
In critical situations, the management of the airway is para-
mount. Virtually all algorithms begin with attention to and pro-
tection of the airway. In a patient with a traumatic injury, air-
way management assumes an essential role to stabilization and
survival of the patient, but often
presents unique challenges not
inherent in other types of
patients. The skill of the intuba-
tor is put to the ultimate test in
the trauma patient, whose air-
way often is compromised by
multiple complicating factors,
including hemodynamic insta-
bility from multiorgan injury,
cervical spine fractures, and
direct trauma to the airway.

The process of airway man-
agement has evolved consider-
ably to include sophisticated
techniques and pharmacologic adjuncts. This two-part article will
review the concepts of airway management in the trauma patient,
the technique of rapid sequence intubation (RSI), and adjuncts to
assist with the management of the difficult or failed airway.

—The Editor

The Trauma Airway
The airway in the trauma patient can present many chal-

lenges, even for the experienced clinician. These factors can

occur individually or together to complicate the care of the
trauma patient. (See Table 1.)

Preexisting Difficult Airway. As everyone who works in the
field of emergency medicine knows, Murphy’s Law virtually

defines our existence—if some-
thing can go wrong, it will.
Inevitably, a neckless, 375-
pound man with advanced
ankylosing spondylitis who is
driving a compact car will have
an unfortunate encounter with a
tractor-trailer at 3 a.m. and be
transported to your facility as a
Level 1 trauma. As you prepare
to perform the intubation, you
realize that multiple previous
airway manipulations have sig-
nificantly altered the anatomy
in the posterior pharynx.

Patients will bring to the trauma room preexisting anatomi-
cal variations that can complicate endotracheal intubation
(ETI). In any patient who is not critical enough to require an
immediate airway intervention, it is imperative to conduct as
thorough an evaluation as possible before considering the use
of a paralytic agent. The ultimate rule of airway management is
to have a thoroughly prepared plan to deal with the patient’s
airway, and never paralyze a patient you suspect will be
extremely difficult or impossible to intubate. Further, the ability
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to adequately mask ventilate should be taken into consideration
when deciding upon the type and method of airway interven-
tion. Characteristics of patients who may be difficult to mask
ventilate or intubate are discussed in detail in the “Difficult Air-
way” section.1-5

Trauma Immobilization. The physical process of trauma
immobilization with a cervical collar and backboard significantly
can limit access to the airway and the anterior neck. A properly
placed collar inhibits opening of the mouth and, by intention, pre-
vents repositioning of the head and neck. The collar further can
obstruct visualization of the anterior neck and potentially lead one
to miss laryngeal trauma or distortion of airway anatomy.

It is essential, therefore, to remove the cervical collar and uti-
lize inline stabilization by a dedicated individual during attempts
at intubation.

Cervical Spine Considerations. As in virtually all trauma
cases, careful consideration must be given to potential injury to

the cervical spine and spinal cord. This stated, however, airway
management still remains at the top of the resuscitation algo-
rithm. Failure to adequately control an airway due to theoretical
concerns of cervical injury violates this standard. The emer-
gency physician charged with the task of securing an airway
must employ the best possible available techniques to maintain
cervical stability and utilize refined intubation skills while not
sacrificing the patient for protection of his spinal cord.

Mechanical Distortion of the Airway or of Contiguous
Structures. Direct trauma to the face, larynx, or thorax can
alter the normal anatomic relationships of the airway structures
and can increase the difficulty of intubation. 

Indications for Invasive Airway Intervention
The decision to intubate a patient in the emergency depart-

ment (ED) can be the most significant and definitive step in the
care of the trauma patient. The primary goals of intubation are
to improve gas exchange, relieve respiratory distress by
decreasing the work of breathing, and protect against aspira-
tion. Secondary goals range from intentional hyperventilation
to core rewarming.

Experienced clinicians will be familiar with the intubation
criteria listed in Table 2.6

Respiratory Failure. Respiratory failure occurs when a
patient is unable to oxygenate or ventilate adequately to meet
his/her physiologic needs. The decision to intervene is based on
abnormalities found on blood gas analysis and, often more
importantly, the clinician’s observation of the patient in respira-
tory distress.

Oxygenation failure often is defined as the inability to main-
tain a PaO

2
of 60 mmHg on an FiO

2
greater than 40%.

Ventilation Failure. The best indicator of hypoventilation is
an abnormal pH. A pH less than 7.3 resulting from hypoventila-
tion should prompt intervention. Intervention at a higher pH
may be necessary if the patient appears fatigued or has signifi-
cant comorbidity. Chronic compensated elevation in PaCO

2

does not require support. When making a decision based on
abnormal blood gas analysis, carbon dioxide retention with a
PaCO

2
greater than 55 (with previously normal PaCO

2
) or rise

in PaCO
2

by 10 acutely in chronic obstructive pulmonary dis-
ease (COPD) is an indication for intervention.
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Table 1. Potential Complicating Factors in the
Management of a Trauma Patient’s Airway

• Pre-existing difficult airway (i.e., anterior larynx, short neck, 
poor jaw mobility, etc.)

• Physical constraints of trauma immobilization
• Potential or actual injuries to the cervical spine
• Mechanical distortion of the airway anatomy from direct trauma 

to oral, pharyngeal, or laryngeal structures
• Mechanical distortion of the airway from injuries to contiguous 

structures (lower neck, thorax, or trachea)
• Other non-airway factors, such as hypotension, brain injury, or 

pneumothorax, which compete with the urgency to control the
airway



Respiratory Muscle Fatigue. The increased work of
breathing seen with decreases in lung compliance (e.g., pul-
monary contusions, pulmonary edema, consolidation, pneu-
mothorax, or atelectasis) and increases in airway resistance
(e.g., bronchospasm or excessive airway secretions) can con-
tribute to early fatigue of respiratory muscles. This can be seen
clinically by agitation, diaphoresis, nasal flaring, the use of
accessory muscles, and abdominal (seesaw motion) breathing.
(See Table 3.) 

Intentional Hyperventilation. Although this technique tradi-
tionally has been used to attenuate intracranial hypertension by
inducing alkalosis to cause cerebral vasoconstriction, it recently
has been shown to be appropriate in only limited situations. 

Cardiovascular Support. Under normal physiologic condi-
tions, energy expenditure for breathing is low. During states of
physiologic stress, such as cardiogenic, hypovolemic, or septic
shock, the oxygen demand of the pulmonary mechanism rises
significantly. Early intervention with ETI in patients with sig-
nificant hemodynamic compromise can improve oxygenation to
the ischemic tissue and lessen myocardial workload.

Aspiration Protection. When a patient appears obtunded or
lacks a gag reflex, ETI becomes vital to decrease the risk of
aspiration and its attendant complications.

Mechanical Obstruction. Distortion of the airway can
occur in a variety of traumatic injuries. In cases of impending
airway obstruction or when obstruction already has occurred,
the decision to intervene is a foregone conclusion.

With more subtle injury patterns, an airway may be intact at
the time of initial examination, but the risk for potential
obstruction can be very high. This situation is typified in the
case of burns to the upper airway, where developing edema has
the potential to completely obstruct the larynx and other poste-
rior pharyngeal structures. Other examples include direct laryn-
geal trauma and penetrating wounds to the neck. Hematomas
from injury to the carotid artery can expand and distort the air-
way beyond recognition. 

Core Rewarming. A patient can develop substantial
hypothermia as the result of a traumatic injury occurring during
cold weather or secondary to submersion in cold water. As core
temperature drops, many physiologic changes occur, resulting

in coagulopathy, hypotension, and an overall decrease in sur-
vival. The principles of core rewarming place significant value
on the delivery of heated, humidified oxygen to the lungs as a
major method of adding heat to the body.7 This is best accom-
plished via the use of an endotracheal (ET) tube. Humidified
oxygen is heated to 45°C (113°F) and delivered continuously.
A rise in core temperature of 1-2.5°C (1.8-4.3°F) per hour can
be expected. Contrary to widely held belief, intubation of a
hypothermic patient never has precipitated the onset of a lethal
arrhythmia. 

Rapid Sequence Intubation (RSI)
Historical Perspective and Overview. Prior to the empha-

sis on the development of controlled airway management
strategies, airway management outside of the operating room
(OR) was, to say the least, practiced with a particular lack of
sophistication. Awake, non-pharmacologically assisted, oral
intubation was common. Nasotracheal intubation also was uti-
lized as a primary method of intubation or as a rescue tech-
nique. In the field, esophageal obturator airways were the stan-
dard modality. 

If sedation became necessary, serial sedation frequently was
utlilized. This method used incremental doses of an opiate such
as morphine, along with a benzodiazepine like diazepam or
lorazepam, to “soften the patient up a little.” The drugs were
given until the patient was sleepy enough to allow the introduc-
tion of a laryngoscope into the mouth. The problem resulted
when the epiglottis or larynx was stimulated, causing rapid cen-
tral nervous system (CNS) arousal and vomiting. This method
is distinctly different from the delivery of rapid-push induction
agents used in RSI.

Meanwhile, in the OR, anesthesiologists would take a care-
fully prepared patient, keep him or her from eating or drinking
anything (NPO) for hours, evaluate the airway for a potentially
difficult intubation, then deliver a cocktail of carefully meas-
ured drugs, which rapidly would induce unconsciousness and
muscle relaxation. The completely defenseless patient could be
intubated without resistance. If a difficulty arose, backup readi-
ly was available, and ultimately, the anesthesiologist had the
option of canceling the case and trying another approach to
intubation on another day. 

In the ED, canceling the case is rarely, if ever, an option.
Further, every ED/trauma patient seemingly just finished a din-
ner consisting of beer and a pizza with everything. He or she
then often has the nerve to violate the law of inertia and go par-
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Table 2. Indications for Intubation

• Oxygenation failure—PaO2 < 60 on FiO2 > 40%
• Ventilation failure—pCO2 > 55 with previously normal pCO2 or 

rise in pCO2 by 10 acutely in COPD
• Need for intentional hyperventilation
• Profound shock—Reduces energy expenditure used during 

rapid breathing
• Intentional paralysis—To accomplish necessary procedures in 

a non-compliant patient
• To protect the patient from aspiration 
• To alleviate mechanical obstruction
• To perform core rewarming

Table 3. Clues to Impending Respiratory 
Failure

• Hoarseness of the voice
• Stridor
• Poor handling of secretions
• Agitation
• Falling pulse oximetry
• Progressive rise in end tidal CO2



tially through the windshield just before becoming entrapped in
a car that flipped upside down in three feet of water. So much
for NPO, a controlled environment, and an ASA class I
(healthy) patient!

This type of setting demands a better approach to the patient
in need of emergent definitive airway management. 

When the technique of RSI was assimilated into emergency
medicine practice from the OR, the word “induction” was
replaced with “intubation,” thereby focusing the procedure on
the establishment of an airway rather than the induction of
anesthesia for an operative case. The American College of
Emergency Physicians endorses RSI as the standard of practice
for airway management.8 Nasotracheal intubation (NTI), which
once was the primary method of intubation in the ED, largely
has been replaced by RSI. A national survey of emergency
medicine residencies showed an average of only 2.8 NTIs dur-
ing a three-year period by emergency medicine residents.9 RSI
is considered routine in most EDs; it is utilized in up to 84% of
all ED intubations, with success rates reported at 97%.8,10-14

The role of RSI in trauma has been evolving and it currently
is considered the method of choice for emergent airway control
in the traumatized patient unless specific contraindications are
present.1,4,15

RSI Technique
RSI is a method of quickly obtaining optimal intubating

conditions via the delivery of an induction agent (to induce
unconsciousness) followed in rapid succession by a paralytic
agent. The goal of RSI is to facilitate the passage of an ET tube
into the trachea quickly and efficiently. RSI eliminates or
reduces the need for ventilating the patient during the proce-
dure unless oxygenation is impaired and the bag-valve mask
must be used to maintain adequate saturation. This technique
should minimize the chances of aspiration of stomach contents
during the intubation.

Various methods of teaching RSI for the emergency clini-
cian have been developed, but the use of the “Seven P’s of
RSI,” as described by Walls and Murphy,1 is the one that is the
best developed. The algorithm described below is a modifica-
tion of the above approach specifically adapted to the ED and
includes eight P’s—plan B, prepare, preoxygenate, pretreat, put
down, paralyze, pass the tube, prove placement.

Plan B. The first P in this series refers to the predetermined
plan for dealing with a difficult or failed orotracheal intubation.
It can be very disconcerting (at the very least) to discover a
heretofore unknown airway anomaly in what appears to be an
easy intubation. A recent article published in the anaesthesia lit-
erature found an unanticipated failed intubation occurred in
0.4% of the cases (44 of 11,621 patients).16 Published reports of
the ED airway management experience at several teaching hos-
pitals found that rate of difficult intubation was less than
5%.11,12 A complicated situation rapidly can become a disaster
if no pre-implemented plan exists to deal with an anomaly. To
avoid potential disasters, it is recommended that all EDs have
assembled an emergency airway cart for use in trauma patients.

It is present at all intubations. For a list of the items in the ulti-
mate, complete, difficult airway cart, see Appendix 1 in The
Manual of Emergency Airway Management.17,18 The minimum
required equipment utilized by the author as part of a difficult
airway cart is listed in Table 4.

Prepare. Taking the time to organize and inventory the
working environment directly prior to the actual intubation
assures that everything needed to perform the task will be avail-
able and in good working order. Not only does this preparation
provide peace of mind and decrease stress levels, it can be a
time- and life-saving investment. 

Preparation includes the following:
• Thoroughly evaluate the patient for a potentially difficult

intubation and for difficulty with bag-valve mask ventilation;
• Remove the patient’s dentures;
• Bring the difficult airway cart to the bedside; 
• Have the chosen laryngoscope blades ready (two sizes of

Macintosh blades, two Miller blades);
• Check the light on the laryngoscope blades;
• Verify the integrity of the balloon on the ET tube; and 
• Have suction ready at the bedside. When preparing suc-
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Table 4. Contents of Ohio State University 
Airway Cart

A COMPLETE SET OF RSI DRUGS 

• Induction/sedation agents: Etomidate, ketamine, midazolam,
and fentanyl 

• Paralytic agents: Succinylcholine, rocuronium, vecuronium
• Adjunctive medications: Atropine, lidocaine

ENDOTRACHEAL TUBES, VARIOUS SIZES AND TYPES (PEDIATRIC 
AND ADULT)

• Endotrol tubes
• Oropharyngeal and nasopharyngeal airways

ADDITIONAL LARYNGOSCOPE PARTS 

• Miller and Macintosh blades
• Standard laryngoscope handle
• Short laryngoscope handle
• Pediatric laryngoscope handle
• Spare bulbs

AIRWAY ADJUNCTS

• Gum elastic bougie
• Laryngeal mask airways (LMAs) and intubating laryngeal 
mask airways (ILMAs)

• Combitubes
• A lighted wand stylet with multiple sizes of stylets
• Retrograde intubation sets

SURGICAL AIRWAY TOOLS

• Percutaneous and open cricothyrotomy kits
• Scalpels (#10, #11, #15 blades)
• Extra instruments

NEEDLES AND SYRINGES OF VARIOUS SIZES



tion, it is useful to have two suction options available. A stan-
dard Yankaur tip works well for loose secretions but does not
adequately aspirate such common items as steak, pizza, mush-
rooms, and other assorted food morsels often found in the pos-
terior pharynx of ED patients. It may be useful to cut the tip off
of the Yankaur suction with some trauma shears prior to intu-
bating the patient.

• Verify the integrity of your IV access and start a second IV
line. A disastrous situation can result when an induction agent
is given, and the IV stops working before the paralytic agent
can be pushed. Have your chosen means to secure the ET tube
ready to implement.

• Have color-change capnography device at bedside.
Preoxygenate. As early as possible in the course of prepara-

tion for intubation, the patient should be placed on 100% FiO
2
.

Standard non-rebreather masks only deliver FiO
2

at approxi-
mately 70%, because they allow the entraining of room air. The
goal is to “denitrogenate” the patient’s functional residual
capacity and replace it with oxygen. This step can afford the
intubator some buffer time during the procedure. The healthy
70 kg adult can take as long as eight minutes to desaturate to
90%, whereas further desaturation from 90% to 0% can take
only two minutes. This reflects the characteristic “slippery
slope” found in the oxyhemoglobin saturation curve. Heavier
patients and small children typically will desaturate faster.19

The typical ED trauma patient requiring intubation may not
have a normal cardiopulmonary function and, therefore, may
fail to optimally oxygenate. Further, some pulmonary processes
that impair oxygenation also will antagonize the effects of pro-
longed preoxygenation.

In an ideal setting, a patient should breathe 100% oxygen for
five minutes prior to attempts at intubation. Most ED oxygen
delivery devices (even non-rebreather masks) achieve only a
75% FiO

2
; the use of a Capnoflo brand bag-valve mask delivers

close to 100%. Patients who are stable enough should receive
adequate preoxygenation. However, in the ED, some patients
with impending apnea will not tolerate a five-minute period of
preoxygenation. Instead, eight vital capacity breaths of 100%
oxygen may serve the same nitrogen washout function and
effectively retard apnea-induced hemoglobin desaturation.20

When studied, most ED oxygen delivery devices cannot
deliver adequate oxygen flow to reach an FiO

2
even close to

100%. Non-rebreather masks only achieve a 75% FiO
2

because
they allow the entraining of room air.

When put to the test, some commonly used resuscitation
bag-valve mask systems achieved FiO

2
s that never exceeded

40% (Code Blue™ and 1st Response™). By using a one-way
exhalation valve that does not allow for the entrainment of
room air, only the Capno-Flow™ and the Silicone Resuscita-
tor™ brand bag-valve mask systems were able to deliver
greater than 90% oxygen.21

Pretreat. The pretreatment phase of RSI involves the deliv-
ery of medications to modify the physiologic response during
and after intubation. One mnemonic used to describe the types of
medications frequently used in the pretreatment phase is “LOAD,”
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L — LIDOCAINE (1.5 MG/KG IV OR NEBULIZED [SEE BELOW]) 

• The use of lidocaine in RSI has been advocated to blunt the 
intracranial pressure rise associated with RSI. The evidence 
supporting its effectiveness is not clear, and conflicting reports 
of the degree of effect exist.22,23 A recent study implied that 
hemodynamic responses to laryngeal stimulation could be effect-
ively blunted with the use of topical 4% lidocaine (sprayed 
directly on the larynx) and partially blunted with intravenous 
lidocaine.24

• Lidocaine also can be delivered topically to the posterior phar-
ynx and upper airway by nebulization. Four cc of 4% lidocaine can 
be nebulized in a standard aerosol set with a facemask. This 
delivers 160 mg of lidocaine. Caution should be used so as not 
to exceed 5 mg/kg of lidocaine.

O — OPIATES (FENTANYL [SUBLIMAZE] 2-9 MCG/KG IV)

• Opiates can be used to attenuate the sympathetic responses to 
intubation. This can be important when treating a patient who 
might not tolerate hypertension or tachycardia associated with 
laryngeal stimulation. A recent study demonstrated that pretreat-
ment with fentanyl (2 mcg/kg), immediately prior to the induction 
of anesthesia, significantly reduced the hemodynamic response 
to endotracheal intubation.25

A — ANTICHOLINERGIC AGENTS (CHOOSE ONE)

• Atropine: Children—0.01-0.02 mg/kg IV (min 0.1 mg);
adults—0.5-1.0 mg IV or

• Glycopyrrolate (Robinul): Children—0.004 mg/kg IV;
adults— 0.2-0.4 mg IV
- Use in children to prevent potentially lethal bradycardia/
asystole (seen with succinylcholine) 

- Use in adults and children as an antisialogogue when 
ketamine is used.

D — DEFASCICULATING AGENTS  (CHOOSE ONE)

• Succinylcholine 0.15 mg/kg IV or
• Vecuronium 0.01mg/kg IV or
• Rocuronium 0.1 mg/kg IV

- Defasciculation refers to decreasing/eliminating the muscle 
fasciculations (twitches) that occur in response to the initial 
depolarizing effect of succinylcholine. These muscle contrac-
tions can produce a rise in intracranial and intraocular pressure.

- Use defasciculating doses of paralytic agents in patients with
head injury or open-globe eye injuries.

- Can use 1/10th the intubating dose of any available paralytic 
agent

- Administer drug three minutes prior to intubation.

Detailed drug information and dosages derived from 2002 Physician’s Desk

Reference and the 2002 American Hospital Formulary Service Drug Infor-

mation—American Society of Health-System Pharmacists.

Table 5. LOAD Mnemonic for Pretreatment
Phase of RSI



described by Walls, et al, in the Manual of Emergency Airway
Management.26 (See Table 5.)

Put Down. The next step involves the induction of anesthe-
sia with a rapid-acting induction agent. This step is performed
virtually simultaneously with the next step, administration of a
paralytic agent. Owing to the rapid onset of agents such as eto-
midate and ketamine, complete loss of consciousness can be
achieved in 30-45 seconds. The onset of succinylcholine, the
paralytic agent of choice, usually is less than 1 minute. When

given in rapid succession, the onset of induction and paralysis
can be almost simultaneous.

• Induction agents are given simultaneously to, or in rapid
succession with, paralytic agents;

• Apply cricoid pressure (Sellick’s maneuver). Do not release
until placement is verified; and

• Do not ventilate until patient is intubated or reoxygenation is
required. 

Induction Agents — Etomidate (Amidate). If only one drug
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Table 6a. Induction Agents for Use in RSI

ETOMIDATE (AMIATE)

Dosage: 0.3 mg/kg IV
Pregnancy Category: C
Preparation: 2 mg/mL
Description: Non-barbiturate, sedative hypnotic with anesthetic
and amnestic properties (no analgesia)
Onset: < 60 seconds 
Duration: 5-10 minutes
Reversal Agents: None 
Indications: Need for rapid induction; excellent for older patients or
those with tenuous cardiovascular status; hypotension
Contraindications: Allergy to etomidate; in Addison’s Disease,
must supplement corticosteroids
Major Side Effects: Apnea related to dose and rate of administra-
tion is rare and only minor respiratory depression is seen; pain on
injection common; decreased ICP and cerebral perfusion pressure;
spontaneous myoclonus (not seizure) is seen in up to 30% of
patients; transient ACTH-resistant/hydrocortisone-responsive
decrease in the production of cortisol; vomiting and hiccoughs are
possible during and post-procedure 

KETAMINE (KETALAR)

Dosage: 1-2mg/kg IV push
Pregnancy Category: Unknown
Preparations: 100, 50 & 10 mg/mL 
Description: Dissociative anesthetic; PCP derivative. May act at
multiple receptor sites including opioid and cholinergic; only single
agent with anesthetic, amnestic, and analgesic properties.
Onset: IV: 30-60 seconds 
Duration: IV: 10-15 minutes 
Reversal Agents: None proven; naloxone & physostigmine may
have some theoretical effect 
Indications: The need for induction in a hypotensive patient;
need for induction in a patient with bronchospasm
Contraindications: Elevated ICP; ischemic heart disease; age 
< 3 months
Major Side Effects: (Side effects rarely outweigh the potential
benefits of ketamine as an induction agent in the hypotensive
patient.) Transient 20-30% increase in BP; increase in heart rate;
increase in ICP has been reported; nystagmus; nausea—vomiting
is rare and usually occurs late after emergence; excess salivation
can be controlled with atropine/glycopyrrolate; hallucinations on
awakening (rare in children < 13 years of age). Hallucinations are
much less frequent than previously reported in adults and virtually
are eliminated by the addition of 2 mg of midazolam; transient
apnea is very rare and seen only with rapid-push of high doses.

THIOPENTAL (PENTOTHAL)

Dosage: Adult— 3-5 mg/kg IV rapid push. Children—2-6 mg/kg IV
rapid push. Decrease dose with hypotensive/elderly (1-2 mg/kg).
Pregnancy Category: C
Preparation: Multiple 
Description: Barbiturate anesthetic agent with a rapid onset of
action.
Onset: 30-60 seconds
Duration: 10-20 minutes
Reversal Agents: None proven
Indications: Induction of anesthesia in RSI; possibly useful in
patients with head injury to lower ICP
Contraindications: Porphyria; status asthmaticus; significant
cardiovascular problem producing hypotension; hypotension
Major Side Effects: Decreases BP—hypotension is common; bar-
biturates may potentiate/increase pain (antianalgesia); exacerbation
of bronchospasm can occur in status asthmaticus; nausea/vomiting

PROPOFOL (DIPRIVAN)

Dosage: Adult and children: 2-2.5 mg/kg IV slowly over 30 sec in
2-3 divided 
Pregnancy Category: B 
Preparation: 10 mg/mL 
Description: Non-barbiturate, sedative-hypnotic with anesthetic
and amnestic properties.
Onset: < 60 seconds
Duration: 5-10 minutes
Reversal Agents: None 
Indications: Induction of anesthesia in hemodynamically stable
patients
Contraindications: Allergy to albumin or egg whites; hypoten-
sion; compromised cardiac function ; caution in elderly patients
(exaggerated hypotension)
Major Side-Effects: Transient hypotension and apnea are relat-
ed to dose and rate of administration; pain on injection (10%);
decreased ICP and cerebral perfusion pressure

Detailed drug information and dosages derived from 2002
Physician’s Desk Reference and the 2002 American Hospital 
Formulary Service Drug Information, American Society of 
Health-System Pharmacists.



is available to utilize for RSI in ED patients, etomidate is the
agent of choice. With its onset of action in one arm-to-brain cir-
culation (30 seconds), a duration of action of only 3-10 min-
utes, and very little effect on cardiovascular hemodynamics,
etomidate is ideally suited for sick, potentially hypotensive or
grossly unstable patients. It has gained significant popularity
for use in ED RSI.27 (See Table 6a.)

Etomidate is a non-barbiturate sedative-hypnotic agent unre-
lated to other induction agents. This medication typically is
delivered by a single dose of 0.3 mg/kg given by rapid IV push,
often simultaneous with, or directly preceding, a paralytic
agent. The reported incidence of etomidate-induced myoclonus
(up to 30%) is of little significance since all movement will be
obliterated with the coadministration of a rapid-acting paralytic
drug. Benzodiazepines and opiates have been employed to
attenuate etomidate-induced myoclonus. Studies in adults have
found that the only consistent effects are achieved with fentanyl
at doses of 500 mcg.28 Transient adrenocortical dysfunction
lasting 12 hours after a single bolus dose of 0.3 mg/kg of eto-
midate has been reported. This effect appears to have little clin-
ical relevance since serum cortisol levels remain within normal

parameters during the period of dysfunction.29

If etomidate is given without a paralytic agent, most patients
will continue to breathe. Although sufficient intubating condi-
tions often are produced with etomidate alone, myoclonus
(especially involving the jaw) can interfere with the process,
requiring rescue paralysis. 

Ketamine (Ketalar). Ketamine, a dissociative anesthetic
derived from PCP, is unique in that it is the only agent which
provides analgesic, amnestic, and anesthetic (sedative-hypnot-
ic) properties. 

Despite an inherent myocardial depressant effect, ketamine
stimulates the release of endogenous epinephrine, causing an
increase in heart rate, blood pressure, myocardial oxygen con-
sumption, and bronchodilation.

This agent is best suited for hypotensive patients, owing to
the cardiovascular support provided by this drug. Current rec-
ommendations caution against the use of ketamine in patients
with head injury. Although an increase in intracranial pressure
is reported, this appears to result from an increase in cerebral
blood flow. Increases in brain perfusion potentially can offset
the increased ICP, calling into question the clinical relevance of
this untoward effect.

The frequency of emergence hallucinations, reported with the
use of ketamine in adults may be overstated. The addition of a ben-
zodiazepine may control or minimize any effects that may occur.
Further, in the ED patient who will remain ventilated, sedated, and
paralyzed, emergence reactions have little significance.

Thiopental (Pentothal). Pentothal is a classic induction agent
with very rapid onset and short duration of action. It can lower
intracranial pressure. Since it can drop blood pressure signifi-
cantly with one dose, it is not a good agent for unstable or
hypotensive patients. This agent has amnestic and anesthetic
properties with paradoxical antianalgesic effects sometimes
observed. 

Propofol (Diprivan). Propofol can produce potentially
severe hypotension in cardiovascularly compromised or blood
volume depleted patients. Availability of other choices makes
propofol suboptimal for ED RSI in all but the most cardiovas-
cularly stable patients.

Paralyze. This step involves the delivery of a rapid-acting
paralytic agent given simultaneously, or in close succession
with, an induction agent.

Paralytic agents induce profound muscle relaxation by
inhibiting the action of acetylcholine (Ach) at the neuromuscu-
lar endplate. These drugs are either depolarizing or non-depo-
larizing, depending on their interaction with the Ach receptor.
(See Table 6b.)

Depolarizing agents such as succinylcholine fit into the Ach
receptor and act to initially cause depolarization of the motor
endplate and induce contraction, manifesting clinically as fasci-
culations. Subsequently, the receptor is blocked by the suc-
cinylcholine, preventing Ach from binding and producing fur-
ther contraction. The paralysis lasts until succinylcholine is
degraded by acetylcholinesterase. 

Non-depolarizing agents such as vecuronium and rocuroni-
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Table 6b. Paralytic Agents for Use in RSI

SUCCINYLCHOLINE (ANECTINE/QUELICIN)

Dosage: Adult: 1.5 mg/kg IV rapid push 
Pregnancy Category: C
Preparation: 20 mg/mL
Description: Depolarizing neuromuscular blocking agent
Onset: IV: 30-60 seconds
Duration: IV: 6-12 minutes 
Reversal Agents: None
Indications: First-line paralytic agent in RSI
Contraindications: Burn or spinal cord injury patients > 48 h post
injury; open-globe ocular injury; use can cause bradycardia unless
pretreatment with anticholinergic; known hyperkalemia
Major Side-Effects: Muscular fasciculations; transient hyper-
kalemia; increased ICP and intraocular pressure

ROCURONIUM (ZEMURON)

Dosage: Adults and children: 0.6-1.2 mg/kg IV rapid push
Pregnancy Category: B 
Preparations: 10 mg/mL
Description: Non-depolarizing neuromuscular blocking agent
Onset: 45-90 sec 
Duration: 15-40 min.
Reversal Agents: Neostigmine
Indications: Good second-line agent for RSI; rapid onset but
long duration of action
Contraindications: Hypersensitivity to rocuronium; hypersensi-
tivity to bromides;
Major Side-Effects: Tachycardia; transient hypo/hypertension

Detailed drug information and dosages derived from 2002
Physician’s Desk Reference and the 2002 American Hospital
Formulary Service Drug Information, American Society of 
Health-System Pharmacists.



um competitively inhibit the Ach receptor, occupying it and
then exiting the site. These agents are removed from the neuro-
muscular junction and broken down in the liver. Their duration
and onset of action generally are longer than succinylcholine.

Succinylcholine (Anectine/Quelicin). Succinylcholine is the
first line agent for paralysis in RSI. No agent consistently has
demonstrated comparable rapidity of onset and short duration
of action. In otherwise normal individuals, the use of succinyl-
choline results in only minimal changes in serum potassium of
0.5-1 mEq/L.19,30 The magnitude of this effect is enhanced in
two groups of patients. The first group is those who have had
massive tissue destruction such as severe burns, massive trau-
ma, and rhabdomyolysis. Owing to the large surface area of
damaged muscle that is capable of leaking potassium, severe,
rapidly fatal hyperkalemia can develop. Mortality rates can
reach 30%, even with treatment.31

The second group is comprised of patients who develop an
up-regulation of acetylcholine receptors. When muscles lose
their normal input from motor nerves, the acetylcholine recep-
tors normally located in the motor endplates increase in density
and spread over the surface of the muscle. Stimulation from
succinylcholine causes an exaggerated release of potassium.
Conditions which cause this effect include: CNS injury (CVA);
spinal cord injury; neuromuscular diseases with muscle wasting
(e.g., muscular dystrophy, etc.); disuse atrophy; and any other
cause of chronic denervation. This problem is not seen if the
injury is acute, but rather develops after 24-48 hours.

Recent literature suggests that the risk of adverse events
when succinylcholine is used on known hyperkalemic patients
(K > 5.5mEq/L) is lower than generally believed, with a maxi-
mum catastrophic event risk of 7.9%.30 Although this clearly is
not a trivial risk, succinylcholine may still be the drug of choice
when neuromuscular paralysis is required and suitable alterna-
tives are not available.

Succinylcholine can be stored unrefrigerated for up to three
months with only minimal degradation (10% loss) of its para-
lytic properties.18

Rapacuronium (Rapalon). Rapacuronium is designed as a
competitor to succinylcholine in RSI. To date, this agent has the
shortest onset of action and duration of any non-depolarizing
paralytic. Unfortunately, rapacuronium recently was removed
from the market due to a few cases of fatal bronchospasm
attributed to its use.

Rocuronium (Zemuron). Rocuronium is slightly slower than
succinylcholine in onset of paralysis, but it is faster than most other
non-depolarizing agents. A recent meta-analysis reported that
although rocuronium was inferior to succinylcholine in providing
excellent intubating conditions, it was comparable to succinyl-
choline in inducing clinically acceptable intubating conditions.32 A
recent report looked at rocuronium and found it to be an effective
agent for RSI when succinylcholine was contraindicated.33

Pass the Tube. The goal of RSI is to get to this very point
with the least possible difficulty. Here, the ET tube is passed
through the cords via direct visualization. Prior to and during
this process, cricoid pressure is maintained until the ET tube

cuff is inflated where appropriate. A complete discussion of
basic intubating techniques is beyond the scope of this text, so
only a few tips will be presented. Many other techniques, tools,
and tricks will be covered in the second part of this article.

One technique that has been described to facilitate direct
visualization of a slightly anterior larynx is called “BURP” for
“Backwards-Upwards-Rightwards-Pressure.”34,35 The assistant
applies pressure to the thyroid cartilage, first backward, then
upward, and finally rightward. The adult larynx should be dis-
placed about 2 cm to the right. Meanwhile, the intubator should
attempt direct visualization of the larynx. Alternatively, the intu-
bator can place his or her hands over the assistant’s hand and
direct the pressure while attempting to visualize the glottis.
When the cords are seen, pressure can be released by the intuba-
tor, and the assistant can continue to hold the optimal position.

A recent article described the use of a simple and effective
technique called External Laryngeal Manipulation (ELM).
ELM achieves the same backward, upward and rightward air-
way repositioning as does “BURP,” however the pressure is
applied by the intubator with his or her right hand.36,37 One of
the most common pitfalls is failure to adequately sweep the
tongue out of the way. By inserting the blade as far to the right
as possible, the intubator more effectively can force the tongue
to the left.

The laryngoscope blade can be placed as deep as possible
into the oropharynx, allowing it to enter the esophagus. When
the blade slowly is withdrawn, the first anatomical structure to
be encountered is the larynx, followed by the epiglottis.

Prove Placement. The final step is to verify the correct
placement of the ET tube into the trachea. Inadvertent place-
ment of the ET tube into the esophagus is OK. Failure to imme-
diately recognize and remedy this error is not. 

After the tube is passed and the cuff is inflated (where
appropriate), the chest should be auscultated to listen for breath
sounds. The stethoscope need only be placed in three locations
to properly auscultate: the left axilla, the right axilla, and over
the epigastrum. Absent breath sounds and/or sounds of gastric
insufflation means that the wrong tube has been accessed.
Unequal breath sounds can imply that the tube is in the right (or
sometimes the left) mainstem bronchus.

In all ORs, the standard of care is to use the detection of a
CO

2
waveform with formal capnography as confirmation of tra-

cheal placement of an ET tube. The standard should be no less
in the ED. Although quantitative capnography devices are
beginning to appear in EDs, they are not yet commonplace. The
use of inexpensive color-change CO

2
detectors represents a

practical alternative. The detection of CO
2
, indicated by a pur-

ple to yellow color change, is 100% specific for tracheal place-
ment of the ET tube, whereas the failure to detect color change
strongly suggests esophageal intubation.38 In cardiac arrest, the
lack of lung perfusion can lead to the absence of CO

2
and a

lack of color change despite the correct placement of the ET
tube in the trachea.

The esophageal intubation detector (EID) is a simple device
that relies on negative pressure to detect misplacement of an ET
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tube. This device is a small bulb that is squeezed to evacuate
the air and then placed on the end of the ET tube. When the
bulb is released, it tries to reexpand. If the ET tube is in the
esophagus, the esophageal walls, which are not rigid, will col-
lapse around the end of the ET tube and prevent air from being
sucked up the tube and thereby prevent bulb reinflation. In the
rigid trachea, however, air can be sucked into the ET tube and
the bulb will reinflate in fewer than two seconds. In clinical
application, this device generally has been effective in detecting
most esophageal intubations when direct visualization was not
possible or capnography was not available.39-41 A recent report,
however, documented cases in which the detector gave false
positive results for tracheal intubation.42

A chest radiograph should be performed as soon as possible
to confirm ET tube placement and document position.

Issues in the Pediatric Airway
A detailed discussion of all of the factors affecting the pedi-

atric trauma airway is beyond the scope of this paper. High-
lights of the anatomic and physiologic differences between the
adult and pediatric patient as they pertain to airway manage-
ment will be presented.43,44

Anatomic Differences
• Large tongue in children;
• Anterior position of tracheal opening: younger than 2 years

of age—high anterior tracheal opening; 2-8 years—transition;
older than 8 years—airway is like small adult;

• Large occiput causing neck flexion;
• Large tonsils and adenoids;
• Small cricothyroid membrane—cricothyroidotomy 

contraindicated;
• Acute angle between epiglottis and laryngeal opening—

difficult nasal intubation;
• Narrowest part of the airway is below the vocal cords at

the cricoid ring.
Physiologic Differences
• Shorter time to oxygen desaturation. As a result of increased

basal metabolism and smaller functional residual capacity, pedi-
atric patients can desaturate in 50% of the time that an adult
patient does.

• Need for higher doses (2 mg/kg) of succinylcholine
• High tendency for vagal effects of succinylcholine—must

use atropine to prevent bradycardia in patients younger than 10
years of age.

Implications for Airway Management. The above
anatomic and physiologic differences have the following
implications that warrant adjustment in standard intubating
technique:

• Pay attention to adequate preoxygenation and expect rapid
desaturation;

• Visualization of the anterior airway may be facilitated with
a straight pediatric blade—if the airway is not easily visualized,
try withdrawing a deeply placed blade slightly and watch the
epiglottis fall into view;

• Do not hyperextend the neck. In a nontrauma patient, a

towel roll can be placed behind the shoulders to raise the torso
to match the position of the head;

• In-line spine immobilization during orotracheal intubation
is recommended;

• Use uncuffed ET tubes until size 6.0 is required. Estimate
ET tube size as (age in years + 16)/4;

• Pretreat patients with atropine (0.01 mg/kg with 0.1 mg
minimum);

• Use 2 mg/kg succinylcholine;
• Do not perform surgical cricothyroidotomy in patients

younger than 10 years of age;
• Use caution and expect difficulty with nasotracheal 

intubation;
• Do not push the ET tube too deep and intubate the right

mainstem bronchus;
• Use Broselow tape to do dosages, diameters, and depths.

Implications for the Hypotensive Patient
In the injured patient who is hypotensive and requires defini-

tive airway management, some modifications to the standard
RSI protocol should be given consideration. Although almost
all induction agents can produce hypotension and myocardial
depression, the two agents etomidate and ketamine have the
best hemodynamic profiles.27,45 Etomidate has little effect on
cardiac contractility and respiratory rate, making it an excellent
choice for induction in the trauma patient. Although etomidate
is very cardiostable, in hypotensive or volume depleted
patients, doses should be reduced to one half the usual induc-
tion dose (from 0.3 mg/kg to 0.15 mg/kg).46

Ketamine releases endogenous catecholamines. In patients
who are not catecholamine-depleted by prolonged maximal
physiological stress, ketamine will accelerate heart rate and
raise blood pressure. In patients with significant head injury,
ketamine remains relatively contraindicated due to its possible
adverse effects on intracranial pressure.45,46

Barbiturates (thiopental and methohexital), propofol, and
large doses of midazolam should not be used in hypotensive
patients due to their propensity to significantly lower blood
pressure.

Fortunately, the most commonly employed paralytic agent,
succinylcholine, does not produce hypotension. Bradycardia,
which most often is seen in children who receive succinyl-
choline, can be abolished with small doses of atropine
(0.02mg/kg). If succinylcholine must be redosed in adults,
atropine (1-2 mg IV) should be given prior to the second dose
to prevent enhanced vagal tone.
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CE/CME Questions
Effective with this issue, Trauma Reports is changing its

testing procedure. You will no longer need to return a Scantron
answer sheet to earn credit for the activity. Please review the
text, answer the following questions, check your answers
against the key on the following page, and then review the
materials again regarding any questions answered incorrectly.
To receive credit for this activity, you must return the enclosed
CE/CME evaluation in the enclosed envelope. For further
information, refer to the “CE/CME Instructions” below. 

This testing procedure has proven to be an effective learning
tool for adults. If you have any questions about the new testing
method, please contact Customer Service at 1-800-688-2421. 

1. Inline stabilization of the cervical spine is unacceptable during intuba-

tion attempts of a trauma patient.

A. True

B. False

2. Which of the following is an indication for intubation?

A. Oxygenation failure

B. PCO
2

greater than 60

C. Profound shock

D. Protection of patient from aspiration

E. All of the above

3. Which of the following is not part of preparation for intubation?

A. Thoroughly evaluating the patient

B. Administering lidocaine

C. Having laryngoscope blades ready

D. Verifying the integrity of the balloon on the ET tube

E. Having suction available

4. Which of the following patients will desaturate the fastest?

A. Healthy, adult male

B. Healthy, adult female

C. Healthy 6-month-old female

D. Healthy 12-year-old male

5. Which of the following medications is not part of the pretreat-

ment phase of RSI?

A. Atropine

B. Lidocaine

C. Succinylcholine 0.15 mg/kg

D. Succinylcholine 1.5 mg/kg

E. Vecuronium 0.01 mg/kg

6. Which of the following induction agents would be particularly

beneficial in an asthmatic patient who requires intubation?

A. Etomidate

B. Thiopental

C. Pentothal

D. Propofol

E. Ketamine

7. In a patient with Addison’s Disease in whom etomidate is used as

an induction agent, supplemental corticosteroids should be con-

sidered.

A. True

B. False

8. Which of the following is a contraindication to the use of 

propofol?

A. Allergy to albumin

B. Hypotension

C. Compromised cardiac function

D. Allergy to egg whites

E. All of the above

9. Which of the following may be used to confirm ET tube position?

A. Breath sounds

B. Quantitative capnography devices

C. Color change CO
2

detector
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D. Chest radiograph

E. All of the above

10. Pediatric patients have a shorter time to oxygen desaturation than

do adult patients.

A. True

B. False

ANSWERS: 1-B; 2-E; 3-B; 4-C; 5-D; 6-E; 7-A; 8-E; 9-E; 10-A.
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I
n this month’s issue, we consider the effect that a patient’s failure to return

as directed for follow-up care may have on that patient’s subsequent mal-

practice lawsuit against the original treating physician. Most physicians

probably correctly recognize that responsibility for a patient’s medical out-

come is not an entirely one-way street. That is, the responsibility for the result

is not exclusively the physician’s. Rather, the patient shares the responsibility

for his or her care. This patient responsibility includes, for example, responsi-

bility to provide an honest and complete history, to cooperate during examina-

tion, to be compliant with the physician’s treatment plan, and to follow the

physician’s instructions, including when to return for follow-up.

Many physicians have also probably heard the term “contributory negli-

gence” and might understand that it refers to a defense that the physician may

assert in answer to a claim of malpractice. In essence, contributory negligence

is an assertion that the bad outcome was not the defendant physician’s fault;

rather, it was actually caused by the negligence of the patient. For example:

“If she had taken the medication as directed, everything would have been

fine”; or “If he had returned for a recheck in two days as I instructed him, we

would have detected the complication at an early stage, and we would have

been able to treat it such that everything would have been fine.”

Most states no longer follow the unduly harsh doctrine of contributory negli-

gence that serves to deny a plaintiff any recovery if the patient has been at all

negligent, however minor that negligence might have been. The doctrine of con-

tributory negligence has now largely been replaced by the comparative negli-

gence rule, whereby damages are prorated among all parties whose negligence

collectively resulted in the injury. For example, if a defendant was 10% responsi-

ble for plaintiff’s injury, that defendant will be held responsible for 10% of the

total damages. 

Another legal doctrine, avoidable consequences, is theoretically quite different
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