relative indications allow the emergency clinician a bit more time to prepare and

assess patients using the assessment techniques, such as LEMON, mentioned earlier
in the article. Patients failing bridging adjuncts, such as BiPAP, or those who present in
extremis from COPD, asthma, or other respiratory emergency will also ultimately
require intubation. In addition, patients with a clinical condition, such as facial trauma,
abscess, or burns, may also require intubation as a more elective procedure should
their condition suggest eventual deterioration and airway compromise.

Preplanning

In an airway emergency, the only critical failure is a failure to ventilate. Failing to
successfully intubate patients is not a critical failure. Beginning with the end in mind
will improve airway management success rates and will improve patient outcomes.
Inability to ventilate patients is a true emergency and requires the emergency clinician
to move rapidly to place an ET tube or proceed to surgical airway.
Perhaps the most important airway procedure occurs months in advance of the

particular need to intubate an individual. Preplanning for airway emergencies will
make the emergency intubation not only more efficient and successful but also safer
for patients. Emergency physician practice groups should consider either developing
or adopting an emergency airway checklist. Evidence from our intensive care and
anesthesia colleagues has demonstrated the utility of checklists in decreasing compli-
cations and adverse outcomes.39–42 Emergency physicians should plan well in
advance for airway emergencies by assembling all essential airway equipment and
supplies, including rescue devices and surgical equipment, in an airway cart or similar
depot that can be easily moved to the patients’ bedside; this should be a standard
emergency department policy. While the airway cart is being moved to the patients’
bedside, the clinician should assess the patients’ anatomy and airway while keeping
in mind which rescue devices might be most appropriate should intubation prove diffi-
cult. Patients should be preoxygenated, and the intubator should conduct a brief time-
out to ensure that every teammember understands their role in the procedure and that
all the required equipment, personnel, and supplies are in the room.

Equipment

The required equipment for ET intubation is listed in Table 4. It should be standard
practice to monitor patients with a cardiac monitor, pulse oximetry, blood pressure
measurements, and capnography. All of these are essential to adequately evaluate
patients during an airway emergency.
The BVM device should come with a variety of facial mask sizes to accommodate

large adults as well as children. Suction must be available at the bedside with an
attached yankauer suction tip. Oropharyngeal or nasopharyngeal airways will improve
the ability of the person bagging the patients to ventilate the patients and should
always be available within short reach.43 Oropharyngeal airways are measured from
the corner of the mouth to the angle of the jaw. They should only be used in unrespon-
sive patients with an absent gag reflex so as not to stimulate vomiting and subse-
quently increase the risk of aspiration.43 Nasopharyngeal airways are measured



Table 4
Equipment for ET intubation

ET Intubation Equipment Backup Devices

BVM Bougie

Suction Laryngeal mask airway

Airways (oropharyngeal and nasopharyngeal) King airway

ET tubes of appropriate sizes Flexible fiberoptic endoscope

Stylet Cricothyroidotomy

Laryngoscope

Laryngoscope blades (both curved and straight)

Magill forceps

10-mL syringe

Stethoscope
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from the nares to the tragus of the ear and are inserted using a lubricant into the nares
at an angle perpendicular to the face.43 These devices should not be used in patients
with facial trauma or basilar skull fractures and should be used with caution in antico-
agulated patients or those with nasal deformities.43

ET tubes are usually made of polyvinyl chloride and are available in a variety of sizes
(2.0–10.5 mm of internal diameter) (Fig. 2). For most adults, ET tubes between 7.5 mm
and 8.5 mm will provide an acceptable first pass rate as well as an adequate ventila-
tion capacity.44 It is useful to have a full range of sizes readily at hand to accommodate
unexpected airway sizes. For children, the Broselow Pediatric Emergency Tape (Arm-
strong Medical Industries, Lincolnshire, IL, USA)45 will provide guidance for the appro-
priate ET tube size based on patient size. Adult tubes are usually cuffed, whereas
pediatric tubes come in both cuffed and uncuffed varieties. An intubating stylet is
a useful aid, which lends rigidity to the ET tube and provides the intubator with the
ability to form the stylet and ET tube to the patients’ specific anatomy (see Fig. 2).
Although many advocate a stylet as an adjunct for difficult airways, it may be a useful
tool in every intubation.
The laryngoscope is simply a viewing device to bring the airway anatomy into view

under lighted conditions to facilitate the correct placement of the ET tube. The tradi-
tional laryngoscope is a left-handed instrument consisting of a handle housing
Fig. 2. Endotracheal tube with stylet in place.
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batteries that power a light on the end of a blade inserted into the handle. More
recently, emergency physicians have begun to use video laryngoscopes that use
a digital video camera that projects the airway anatomy onto a video monitor
(Fig. 3). This device allows the intubator a larger image of the airway and facilitates
both increased first pass success rates and decreased intubation time.46 The lighted
blade attached to the laryngoscope handle comes essentially in 2 varieties: curved
and straight (Fig. 4). Each variety is available in sizes ranging from 0 for infants to 4
for large adults. There are many blades on the market, each differing slightly in
construction with a flange here and an extra ridge there, but essentially it all boils
down to intubator preference and the specific anatomy of the patient being intubated.
Emergency physicians may have a preference for curved versus straight blades but
should be facile with both types.
Other standard equipment for intubation should include Magill forceps,47 which may

be useful in guiding the ET tube into the larynx when an anterior airway is encountered,
as well as a 10-mL syringe to inflate the cuff once the ET tube is placed successfully
and a stethoscope as one adjunct to confirm tube placement.

Technique

The technical aspects of intubation are simple to write but hard to perform without
focused mentored practice. Intubation is a core skill acquired in an emergency medi-
cine residency, but it is not enough to learn the skill during residency because skills
deteriorate without practice.48 Most emergency physicians intubate frequently
enough to maintain skills, but difficult airway algorithms and skills are more difficult
to retain because these instances occur so infrequently. Many are currently advo-
cating the use of simulators for skill practice and retention; but community emergency
Fig. 3. Video laryngoscopy demonstrating visualization of the vocal cords in a manequin
model.



Fig. 4. Laryngoscope handle and two blades.

Critical Airway Skills and Procedures 9
physicians may not have access to simulators, which are more commonly located in
large academic medical centers.49,50 Other options for skill retention include operating
room skill performance through collegial relationships with anesthesia or mannequin
practice. It is incumbent on the emergency physician to maintain skill performance.
Once the emergency physician has conducted a brief time-out to ensure that every

teammember understands their role in the procedure; that all the required equipment,
personnel, and supplies are in the room; and that the equipment is functional, the next
step should be to position the patient. Taking time to properly position the patient can
spell the difference between success and failure. The stretcher should be at about the
height of the intubator’s midchest.51 Except in the setting of suspected cervical spine
injury, the patient should be placed into a sniffing position. The sniffing position allows
for an optimal view of the glottic opening by aligning the oral, pharyngeal, and laryngeal
axes.52 This positionmay be accomplished be flexing the neck and extending the head.
Recent evidence suggests that simply extending the head as a singlemaneuvermay be
as effective as the combined maneuver of neck flexion and head extension.53 Sus-
pected cervical spine injury mandates immobilization of the neck, thus, preventing
the intubator from using the sniffing position and care must be taken to assign a team
member to maintain cervical spine immobilization during the procedure. The patient
should be preoxygenated with 100% O2 using a non-rebreather mask if the patient
has an adequate ventilatory effort or using the BVM technique if there is inadequate
effort. During the procedure, a team member should be appointed to apply the Sellick
maneuver. Consisting of firm pressure over the thyroid cartilage, the intended outcome
of the maneuver is primarily to minimize the risk of gastric aspiration. The maneuver
should be initiated at the beginning of positive pressure ventilation and continued until
the ET tube cuff is inflated in the trachea. Some have questioned thismaneuver’s effec-
tiveness, but it remains a recommended part of the intubation process.54

From this point forward, it is assumed that the patient is awake and spontaneously
breathing. For those patients who are not breathing, the sedation and paralytic steps
can be skipped as part of a crash airway algorithm. The patient should be properly
sedated before proceeding. Once sedated, the patient’s mouth is opened using a scis-
soring motion with a crossed right forefinger and thumb. The forefinger is placed on
the patient’s upper teeth and the thumb on the lower teeth to use a scissoring motion
to open the mouth. After assuring adequate preoxygenation and the ability to ventilate
the patient using the BVM technique, the patient may be chemically paralyzed using
RSI techniques detailed later in this article.
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The laryngoscope handle is held in the intubator’s left hand, and the blade is
inserted into the right side of the mouth to sweep the tongue into the left side of the
mouth. The laryngoscope is then advanced into the airway slowly taking note of the
airway anatomy with a goal of visualizing the epiglottis (Fig. 5).52 If a curved blade is
being used, then the blade is placed into the vallecula and forward pressure is applied
to lift the epiglottis and bring the vocal cords into view.52 If a straight blade is being
used, the blade is placed beneath the epiglottis.52 Using an upward and slightly
forward motion, the vocal cords are brought into view. Care must be taken to never
use the teeth as leverage. Once the vocal cords are visualized, the ET tube is taken
in the right hand and advanced into the airway until the cuff passes through the cords.
The laryngoscope can now be removed from the mouth and the stylet removed from
the ET tube. ET intubation attempts should be limited to no longer than 30 seconds,
although shorter limits may be required based on patient oxygen saturation and heart
rate.55 If the intubator is unable to place the tube within the time limit, then the attempt
should be aborted, the patient ventilated, and preparations made for another attempt.
A failed attempt at intubation provides an opportunity to remediate or correct prob-

lems in positioning, equipment, or procedure. The intubator may want to consider
placing a rolled towel beneath the patient’s shoulder to optimize positioning.52 A
change in laryngoscope blade may be warranted or suction may be required. The
BURP maneuver may also be a useful addition to the procedure: firm backward (B),
upward (U), rightward (R) pressure (P) is applied to thepatient’s thyroid cartilage tobring
the vocal cords into better view.56,57 Although some have questioned the utility of this
maneuver, it may be a useful adjunctive maneuver in a difficult intubation situation.58

Even when done correctly by the most skilled clinician, intubation can occasionally
have complications.59 These complications include airway trauma, such as dental
Fig. 5. Correct technique for laryngoscopy in a mannequin model.
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injury and bruising or laceration of the lip, tongue, or mucosa. Many patients complain
of sore throat after intubation. Other reported complications of emergency intubation
are glottic injury, aspiration, retropharyngeal bruising, or rarely perforation.60

Postintubation Procedures

Once the ET tube has been placed through the vocal cords, the cuff should be inflated
with 10 cm3 of air. After tube confirmation is assured, the cuff inflation pressure should
be measured and the least amount of air necessary to create a seal during ventilation
should be used. There are many methods for confirming tube placement; but unfortu-
nately no one method has proven to be 100% reliable, and relying on any single confir-
mation method is suboptimal.61,62 Suggested methods are noted in Box 1. Li61

published a meta-analysis of capnographic clinical trials in 2001. Using a sample of
2192 intubations, he reported a 93% sensitivity (95% confidence interval [CI]
92%–94%) and a 97% specificity (CI 93%–99%) for ET tube placement confirmation
using capnography. He also reported the false-negative failure rate (tube in trachea
but capnography reports esophagus) to be 7% and the false-positive rate (tube in
esophagus but capnography reports trachea) to be 3%. Most usefully, he translates
this information into a number needed to harm using capnography as a sole confirma-
tion procedure. For every 10 patients in whom ET intubation is confirmed with capnog-
raphy alone, one will be harmed (number needed to harm: 14 for false negative, 33 for
false positive, and 10 for both).61 Although waveform capnography is not perfect, it is
the best among the recommended confirmation methods.63 There is evidence,
though, that waveform capnography is not widely available in emergency departments
in the United States.64

Recently, several studies have examined the usefulness of ultrasonography to eval-
uate the placement of an ET tube.65–68 Ultrasound can be used in 2 different ways to
confirm placement. First, the application of the transducer to the neck can visualize
the placement of the tube during the procedure of intubation. Secondly, using the
sliding lung sign during bag ventilation, ET tube placement can be confirmed.

BACKUP DEVICES

Not every intubation procedure goes as planned, and emergency physicians must
always have a backup plan in mind. During the initial assessment of the patient’s
Box 1

Methods of ET tube placement confirmation

Waveform capnography

Colorimetric end-tidal carbon dioxide detector

Auscultation of breath sounds

Ultrasonography

Direct visualization of the tube between the cords

Self-inflating esophageal bulb

Fogging of the ET tube

Rise and fall of the chest

Pulse oximetry readings

Improvement in the patients’ condition (color, heart rate)
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airway anatomy, the emergency physician should have made some decisions about
which backup devices might be most appropriate for that specific patient. Once it is
clear that the intubation procedure is difficult, the emergency physician should
move quickly to a backup device or procedure.
The bougie is an intubation aid that many clinicians find useful in patients with ante-

rior airway anatomy or poor visualization of the vocal cords such as occurs in trauma
patients with cervical spine immobilization.69,70 The bougie is a semirigid, straight rod
with a hockey-stick bend at one end and can be inserted into the airway to locate the
trachea and then to serve as an introducer over which the ET tube can be placed. Typi-
cally, the bougie is used under direct laryngoscopy but may be used to facilitate naso-
tracheal intubation,71,72 retrograde intubation,73 or cricothyrotomy.74

The bougie is inserted into the airway under direct visualization using a laryngoscope.
Passing the bougie tip beneath the epiglottis and into the trachea, vibrations or clicks
are palpated through the bougie shaft as the tip of the bougie passes against the rigid
tracheal rings. The inability to advance the bougie past 40 cm in an adult also indica-
tives tracheal placement because the bougie will be stopped at the carina or by the
small lumen of the bronchus.75 If it was in the esophagus, there would be no impedi-
ment to its advancement. Kidd and colleagues76 studied the reliability of these two
signs for predicting placement of the bougie in the trachea. They reported 89.7%accu-
racy for tracheal clicks and 100%accuracy for “tracheal hold up.”Once tracheal place-
ment is confirmed, the ET tube can be advanced over the bougie. Advancement past
the vocal cords can occasionally require gentle pressure and 90�counterclockwise
tube rotation.77

Extraglottic devices can also provide the clinician with an airway alternative allowing
for oxygenation and ventilation without the requirement to thread an ET tube through
the vocal cords. Useful in both difficult and failed airways, extraglottic devices are
commonly used in the operating room, the emergency department, and in prehospital
environments. There are many such devices on the market but this discussion is
confined to the most common devices: the Laryngeal Mask Airway (LMA International
N.V. Willemstad, Curacao), the Combitube (Kendall-Sheridan, Mansfield, MA, USA),
and the King Airway (King Systems, Noblesville, IN, USA).
The LMA is a large-bore stem with a flexible cuffed mask on the end designed to fit

over the tracheal inlet (Fig. 6). It is a blind insertion device often used in anesthesia
when ET intubation is unnecessary or in emergency situations when intubation fails.78

Once inserted and seated, the cuff is inflated to create a low-pressure seal around the
Fig. 6. Laryngeal mask airway.
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tracheal inlet. Several investigators report the utility of this device in the hands of less
experienced clinicians as a first-line device as well as a rescue device for failed
airways in any setting.79–81

The LMA is available in a variety of adult and pediatric sizes as well as several
different models with differing functions. Notably, an intubating version of the LMA
(I-LMA. Laryngeal Mask Airway. LMA International N.V. Willemstad, Curacao) exists
and allows for the passage of an ET tube through the mask and into the trachea.
The I-LMA is placed blindly using a metal handle, and an enlarged stem lumen allows
for the passage of an ET tube through the stem and into the trachea through the mask.
The I-LMA uses a proprietary nonkinking ET tube. Many investigators report up to
a 95% success rate for intubation of the trachea using an I-LMA.82–88 It should be
noted that none of the LMA devices protect the trachea from aspiration in patients
with full stomachs or copious secretions. Some investigators advocate the use of
the bougie through an LMA as a tracheal placeholder and then passage of an ET
tube over the bougie.89

The Combitube device has been used extensively in the prehospital environment as
a rescue device with success rates of up to 93%.90 The Combitube is a blind insertion,
dual-lumen airway designed to be placed in the esophagus but can also be used when
inserted into the trachea. The Combitube has a large cuff that, when correctly posi-
tioned, will lie in the posterior pharynx above the glottis. The distal end of the tube
has a smaller cuff that, when placed in the esophagus, occludes that passage to force
air into the tracheal inlet. The Combitube is gradually losing favor to the newer and
easier-to-use King Airway.91

The King Laryngeal Tube (LT) Airway (King Systems, Noblesville, IN, USA) is a blind
insertion, single-lumen tube that is shorter, easier to manipulate, and easier to position
than the Combitube (Fig. 7). Additionally, it only has a single cuff inflation port, which
inflates both cuffs at the same time. When properly positioned, the proximal cuff seals
the hypopharynx and the distal cuff seals the esophagus, allowing for ventilation
through the port positioned between the cuffs and at the laryngeal inlet. Russi and
colleagues92 demonstrated the ease and speed with which a King LT can be placed
in a difficult airway simulator, whereas Guyette and colleagues93 have demonstrated
its successful use in the actual rescue of difficult and failed intubations. The King LT
ventilating tube is large enough to allow for the passage of a flexible endoscope,
a tracheal tube introducer, or a bougie. The use of these adjunct devices, along
with the King LT, may allow for the subsequent passage of an ET tube, although
complications, such as perforation of the trachea, have been reported.94–96
Fig. 7. King airway.
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BACKUP PROCEDURES

In addition to backup devices, the emergency physician must also be facile with
backup procedures. Two alternative airway procedures are discussed: nasal intuba-
tion and flexible fiberoptic intubation. Cricothyrotomy is discussed in the next section.
Nasal intubation can be performed for a variety of reasons and in a variety of situ-

ations. For example, it may be preferred as an awake intubation technique along
with fiberoptic visualization in the setting of oral airway obstruction, such as severe
lingual edema or trauma.97,98 Nasal intubation may also be used in the setting of
breathing patients in whom oral intubation has failed. Three techniques are possible
in accomplishing nasal intubation. In the blind insertion technique, the lubricated ET
tube is introduced into a nare and advanced over the floor of the nasopharynx into
the hypopharynx while the intubator listens at the tube end for breath sounds. As
the patient inhales, the tube is advanced in the direction of air movement into the laryn-
geal inlet and through the vocal cords. Devices, such as directional tipped ET tubes or
the Beck airway airflow monitor may increase success rates in blind nasal intubation
attempts.99 Alternatively, in situations when nasal intubation can be accomplished
using direct laryngoscopy, the ET tube is advanced along that nasal floor through
the nasal pharynx until visualized in the posterior pharynx and then guided through
the vocal cords under direct visualization. Severe midface trauma is a relative contra-
indication for nasal intubation.100,101

Fiberoptic intubation allows for indirect visualization of the laryngeal inlet and vocal
cords to facilitate the correct placement of the ET tube via either an oral or nasal
route.102 Using a flexible fiberoptic endoscope over which an ET tube has been
threaded, the intubator directs the flexible endoscope into the hypopharynx visualizing
landmarks and anatomy as the tube progresses. The tube is passed through the vocal
cords, and the ET tube is threaded off of the bronchoscope and into position in the
trachea.102 Preparation for fiberoptic intubation requires time and patient cooperation.
Patients should be awake, breathing spontaneously, and adequately oxygenated. The
technique requires physician experience and practice with the device well in advance
of the immediate need to intubate. Additionally, the device and associated equipment
is expensive and not maintained in many emergency departments.
Fiberoptic intubation is particularly useful for patients in whom the initial airway

assessment has suggested a difficult airway and in whom chemical paralysis would
be dangerous.102 Examples of patients for whom fiberoptic intubation could be consid-
ered include those with limited mouth opening, facial trauma, lingual edema or trauma,
oral obstructions from infection or tumor, or unusual upper airway anatomy (whether
congenital or postsurgical).102 Contraindications include rapid airway compromise;
extensive secretions, such as emesis or bleeding; hypoventilation; or poor patient
cooperation.102

RSI

RSI is often chosen in emergency settings because it rapidly induces unconscious-
ness and chemical paralysis of previously awake and breathing patients in a controlled
manner. It is critical to remember that emergency patients have often not fasted and
are at much higher risk of aspiration of secretions or emesis.103 A decision to use RSI
also requires that the emergency physician has made a thorough assessment of the
patient’s airway and has planned for the difficult airway scenario.
RSI requires a sequential series of steps to be safely and efficiently completed.104

The first step is preparation. The emergency physician must prepare 3 elements:
the equipment, the patient, and the team. The authors have previously discussed
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appropriate intubation equipment to have at the bedside and readily available. This
equipment should include backup devices and equipment. Patients should be
informed and preferably consented to the procedure if time and circumstances allow.
Patients should also be preoxygenated with high-flow oxygen through a non-
rebreather mask for up to 5 minutes before proceeding. Emergency airway manage-
ment and the patients’ condition may not allow for this ideal preoxygenation interval.
Preoxygenation allows for supersaturation of the alveoli through nitrogen washout.
Baraka and colleagues105 have demonstrated that 3 minutes of tidal volume breathing
is sufficient to preoxygenate patients. In ideal models, investigators suggest that pre-
oxygenation can buy the clinician about 8 minutes before the oxygen saturation levels
drop less than 90%; however, both Famery and Mort have shown that this ideal desa-
turation curve is not reliable or valid in the critically ill patients that most emergency
physicians will be intubating using RSI.106–108 The final preparatory element is the
team. RSI requires a team of personnel, each of whom understands their role in the
event and each of whom is alert to possible safety concerns or possible human
error.109 The team leader should ensure that team members know each other, that
they understand their role, and that they acknowledge the need to speak up when
they are concerned about the evolution of the procedure.
Once the preparatory phase is complete, the second step is medication, which has

2 phases. The emergency physician may consider pretreatment with medications,
such as lidocaine, an analgesic, atropine, and a defasciculating agent, although the
evidence for these pretreatments is unconvincing and conflicting. Typically adminis-
tered 2 to 3 minutes before induction and paralysis, these medications are proposed
as blunting the physiologic response to intubation. It has been suggested that lido-
caine (1.5 mg/kg intravenously) as a pretreatment medication may blunt the increases
in intracranial pressure, heart rate, and mean arterial pressure during intubation. These
findings have not been consistently demonstrated; although it is advocated for use in
patients with head injuries or bleeding or intracranial tumors, its use is left to the judg-
ment of the clinician.110–112 Analgesic administration also carries no convincing
evidence to suggest routine use as a pretreatment.113,114 Although atropine may
decrease the incidence of bradydysrhythmias in children during intubation, these
dysrhythmias are usually self-limited and of little consequence. Atropine should at
least be available during the intubation of young children.115,116 Defasciculating doses
on nondepolarizing agents may decrease the intensity and duration of muscle fascic-
ulation after the administration of succinylcholine.
Induction agents should be administered after pretreatment medication (if any).

Producing a rapid loss of consciousness, induction medications allow for control of
patients and prevent psychological harm during the administration of paralytic agents.
One of 4 induction agents is typically used in the emergency department: etomidate,
propofol, ketamine, or midazolam.
Etomidate is one of the most commonly used agents in the United States for RSI

induction.117 This anesthetic agent has a short half-life and rapid onset of action. Addi-
tionally, it is very useful in patients with hemodynamic instability because it is less likely
than other agents to cause decreases in blood pressure and very useful in patients
with suspected head injury because it reportedly decreases intracranial pressure while
maintaining normal arterial pressure.118–120 Propofol also has a rapid onset of action,
short duration, and is cerebroprotective; however, it is not useful in patients with
hemodynamic instability because of its myocardial depressive profile.
Ketamine has regained popularity in the adult emergency department for use in

RSI.121 An N-methyl-d-aspartate receptor antagonist, ketamine carries both analgesic
properties and the ability to create a dissociative state in patients. Once thought to
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cause increases in intracranial pressure, new research suggests that ketamine may
improve cerebral perfusion and may have neuroprotective properties.122–125 Midazo-
lam is a benzodiazepine with relatively slower onset of action and longer duration of
action that limits its effectiveness in RSI.118 Additionally, midazolam often causes
hypotension, making it not useful in the setting of hemodynamic instability.118

The final phase of the medication step is the administration of paralytics. The
purpose of paralytic agents is to obliterate the patient’s protective reflexes to facilitate
efficient placement of the ET tube. It is important to remember that paralytic agents
only paralyze; they do not provide sedation, amnesia, or analgesia and the clinician
must remember to maintain adequate levels of appropriate medications to also
meet these important needs. The clinician must choose between depolarizing agents,
such as succinylcholine, and nondepolarizing agents, such as rocuronium, for paral-
ysis. Succinylcholine has a very rapid onset requiring the clinician to be ready to
manage the patient’s airway as soon as the medication is delivered and a short dura-
tion of action. Succinylcholine is associated with the release of intracellular potassium
and should be used with caution in patients who are known or suspected to be hyper-
kalemic.126 Nondepolarizing agents, such as rocuronium, have both longer onset and
duration of action. Potassium release is not associated with nondepolarizing agents,
making these drugs useful in patients who are hyperkalemic; however, the use of non-
depolarizing agents in patients with suspected difficult airways is not recommended to
avoid the cannot ventilate, cannot intubate scenario. Having now completed the prep-
aration phase and the medication phase, the final phase is the actual procedure of
intubation. The procedure itself is no different from that described previously.
DIFFICULT AIRWAYS

One of the most important decisions an emergency physician can make when
managing an airway is identifying a difficult airway. A difficult airway exists in patients
when basic facemask ventilation is problematic or tracheal intubation is difficult. When
a physician finds himself or herself in such a situation, this should immediately prompt
the use of a difficult airway algorithm that includes the use of difficult airway
adjuncts.2,5,127 One should have experience with one or all of the following adjuncts
before a difficult airway were to present itself.
In addition to the difficult airway adjuncts that have been mentioned previously, the

lighted stylet presents a viable option in the setting of excessive secretions, blood, or
trismus. The lighted stylet requires transillumination of the anterior neck and can be
hindered by obesity or excessive ambient light.128 One should consider dimming
the lights when using this technique. The lighted stylet is a semirigid stylet with a light
on the end and an ET tube preloaded on the stylet.129 With the patient in the sniffing
position, the lighted stylet is advanced blindly into the posterior pharynx. While
advancing, one should look for evidence of a single light shining through the skin.
On reaching the trachea, a distinct light will shine through the thin tracheal membranes
and skin. Once visualized in this manner, the ET tube can be advanced and verified
using standard technique. Visualizing a diffuse glow as opposed to a distinct point
of light can identify an esophageal intubation.
The fiberoptic stylet (FOS) is another difficult airway adjunct.130 The FOS is

extremely useful in anterior airways and significantly cheaper than a video laryngo-
scope. However, if there is an abundance of secretions or blood, visualization is
limited, making intubation that much more difficult. The FOS contains a fiberoptic
device at the distal end of the stylet, allowing the physician to obtain a direct view
of the posterior pharynx. Like the lighted stylet, the FOS is placed blindly into the
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posterior pharynx with the ET tube preloaded; but unlike the lighted stylet, the FOS
can be advanced toward the trachea with direct visualization seen through an
eyepiece at the proximal end of the stylet. Once the vocal cords are visualized, the
stylet is advanced into the trachea and, subsequently, so too is the ET tube. Confirma-
tion is obtained using the standard technique.
Another adjunct often forgotten is the retrograde wire intubation (RWI).131 Because

2 operators are often required (one at the neck and one at the mouth), it is invasive,
and can be complicated by upper airway obstruction or poor direct visualization,
RWI is typically the very last option in rescuing a difficult airway. However, RWI can
be rapidly attempted before a surgical airway is decided on and has less morbidity
than a surgical airway.131

The neck should be prepped with povidone-iodine followed by the identification of
the cricothyroid membrane. Subsequently, an 18-gauge needle should be placed
through the cricothyroid membrane with immediate aspiration of air, thus, confirming
placement of the needle in the airway. Once the needle is repositioned cephalad,
a guidewire can be advanced through the needle. As the guidewire is advanced far
enough into the oropharynx, one can use a McGill or alligator forceps to firmly grasp
the distal tip of the wire. Immediately extract the wire out of the mouth. Once secured,
the ET tube can be advanced over the wire using a Seldingerlike technique.131 Place-
ment can then be confirmed using the standard measures.
FAILED AIRWAYS

When intubation has failed and oxygenation cannot be adequately obtained a failed
airway has occurred. The 2 traditional approaches, surgical open cricothyroidotomy
and needle cricothyroidotomy, are the 2 solutions for a failed airway. When antici-
pating a failed airway, the LMA, Combitube, and King Airway previously mentioned
may provide oxygenation while preparing for a surgical airway. Nonetheless, when
a clinician is forced down this path, preparation is the key and includes a firm under-
standing of the involved anatomy as well as the complications of each technique.
The cricothyroid membrane is easily palpated between the thyroid and cricoid

cartilages.132,133 However, in patients with abnormal anatomy, the cricothyroid
membrane can be found approximately one-third of the distance midline from the
manubrium to the chin. The thyroid cartilage is the largest cartilage on the neck
and often referred to as the Adam’s apple.134 The beginning of the cricothyroid
membrane is inferior to the thyroid cartilage. Vasculature includes the cricothyroid
artery and vein located at the superior border of the cricothyroid membrane and
the inferior portion of the thyroid cartilage. Typically, there is no vasculature near
the superior aspect of the cricoid cartilage, although there is a small percentage of
patients who have an inferior thyroid artery variant called a thyroid IMA artery, which
arises from the aortic arch or, in some cases, the subclavian artery and passing over
the inferior portion of the membrane.135

There are 2 techniques for the surgical cricothyroidotomy: open cricothyroidotomy
and Seldinger cricothyroidotomy (Boxes 2 and 3).136 The Seldinger technique has
been shown to be quicker as well as has fewer complications.137,138 Typically, crico-
thyroidotomy kits come already prepared, with the Melker kit (Cook Critical Care,
Bloomington, IN, USA) being the most popular because it allows for both an open
and Seldinger technique. However, if your institution does not have a commercially
available kit, a kit should be prepared ahead of time, being mindful that the inner diam-
eter of the tube should NOT exceed 6.0 mm. A 6.0- or 5.0-mm internal diameter cuffed
ET tube should be used if a cuffed emergency cricothyroidotomy catheter is not



Box 2

Procedure for open cricothyroidotomy approach

The clinician should stand on one side of the patient. A right-handed clinician should stand on
the right and a left-handed clinician should stand on the left.

Feel for the thyroid prominence at the midline of the thyroid cartilage and then roll the index
finger caudally by 1 to 2 cm until a small hollow is felt. This is the cricothyroid membrane.

Use the thumb and middle finger of the nondominant hand to stabilize the 2 cartilages.

A vertical skin incision is then made in the midline of the region between the thyroid cartilage
and cricoid cartilage. (A vertical incision is made to avoid vasculature and can be extended if it
is too high or too low.)

Once the cricothyroid membrane is exposed, turn the scalpel horizontally and perforate at the
midline inferior portion of the membrane using a horizontal stabbing motion approximately
1 cm deep to avoid complications. A horizontal incision is made so as not to cut the cricoid
cartilage as one might with a vertical incision.

Insert the back handle of the scalpel into the cricothyroid membrane and rotate it 90� to widen
the opening.

Place the ET tube in the opening and inflate the balloon as in a traditional intubation. Connect
the ET tube to the BVM and confirm placement with standard protocol.

Secure the ET tube with adhesive tape.

Obtain a chest radiograph to verify placement.

Data from Farcy DA, Chiu MC, Flaxman A, et al. Critical care emergency medicine. New York:
McGraw Hill Professional; 2011.

Box 3

Procedure for Seldinger cricothyroidotomy approach

Open the kit and insert the dilator with the wire into the airway catheter.

Locate the cricothyroid membrane as stated before.

Attach the sheath to the needle and fill the syringe with a small amount of water. Insert the
needle into the cricothyroid membrane pointing toward the feet at a 45 to 50� angle. Gently
puncture until air bubbles appear in the syringe.

As soon as air bubbles appear, advance the sheath at a 45� angle, knowing that an overzealous
advancement may get the sheath stuck on the posterior aspect of the cricoid cartilage.

Withdraw the syringe and advance the guidewire through the sheath. Then remove the sheath
when the guidewire is advanced far enough.

Take the 15-blade scalpel; create a 0.5-cm vertical skin incision on both sides of the wire.

Insert the external end of the wire into the dilator (which you had already placed into the
airway catheter in step 1) and insert them as a unit through the cricothyroid membrane,
following the curvature of the dilator. Advance until the catheter is flush against the skin.

Once in place, remove the dilator and inflate the cuff.

Secure the cricothyroidotomy airway catheter with the provided wrap.

Data from Farcy DA, Chiu MC, Flaxman A, et al. Critical care emergency medicine. New York:
McGraw Hill Professional; 2011.
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available. Be aware that if an ET tube is being used, it is difficult to secure and may end
up with a right main stem bronchus intubation. It is often prudent to be aware of the
cricothyrotomy kit in your emergency department as well as its equipment before
a failed airway has presented itself.

MECHANICAL VENTILATION

With the increasing demand on emergency departments and prolonged boarding
times of ICU patients in the emergency department, the management of mechanical
ventilation (MV) is becoming an ever more crucial skills for an emergency physician.
It is critical that an emergency physician understand the basics of MV for varying
disease processes, with the special consideration that every patient is different.
To date, there are no fixed indications for MV; but generally patients are intubated

for respiratory failure, protection of the airway from potential aspiration of various
causes, and predicted clinical course of facilitating either a workup or a definitive treat-
ment. Placement of the ET tube has now removed all protective functions of the upper
airway: warming of air, air filtration, prevention of aspiration, and removal of secre-
tions. Additionally, MV is providing paradoxic breathing in which positive pressure is
being forced into sensitive lung tissues allowing for possible ventilator-induced lung
injury, acute lung injury, and barotrauma/volutrauma.139 Nonetheless, with a general
understanding of MV, one can navigate through the hazards of critically ill intubated
patients.
The most crucial iatrogenic injury associated with MV is ventilator-induced lung

injury.139 In lung diseases that require MV, the underlying disease is usually not distrib-
uted uniformly throughout the lungs. Thus, inflation volumes are preferentially shunted
toward normal lungs, which may cause hyperinflation, producing stress fractures at
the alveolar-capillary interface. This condition may be a result of excessive alveolar
pressures (barotrauma) or excessive alveolar volumes (volutrauma).139 In turn, the
fractures may cause increased inflammation in the normal lung volumes leading to
an acute respiratory distress syndrome (ARDS)–like picture.
As a result, a large study published in the New England Journal of Medicine demon-

strated in more than 800 patients that ventilation with low tidal volumes was associ-
ated with a 9% absolute reduction in mortality when the end-inspiratory plateau
pressure was more than 30 cm H2O.140 In essence, low volume (6 mL/kg) is now rec-
ommended for all patients with ARDS and is now considered a beneficial strategy in all
patients with acute respiratory failure.141 Additionally, low lung volumes cause
repeated opening and closing of the alveoli at the end of expiration resulting in
possible acute lung injury. To ameliorate this, adding positive end-expiratory pressure
(PEEP) stents opens the airways and prevents further injury. A sample protocol
designed to reduce ventilator-induced lung injury is described in Box 4.142,143

POSTINTUBATION SEDATION

Once patients are intubated and MV management has begun, it is important to mini-
mize discomfort. Despite the tradition of a long-term paralytic followed by a benzodiaz-
epine for postintubation management, there is now a push to move toward a pain-first
paradigm.144 The goal is to optimize analgesia and then add in sedative agents.
Typically, after intubation or during rapid sequence intubation, providing a fentanyl

or morphine bolus will address pain issues and perhaps keep you ahead of the game.
Once analgesia has been initiated, the clinician has to decide what sedative/analgesic
combination to provide. This depends on the type of pathologic condition patients
have on intubation. Sedation choices are provided in Table 5.



Box 4

Protocol for lung protective ventilation

1. Select assist-control mode and fraction of inspired oxygen (FIO2) 5 100%

2. Set initial tidal volume (Vt) at 8 mL/kg using the patient’s predicted body weight (PBW)

a. Men: PBW 5 50 1 (2.3 � [height in inches � 60])

b. Women: PBW 5 45.5 1 (2.3 � [height in inches � 60])

3. Select respiratory rate (RR) to achieve preventilator minute ventilation, but do not exceed
RR 5 35/min

4. Add PEEP at 5 to 7 cm H2O

5. Reduce Vt by 1 mL/kg every 2 hours until Vt 5 6 mL/kg

6. Adjust FIO2 and PEEP to keep PaO2 greater than 55 mm Hg or arterial oxygen saturation
greater than 88%

7. When Vt is decreased to 6 mL/kg, measure

a. Plateau pressure

b. Arterial PCO2 and pH

Remember that this is a general guideline. Each patient has a unique pathologic profile and
will need ventilator adjustments specific for their pathologic condition (ie, asthmatic intuba-
tions will need to have a lower respiratory rate to allow exhalation of an obstructive lung
disease process).

Data fromMarino PL. The ICU book. 3rd edition. Philadelphia: Lippincott Williams andWilkins;
2007.

Table 5
Sedation choices for mechanical ventilation

Drug Characteristics Indications Precautions

Midazolam Dosage: 1–5 mg
Onset: 1–4 min
Duration: 30–60 min
Maintenance dosage:

1–8 mg/h
Drip titration: 1 mg/h

Typically used with
fentanyl
for sedation; medical
patients who are
hypotensive (may need
to start pressors);
patients
with delirium tremens if
propofol is not available

May cause hypotension
with drug bolus;
prolonged duration in
renal and hepatic failure

Propofol Dosage: Bolus not
recommended

Onset: 1–2 min
Duration: 30 min
Maintenance dosage:

25–50 mcg/kg/min
Drip titration:

10 mcg/kg/min

Typically used with
fentanyl
for sedation; good for
critically ill patients with
neurological problems

Possible hypotension with
bolus, bradycardia,
hypertriglyceridemia,
pancreatitis, and
propofol-related
infusion syndrome

Ketamine Dosage: 25–50 mg
Onset: 30 sec
Duration: 5–10 min
Maintenance dosage:

1–3 mg/kg/min
Drip titration:

0.25–0.5 mg/kg/min

Typically used with
fentanyl
for sedation; good for
trauma patients who are
hypotensive

Possible emergence
reaction; purposeless
and tonic-clonic
movements may occur

Abbreviation: IV, intravenous.
Data from Casabar E, Portell J. Barnes Jewish Hospital the tool book for drug dosage and usage

guidelines. St Louis (MO): The Department of Pharmacy Barnes Jewish Hospital; 2011.
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SUMMARY

Airway management is a critical skill for emergency physicians. Careful airway assess-
ment and preplanning are essential in determining which patients require invasive
airway management and what equipment will be required to successfully manage
that patient’s airway. Airway management is a team-based procedure, and the emer-
gency physician must be receptive and responsive to team input to maximize the
safety of the procedure.
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