
The most important skill for the emergency physician is air-
way management. The Manual of Emergency Airway Manage-
ment by Ron Walls, MD,
emphasizes that control of the
airway is a defining skill of
emergency medicine.1 No other
commonly performed procedure
has as immediate an effect on
life and death as endotracheal
intubation. Although challeng-
ing in all patients, the proce-
dures of endotracheal intuba-
tion (ETI) and rapid sequence
induction pose many particular
challenges when performed in
children. This article will begin
by reviewing the existing litera-
ture describing the epidemiology of rapid sequence intubation
(RSI) in children as well as its affect on survival. The pertinent
aspects of pediatric anatomy and physiology will be reviewed.
Finally, the various components of RSI in children— including
equipment, techniques, medications, and rescue devices— will be
discussed. —The Editor

Introduction and Epidemiology
The establishment and maintenance of a patent airway has

been the initial step in resuscitation of both children and adults

for as long as resuscitation guidelines have existed. ETI is con-
sidered by many the gold standard among interventions for the

pediatric airway. 
However, clinical evidence

of the usefulness and efficacy
of ETI in children is not sup-
ported completely by studies
examining the technique and
its outcomes. 

This article will provide an
overview of the anatomic,
physiologic, pharmacologic,
and procedural aspects of
advanced pediatric airway
management using ETI, RSI,
and rescue techniques. 

Pediatric ETI in the Prehospital Setting
Although many of the principles of pediatric ETI apply in all

health care settings, ETI in the prehospital care setting has
unique characteristics and has been the subject of intense contro-
versy. In a landmark study by Gausche et al, prehospital care
providers administered either ETI or bag valve mask (BVM)
ventilation to children in need of respiratory support in an alter-
nate day fashion. A total of 820 children were enrolled during a
33-month period. No difference was found in either survival or
favorable neurologic outcome in children who underwent ETI
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compared with those who received BVM ventilation alone. The
authors concluded that ETI conferred no benefit to critically ill
children in the prehospital setting and resulted in significantly
longer scene times.2 All children enrolled had short transport
times to definitive medical care (mean 20 and 23 minutes for
BVM vs ETI groups, respectively). Intubation success rates var-
ied by age (56-67%) and were considerably lower than those
observed in other studies.

Despite the limitations cited above, the Gausche study clearly
affected the approach to pediatric prehospital airway manage-
ment. The most recently published guidelines for Pediatric
Advance Life Saving (PALS) included a change in wording
regarding ETI use in children, stating that “ventilation via a
properly placed tracheal tube is the most effective and reliable

method of assisted ventilation,” but that ETI “requires mastery of
the technical skill to successfully and safely place a tube in the
trachea, and it may not always be appropriate in the out-of-hos-
pital setting . . .”3

Gausche’s findings contrasted with those of previous epi-
demiologic studies that evaluated prehospital ETI in the pediatric
patient in cardiopulmonary arrest. In 1987, Losek and colleagues
analyzed 114 children with out-of-hospital cardiac arrest, and
found that in children younger than 18 months, successful ETI
was a significant predictor of survival to hospital discharge.4

Ironically, the study also demonstrated a statistically significant
decreased likelihood for ETI being attempted in children in the
same age range. In 1999, Sirbaugh and colleagues conducted a
prospective analysis of 300 children with out-of-hospital cardiac
arrest and found that successful ETI was the only significant pre-
dictor for on-scene return of spontaneous circulation; however,
ETI had no affect on survival.5

Use of RSI Medications in Children
The variability of successful outcomes from pediatric ETI use

in the prehospital arena, as well as in the emergency department
(ED), is due largely to the variability in success rates for tube
placement and the occurrence of complications. Little data
examining the effect of RSI medications on intubation success in
the ED exist. A recently published prospective survey of 11 EDs
that performed 156 pediatric intubations during a 16-month peri-
od showed that 72% percent of first attempts at ETI were suc-
cessful overall, varying from 60% in children younger than 2
years to 85% for children ages 12 to 18 years.5 Intubation was
more likely to be successful in children in whom RSI was per-
formed (defined as the use of neuromuscular blockade [NMB]
prior to intubation) when compared with ETI attempted with no
medications or the use of sedative medications alone. In another
recent retrospective review of ED patients, RSI was successful in
78% of cases with the first attempt when medications for RSI
were applied according to a pre-established protocol.6 Easley and
colleagues prospectively examined children who underwent ETI
and found significant differences in medication use between
children’s hospital EDs and non-children’s hospital EDs. They
found that pediatric patients in non-children’s hospital EDs were
more likely to be intubated without NMB agents or with no med-
ications and also were more likely to experience complications
or variances from practice guidelines.7 This study, however, did
not examine or control clinical variables related to patients studied.

Studies of prehospital ETI in children without the use of RSI
or sedation medications also have yielded variable intubation
success rates, ranging from 39-50% in infants to 71-90% in older
children. Several studies have demonstrated significant differ-
ences in success of ETI among age groups, with infants and tod-
dlers having lower success rates than older children.4,8,9 Results
of one retrospective study of prehospital ETI in children showed
that succinylcholine (SCh) was used by paramedics in 47% of
cases, and that patients receiving SCh were more likely to be
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older, more likely to have been injured, and less likely to experi-
ence complications related to ETI.10 This variability in ETI suc-
cess rates in the literature reflects the complexity of performing
ETI on a heterogeneous group of patients in a variable and often
uncontrolled setting.

Anatomy
The ability to perform ETI successfully in a pediatric patient

begins with knowledge of the unique anatomic features in the
head and neck, and a thorough familiarity with a child’s airway
structures. Differences in technique, positioning, and equipment
configuration and size all must be adapted to the unique anatom-
ical considerations listed below.

Size. Airway structures are smaller and the field of vision
with laryngoscopy is narrower in children.

Adenoidal Hypertrophy.  This condition is common in
young children leading to greater tendency to obstruct the
nasopharynx; and greater risk for injury to adenoidal tissue with
resultant bleeding in hypopharynx when laryngoscopy is per-
formed.

Developing Teeth. Although young infants are edentulous,
the underlying alveolar ridge contains developing tooth buds that
are susceptible to disruption from laryngoscope trauma. Primary
teeth in young children can be avulsed and/or aspirated easily.

Tongue. The tongue is large relative to the size of oropharynx
in children.

Superior Larynx. Often referred to as being anterior, the
laryngeal opening in infants and young children actually is locat-
ed in a superior position to that of an adult. (In infants, the larynx
is opposite C

3
-C

4
as opposed to C

4
-C

5
in adults.) A child’s nor-

mal anatomy makes the angle of the laryngeal opening with
respect to the base of the tongue more acute and visualization
more difficult.

Hyoepiglottic Ligament. The hyoepiglottic ligament con-
nects the base of tongue to the epiglottis. This ligament has less
strength in young children; therefore, a laryngoscope blade in the
vallecula will not elevate the epiglottis as efficiently as in an adult.

Epiglottis. The epiglottis of children is narrow and angled
acutely with respect to the tracheal axis; thus, the epiglottis cov-
ers the tracheal opening to a greater extent and can be more diffi-
cult to mobilize. 

The narrowest point of the young child’s airway occurs at the
level of the cricoid cartilage instead of at the level of the glottic
opening itself.

The goal of head positioning for direct laryngoscopy is the
alignment of the pharyngeal axis (PA), laryngeal axis (LA), and
oral axis (OA). In adults, the alignment of the LA and PA often
is optimized by the elevation of the occiput. In infants, the pro-
minent occiput makes that maneuver unnecessary, and occipital
elevation can potentially worsen the view of the glottic opening.11

An understanding of the unique physiologic features of chil-
dren also is extremely important as a background for discussion
of RSI in children.

Respiratory Physiology
Lung. Infants have fewer and smaller alveoli than young chil-

dren, and their overall gas exchange surface area is dispropor-
tionately small. Surface area reaches proportions similar to adult-
hood by 8 years of age. Channels for collateral ventilation (pores
of Kuhn and Lambert’s channels) are absent in infancy. The
overall effect of those phenomena is a greater tendency for alve-
olar hypoventilation and for the development of atelectasis dur-
ing a respiratory illness.12

Respiratory Mechanics. The pediatric thoracic skeleton is
largely cartilaginous and much more compliant than the adult
skeleton. Elastic recoil of the chest wall in the young child is
essentially absent. A given change in thoracic pressure will result
in a larger change in lung volume, similar to the physiology seen
in an adult with emphysema. A given change in volume is asso-
ciated with little or no change in pressure, so that a greater
amount of work is required to generate a tidal breath. 

The high compliance of the pediatric chest wall results in a
closing volume (CV) (i.e., volume at which terminal bronchioles
collapse because they are no longer supported by elastic recoil)
that can be elevated with respect to functional residual capacity
(FRC). If the already diminished elastic recoil is impaired (i.e.,
by supine positioning), CV can exceed FRC to a greater extent
resulting in the absence of ventilation of some lung segments
during normal tidal breathing. Therefore, young patients have a
greater tendency for intrapulmonary shunting and hypoxemia
with the positioning required for airway management.

Accessory respiratory muscles in young children are com-
posed of a lower percentage of slow-twitch muscle fibers and are
more susceptible to fatigue compared with the diaphragm. Also,
the architecture of the pediatric thorax (horizontal rib orientation
with extensive cartilage composition) is such that intercostal and
suprasternal muscles are recruited poorly to assist in respiratory
effort.11

Airway. Airway diameter and length increase with age. The
distal airway (bronchioles) lags in growth behind the proximal
airway during the first few years of life. Pouseille’s law states
that airway resistance is inversely proportional to the 4th power
of the radius of the airway. Thus, young children have higher
resistance to airflow at baseline in their lower airways, and a
change in airway diameter of a given dimension will have a
much more profound effect on airway resistance in a small child
than in an older child or adult. Such a change can occur as a
result of edema, obstruction, or excess secretions. Illnesses that
affect the caliber of small airways (e.g., asthma and viral bron-
chiolitis) produce a disproportionate increase in work of breath-
ing in infants and children.12

Cellular Oxygenation. Resting oxygen consumption in the
newborn is twice that of an adult (6 mL/kg/min vs 3 mL/kg/
min). Oxygen consumption in infants is extremely sensitive to
physiologic derangements, such as fever or hypothermia. At a
neutral temperature (35°C), oxygen consumption is at a minimal
level; either increasing or decreasing temperature results in dra-
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matic increases in oxygen consumption. The oxyhemoglobin
dissociation curve for young infants is shifted to the left (greater
affinity for oxygen and poorer tissue oxygen delivery) by the
presence of elevated amounts of fetal hemoglobin.12

The summary effects of the various respiratory physiologic
phenomena described above are a greater tendency for hypox-
emia and arterial desaturation. Benumof and colleagues con-
structed a theoretical model of oxyhemoglobin desaturation to
demonstrate the time to critical desaturation of several classes of
patients, including children.13 According to this model, a healthy
10-kg child will desaturate to 90% after approximately three
minutes of apnea, much more quickly than healthy or even mod-
erately ill adults.14 In a clinical study of elective surgery patients,
Xue and colleagues found that the mean time to desaturation to
90% was 118 seconds in infants, 168 seconds in toddlers, and
248 seconds in children older than 3 years.15 The time required
for the saturation to fall from 95% to 90% was significantly
shorter in infants than older children as well (8 seconds com-
pared with 16 seconds).15 Those findings occurred following a
two-minute period of ventilation with 100% oxygen prior to neu-
romuscular blockade, a preoxygenation time in a separate clini-
cal study determined to be optimal for minimizing risk of early
desaturation.16 A search of the existing literature yielded no clini-
cal data examining how quickly deoxygenation occurs in ill chil-
dren, but it is logical to assume that it is more rapid than the
range of two to three minutes described by those studies under
ideal conditions.

Cardiovascular Physiology
Children have increased vagal tone when compared with that

of older patients. In young children, laryngoscopy has a much
greater tendency to produce vagally mediated bradycardia.
Because children have a limited ability to vary stroke volume to
maintain cardiac output, tachycardia is often the sole compensa-
tory mechanism in low cardiac output states; therefore, vagally
mediated bradycardia can have a significantly deleterious effect
on cardiac output.11

Neonatal Physiology
Neonates in particular have significantly fragile cardiopul-

monary adaptive mechanisms. Hypoxia is tolerated very poorly,

and the response to desaturation often is paradoxical bradycar-
dia. Additionally, neonatal respiratory control is immature and
discoordinated, with newborns typically exhibiting periodic
breathing (i.e., absence of respiratory effort for up to 15 seconds)
for up to several weeks of life. Minute ventilation does not
increase to a great enough extent in response to hypercarbia, so
hypoxemia results in transient hyperventilation and actually pro-
gresses to respiratory depression as oxygen tension falls.

Equipment
A wide range of equipment is available for ETI in adults and

children, and there is considerable variability in the preferences
of individual practitioners. This section will describe the range of
equipment available and give general guidelines for equipment
selection according to patient age. It is important to realize that
the guidelines discussed below are imperfect. A range of sizes
and types of laryngoscope blades, endotracheal tubes, and air-
way adjuncts should be available for use in each case of pediatric
intubation so when an individual child deviates from standard
guidelines, rapid adjustments can be made.

Laryngoscope. The two predominant types of laryngoscope
blades used in pediatric airway management are the straight and
the curved blades. Both types can be used successfully in chil-
dren and adults depending upon operator experience. Most pedi-
atric practitioners favor the use of straight blades when intubat-
ing young children because of the anatomical considerations dis-
cussed previously.

When properly applied, the tip of a straight laryngoscope
blade rests underneath the tip of the epiglottis, and when upward
force is applied, the blade physically lifts the epiglottis out of the
way to expose the glottic opening.17 In contrast, the proper posi-
tioning of a curved blade is such that the tip lies in the vallecula,
behind the epiglottis, and upward traction pulls the epiglottis up
and exposes the glottic opening.17 The less acute angle of the
epiglottis with respect to the anterior hypopharyngeal wall, cre-
ates a visual axis for the intubator that is obstructed to a greater
degree by the epiglottis. A direct line of sight often is easier to
achieve by lifting the epiglottis itself rather than by indirect force
applied to the vallecula. This is why a straight blade often is pre-
ferred for ETI in young children. Additionally, the weak tensile
strength of the hyoepiglottic ligament lessens the degree of trac-
tion on the epiglottis created by this force, and a curved blade
may not afford the same degree of elevation of the epiglottis in a
young child. Guidelines for the selection of sizes of blades
according to patient age are listed in Table 1. 

Endotracheal Tubes (ETTs). Like all other structures in the
developing child, the caliber and conformation of the airway
grows and develops with age. Endotracheal tubes (ETTs) exist in
a wide range of sizes to accommodate the full spectrum of the
pediatric age group from birth through adulthood.

The two most commonly applied rules for sizing of ETTs are
the age-based rule and selection based upon body length (the
Broselow-Luten tape). The age-based rule is:
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Table 1. Guidelines for Laryngoscope Blade
Selection

BLADE PATIENT AGE/WEIGHT

Miller 0 Newborns up to 2.5 kg

Miller 1 0-3 months

Wisconsin 1.5 3 months-3 years

Miller 2/ Macintosh 2 3 years-12 years

Miller 3/ Macintosh 3 >12 years



[Age in years / 4] + 4 = ETT size.
King and colleagues found age-based rules predicted ETT

size correctly within a range of 1 mm in 97.5% of patients.18 The
Broselow-Luten tape selects the size of ETT based upon the
length of the patient. The initial study of the validity of the
Broselow-Luten tape found it to be more accurate than age-
based selection criteria.19 A more recent study by Hofer and col-
leagues also found that the Broselow tape was more accurate
(correct in 55% of patients) than the age-based rule (correct in
41%), but also found that the Broselow tape was prone to under-
estimating ETT size (in 39% of patients), whereas the age-based
rule tended to overestimate (in 57% of patients).20 Another recent
study found that there was no difference between the accuracy
rates of the two methods, and that Broselow tape measurement
and the age-based rule predicted the same size of ETT in 66% of
patients.21

Another commonly quoted method for rapid estimation of ET
size applied to children is that the diameter of a child’s airway is
approximately the same diameter as his fifth digit. Two operating
room-based studies have suggested that the rule is inaccurate;
one study found that the width of the nail of the fifth digit was a
more accurate predictor of ETT size than the diameter of the fin-
ger itself.18, 22

As mentioned above, the narrowest point in the airway of the
young child occurs at the level of the cricoid cartilage, below the
insertion of the vocal cords. In these patients, uncuffed endotra-
cheal tubes are often the most appropriate tubes to achieve easy
passage through the upper airway and the ability to ventilate
effectively without excessive air leakage. At about 8 years of
age, the conformation of the airway approximates that of an
adult; older children most often require cuffed endotracheal
tubes to achieve a good fit in the trachea. Deakers and colleagues
studied 282 consecutive patients in a pediatric intensive care unit
(PICU) setting comparing children with uncuffed and cuffed
ETTs and found that there was no significant difference in the
occurrence of post-extubation stridor or any significant long-
term sequelae from airway problems.23 In a randomized study,
Khine and colleagues found no significant difference in the inci-
dence of post-extubation croup in children intubated with cuffed
ETTs compared with those intubated with uncuffed ETTs.24 In
children younger than 8 to 10 years of age, an uncuffed ET
should be used, but current PALS recommendations state that
“cuffed endotracheal tubes . . . may be appropriate under circum-
stances in which high inspiratory pressure is expected.”25

Adjunctive Devices and Techniques
Oropharyngeal and Nasopharyngeal Airways. The use of

oropharyngeal (OP) and nasopharyngeal (NP) airways in chil-
dren can be a useful intermediate step in maintaining airway
patency. The generous size of the child’s tongue and adenotonsil-
lar tissue predisposes to upper airway obstruction, either from a
diseased airway or during RSI when there is loss of airway and
glottic tone. Both devices exist in a range of sizes suitable for all

pediatric ages. The correct size of an OP airway for a patient can
be estimated by the distance from the patient’s central incisors to
the angle of the mandible; for NP airways, the correct size is
estimated by the distance from the nare to the earlobe. OP air-
ways, when properly positioned, tend to rest against the base of
the tongue and can induce gagging and vomiting, so they should
be used only in the unconscious patient.17

Cricoid Pressure. The technique of cricoid pressure initially
was described by Sellick in 1961 as a technique to prevent aspi-
ration of regurgitated gastric contents during anesthesia induc-
tion.26 It also prevents insufflation of air into the stomach with
positive-pressure ventilation. The technique is performed by
applying gentle pressure on the cricoid ring, displacing it back-
ward to occlude the posterior esophagus. This technique has
become common practice for airway management in children
and adults. Caution should be maintained as several studies have
shown that cricoid pressure commonly is done incorrectly or
ineffectively and can cause undesired effects or complications.
Those performing the maneuver should be trained to do so.

Current literature has not examined the use of cricoid pres-
sure for RSI in the ill child specifically. The theoretical rationale
for its use is very strong. As previously mentioned, desaturation
with induction is common in ill children. The establishment of a
safe oxygen reservoir followed by the use of medications to
achieve intubating conditions rapidly to prevent desaturation
often does not occur in pediatric patients. Often it is very neces-
sary to support ill children with positive pressure ventilation
(PPV) during RSI, and the prevention of gastric insufflation with
cricoid pressure can be of great importance.

Laryngeal Manipulation Maneuvers. The technique of
backward-upward-rightward pressure of the larynx—commonly
referred to as BURP—was described initially by Knill and has
been advocated as a technique that optimizes the view of the
glottic opening in cases of difficult laryngoscopy.27 An assistant
applies direct pressure on the thyroid cartilage, displacing it dor-
sally, upward toward the head, and 0.5-2.0 cm to the patient’s
right. Takahata and colleagues found that the BURP maneuver
performed better than simple cricoid pressure in improving glot-
tic visualization in unexpected difficult laryngoscopy cases.28

External laryngeal manipulation (ELM) is a technique described
initially by Benumof and colleagues in which the intubator uses
his/her right hand to maneuver the laryngeal structures while
maintaining his/her own line of sight with the airway opening.29

When an optimal position is found, the intubator signals an
assistant to maintain that position of the larynx while the patient
is intubated. This technique has been validated by Levitan and
colleagues using videographic imaging in adults intubated by
emergency medicine interns.30

Neither of these techniques has been studied in children but
could be logically extrapolated to the pediatric patient if gentle
external force is used; the amount of pressure needed to occlude
or distort the pediatric airway is much less than that required in
an adult. 
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Medications
The general sequence for medication administration to facili-

tate RSI in children consists of three types of drugs given in
rapid succession:

• Vagolytics;
• Sedatives; and
• Neuromuscular blocking agents.
Multiple agents exist for use in RSI, and the benefits and risks

of each are discussed below. Preferences vary among practition-
ers. Current PALS guidelines do not support the use of any uni-
form approach to drug selection.3 Familiarity with multiple drugs
for pediatric RSI is important for anyone who frequently man-
ages ill children.

Vagolytics. Atropine. The rationale for the use of atropine as
a premedication for pediatric RSI is to alleviate the risk of vagal-
mediated bradycardia that may occur during laryngoscopy. A
dose of 0.02 mg/kg (minimum dose 0.1 mg, maximum 1 mg) is
given as an initial bolus prior to sedation or paralysis. Doses of
less than 0.1 mg have been associated with paradoxical brady-
cardia.

Results from numerous studies in the anesthesia literature
have suggested that atropine premedication before laryngoscopy
in healthy children undergoing surgery is not necessary due to an
exceedingly low incidence of bradycardia in those patients.31,32

Comparable data are lacking regarding the emergently ill child.
One study of critically ill children who underwent protocol-
based RSI by flight paramedics found an association between the
omission of atropine and the occurrence of bradycardia during
RSI, although this phenomenon was observed only in two
patients.33 Although high quality data to support the routine use
of atropine in all RSI events are lacking, many emergency medi-
cine practitioners use it in children younger than 8-10 years.34

Sedatives. Barbiturates (Thiopental). Thiopental is the most
commonly used barbiturate for RSI. It has a rapid onset (peak
effect at 10-20 seconds) and brief duration of action (5-30 min-
utes). Thiopental decreases cerebral metabolic activity and thus,
lowers cerebral blood flow, making it advantageous for use in
the patient with increased intracranial pressure (ICP). It also has
inherent anticonvulsant effects and may be beneficial when used
in a child with seizures who requires ETI. Recommended dosing
ranges from 2 to 8 mg/kg intravenously. Like all barbiturates,
thiopental is a peripheral vasodilator and a myocardial depres-
sant. It can lower blood pressure and impair cardiac contractility
and should not be used in the hypoperfused or hypotensive
child.35

Benzodiazepines (Midazolam). Midazolam has sedative,
amnestic, anticonvulsant, and anxiolytic properties. Its time of
onset following intravenous administration ranges from 60-90
seconds, and its duration of activity is similar to thiopental (5-30
minutes). Midazolam can be given by multiple routes. Recom-
mended dosing is 0.1-0.3 mg/kg intravenously.

The hemodynamic side effect profile of midazolam is similar
to, but much milder than, that of the barbiturates. Midazolam can

lower systemic vascular resistance and blood pressure, and can
be disadvantageous in the hypovolemic patient, although these
effects are observed less commonly than with thiopental. Para-
doxical agitation can occur in children following midazolam
administration in rare instances.35

One study of midazolam dosing for RSI found that 56% of
children were given induction doses less than the commonly rec-
ommended dose of 0.1 mg/kg. The mean dose of midazolam
given to all children was 0.08 mg/kg (+/- 0.04 mg/kg).36

Opioids (Fentanyl). Fentanyl is a fast-acting narcotic (peak
effect 1-2 minutes, duration 30-40 minutes), which produces
analgesia, sedation, and euphoria. It does not result in systemic
histamine release as other opioids do, and as a result is less likely
to produce hypotension. Recommended dose range is 1-3
mcg/kg intravenously.

Fentanyl does have sympatholytic effects and can cause a
transient decrease in heart rate.35 The effect of fentanyl on ICP is
not well known in children. There is evidence that fentanyl
blunts the hemodynamic response to laryngoscopy, which is
desirable in patients with known or suspected increased ICP.37,38

Conversely, there is one known case report that describes an
increase in ICP in a head-injured child following the administra-
tion of fentanyl.39 Chest wall rigidity is a rare side effect of fen-
tanyl that has been observed in multiple case reports40-44; preven-
tion of this effect is best accomplished by either slow administra-
tion or simultaneous use of a neuromuscular blockade. 

Ketamine. Ketamine is a rapidly acting agent (onset within a
few seconds, duration 10-20 minutes) that produces analgesia,
dissociative anesthesia, and amnesia. The dissociative state of
sedation produced by ketamine is unique among the agents dis-
cussed here; patients can continue to have their eyes open and
even to speak. Additionally, ketamine is unique among induction
agents in that airway reflexes and respiratory drive are well pre-
served. A recent pilot study of children receiving ketamine for
procedural sedation found no detectable hypoxemia or hypercap-
nea in any patient, suggesting that significant subclinical respira-
tory depression does not occur.45 Ketamine also has inherent
bronchodilator properties and is recommended as a component
of RSI of patients in status asthmaticus.46 Recommended doses
range from 1-3 mg/kg intravenously. Ketamine also can be given
intramuscularly at increased doses (3-5 mg/kg).

Hemodynamically, ketamine increases heart rate, mean arteri-
al pressure, and cardiac output. The mechanisms for those
changes are not well understood. Ketamine has been recom-
mended as an induction agent for patients with hypovolemia,
septic shock, or cardiac tamponade, even though there may be a
theoretical risk of the myocardial depression when catecho-
lamine stores are depleted.46 One recent case series evaluated
PICU patients receiving ketamine for procedural sedation; 88%
of the patients in the survey were American Society of Anesthe-
sia-class 3 or greater for their present illness (severe systemic
disease), and no adverse outcomes attributable to ketamine were
reported.47 No specific data on hemodynamic parameters were
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included in the study.
Ketamine increases ICP, intraocular pressure, and intragastric

pressure. It is not recommended for use in the head-injured
patient or the patient at risk for elevated ICP. Emergence reac-
tions characterized by delirium or agitation have been associated
with ketamine; evidence that the concurrent use of benzodi-
azepines reduces this side effect is mixed.46,48 Ketamine stimu-
lates salivary and tracheobronchial secretions, so the concurrent
use of atropine is recommended in older patients for whom
atropine premedication for RSI would not be indicated other-
wise. Laryngospasm is an uncommon side effect that has been
linked to ketamine use secondary to sensitized laryngeal reflex-
es. In a systematic review of ketamine use in children, Green et
al reported an overall incidence of two cases of laryngospasm in
11,589 patients (0.017%).49,50 In the context of RSI, this is only
significant in rare cases where simultaneous neuromuscular
blockade is not being used.

Etomidate. Etomidate is a rapidly acting sedative that reaches
peak effect within a few seconds of IV administration. It is a
pure hypnotic sedative, with no inherent analgesic properties.
The side effect profile is very favorable, with minimal hemody-
namic effects demonstrated in laboratory and clinical studies.
The hemodynamic stability associated with etomidate has made
it a favored agent for use in adults with pre-existing cardiac dis-
ease. Etomidate also lowers cerebral blood flow and ICP without
changing mean arterial pressure, making it an advantageous
agent in the patient with increased ICP or a head injury.46 Rec-
ommended dosing is 0.3 mg/kg intravenously.

Etomidate has been associated with adrenocortical suppres-
sion when administered as a continuous infusion. One random-
ized trial in adults found that adrenal suppression was detectable
for 12 hours following a single dose of 0.3 mg/kg of etomidate
for RSI, but cortisol levels remained normal in those patients,
and no clinically significant effects were noted.51 Myoclonus is a
common side effect that has been noted with etomidate use; this
should not be a significant concern when accompanied by a neu-
romuscular blockade for RSI.46

Two case series have been published that specifically examine
the use of etomidate for RSI in children.52,53 A total of 189
patients were retrospectively reviewed; no evidence of clinically
significant adrenal suppression was noted, and only four patients
had clinically significant hypotension. None were thought to be
related to etomidate administration. At present, no prospective
data exist for the use of etomidate in pediatric RSI.

Propofol. Propofol is an intravenous hypnotic agent that is
used widely in anesthesia practice. It has a very rapid onset
(within seconds) and a brief duration of activity (5-10 minutes)
when given as a bolus of 1 to 2 mg/kg intravenously. It has sig-
nificant myocardial depressant effects and lowers blood pressure
and respiratory drive.46 Long-term use of propofol infusion in
children has been associated with severe metabolic acidosis,54

although a recent cohort of PICU patients receiving propofol
infusion for a median of 16.5 hours showed no incidence of aci-

dosis.55 The combination of an unfavorable hemodynamic profile
and high cost have made propofol an uncommon agent for use in
RSI for children.

The choice of sedatives for RSI are plentiful and the most
variable among all the medications used in RSI. The agent
selected should depend upon the individual patient’s underlying
pathophysiology after a careful analysis of the risks and potential
complications of each agent. In a multihospital survey by
Sagarin et al, etomidate was the most commonly used agent
among children undergoing RSI (42%), followed by thiopental
(22%), midazolam (18%), and ketamine (7%).56

Neuromuscular Blocking Agents (NMB)
Succinylcholine (SCh). Succinylcholine is the most widely

used NMB for RSI in all categories of patient age and diagnosis.
It has a rapid onset (20-60 seconds) and brief duration of action
(5-10 minutes) when given in recommended doses of 1 to 2
mg/kg intravenously. It also has been used effectively when
given by the intramuscular and intraosseous routes.

SCh has several important and well-described side effects.
Bradycardia has been noted to occur with SCh, particularly
when repeated doses are required for paralysis. This is due to the
structural similarity between SCh and acetylcholine, and readily
is prevented by premedication with atropine. Although there are
no well-designed studies documenting the relationship between
succinylcholine use and bradycardia, children appear to be prone
to bradycardia. Therefore, many airway experts have recom-
mended making atropine an essential step in RSI in children
when using SCh. 

The transient muscle fasciculations that precede paralysis
with SCh administration can be of clinical significance in cases
of increased ICP, eye injury, and increased intragastric pressure;
these fasciculations can be minimized through premedication
with a defasciculating dose of vecuronium (0.01 mg/kg). SCh
can cause a transient increase in serum potassium levels, averag-
ing 0.5 mEq/L. That increase can be exacerbated in certain
patients, including those with crush injuries or patients with den-
ervating disorders or congenital skeletal muscle myopathies; the
use of SCh in those patients has been associated with life-threat-
ening hyperkalemia and cardiac arrest.

In the late 1980s and early 1990s, a series of cases of unex-
pected hyperkalemic cardiac arrest was reported in apparently
healthy children who had received SCh for airway management.
A total of 36 reported cases were described, and all of those chil-
dren were found on subsequent workup (or autopsy) to have pre-
viously undiagnosed myopathic disorders, Duchenne’s muscular
dystrophy most common among them. Based upon those find-
ings, the Food and Drug Administration’s Advisory Committee
for Anesthetic and Life Support Drugs recommended a labeling
revision for SCh at its meeting in 1992. The new label states that
routine use of SCh in children should be avoided and alternative
agents (nondepolarizing NMBs) used except in specific circum-
stances, including patients with laryngospasm or a full stomach,
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or when intramuscular use is needed secondary to IV access
being difficult or absent.57

Succinylcholine, however, remains in widespread use in chil-
dren for RSI despite the labeling change. A survey of anesthesi-
ologists in the United Kingdom performed soon after the label-
ing change showed that 86% of anesthesiologists continued to
use it routinely in their pediatric patients.58 In the previously
cited multihospital survey by Sagarin and colleagues, SCh was
the NMB used in 91% of patients who underwent RSI.56 The fact
that the speed of onset of SCh is unparalleled by other agents is
well-recognized, and when a given clinical situation is dominat-
ed by the need for very fast onset of intubating conditions, SCh
remains the arguable drug of choice.

Nondepolarizing NMBs
Vecuronium. Vecuronium is a nondepolarizing NMB of

intermediate duration (30-60 minutes). At recommended doses
of 0.1-0.2 mg/kg IV, its time of onset ranges from 90-120 sec-
onds. Increasing the dose of vecuronium (doses of 0.3-0.4
mg/kg) can shorten the time of onset but results in prolonged
periods of neuromuscular blockade. One anesthesia study found
that younger children were more resistant to paralysis by vecuro-
nium and required higher dosing.

Koller and colleagues compared 0.3 mg/kg of vecuronium
with 1 mg/kg of SCh in healthy adults undergoing elective sur-
gery and found no significant difference in intubating conditions
at 60 seconds following NMB administration.59

Rocuronium. Rocuronium is a rapid-onset NMB with a
shorter duration of action than other nondepolarizing agents.
Results of studies of adults have demonstrated onset of paralysis
at 60-90 seconds and a duration of action of 20-30 minutes fol-
lowing IV administration of recommended doses of 0.6 mg/kg.

Stoddart and colleagues compared 0.6 mg/kg of rocuronium
and 1 mg/kg of SCh in healthy children undergoing elective sur-
gery and found no significant difference in intubating conditions
at 60 seconds following NMB administration; there were signifi-
cant differences in the time of onset and duration of paralysis as
measured by train-of-four monitoring.60 Cheng and colleagues
performed a similar study of intubating conditions 60 seconds
following NMB administration, comparing 1.5 mg/kg of SCh
with rocuronium at doses of 0.6 mg/kg and 0.9 mg/kg; they
found that the higher-dose of rocuronium was no different than
SCh at those doses, but that 0.6 mg/kg of rocuronium resulted in
less favorable intubating conditions compared with SCh.61

Other Nondepolarizing NMBs
Pancuronium. Pancuronium is among the oldest of the non-

depolarizing NMBs. Its time of onset is 1.5-3 minutes following
an IV dose of 0.1 mg/kg, and its duration of action is longer than
vecuronium or rocuronium (40-60 minutes). Pancuronium has
inherent anticholinergic effects and frequently results in increas-
es in heart rate.

Mivacurium. Mivacurium is a short-acting NMB with a time

of onset of 75-90 seconds and a brief duration of action (10-20
minutes). Studies comparing mivacurium and SCh in children
have shown that paralysis occurs more slowly with mivacurium,
but still in a time frame suitable for RSI.62 Rapid injection of
mivacurium can result in histamine release, resulting in tachycar-
dia and hypotension in some cases. Recommended dosing is 0.2-
0.3 mg/kg.63

Atracurium and cis-Atracurium. Atracurium and cis-
atracurium are moderately short-acting NMBs with times of
onset of 90-120 seconds and duration of activity of 30-45 min-
utes. These agents are distinctive in that their elimination from
the body occurs through non-specific ester hydrolysis and Hoff-
man degradation; thus, they are advantageous in the setting of
pre-existing hepatic and/or renal disease (the other agents above
are metabolized through either renal or hepatic elimination path-
ways). Recommended dosing is 0.6 mg/kg for atracurium and
0.1 mg/kg for cis-atracurium.63

Adjunctive Medications
Lidocaine. Lidocaine has been advocated as a useful adjunct

to RSI in patients with increased ICP. Its theoretical benefit is a
reduction of the sudden and potentially harmful increase in
blood pressure and cerebral blood flow that results from laryn-
goscopy and tracheal suctioning.64,65 Data on its usefulness in
this regard are mixed. A recent systematic review concluded that
there is no evidence of improved neurologic outcome from pre-
medication with intravenous lidocaine prior to RSI.66 An operat-
ing room-based study by Splinter found that intravenous lido-
caine had no effect on the heart rate and blood pressure changes
induced by laryngoscopy and ETI in children, and that these
changes were more pronounced with increasing age.67 At recom-
mended doses of 1 to 2 mg/kg, there is minimal risk of toxicity
in the pediatric patient, and still it is used routinely by many
practitioners.35 Recommended timing of the dose is 2 to 3 min-
utes prior to laryngoscopy.

Confirmation of Endotracheal Tube Placement
Confirming that an endotracheal tube has been placed in the

trachea is necessary following every intubation. Several clinical
signs, such as the presence of breath sounds, visible rise of the
chest wall, absence of sounds over the epigastrium, and conden-
sation within the tube lumen often are relied upon at the bedside.
Current PALS recommendations, however, recognize that those
signs can be unreliable, and have mandated that exhaled carbon
dioxide detection be employed in all patients.25

End Tidal Carbon Dioxide (ETCO
2
). ETCO

2
detection is

the most common way to confirm proper endotracheal tube
placement. Several types of ETCO

2
detectors are available com-

mercially. Most EDs will have disposable colorimetric devices,
which register exhaled CO

2 
by a change in color of a piece of

paper in a plastic chamber, but some use capnography, which
digitally displays the exact partial pressure of exhaled CO

2
with

or without a waveform.
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Results from several studies have supported the specificity
and sensitivity of ETCO

2
in infants and children. In the patient in

full cardiopulmonary arrest, the absence of pulmonary blood
flow may limit the amount of carbon dioxide in the alveoli, mak-
ing ETCO

2
prone to false- negative results. A study by Bhende

and colleagues found that the specificity of ETCO
2

detection was
slightly worse in the arrested patient.68

Esophageal Detection Devices. The imperfect specificity of
ETCO

2
in the arrested patient has led to the development of

alternative devices to confirm endotracheal tube placement. The
principle behind the use of the esophageal detection device
(EDD) relies upon the collapsibility of the esophagus compared
with that of the cartilage-reinforced trachea. EDDs function by
aspirating air from the endotracheal tube by negative pressure
(e.g., use of a syringe-like device or a semirigid plastic bulb that
reinflates when squeezed). If negative pressure is applied to a
tube in the trachea, the reinforced trachea will resist collapse and
the EDD will fill with air, confirming that the tube is in the tra-
chea. Conversely, negative pressure applied to a tube in the
esophagus will collapse the esophagus around the end of the
tube and result in slow or incomplete filling of the EDD with air.

EDDs have been shown to be accurate in older children.69

Some studies have shown their accuracy to be poor in children
younger than one year of age and when used with uncuffed en-
dotracheal tubes.70,71 One recent operating room-based study by
Sharieff and colleagues examined the accuracy of a self-inflating
bulb-type EDD in children weighing fewer than 20 kg intubated
with uncuffed endotracheal tubes and found an overall sensitivity
of 97-100% and a specificity of 94-96%.72 Currently, no recom-
mendations exist for the routine use of EDDs in children.

Rescue Devices in Pediatric Airway Management
Laryngeal Mask Airway. The laryngeal mask airway

(LMA) is a device designed to secure the airway in the uncon-
scious patient. It consists of a teardrop-shaped inflatable cuff sur-
rounding a fenestrated latex window that faces the glottic open-
ing when properly positioned. The device is inserted blindly into
the open mouth of the patient and advanced until resistance is
felt, at which point the cuff is inflated. Studies of the use of the
LMA by various medical personnel have shown that it is easy to
place and rarely associated with significant complications.73,74

LMAs are made in a range of sizes that are appropriate for all
ages from neonate to adult.

It is important to remember that LMAs do not isolate the
esophagus from the trachea; when properly placed, the apex of
the cuff sits just above the entrance to the esophagus. Thus,
patients with an LMA in place may not be protected from aspira-
tion to the same extent as when an endotracheal tube is in place.
One recent meta-analysis of data on LMA use in the operating
room found that aspiration is uncommon and occurred with
comparable frequency in patients with BVM ventilation alone.75

Currently, PALS does not recommend the use of LMAs in chil-
dren as a result of limited data comparing their use with ETI and

BVM ventilation in the resuscitation of children;25 nonetheless,
they are used widely in operating room settings, EDs, and by
some prehospital care systems.

Conclusion
Management of the pediatric airway is a skill that is critical in

the emergency department. A thorough understanding of a
child’s anatomy and access to and knowledge of the appropriate
equipment and pharmacologic adjuncts enable the ED physician
to secure the airway in a timely efficient manner that optimizes
the patients outcome. No other skill is as important for the ED
physician.
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CME Objectives
The CME objectives for Pediatric Emergency Medicine Reports

are to help physicians:
a.) Quickly recognize or increase index of suspicion for specific

conditions;
b.) Understand the epidemiology, etiology, pathophysiology,

historical and physical examination findings associated with the
entity discussed;

c.) Be educated about how to correctly formulate a differential
diagnosis and perform necessary diagnostic tests;

d.) Apply state-of-the-art therapeutic techniques (including the
implications of pharmacologic therapy discussed) to patients with
the particular medical problems discussed;

e.) Provide patients with any necessary discharge instructions.

CME Instructions
Physicians participate in this continuing medical education pro-

gram by reading the article, using the provided references for fur-
ther research, and studying the questions at the end of the article.
Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to test their
knowledge. 

To clarify confusion surrounding any questions answered incor-
rectly, please consult the source material. After completing this
activity, you must complete the evaluation form that will be pro-
vided at the end of the semester and return it in the reply envelope
provided to receive a certificate of completion. When your evalua-
tion is received, a certificate will be mailed to you.



Physician CME Questions

81. Which of the following is not an advantage of the laryngeal mask 

airway (LMA)?

A. Ease of insertion

B. Multiple available sizes for children

C. Blind technique

D. Isolation of trachea from the esophagus

82. A 7-year-old with Duchenne’s muscular dystrophy presents with

pneumonia and respiratory failure. All of the following drugs could

be used safely for RSI in this patient, except:

A. etomidate.

B. thiopental.

C. succinylcholine.

D. vecuronium.

E. atropine.

83. The best initial choice of endotracheal tube for a 6-year-old would 

be a:

A. 5.0 ETT, cuffed.

B. 5.5 ETT, uncuffed.

C. 5.5 ETT, cuffed.

D. 6.0 ETT, cuffed.

E. 6.0 ETT, uncuffed.

84. Which of the following statements regarding the pediatric respiratory

system is not true?

A. Infants have greater chest wall compliance than adults.

B. Infants have higher oxygen consumption than adults.

C. Infants have lower airway resistance than adults.

D. Infants have fewer alveoli than adults.

85. Regarding pediatric airway anatomy:

A. Children have relatively larger tongues than adults.

B. The pediatric larynx is located inferiorly to that of an adult.

C The epiglottis of a child is more likely to be floppy and less 

protuberant than that of an adult.

D. The narrowest point of the infant airway occurs at the level of

the vocal cords.

86. Which of the following RSI medications is not matched correctly

with its side effect?

A. Fentanyl – chest wall rigidity

B Ketamine – bronchospasm

C. Thiopental – hypotension

D. Etomidate – myoclonus

E. Midazolam – paradoxical agitation

87. The confirmation of endotracheal tube placement by end-tidal carbon

dioxide (ETCO
2
) is:

A. optional by current PALS recommendations.

B. more specific in a patient in cardiac arrest.

C. accomplished by colorimetry or capnography.

D. less accurate in young children than esophageal detection

devices (EDDs).

88. Pediatric patients:

A. have a greater tendency to become bradycardic with 

laryngoscopy.

B. tolerate supine positioning without desaturation better than

adults.

C. can maintain oxyhemoglobin saturation during a longer period

of apnea than adults.

D. recruit accessory respiratory muscles with greater efficiency

than adults.

89. The epiglottis of an infant:

A. is relatively small and floppy compared with the adult epiglottis.

B. is lifted directly by the tip of a properly used curved (Macin-

tosh) laryngoscope blade.

C. is angled more acutely with respect to the trachea than that of an

adult.

D. lies in front of the tip of a properly used straight laryngoscope

blade.

90. Atropine:

A. has a minimum dose of 100 mcg and a maximum dose of 1 mg.

B. should be avoided in children who undergo RSI with succinyl-

choline.

C. should not be used together with ketamine.

D. is contraindicated for RSI in neonates.

Answer Key:
81.d. 
82.c 
83.b 
84.c 
85.a 
86.b 
87.c 
88.a 
89.c. 
90.a.
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Cervical spine injuries, although uncommon (0.9-6% of blunt
trauma patients),1-5 have the potential to result in permanent neu-
rologic devastation for the patient. Appropriate suspicion for cer-
vical spine injury, immobiliza-
tion, and the decision to obtain
radiographic imaging are all
important aspects of the acute
care of an adult who has sus-
tained a blunt traumatic injury
(as discussed in Part 1 of this
series); but the responsibilities
of emergency department
(ED)/trauma physicians do not
end with the decision to obtain
radiologic imaging.

The physician must then
decide the most appropriate ini-
tial imaging modality (plain
radiographs, computerized
tomography [CT], or magnetic
resonance imaging [MRI]) for the patient and when an ade-
quate evaluation has been performed. Understanding the indica-
tions, advantages, and limitations of each radiographic modality
is critical to obtaining a diagnostic evaluation that effectively
identifies or excludes a cervical spine injury.

This issue presents the physician with a thorough discussion
of the imaging alternatives available and facilitates clinical deci-
sion-making for diagnostic imaging. The author also provides a

comprehensive discussion of the evaluation of a patient with a
potential ligamentous injury to the cervical spine.

—The Editor

Introduction
Although cervical spine

injury is uncommon, the impli-
cations of a missed injury are
profound and may result in
many serious complications for
the patient and the physician. In
one series, missed spinal
injuries were responsible for
3% of malpractice claims and
9% of total dollars paid in
claims.6 A portion of these
missed injuries resulted from
inaccurate interpretation of
radiographs or failure to obtain
the appropriate imaging re-

quired to make the diagnosis. Trauma care providers must have a
thorough understanding of imaging modalities, their indications,
and more importantly, their limitations. Alternatives available
include plain radiographs, CT, and MRI. Formulating an imaging
approach to a patient with a potential cervical spine injury allows
the trauma care provider to achieve an accurate diagnosis in a
timely manner with minimal risk to the patient. Understanding
the roles and risks with flexion-extension radiographs and fluo-
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roscopy allows the trauma care provider to accurately identify
ligamentous injury to the cervical spine, without placing the
patient at risk for neurologic complications.

Radiographic Cervical Spine Clearance 
Plain Films vs Computed Tomography. Although there is

increasing consensus among clinicians as to which patients re-
quire cervical spine imaging, extensive variation still exists in the
approach.1 Once the decision to perform radiographic clearance
has been made, the question remains: What study should I order:
plain radiography, CT, or both? The ideal strategy is one that
accurately and inexpensively identifies all cervical spine injuries.
Unfortunately, no current approach singularly fits that bill.

Conventional radiography remains the most commonly
employed approach to traumatic spine assessment in most hospi-
tals in the world.7 Most trauma physicians agree that at least a
three-view series (i.e., lateral, open mouth, and anteroposterior)
is the minimally acceptable standard for radiographic evaluation
of most blunt trauma patients. A consensus agreement among
emergency physicians, radiologists, and trauma surgeons states

that, in an alert patient with cervical tenderness in the absence of
neurologic injury, an adequate three-view series is sufficient for
excluding cervical spine injury.8 The addition of oblique views
(five-view series) to improve sensitivity and improve detection of
the lateral and posterior spinal elements adds little to the overall
evaluation and simply prolongs the diagnostic work-up of these
patients.9 However, the swimmer’s or oblique view may improve
visualization of the cervico-thoracic junction when the lateral
view fails to display these areas adequately.10 The routine addi-
tion of flexion-extension views to the standard plain films is not
necessary unless there is specific concern for ligamentous injury. 

A single lateral view of the cervical spine is insensitive for
excluding cervical spine injury. A survey of more than 100 hospi-
tals in the mid-1990s revealed that 33% of their physicians were
clearing the cervical spine using only lateral radiographs.11 As
many as 15-46% of cervical fractures were missed when cross-
table lateral radiographs solely were used to exclude cervical
spine injury.6,11,12

Although obtaining plain radiography is inexpensive, poses a
low radiation risk, and is available widely, it has several distinct
limitations and disadvantages. The diagnosis of significant cervi-
cal spine injury using plain films in the severely injured or un-
conscious patient is challenging. In many cases, the cervico-cra-
nium (C

1
-C

2
) and cervicothoracic junction (C

7
-T

1
) are shown

inadequately, or the quality of the portable films is poor. Plain
films are repeated in almost 50-70% of those patients to obtain a
complete study.13,14 The result is more time lost, additional x-rays
taken, and higher cost.15,16 Moreover, the frequency of inadequate
or false-positive plain radiographs increases with injury severity.16

In recent years, the diagnostic efficacy of cervical plain radi-
ographs for demonstrating and excluding injury has come under
increasing scrutiny. Results from a number of studies have ex-
posed the limitations of conventional radiography. Fractures that
are clearly evident on CT are not always evident on plain films.
In a series comparing plain films with CT, Woodring and Lee
showed that plain films revealed only 33% of all fractures and
55% of subluxations or dislocations.11 They also found that 23%
of patients (half of whom had unstable injuries) initially were
diagnosed as normal.11 Nunez et al found that 42% of injuries
were not seen on plain films, including 10 patients with unstable
fractures.14 When pooling the data from several retrospective
series (recognizing potential design limitations), the overall sen-
sitivity of plain films in detecting cervical spine injury is only
53%, while that of CT is 98%.6,14,17-19

The availability of such an effective imaging strategy raises
the question: Shouldn’t everyone be screened using CT? The ini-
tial role of cervical CT was an adjunct to plain films, not a
screening tool. CT was reserved for further delineation of areas
suspicious for injury and areas poorly defined on plain films.20-22

However, the widespread use of this imaging modality led to the
identification of fractures and subluxations not readily apparent
on plain film radiographs.

Helical CT represents an advance from the older approach of
single acquisition CT. Advantages of helical CT include faster
acquisition and image reconstruction times, reduction of arti-
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facts, and a higher quality of reformatted and three dimensional
images.23 In the multiple-trauma patient, helical CT can assess
several body regions in less time. Before helical CT, the time
required for the scan itself and heating and cooling of the tube
made screening of the entire cervical spine impractical.24

Rather than adopting CT as the primary screening modality,
an early approach advocated limited use of CT to examine por-
tions of the spine that were anatomically difficult to see on plain
films, such as the cervicocranial and cervicothoracic junctions.25

These guidelines recommended standard plain radiography sup-
plemented by regional CT of the cervicocranium and areas of
suspicion. However, results of a recent study revealed that the
approach would have missed 71% (29/41) of injuries that occur-
red below the C

2
level and did not show up on plain films.17

Some centers routinely obtain cervical spine CT in all patients
who are getting a CT scan of the head or body. That practice is
supported by several small studies and is in keeping with the
most recent American College of Radiology (ACR) Guidelines
(2002), which recommend cervical spine CT in patients with
paresthesias, altered level of consciousness, and in whom cranial
CT will be obtained.8 When CT of the head and cervical spine
are obtained together, the overall time for cervical spine evalua-
tion was reduced by an average of 17 minutes, and the estimated
additional cost was only $184.42 per patient.6,18,26-28 That app-
roach also identified a significant number of fractures (occipital
condyle fractures and C

1
/C

2
fractures) not seen on plain films.29 

An additional advantage of obtaining a cervical spine CT is its
ability to provide information about surrounding anatomical
structures. In one series, other injuries were detected in 9% of
patients undergoing CT of the cervical spine, including fractures
of the upper thoracic spine, proximal ribs, mandible, and skull
base.30 Small, apical pneumothoraces and airway injuries also
may be detected.26

Considering the ease of obtaining a CT, the time saved, and
the diagnostic sensitivity, there is a propensity to use it routinely
for cervical spine clearance instead of conventional radiography.
Advantages of helical CT compared with plain radiographs

include improved accuracy and faster diagnosis; disadvantages
include greater expense and higher radiation doses.19,30 It is well
known that the risk of thyroid cancer increases with radiation
exposure, especially in children.18,31,32 Estimates of radiation risk
from a complete cervical CT scan vary depending upon the tech-
nique and type of scanner. Rybicki et al found that helical CT
exposed the thyroid to 14 times the radiation of standard cervical
spine plain radiographs, even when accounting for the need for
repeat radiographs.33

With the radiation risk and cost of CT in mind, a number of
authors have attempted to define high-risk patients who should
be screened primarily with cervical CT.6,18,26,30,34 High-risk
patients as described by Hanson and Blackmore are patients with
a probability of cervical spine injury exceeding 5-10%.26,30 This
definition included patients suffering a high-energy mechanism
injury or presenting with a high-risk clinical parameter.30,34 (See
Table.) In their small prospective study, Berne et al defined high-
risk patients as those who had an altered mental status, were
unconscious, or required an admission to an intensive care unit.18

Screening high-risk patients with CT has been shown to be cost-
effective, time efficient, and clinically efficacious.15,35

Although Blackmore et al did not find CT to be cost-effective
in low-risk patients (less than 4% chance of injury),35 Griffin et al
suggest there is a growing body of evidence that CT should
replace plain films for the screening evaluation of the cervical
spine in all blunt trauma patients.17 In their recent, retrospective
review of 1,199 trauma patients, they found that plain radio-
graphs—interpreted as normal by the radiologists without rec-
ommendation for further radiography—failed to identify 41 of
116 cervical spine injuries detected by CT. A number of factors
made it difficult to draw any firm conclusions from their study:
1) the retrospective nature of data collection; 2) types of injuries
missed (including transverse process and spinous process frac-
tures); 3) types of patients evaluated (including patients with
neurologic deficits or deaths); and 4) absence of missed injuries
(patients with normal plain films still were scanned). Before
adopting a strategy of screening all patients with CT, further
prospective research is needed. 

Before abandoning plain films completely, it is important to
understand that screening radiography is not intended to detect
every cervical spine injury.36 Rather, when plain films reveal an
injury or area of suspicion, or prove to be inadequate, other
modalities such as CT or MRI should be used to evaluate for cer-
vical spine injuries. In a review of 34,069 patients screened with
plain radiography, Mower et al found that screening radiography
only missed three injuries associated with spinous instability, or
one unstable injury for every 11,000 screening evaluations.36

No radiological modality—including CT— is 100% sensitive
in the detection of cervical spine injuries. Brohi et al describe a
patient with a C

6
-C

7
bilateral facet dislocation missed on CT

scan.37 Schenarts et al revealed that CT had a sensitivity of 96%
and missed three injuries seen on plain films (an atlanto-occipital
dislocation and two subluxations).19 They also describe the case
of a patient with a C

4
fracture—missed on both CT and plain

films—who suffered a severe neurologic injury after removal of
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Table. Harborview High-Risk Criteria

The presence of any of the following criteria indicates a subject at
sufficiently high risk to warrant the initial use of CT to evaluate the
cervical spine.

•  High-energy injury mechanism, including high-speed (> 35
mph) motor vehicle or motorcycle crash, motor vehicle crash
with a death at the scene, fall from height greater than 10 feet.

•  High-risk clinical parameter, including significant head injury
(i.e., intracranial hemorrhage or unconsciousness in emergency
department), neurologic signs or symptoms referable to the 
cervical spine, pelvic or multiple extremity fractures.

Adapted from: Hanson JA, et al. AJR Am J Roentgenol 2000;174:
713-717.
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Figure 1. Cervical Spine Fracture Missed by Computed Tomography (CT)

Figure 1A: Sagittally reformatted CT image of the cervical
spine showing multilevel disc degeneration, but no apparent
bony injury.

Figure 1B: Normal axial CT through the inferior aspect of the
C6 vertebral body.

Figure 1C: Lateral extension radiograph of the cervical spine
in the same patient reveals a fracture of the anteroinferior
aspect of the body of C6.

Images courtesy of Kathryn Stevens, MD, FRCR, BSc(hons).

Figure 1D: Magnified view of the fracture through the C6

vertebral body.
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the cervical collar. Berne et al showed that helical CT of the
entire cervical spine had a sensitivity of 90% and missed two sta-
ble injuries (a ligamentous injury and spinous process fracture).18

The rationale for missed ligamentous injuries on CT is that mod-
erate subluxation may be noted only when evaluating the spine in
profile.23 Though the addition of the lateral radiograph allows for
detection of fractures or subluxation that might be subtle or over-
looked on axial CT images (See Figure 1.), the improved tech-
nology of multi-detector scanners and reformatting may make
this practice unnecessary.38 

The identification of a cervical spine injury on plain films or
CT mandates evaluation of the remainder of the cervical spine
and the thoracic and lumbosacral spine to exclude concomitant
spinal injuries.37 The incidence of multiple level, non-contiguous
fractures has been reported to be 15-24%.39,40 Recent use of MRI
reveals that percentage could be much higher (42%).41

Magnetic Resonance Imaging. MRI has several advantages
as an imaging modality: high-resolution capabilities; the lack of
ionizing radiation; multiplanar imaging capabilities; and the abil-
ity to visualize soft-tissue structures including intervertebral
discs, ligaments, and the spinal cord. Disadvantages of MRI
include prolonged acquisition time, impaired monitoring abili-
ties, and several absolute contraindications (e.g., pacemakers,
aneurysm clips, and metallic foreign bodies). In addition, MRI is
not available universally, and patient transfer might be required
to obtain this study.

In the acute trauma patient with potential cervical spine in-
jury, the indications for MRI as part of the ED evaluation in-
clude: 1) complete or incomplete neurologic deficits with radio-
graphic evidence of fracture or subluxation; 2) neurologic
deficits not explained by plain films or CT findings (i.e., spinal
cord injury without radiographic abnormality [SCIWORA]); 3)
deterioration of neurologic function; and 4) suspicion of liga-
mentous injury following inadequate or negative flexion-exten-
sion film findings.42

Will MRI replace CT as the primary adjunct to plain film
imaging? The ability of MRI to visualize cervical spine fractures
(in addition to spinal cord and soft-tissue injuries) has been vari-
able.43-44 Holmes et al found that MRI missed 45% of osseous
fractures identified on CT.45 While MRI is clearly superior to CT
in identifying spinal cord and ligamentous injuries, CT remains
the preferred adjunct to plain radiography for the identification of
bony injuries.

Diagnosis of Ligamentous Injury
Awake and Alert Patients. Patients without cervical spine

fractures still may harbor unstable ligamentous injuries. Al-
though the prevalence of isolated ligamentous injury in the
absence of a cervical spine fracture is thought to be low—a
reported frequency of 0.04-0.2% in all blunt trauma patients—
the consequences of a missed ligamentous injury can be devastat-
ing for the patient.46,47 The true incidence of such injury is actual-
ly unknown; a gold standard for such diagnosis currently does
not exist. Although traditional cervical spine radiography is use-
ful for detecting fractures and subluxation, the detection of liga-
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Figure 2. Swimmer’s View and Dynamic
Fluoroscopy in a Patient with a Potential
Spine Injury

Figure 2A. Swimmer’s view shows C6-C7 vertebral bodies.
Figure 2B. Fluoroscopic image of extension test shows abnor-
mal angulation and anterior widening of C6-C7 interspace.

Reprinted with permission from Robert KQ et al. South Med J.
2000;93:974-976.
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mentous injury is less precise.48 For that reason, a patient with
normal cervical spine radiography still may remain in a cervical
collar until his or her ligaments can be cleared clinically or defin-
itive imaging is obtained. 

If a patient has negative results on radiographic studies, is
alert and awake, and denies neck pain, the cervical spine is con-
sidered clear. However, the persistence of cervical pain while ini-
tial radiographs are normal requires the exclusion of ligamentous
injury. While ligamentous injury may be inferred on the basis of
an injury seen on CT or plain radiographs, the possibility of liga-
mentous injury causing instability in the absence of fracture may
be excluded through the use of flexion-extension films or MRI. 

Flexion-extension radiographs generally are obtained by ask-
ing an upright patient to actively flex and extend the neck during
cervical spine imaging. This action should be performed only by
patients under their own power; the physician should never
forcibly assist the patient with flexion or extension. Flexion-
extension radiographs should be obtained only in awake, alert,
cooperative patients without neurologic symptoms or deficits.
Under those circumstances, the risk of neurologic compromise
produced by flexion and extension of the cervical spine is very
unlikely. When performed voluntarily by the patient, no serious
adverse events have been reported.37,43,48-51

The goal in interpreting flexion-extension radiographs is to
identify or exclude signs of soft-tissue ligamentous injury, such
as abnormal subluxation, angulation, or uncovering of facet
joints.52,53 However, following an acute injury, pain associated
with motion or muscle spasm may limit a patient’s ability to flex
and extend adequately. A patient must have a range greater than
30° in each direction from the neutral position for flexion-exten-
sion radiographs to be considered adequate.54 The inability to
flex and extend adequately may lead to masking of abnormalities
(e.g., subluxation) and result in false-negative studies. Results
from a number of series have revealed that 28-59% of flexion-
extension radiographs obtained in acutely injured patients were
deemed inadequate.53,55-57

For that reason, the practice of obtaining flexion-extension
radiographs in the acutely traumatized patient has been ques-
tioned by numerous studies.53,57-60 Most recently, the American
College of Radiology stated in its guidelines that those views in
general are not very helpful and should be reserved for follow up
of symptomatic patients 7-10 days after initial injury.8 In such
cases, patients are discharged with a semi-rigid collar and pain
medications, and asked to return when they can cooperate active-
ly for flexion-extension radiographs. In a case series by Wilberg-
er et al, 8 of 62 patients (13%), who returned 2-4 weeks after ini-
tial flexion-extension films for a repeat set, had significant liga-
mentous instability requiring cervical fusion.55 

Do flexion-extension radiographs have any role in the acutely
injured patient? Rather than completely abandoning them, a logi-
cal approach may be to screen the patient first for the ability to
flex and extend the neck adequately. In patients with an adequate
range of motion (i.e., greater than 30° in each direction from the
neutral position), films may be warranted. In such patients with
adequate mobility and negative radiographs, the cervical spine

would be cleared effectively. This strategy is supported by the
findings of Insko et al, who found that in patients with adequate
imaging, flexion-extension radiographs had a false-negative rate
of 0%.57

In cases of inadequate flexion-extension radiographs, patients
also may be studied with an MRI to exclude ligamentous in-
juries. A negative MRI in the first 48 hours post injury com-
bined with normal plain films and/or CT is sufficient to clear a
patient. 

Obtunded Patients. The evaluation of ligamentous injury in
the obtunded or intoxicated individual is somewhat more diffi-
cult. In these patients, a detailed neurologic examination often is
not feasible, and the physical exam may be unreliable. For that
reason, obtunded, impaired, or distracted patients should not
have flexion-extension studies performed in the ED, as such a
practice is unsafe and potentially dangerous. 

However, obtunded patients who are admitted to the hospital
and subject to prolonged immobilization are at risk for detrimen-
tal consequences. Prolonged application of a cervical collar in
obtunded patients has been associated with skin ulceration, inter-
ference with care of neck and shoulder wounds, difficulty with
the placement of central lines, increased risk of aspiration, and
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Figure 3. Adult SCIWORA

Figure 3. MRI image revealing spinal cord contusion in a
patient with spinal canal narrowing at C5-C6 and an osteo-
phyte causing mild impression on the thecal sac. There
was no evidence of ligamentous injury or prevertebral
hematoma. The patient’s CT scan revealed no acute frac-
tures or dislocation.

Image courtesy of S.V. Mahadevan, MD.



patient discomfort.56,61,62 Additionally, the use of cervical collars
alone is not sufficient for immobilizing the cervical spine.63,64

For those reasons, clearance of the cervical spine and removal
of the collar should be performed in a timely manner. No clear
consensus exists as to how to evaluate these patients, and practice
varies greatly as to how to exclude ligamentous injury.1 If a
patient shows clinical improvement, has a clear sensorium, and
can be examined reliably, then a ligamentous injury could be
excluded either clinically or with flexion-extension radiographs.
In a patient who remains obtunded, recommendations vary from
removal of the collar after 24 hours in patients with normal radi-
ographs, to indefinite immobilization in the cervical collar, to
MRI and dynamic flexion-extension under fluoroscopy.47

MRI is highly sensitive for the recognition of ligamentous
injuries, identifying soft-tissue injuries in 25% of obtunded
patients with negative radiographs.51,65 MRI has the added benefit
of being able to exclude spinal cord injuries. A negative MRI
study within 48 hours of injury implies the absence of ligamen-
tous injury. However, MRI may be overly sensitive for the detec-
tion of ligamentous injuries and may reveal injuries of unclear
clinical significance.56 In addition, MRI may not be feasible in
unstable patients due to prolonged scanning times and impaired
monitoring abilities.62

Dynamic fluoroscopy may be used to evaluate for ligamen-
tous injury in obtunded patients who are not candidates for MRI
due to contraindications or instability. (See Figures 2A and 2B).
Unlike MRI, this test may be performed in the critical care unit.37

Unfortunately, dynamic fluoroscopy often is labor intensive and
has the potential to induce secondary neurologic injury. Active
flexion-extension under fluoroscopy places patients at risk for
neurologic impairment due to subluxation at non-visualized seg-
ments or disc abnormalities not demonstrated by radiographs or
CT.66 There are reports of patients who developed quadriplegia
following dynamic fluoroscopic evaluation.47,67

Due to the exceedingly low incidence of isolated ligamentous
instability in obtunded patients with normal radiography, some
authors have suggested that the cervical spine can be cleared
with an adequate lateral view of the cervical spine and a helical
CT from the occiput to T

4
with sagittal and coronal reconstruc-

tions.56 That practice has yet to be validated in a large clinical
trial and is in contrast to the most current Eastern Association for
the Surgery of Trauma (EAST) Guidelines.68

Spinal Cord Injury without Radiographic 
Abnormality (SCIWORA)

Pang and Wilberger defined the term SCIWORA (spinal cord
injury without radiographic abnormality) in 1982 to describe a
syndrome of post-traumatic neurologic injury without evidence
of fracture or ligamentous instability on plain radiographs or
CT.69 Although this syndrome classically is associated with chil-
dren—playing a role in as many as 50% of pediatric spinal cord
injuries—it also may occur in adults.46,62-77 While the clinical pre-
sentations of this syndrome in children and adults may be simi-
lar, the hypothesized mechanisms by which they occur differ.

In the pediatric population, highly elastic ligaments in the

juvenile spine are thought to allow transient intersegmental verte-
bral dislocation followed by spontaneous reduction, resulting in
damage to the spinal cord, but a normal-appearing, bony verte-
bral column.71 Adult patients with degenerative cervical spine
conditions and stenosis of the spinal canal also are at risk for
SCIWORA. In such patients with pre-existing cervical spon-
dylitic changes, hyperextension can lead to pinching of the spinal
cord between vertebral osteophytes and the inward bulging of the
ligamentum flavum. (See Figure 3.) However, Bhatoe reported
another mechanism for SCIWORA in young adult patients who
lacked features of pre-existing cervical spine disease.78 He con-
cluded that acute stretching of the spinal cord from hyperflexion
and torsional strain leads to SCIWORA in these patients. 

Patients with SCIWORA often present with profound or pro-
gressive paralysis, either immediately or within 48 hours of a
traumatic incident. While a significant number of patients have
demonstrable neurologic deficits at time of presentation, others
may present with transient or delayed symptoms. Pang et al
found that almost 52% of the patients in their study with SCI-
WORA had a delayed onset of neurologic deficits ranging from
30 minutes to 4 days.70 A number of these children had transient
warning symptoms immediately following their trauma that had
been ignored initially.70 The observation of delayed deterioration
by different investigators highlights the importance of screening
patients for SCIWORA warning signs, such as transient weak-
ness, paresthesias, numbness, shock-like sensations, or focal
clumsiness following a traumatic event.71,79 Although the initial
neurologic exam may be unremarkable, frequent patient re-
assessment may detect an evolving neurologic condition. Results
from one study showed that several adult patients had normal ini-
tial neurologic exams and later developed neurologic deficits.46

Hendey et al in their review of the NEXUS database found
that the NEXUS criteria also were useful in identifying all 27
patients with SCIWORA.77 The criteria may have a role in identi-
fying patients at reduced risk for SCIWORA, although that has
not been validated prospectively. 

When Pang and Wilberger originally defined SCIWORA,
MRI did not exist.80 With its advent, some authors note that the
term SCIWORA now may be a misnomer because most patients
actually have a demonstrable radiographic spinal cord abnormal-
ity seen on MRI.74 MRI has revealed such findings as spinal cord
hemorrhage or edema, intervertebral disc herniation, and spinal
cord transection. Occasionally, the MRI may be normal. 

In their series, Pang and Wilberger reported that the primary
predictor of neurologic outcome in SCIWORA was the present-
ing neurologic status.69 More recent studies have revealed that
the appearance of the spinal cord on MRI provides better prog-
nostic information regarding the patient’s ultimate neurological
outcome.79 A normal-appearing spinal cord (i.e., absence of sig-
nal change) portends an excellent outcome; the presence of
edema or microhemorrhages without frank hematomyelia (hem-
orrhage into the spinal cord) is associated with significant im-
provement of neurologic function over time; and the presence of
hematomyelia or cord transection is associated with severe, per-
manent neurologic injury.80-82
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Conclusions
The evaluation and clearance of the cervical spine in adult

trauma patients are challenging and evolving aspects of trauma
care. Trauma care providers should have a thorough understand-
ing of risk factors for cervical spine injury, techniques for pro-
tecting patients from exacerbation of their injuries, advances in
the practice of clinical and radiographic clearance of the cervical
spine, and the diagnosis of such conditions as isolated ligamen-
tous injury and SCIWORA syndrome. 

With adequate training, improved detection, and proper care,
physicians can prevent the life-altering complications of cervical
spine injury such as neurologic injury, severe disability, and death.

Special thanks to Kathryn Stevens, MD, FRCR, BSc (hons),
Assistant Professor of Radiology, Department of Radiology, Stan-
ford University School of Medicine, for her contributions to this
article.
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CE/CME Questions
1. Which of the following statements is true regarding the role of com-

puterized tomography (CT) in evaluating patients for cervical spine

injury?

A. CT of the cervical spine may be able to detect cervical spine 

injuries not readily apparent on plain radiographs.

B. CT of the cervical spine should be obtained in all blunt trauma 

patients to exclude injury.

C. CT is highly sensitive for the detection of ligamentous injury.

D. CT imaging of the cervical spine poses a lower radiation risk to 

patients than plain radiographs.

2. Which of the following statements is true regarding plain radio-

graphs of the cervical spine? 

A. A single lateral view is sufficient to exclude cervical spine 

injury.

B. The routine addition of oblique views (five-view series) signifi-

cantly improves the sensitivity.

C. The routine addition of flexion-extension views is not indicated 

unless there is specific concern for ligamentous injury.

D. The frequency of inadequate or false-positive films decreases 

with injury severity.

3. Which of the following is not an indication for cervical spine MRI as

part of the ED evaluation?

A. Cervical spine fracture or subluxation with neurologic deficit

B. Suspected Spinal Cord Injury without Radiographic Abnormali-

ty (SCIWORA)

C. Deterioration in neurologic function

D. Suspicion of cervical spine ligamentous injury

E. All of the above are indications for MRI.

4. Which of the following statements is true regarding flexion-

extension films?

A. Flexion-extension films are obtained while the clinician actively 

flexes and extends the neck of the acutely injured patient.

B. Flexion-extension films may be obtained safely in obtunded or 

comatose patients.

C. Flexion-extension films are extremely efficient in completely 

excluding ligamentous injury in the acutely injured patient.

D. Flexion-extension films are unlikely to produce neurologic 

injury when obtained in the alert, cooperative patient.

5. Spinal Cord Injury without Radiographic Abnormality (SCIWORA):

A. is an entity only found in the pediatric patient.

B. occurs in adults by the same mechanism as in children.

C. often presents with profound or progressive paralysis either 

immediately or within 48 hours.

D. may be excluded with an initial normal neurologic examination.

6. Which of the following statements is not true regarding plain 

radiographs for a patient with a potential cervical spine injury?

A. Plain radiographs are inexpensive.

B. Plain radiographs in the severely injured or unconscious patient 

are all that is needed to exclude a spinal injury.

C. Frequently, the cervicocranial area is viewed inadequately on a 

plain radiograph.

D. Plain radiographs are repeated in almost 50-70% of severely 

injured or unconscious patients to obtain an adequate study.

7. Which of the following is an advantage of helical CT vs single

acquisition CT?

A. Faster image acquisition

B. Faster image reconstruction times

C. Reduction of image artifacts

D. Higher quality reformatted and three-dimensional images

E. All of the above

8. Which of the following statements is true regarding the initial use of

CT to evaluate the cervical spine?

A. High-risk clinical parameters, including a history of loss of 

consciousness, warrant the initial use of CT scan to evaluate the 

cervical spine.

B. High-energy mechanisms, warranting the initial use of CT scan 

for the evaluation of the cervical spine, include high-speed (> 35 

mph) motor vehicle or motorcycle crashes.

C. High-energy mechanisms, warranting the initial use of CT scan 

for the evaluation of the cervical spine, include a fall from 8 feet.

D. High-risk clinical parameters include a history of amnesia for 

the event following a fall from 6 feet.

9. A 35-year-old male presents to the ED following a motorcycle crash.

He is unconscious and has a GCS score of 10. The patient was intu-

bated in the field with appropriate spinal immobilization, which has

been maintained. Following stabilization of the patient, which of the

following would be the best initial test to evaluate the cervical spine?

A. Flexion-extension radiographs
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B. Oblique plain radiographs of the cervical spine

C. MRI

D. CT scan of the cervical spine

10.A 38-year-old female presents after a fall from a chair. She has a

GCS score of 15 and no neurologic deficits. The initial radiographs

(lateral, anterioposterior, and open-mouth view) are read by the radi-

ologist as normal. She is complaining of neck pain. The patient has

less than 30° of motion in both flexion and extension from the neu-

tral position. The next step should be to:

A. administer diazepam and actively flex and extend the neck.

B. obtain a CT scan of the cervical spine.

C. discharge the patient in a semi-rigid collar with careful instruc-

tion and follow-up.

D. have the physician forcibly assist the patient during flexion-

extension radiographs to obtain adequate radiographs.

Answer Key:
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CE/CME Objectives
Upon completing this program, the participants will be able to:
a.) Identify the indications, advantages, and limitations of plain

radiography for the evaluation of patients with potential blunt
cervical spine injury;

b.) Recognize the indications for the use of CT and MRI of the
cervical spine;

c.) Define and translate into clinical practice the appropriate
evaluation of a patient with a potential ligamentous injury of
the cervical spine; and

d.) Discuss the presentation, diagnosis, and management of a
patient with SCIWORA.

CE/CME Instructions
Physicians and nurses participate in this continuing medical

education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a certificate of completion. When your evaluation is
received, a certificate will be mailed to you.
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