EnvERGENCY MEDICINE PRACTICE

AN EVIDENCE-BASED APPROACH TO EMERGENCY MEDICINE

Cervical Spine Injury:

A State-Of-The-Art

Approach To Assessment

And Management

4:00 a.m.: The young woman is barely out of high school. She and her boyfriend
were wrestling when she fell backwards onto her head. Suddenly everything
stopped. Her strong limbs became limp; she felt nothing below her breasts. The

boyfriend, almost paralyzed with fear, called 911.

The medics applied a cervical collar, placed her on a backboard and brought her

to your ED. She looks at you with fear, and says, “Am | going to be all right?

What'’s happened to me?”

N essential part of early trauma care involves the assessment and
management of the patient with potential injury to the spine. This

often-devastating injury can have lifelong implications for the patient and, if
poorly managed, the treating physician as well. As specialists in emergency

medicine, it is not good enough to be “familiar” with the management of

these high-risk patients—we must become experts! This requires a thorough
understanding of the biomechanics of trauma, refined clinical examination

skills, current knowledge of the indications for spinal radiography, and a

sophisticated approach to the interpretation of these x-rays. A zero-tolerance

policy for missed spinal injury will protect patient and physician alike.

Epidemiology

The National Spinal Cord Injury Database (NSCID) has compiled epidemio-
logic data on spinal cord injury patients in the United States since 1973.! An
estimated 13% of new spinal cord injuries are entered into the database each

year; as of April 2001, information is available for 20,527 cases.? Data from
the NSCID and other studies suggest that the annual incidence of spinal

cord injury, not including those who die at the scene, is roughly 40 cases per
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CME Objectives

Upon completing this article, you should be able to:

1. explain the indications for cervical spine imaging
and which diagnostic studies to order in the
trauma patient;

2. interpret a standard three-view cervical film series in a
thorough, systematic manner;

3. discuss evidence-based methods relating to special
situations in cervical injury, such as airway
management, pediatric considerations, and spinal
cord injury without radiographic abnormality; and

4. describe treatment with methylprednisolone in
patients with spinal cord injuries.
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Date of most recent review: September 7,2001.
See “Physician CME Information” on back page.
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million population, or approximately 10,000 new cases
each year.*® Four times as many vertebral column
fractures occur without neurologic sequelae.

Spinal cord injury is predominantly a disease of
productive young adults. Fifty-five percent of cases occur
among people in the 16- to 30-year age group. Overall,
81.7% of patients are male. Since 1973, there has been a
gradual increase in the mean age at time of injury and the
proportion of victims over the age of 60 years.*® This
trend is not surprising, since the median age of the
general population has experienced a similar increase
during the same period.

Most patients with spinal cord injury are victims of
vehicular trauma. Since 1990, motor vehicle crashes and
pedestrians struck account for 37.4% of cases. Speeding,
alcohol intoxication, and failure to use restraints are
major risk factors. The next largest contributors are acts
of violence (gunshot wounds and assaults—25.9%),
followed by falls (21.5%) and recreational sporting
activities (7.1%). Data from the NSCID show the propor-
tion of injuries due to motor vehicle crashes and sporting
activities has declined, while the proportion of injuries
from acts of violence has climbed steadily since 1973.1

The incidence of cervical spine fracture in most series of
blunt trauma patients is between 1% and 6%, while fractures
of the thoracolumbar spine occur in 2%-3%. Roughly
65% of vertebral injuries involve the cervical spine,

20% involve the thoracic spine, and 15% involve the
lumbar spine.®®

The most common site of fracture in the cervical
spine is C2 (including the odontoid), which accounts for
roughly 24% of fractures. C3 is the least likely vertebra in
the cervical spine to be fractured. Dislocations occur most
commonly at C5-C6 or C6-C7 and uncommonly at C7-T1
and the atlanto-occipital complex. Children (<12 years)
and the elderly (>50 years) usually sustain injury to the
upper cervical spine (C1-C3); approximately 43% of
injuries in patients older than 50 years involve the
atlanto-axial complex.” Teens and young to middle-age
adults (12-50 years old) usually sustain injury to the
lower spine (C6-T1).

Initial Stabilization/Prehospital Care

As with all patients suffering significant trauma, the
clinical imperative during the initial assessment is to
rapidly identify and manage injuries posing a threat to
life. Airway management, hemodynamic stabilization,
and the maintenance of adequate tissue perfusion are the
priorities of initial care. During this frenetic time period,
the physician should assume the neck to be broken and
take appropriate spinal precautions. Once the ABCs have
been addressed, the clinician can then turn to a careful
physical exam, including examination of the vertebral
column and neurologic function, and then set manage-
ment priorities.

Spinal Immobilization
Assume that all blunt trauma patients have spinal cord

injury until proven otherwise. The spine must be ad-
equately protected until injury has been identified and
stabilized or reliably excluded. In most patients with
spinal injury, neurologic impairment is clinically appar-
ent early in the course of evaluation.®® However, me-
chanically unstable spines are especially vulnerable to
additional injury from external forces. Excessive manipu-
lation may cause or worsen spinal cord injury. Attention
to detail, careful protection of the spine, and frequent
examinations will decrease this risk.

Many studies have examined techniques for optimal
cervical immobilization using a variety of cervical collars,
backboards, and extrication devices.'®*? These efforts
have resulted in the universal practice of spinal immobili-
zation with a rigid cervical collar (which incorporates the
upper thorax), sandbags or taped blocks, and a long
spine board (padded or unpadded). The rationale for this
intervention dates back to the report by Rogers in 1957
that showed that 10% of spinal cord injuries occurred or
were exacerbated following the initiation of professional
medical care.®

Spinal immobilization is not without consequence.
The patient with inadequate protective reflexes can easily
aspirate while strapped in the supine position. Others
with minor brain injury or intoxication may become
combative when tied to the board. Pharmacologic control
of the patient may be required until spinal injury can be
reliably demonstrated or excluded.

In addition, prolonged immobilization may cause
significant discomfort and pressure necrosis. For these
reasons, the patient should be removed from the spine
board as soon as possible in the context of the case at
hand. A “backboard protocol” can decrease the length of
time a patient remains immobilized. In EDs with such a
protocol, the triage nurse will immediately alert an
emergency physician when a patient is brought in on a
backboard. The physician will then examine the patient
to decide whether immobilization should be continued or
whether x-rays are needed.

In the patient with a clear-cut spinal cord injury,
prompt removal from the spine board is even more
critical—not less. Impaired sensation and sympathetic
tone put these patients at increased risk for pressure
sores, rhabdomyolysis, and compartment syndrome.
When and how to remove the backboard from a spine-
injured patient should be based on either an established
protocol or consultation with a neurosurgeon.

Airway Management Considerations

In most victims of major trauma requiring urgent airway
management, intubation will be done before a full
assessment of the cervical spine is possible. The safety of
oral intubation in the setting of known or suspected
cervical spine injury was once controversial. It was
argued by some that laryngoscopy causes significant
movement of the neck, putting the patient with cervical
fracture at increased risk for neurologic injury. Propo-
nents of this theory recommended blind nasotracheal
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intubation or surgical cricothyrotomy as the airway
management of choice. While it has been demonstrated
that laryngoscopy does indeed cause movement of the
destabilized cervical spine,***" it has also been shown that
this can be minimized by meticulous in-line stabiliza-
tion*®7 (stabilization, not traction). Numerous studies
show that endotracheal intubation with in-line stabiliza-
tion does not significantly increase the risk of neurologic
injury in patients with unstable cervical spine
fractures.’? Most authorities now believe that endotra-
cheal intubation using rapid-sequence induction (RSI) is
the preferred method of airway management in the
patient with the potential for cervical injury. It should be
noted that careful documentation of the procedure is
crucial to risk management (i.e., “...in-line cervical spine
immobilization maintained during intubation...”).

When RSI is impossible or unsuccessful, alternative
airway management techniques become necessary. There
is no “perfect” airway rescue technique, and the spine
should be manually stabilized regardless of which device
is selected. The decision on which approach to use in the
setting of a failed airway should be guided first and
foremost by the experience of the operator and the
resources available. While there are no large prospective
trials in the literature evaluating the use of alternative
airway devices in patients with cervical injury, cadaver-
model studies and small case series suggest that
fiberoptic-guided intubation is least likely to move the
destabilized cervical spine.t*? The utility of this approach
may be limited by operator experience and the presence
of blood or gore in the airway. The intubating laryngeal
mask (Fastrack™) is also a reasonable alternative and
may be more available and familiar to most emergency
physicians.?"? Available data suggest that the
Combitube™ is potentially dangerous in the setting of an
unstable cervical spine, as it is difficult to insert with the
neck held in-line and is more likely to cause undesirable
spinal movement.?® While surgical cricothyrotomy does
cause measurable movement of the injured spine, this is
not felt to be clinically significant.®

ED Evaluation

“A lover forsaken A new love may get,
But a neck when once broken can never be set.”
—William Walsh (1663-1708), British poet

History

Historical information can often provide clues to help the
emergency physician identify cervical spine injuries. The
patient, prehospital providers, family members, and
witnesses may provide valuable information about the
events that will help guide the evaluation, diagnosis, and
disposition.

The mechanism of injury should also be explored
during the patient interview. As is discussed later in the
text, some fractures are commonly associated with
particular mechanisms. All patients with potential injury

should have a complete primary and secondary survey
performed. A history of neck pain, numbness, burning, or
weakness (whether present in the ED or having resolved
prior to arrival) may signal cervical spine injury.

The past medical history is likewise important
because certain medical conditions may predispose
patients to cervical injury. Patients with rheumatoid
arthritis may rupture the posterior odontoid
ligament with minimal trauma, while children
with Down’s syndrome are predisposed to atlanto-
occipital dislocation.

Physical Exam

After life threats have been addressed, the physician can
then focus on the secondary survey. Several important
steps should be performed and documented. First, an
assessment of the patient’s mental status is crucial, as this
will influence the decision to obtain radiographs. Many
minimally brain-injured patients (GCS 14) appear to have
a normal mental status on superficial examination. When
there is any doubt about the patient’s mental status, the
physician should have a low threshold to image the
cervical spine.

Second, the physician must inspect and palpate the
entire spine for evidence of ecchymosis, deformity, or
focal tenderness. Determine whether the patient has focal
vertebral tenderness as opposed to paravertebral muscle
tenderness. Obtain radiographs if the patient has point
tenderness over the bone, or if this distinction cannot be
made. Finally, the physician will have to decide whether
a distracting painful injury is present. As is discussed
later in the text, this problematic issue depends on
clinical judgment.

Essentials Of The Neurologic Examination

A detailed and precise neurologic examination is critical.
Serial examinations are of equal importance in order to
identify evolving neurologic pathology or associated
vertebral injuries that may require surgical decompres-
sion or stabilization.

The American Spinal Injury Association (ASIA) has
established guidelines for motor and sensory evalua-
tions.®! In the awake, interactive patient, light-touch
sensation may be assessed by dermatome to localize the
most cephalad extent of the spinal cord injury. Remem-
ber, on the anterior chest, dermatome levels abruptly
change from C4 to T2 just above the nipple line. Pain
sensation can be used to test contralateral spinothalamic
tract function. Motor function, indicative of ipsilateral
corticospinal tract integrity, is assessed on a 0 to 5 scale.
Dorsal column testing will differentiate between a
complete lesion and an anterior cord syndrome. This is
best examined with proprioception or vibration in the
distal extremities. A quick and simple test of vibration is
by using your beeper (set on vibrate) and placing the end
to the area to be tested.

If the patient has a neurologic deficit, pay special
attention to rectal tone, sacral sensation, and bowel and
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bladder function in order to avoid missing injuries to the
conus medullaris and cauda equina, as well as document-
ing complete vs. incomplete cord injury. Male patients
with a cord injury may have priapism. In the presence of
a spinal deficit, test the bulbocavernosus reflex. Insert
one finger in the rectum and then either tug gently on the
Foley, pinch the glans penis, or press on the clitoris. This
should elicit an involuntary contraction of the anal
sphincter (the so-called “anal wink”).

Also remember that spinal shock may eliminate all
spinal function and reflexes for the first 24-48 hours
following injury. Reversal of spinal shock is heralded by
the return of the bulbocavernosus reflex.

Classification Of Cervical Spine Injuries

For purposes of injury classification, the cervical spine
can be anatomically divided into anterior and posterior
columns. The posterior longitudinal ligament acts as a
fulcrum between the two. Cervical spine injuries are
described according to the mechanism of injury and
resultant radiographic alterations of these columns.®
Flexion, extension, axial load, and rotational mechanisms
each predispose patients to particular fracture patterns.
(See Figure 1.)

Flexion Injuries

Flexion injuries cause compression of the anterior column
and distraction of the posterior column. This results in
varying degrees of crush to the anterior aspect of the
vertebral body, and ligamentous disruption and widen-
ing of the posterior column (“crushed in the front and
wide in the back”). Simple wedge fractures, flexion
teardrop fractures, unilateral facet dislocations, and
bilateral facet dislocations represent a progression of
severity (and instability) of flexion injuries.

Extension Injuries

Extension injuries cause distraction of the anterior column
and compression of the posterior column. There is variable
disruption and widening of the anterior ligaments and
varying degrees of crush of the posterior elements (“wide
in the front and crushed in the back”). Extension injuries
include the hangman’s fracture and extension teardrop
fractures.

Axial Load Injuries

Axial load injuries cause compression of both the anterior
and posterior columns. These are the result of forces from
above (skull) or below (pelvis) that are applied to the
vertebral column in neutral position at the time of
impact. Adjacent vertebral bodies are forced against each
other with overwhelming force. The resultant vectors
cause the vertebral body to shatter outward, resulting in
a “burst fracture.” A burst fracture is usually stable
because the ligamentous structures of the vertebral
column remain intact.

One unstable burst fracture involves C1 (Jefferson
fracture). It occurs when vertical forces are applied to the
skull and transmitted through the occipital condyles to
the lateral masses of the atlas. This results in disruption
of the anterior and posterior arches of C1. On the lateral
view, look for a widened pre-dental space (between the
dens and the anterior arch of C1) and soft-tissue swelling
anterior to C2. On the odontoid view, the lateral masses
of C1 extend beyond, and overhang, the lateral masses of
C2. This extremely unstable injury requires immediate
neurosurgical consultation.

Rotational Injuries
Rotational injuries cause varying degrees of rotation of
both the anterior and posterior columns, usually around a facet

Flexion Neutral Extension
Figure 1. Mechanism of flexion and extension injuries.
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dislocation. This occurs when one of the facets acts as a
fulcrum, and rotation plus flexion allows the contralateral
facet to dislocate. The superior facet jumps above and
anterior to the inferior facet. Thus the superior facet
comes to rest in the intervertebral foramen, resulting in a
“locked in” position and a stable injury (even though the
posterior ligaments are somewhat disrupted). The AP
radiograph will reveal the spinous process above the
injury angled away from the midline in the direction of
the rotational injury. On the lateral projection, a sublux-
ation of the vertebra above the facet dislocation will be
present. In addition, the jumped facet will be blurred
compared to the sharp line that defines the other facets.

“If thou examinest a man having a dislocation
in a vertebra of his neck, shouldst thou find him
unconscious of his two arms and his two legs
on account of it, while his phallus is erected
on account of it, and his urine drops from
his member without his knowing it;

His flesh has received wind;
his two eyes are bloodshot;

It is a dislocation of a vertebra of his neck.”
—The Edwin Surgical Papyrus®

Neurologic Syndromes

While most spinal cord injuries are complete, a signifi-
cant number of patients present with well-defined
neurologic syndromes corresponding to specific incom-
plete neuro-anatomic lesions. These include the central
cord syndrome, anterior cord syndrome, and Brown-
Séquard syndrome.®

The most common of these is the central cord
syndrome. This syndrome is the result of a forced
hyperextension injury, which causes the ligamentum
flavum to buckle into the cord, resulting in a central
contusion. The most medial portions of the spinothalamic
tract, corticospinal tract, and dorsal column are affected.
The syndrome is especially common in elderly patients.

Patients with the central cord syndrome typically
have more upper-extremity motor and sensory loss than
they do in the lower extremities. It is often called the
“burning-hand syndrome,” for obvious reasons. The
majority of these patients will regain neurologic function
to some degree.

The anterior cord syndrome involves bilateral injury
in the distribution of the anterior spinal artery—that is,
the corticospinal and spinothalamic tracts, with sparing
of the dorsal columns. Hyperflexion is the most common
mechanism of injury. This results in the loss of sensory
and motor function below the level of injury with
preserved position and vibration sense. Because this
syndrome may be due to a correctable vascular injury,
obtain immediate neurosurgical consultation.

The Brown-Séquard syndrome, also known as
hemisection of the spinal cord, is extremely uncommon in
blunt injuries and is usually the result of penetrating
trauma. When present in a patient with a blunt mecha-

nism, a lateral mass fracture should be suspected. This
syndrome results in the contralateral loss of pain and
temperature sensation as well as ipsilateral motor
paralysis and ipsilateral loss of position and vibratory
sensation (all distal to the lesion). This produces the
notable physical finding in which the patient can feel a
pinprick on his or her paralyzed side. Recovery is
sporadic, although most regain the ability to ambulate.®

Indications For Cervical Spine Radiography

The indications for cervical spine radiography have
evolved considerably during the past 20 years. In the
1980s, the American College of Surgeons recommended
cervical radiography in “any patient with major blunt
trauma.”®*While this approach was effective in excluding
injury, it came at the expense of a large number of
negative radiographs. In addition to the obvious financial
implications, this strategy resulted in unnecessary
exposure to radiation and potential delays in trauma
patient evaluation and stabilization. In the decade that
followed, several authors attempted to identify clinical
criteria that could be used to reliably exclude cervical
injury in adults®®* and children.*** While these studies
suggested that low-risk criteria could be successfully
employed, none had the statistical power to reliably
support their conclusions.

These efforts culminated with the National Emer-
gency X-Radiography Utilization Study (NEXUS).* All
emergency physicians should be intimately familiar with
the results of this trial. NEXUS was a prospective,
multicenter, observational study of a decision rule used
to identify patients at low risk of cervical spine injury
and who did not need cervical radiography. The decision
instrument required patients to meet five criteria in order
to be classified as having a low probability of injury:

1. no midline cervical tenderness;
. no focal neurologic deficit;
. normal alertness;
. no intoxication; and
. no painful distracting injury.

a b~ wN

The authors evaluated 34,069 patients at 21 academic
and non-academic medical centers. Physicians were
asked to assess each of the clinical criteria before radio-
graphs were available. No efforts were made to influence
physician ordering of radiographs, which were obtained
at the discretion of the treating clinician. The decision
rule identified all but eight of 818 patients who had
cervical spine injury (sensitivity 99.0% [95% CI, 90.0%-
99.6%]; NPV 99.8% [95% CI, 99.6%-100%]; specificity
12.9%; PPV 2.7%). Only two of the patients classified as
unlikely to have an injury according to the decision rule
met the preset definition of a clinically significant injury,
and one of these two patients required surgical stabiliza-
tion. Using the decision instrument, radiographic
imaging could have been avoided in 4309 (12.6%) of the
34,069 patients.

Any patient who is not classified as low risk by the
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NEXUS criteria (see Table 1) should be considered a
canditate for cervical spine imaging. In the absence
of these findings, radiography can be safely deferred.
The inter-rater reliability of these criteria is
substantial, although it should be remembered that
they are subjective.*

Similar indications have recently been validated for
assessment of the thoracic and lumbar spine (by different
investigators); however, these studies are much
smaller.#"#8 Since it is unlikely that a study the size of
NEXUS will ever be repeated to assess the thoracolumbar
spine, it seems reasonable to use their criteria to evaluate
the entire spine.

Recently, the test performance of the individual
NEXUS criteria was evaluated by the study investiga-
tors.* None of the low-risk criteria were present in a
majority of patients with cervical injury, although
posterior midline tenderness and distracting injury were
relatively common (403 [49.3%] for each). A substantial
number of patients (236 [29.9%]) with cervical injury
were classified as non-low risk only because they failed
to meet one of the five criteria. Posterior midline tender-
ness was the only non-low-risk finding in more than half
of these patients (144/236 [61%)]). Of interest, 45 patients
(5.5%) had distracting injury as the only criterion; 24
patients (2.9%) had altered alertness or intoxication as the
only criterion; and 23 patients (2.3%) had focal neurologic
changes as the only criterion. Beware the blunt trauma
patient who is “just drunk” or who “only has a femur
fracture.” These may be the only triggers for indicated
cervical radiographs.

The assessment of a “distracting” injury is particu-
larly subjective and problematic. A recent article by the
NEXUS study group cites that a significant fraction of
blunt trauma patients may have an injury considered to
be distracting.® Ullrich prospectively evaluated 778
patients and found that 264 (34%) had distracting painful
injuries (DPIs).% Fractures accounted for the majority of
DPIs (154 [58%]); 42 (16%) were soft-tissue injuries or
lacerations and 86 (34%) were due to a variety of other
entities, including visceral, crush, burn, or other miscella-
neous injuries. Among the 37 (5%) patients with cervical
fractures, 20 (54%) had a DPI, including three (8%) who
had DPI as the only indication for cervical radiography.
The determination of whether a particular injury is
sufficient to “distract” the patient is one made by
clinical judgment.

There are occasional case reports of clinically occult
cervical spine injuries in the literature.’*% A careful

Table 1. Indications For Cervical Radiography
Following Blunt Trauma.

* Neck pain and midline cervical tenderness
+ Altered mental status

+ Intoxication

+ Focal neurological deficits or complaints

+ Distracting painful injury

review of these cases by Saddison et al revealed that
these injuries were not truly asymptomatic.* Several
patients did have cervical pain or tenderness, and those
without clinical findings were either brain-injured, under
the influence of drugs or alcohol, or victims of severe
multisystem trauma.

Children

What about children? A preliminary review of the
pediatric patients in the NEXUS study has been pub-
lished.’” There were 3065 patients (9% of all NEXUS
patients) who were less than 18 years old, 30 (0.98%) of
whom sustained a cervical spine injury. Relatively few
(88 or 2.9%) of these children were younger than 2. While
approximately a quarter (817 or 26%) were between the
ages of 2 and 8, the majority of enrolled children were
between 8 and 17 years old (2160 or 70.4%). The decision
rule correctly identified all pediatric cervical spine injury
victims (sensitivity 100% [95% ClI, 87.8%-100.0%]) and
properly designated 603 patients as low risk (NPV 100%
[95% CI, 99.4%-100%]). While the decision rule per-
formed well, the small number of infants and toddlers in
the study suggests caution in applying NEXUS criteria to
this particular age group.

“I find the great thing in this world is not so much
where we stand, as in what direction we are moving:
To reach the port of heaven, we must sail sometimes

with the wind and sometimes against it—

but we must sail, and not drift, nor lie at anchor.”

—Oliver Wendell Holmes

Which X-Ray Views Should Be Obtained?

In 1989, Mirvis et al surveyed 125 North American
trauma centers to assess practice parameters for the
evaluation of cervical spine injury.®* Two-thirds of the
centers had established protocols for obtaining cervical
radiographs, which varied widely among the centers.
Thirty-five percent of respondents cleared the cervical
spine with a cross-table lateral (CTL) alone; 29% used a
standard “three-view” series (CTL, anteroposterior [AP],
and open-mouth odontoid view [OMO]), and 24%
routinely performed the “five-view” series (oblique
views, in addition to the CTL, AP, and OMO). So, which
views are needed to reliably exclude injury?

Is The Cross-Table Lateral View Sufficient?
No! It has been demonstrated that the use of a cross-table
lateral view alone is inadequate to rule out cervical spine
injury; it has a sensitivity of between 57% and 85%.5-6
MacDonald et al found that the addition of the antero-
posterior and open-mouth odontoid views to the cross-
table lateral increased the sensitivity from 83% to 99%.%
For this reason, at least three views should be obtained in
all cases.

It has been argued that a cross-table lateral may be
useful to “clear” the cervical spine prior to endotracheal
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intubation. This approach has several important pitfalls:

1. it may delay definitive airway management;

2. it does not exclude cervical injury, and thus
may provide the operator with a false sense of
security; and

3. there is no evidence to support an increased risk of
neurologic injury during endotracheal intubation,
provided effective immobilization is maintained at
all times.

Three Views Or Five Views?

The issue of whether the oblique views are routinely
needed remains an area of controversy. These views are
held by some to be essential because they provide
superior visualization of the posterior column (pedicles,
articular pillars, neural foramina, and lamina).%? Turetsky
et al found that the oblique views demonstrated certain
fractures not detected on the three-view series.®® Con-
versely, Freemyer et al found no fractures or dislocations
detected on the five-view series that were not identified
on the three-view series.® The authors did point out that
the oblique views did provide superior anatomic defini-
tion of laminar fractures and unilateral facet dislocations.
While there is no consensus concerning the necessity for
routine oblique radiographs in cervical trauma, these
views may be useful in evaluating poorly visualized
areas of the posterior column. In addition, the supine
oblique view provides excellent definition of the
cervicothoracic junction (C7-T1) and may be used instead
of the often-inadequate swimmer’s view.®% Ireland et al
compared 60 patients whose cervical spines were imaged
with swimmer’s views to evaluate the cervicothoracic
junction to those of 62 patients whose junctions were
imaged with bilateral supine oblique radiographs.®’
Oblique views identified the junction adequately in 38%
compared to 37% in the swimmer’s view group. How-
ever, the facet joints and posterior elements were fully
visualized in 70% of those imaged obliquely compared to
only 37% in the swimmer’s view group. It is reasonable
to use the oblique view selectively, after a three-view
series has been evaluated.

What Is The Role Of Flexion-Extension Views?

Some authorities recommend that neurologically intact
patients with persistent neck pain and tenderness despite
normal plain radiographs undergo flexion and extension
views to exclude ligamentous injury.% However, the exact
role and timing of these views is currently a controversial
subject. Numerous recent investigations demonstrate that
these views do not increase the sensitivity of standard
radiographs in detecting spine abnormalities and may
produce false-negative results in acute trauma victims
because of associated muscle spasm.®-"® Flexion-extension
films are sometimes used in the evaluation of minor
subluxations seen on the lateral x-ray when the abnor-
mality is presumed to be secondary to degenerative joint
disease. However, the safety and utility of this practice
has not been well-studied.

The use of flexion-extension views was recently
reviewed by the NEXUS investigators.”™ Of the 818
patients ultimately found to have cervical injury, 86
(10.5%) underwent flexion-extension testing. Two
patients sustained stable bony injuries detected only on
these views. Four patients had a subluxation detected
only on the flexion-extension views, but all four had
other injuries apparent on routine imaging. These data
suggest that flexion-extension views add little to the
acute evaluation of patients with blunt trauma.

If flexion and extension films are used, they may be
more appropriate in the days and weeks following injury,
when muscle spasm has abated. If they are obtained in
acute trauma victims, it is essential that the patient be
alert and cooperative, as all neck movement must be
initiated by the patient and discontinued immediately
should pain occur. Manipulation of the neck by the
physician or radiology technologist to overcome spasm is
absolutely contraindicated. Some authors suggest filming
in the erect position to enhance the detection of ligamen-
tous instability.™

Also controversial is the use of dynamic fluoroscopy
in the obtunded, uncooperative, or intubated patient
with normal radiographs. Proponents claim the tech-
nigue can safely assess ligamentous stability in a group
of patients that may be particularly difficult to evaluate.™
Opponents argue the technique is unproven and risky;,
and urge caution until reliable studies are completed.”
Existing work reveals that the procedure has a low yield
(0.7%) and can result in rare but devastating injuries
in some patients.” This technique should not be consid-
ered routine ED practice and, if done, is best performed
under the guidance of a neurosurgeon or orthopedic
spine surgeon.

Interpretation Of Cervical Spine Radiographs
When cervical spine fractures are missed by emergency
physicians, it is usually due to one of four basic reasons
(see also Table 2):

Table 2. Interpretation Of Cervical Spine Radiographs.

A. Lateral view—is the film adequate?
+ Alignment: anterior, middle and posterior arcs
+ Bones: vertebrae and spinous processes uniformity
and height
+ Cartilage:intervertebral disk space height and length
« Soft tissue: prevertebral soft tissue width

B. Anteroposterior view
+ Alignment of spinous processes
+ Distance between spinous processes
+ Uniformity and height of vertebrae

C. Open-Mouth Odontoid View
+ Spacing of dens and lateral masses
+ Lateral alignment of C1 and C2
+ Uniformity of bones
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1. failure to obtain indicated radiographs;

2. inadequate radiographs;

3. misinterpretation of the radiographs; or

4. radiographs fail to adequately visualize the injuries.

If you adhere strictly to the indications for radiogra-
phy outlined in this article, you can avoid pitfall #1, and
if you always demand adequate radiographs, you can
avoid pitfall #2. Avoiding pitfall #3 is more challenging
but is equally achievable, provided you follow a few
basic steps:

= Be systematic. Develop an approach for interpreting
these radiographs that works and use it on every
case until the day you retire.

= Be patient. Flipping rapidly through a stack of films
can only get you into trouble. Remember, the
overhead lights in the ED were not made for
reading x-rays!

= Be a skeptic. If you see something that “doesn’t look
quite right,” don’t blow it off. Get more views and
perhaps further imaging studies. This will help you

avoid pitfall #4.

While it is clearly beyond the scope of this article
to provide all of the information required to master
cervical-spine x-ray interpretation, following are a
few useful tips.”™

Anterior Posterior Spinolaminar
bodies bodies line

Figure 2. Lateral alignments.

Lateral View

Because approximately 70% of detectable abnormalities
will be visible on the lateral view, this radiograph should
be inspected first. An adequate lateral film must demon-
strate all seven cervical vertebrae as well as the top of the
first thoracic vertebra. If these are not seen, undertake
other measures to obtain an adequate view of the lower
cervical spine. If the film is adequate, use the mnemonic
“ABCS” to examine the film:™®

= Alignment (see Figure 2 and Figure 3): Three arcs
should be easily traced on the lateral radiograph.
The first is composed of the anterior margins of the
vertebral bodies. The second is defined by the
posterior margins of the vertebral bodies. The third
is along the bases of the spinous processes (the
spino-laminar line). These arcs should be traced as
smooth, unbroken lines. If there is a step-off in any of
these arcs, suspect a fracture or ligamentous disrup-
tion. The only exception to this rule is that occasion-
ally the line along the bases of the spinous processes
appears to have a posterior step-off at the C2 level.

Figure 3. Abnormal alignment of C4/5 level following
direct strike to neck.

Used with permission from W.B. Saunders Company. In:
Trauma Management: An Emergency Medicine Approach.
Ferrera P, Colucciello SA, Verdile V, et al, eds. St. Louis,
MO: Mosby; 2001. Fig. 13-3.
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This step-off should be 2 mm or less posterior to a
line drawn from the C1 to C3 spinous bases.

= Bones: Inspect all of the vertebral bodies, which
should have a uniform square or rectangular shape
from C2 and below. (See Figure 4.) Any small
fragment may represent a fracture. Examine all
laminae and spinous processes carefully for unifor-
mity and smooth edges. Any loss of height or
wedging either anteriorly or posteriorly may be a
clue to a compression fracture. The anterior height
should be no less than 3 mm shorter than the
posterior height. Carefully examine C2, especially
the odontoid, which articulates with C1. The
odontoid should form a smooth arch just behind the
anterior portion of C1 and should be closely applied
to the posterior portion of C1. This space between
the anterior dens and the anterior ring of C1 is the
predental space and should be 3 mm or less in adults
and 5 mm in children.

There are a number of radiographic signs
distinct to C2. Oblique fractures of the second
cervical vertebra below the odontoid may cause the
body of C2 to appear enlarged or “fat” compared to
C3 (known, not surprisingly, as the “fat” C2 sign).%°
There is also a radiographic “ring” on C2 best seen
on the cross-table lateral view. If this ring is broken,
suspect a type Il odontoid fracture.®

Figure 4. Lateral radiograph shows Hangman’s fracture.

Used with permission from W.B. Saunders Company. In:
Trauma Management: An Emergency Medicine Approach.
Ferrera P, Colucciello SA,Verdile V, et al, eds. St. Louis,
MO: Mosby; 2001. Fig. 13-13.

= Cartilage (see Figure 5): The next step is to examine
the cartilaginous structures. The intervertebral disc
spaces should be uniform in height and length.
Narrowing of a disc space may be a clue to acute disc
herniation or an adjacent vertebra fracture. Widening
of a disk space may suggest rupture of the annulus
fibrosis or longitudinal ligamentous structures. Give
careful attention to the spaces between the spinous
processes. Any widening or “fanning” of these
spaces could represent significant disruption to the
posterior ligamentous complex.

= Soft Tissues: Finally, examine the soft-tissue spaces
of the lateral radiograph. Abnormal swelling of the
prevertebral soft tissue suggests a vertebral fracture.
The soft tissue immediately anterior to C1-C4 should
be 7 mm or less and, for C5-T1, 22 mm or less. Any

Figure 5.Widely separated C1 and C2 vertebrae
(atlantoaxial dislocation) in a pedestrian-motor
vehicle crash.

Used with permission from W.B. Saunders Company. In:
Trauma Management: An Emergency Medicine Approach.
Ferrera P, Colucciello SA,Verdile V, et al, eds. St. Louis,
MO: Mosby; 2001. Fig. 13-4.
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widening of these tissue planes should prompt
careful scrutiny for subtle fracture and may suggest
the need for consultation or CT scan of the involved
area. (Ballooning of the prevertebral tissue may be
normal in children depending on the timing of the
film during the respiratory cycle; see below.) It
should be kept in mind, however, that absence of soft-
tissue swelling does not exclude injury.

Anteroposterior View

An AP radiograph is necessary to evaluate the cervical
spine. This view should include C3 to T1 due to the fact
that the mandible obscures C1 and C2. The alignment of
the vertebrae and spinous processes is crucial to inter-
preting the film; the spinous processes should form a
straight line down the middle of the vertebral body. (See
Figure 6.) If one spinous process appears to be out of line
compared to the rest, the patient probably has suffered a
jumped facet. The distance between the spinous pro-
cesses should be roughly equal; none of the spaces
should be 50% wider than the one immediately above or
below. Abnormalities in alignment or spacing could be an
indication of unifacet dislocation or fracture of the lateral
articulating surface. These findings should prompt you to
carefully scrutinize the lateral view and perhaps order
oblique films. CT scanning may be helpful when an

Figure 6. AP spine. Note alignment of
spinous processes.

abnormality is found.

Odontoid View

This view identifies fractures involving C1 and the
odontoid process of C2. This radiograph can be difficult
to interpret due to the overlapping shadows and densi-
ties from the occiput and central incisors. It is imperative
to scrutinize this film carefully, as fractures of the first two
cervical vertebrae are easily missed. The dens should be
parallel with the lateral masses of C1. The space on each
side of the dens (between the dens and lateral masses)
should be equal. If this space is asymmetric, it may
indicate a fracture. You should then inspect the lateral
alignment of C1 and C2. (See Figure 7.) If the lateral
margins of C1 and C2 are normally aligned (the lateral
masses of C1 should not overlap the lateral margins of
C2), then the asymmetry at the odontoid space is prob-
ably due to patient rotation. (You can also look to see
whether the upper central incisors are centered over the
dens [head in neutral position] or if they are off to one
side [head was turned while the film was taken].)

If the lateral alignment is not normal, you should
suspect a fracture. It is common to see a thin black line at
the base of the dens. This generally does not represent a
fracture but results from overlapping shadows of
adjacent structures (Mach effect). Look to see if the line
extends beyond the margins of the dens, as this is charac-
teristic of a shadow and not a fracture. A vertical split
down the dens usually represents the notch between the
upper central teeth (look for the faint outline of the teeth
overlapping the odontoid). If you are unsure of a finding,
you should seek advice before dismissing it as an artifact
or rotational abnormality.

Despite optimal technique and careful interpretation,
plain-film imaging is incapable of detecting all cervical
spine injuries. In the NEXUS study, nearly 40% of
patients with fractures were missed with a “standard”
three-view series, although the majority of these occurred
in cases in which plain radiographs were interpreted as
inadequate or abnormal but not diagnostic. However, 23
patients (0.07% of all patients and 2.81% of the fracture
group) had 35 injuries (including 3 potentially unstable

Figure 7.Open mouth view. Note alignment and
symmetry of lateral masses.
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injuries) that were not visualized on adequate plain-film
imaging.® The message is clear:
1. Never settle for inadequate films;
2. Never ignore subtle findings; and
3. Always be suspicious in the patient with persistent
significant neck pain and “normal” plain films.

The limitations of plain-film imaging have prompted
investigators to evaluate the selective use of advanced
imaging techniques that may improve our ability to
identify serious injuries, while still minimizing cost and
radiation exposure 88

When Should CT Or MRI Be Performed?

Computed Tomography
CT scanning is an excellent method for evaluating
cervical spine fractures and dislocations. Its advantages

include speed, wide availability, and excellent cortical
detail. The primary limitation of CT imaging is that it
provides only partial anatomic definition of the spinal
cord or adjacent soft-tissue structures.

Contemporary high-resolution scanners detect
between 95% and 100% of cervical fractures—a signifi-
cantly higher sensitivity than plain-film radiography. So,
when should this effective, albeit expensive, technology
be used? The traditional approach would reserve CT
imaging to delineate bony anatomy at the level of
identified or suspected fractures and dislocations, in
those cases where the upper or lower cervical spine
cannot be adequately visualized, in comatose trauma
patients, and in patients with persistent pain and/or
neurologic deficit despite normal plain films.®% A more
aggressive strategy suggests that complete cervical
helical scanning may be appropriate and cost-effective in

Continued on page 14

Pearls And Pitfalls In Cervical Spine Trauma

Increase awareness of the cause of missed and delayed
diagnosis of spinal injury, including: misreading of spine
films, inadequate radiographs, head injury with altered
level of consciousness, alcohol intoxication, multiple
concurrent injuries, and two or more levels of spinal injury.

Always perform a detailed and precise neurologic examin-
ation on any patient with potential cervical spine injury.

Neurological manifestations of spinal injury are known to
change rapidly over time. Performing and documenting
serial neurologic examinations will be the best tool at your
disposal to identify and document evolving pathology.

Cervical radiography is unnecessary in alert patients
without spinal tenderness who are neurologically intact,
not intoxicated, and do not suffer from other distracting
painful injuries.

Never rule out cervical injury with a single cross-table
lateral radiograph.

Oral endotracheal intubation and effective in-line
immobilization of the cervical spine is the safest
method of securing an airway in a patient with
suspected cervical pathology.

Three-view radiographs of the cervical spine is the standard
approach for initial evaluation. Order the oblique and
swimmer’s views selectively as needed.

The emergency physician must never settle for inadequate

radiographs, and a thorough, systematic approach to
radiograph interpretation is absolutely essential in all cases.

Treatment with methylprednisolone should be considered
for all patients with known or suspected spinal cord injury
from blunt trauma, providing that it can be initiated within
eight hours from the onset of injury. While the benefits are
uncertain, the risk of administration is low.

Manage the alcohol-impaired patient with a potential spine
injury aggressively. Immobilize the patient and either
perform serial examinations or obtain radiographs. Do not
assume that symptoms are related to intoxication.

When transferring a patient with a known cervical
spine injury to another institution,immobilization should
always be performed with a rigid cervical collar as well as
sandbags or taped blocks and a long spine board.

History-taking should screen for pre-existing conditions
that increase the risk of spinal injury, including ankylosing
spondylitis, rheumatoid arthritis, previous cervical injury,
and previous cervical surgery.

Remember SCIWORA. If there is any evidence of neurologic
impairment at any point in time from the moment the
accident occurred, the physician should assume that there
is a spinal injury until proven otherwise.

Judicious use of CT will be of major benefit in evaluating
the laminae, pedicles, and spinal canal in a select group of
blunt trauma patients. A

October 2001
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Clinical Pathway: Diagnostic Algorithm For Suspected Cervical Injury

1. Midline cervical spine tenderness?

2. Neurologic deficits? ﬂ_?
3. Altered mental status?

4. Distracting painful injury?

5. Evidence of intoxication?

1 Yes

+ No imaging necessary

+ Exit pathway (Class Il) (These decision rules are 99%
sensitive to cervical spine injury. Thus, there is a small
chance of injury despite low-risk criteria.)

+ Obtain three-view spine series (Class I) (Some centers routinely obtain five-view series) (Class indeterminate)
+ Obtain CT on upper cervical spine if patient is comatose (Class II)

l

ﬂf + Obtain obligue or swimmer's views as needed (Class I-Il)

e ” .
Adequate visualization of all vertebrae? + CT may be necessary in some cases

} Yes
o ) ) o ﬂf + Pain medication as indicated (Class II-Il)
Suspected or proven injury on films or neurologic deficit? « Referral as needed (Class II-1l)
1 Yes + Manage other injuries (Class II-11l)

« If neurologic deficit consistent with blunt spinal injury, begin methylprednisolone protocol (Class II-111)
(See “Clinical Pathway: Methylprednisolone For Spinal Cord Injury”)

+ Consult neurosurgeon (Class I-I1)

+ Maintain spinal precautions (Class I-I1)

l

Obtain additional views (obliques, etc.) if three-view series suggests but is not diagnostic of injury (Class 1)

1)
Evidence of significant cervical injury (anything but small ﬂf « Outpatient referral as indicated (Class II-I1l)
chip fractue of body or spinous process fracture)? + Soft collar (Class indeterminate)

+ Pain medication as indicated (Class II-111)

| Yes

+ Image entire spine (including thoracic and lumbar vertebrae (Class II)
+ Neurosurgical or spinal surgical consult (Class I-1I)

+ Obtain CT of involved vertebrae (Class indeterminate)

+ Maintain spinal precautions (Class I-Il)

The evidence for recommenda tions is graded using the following scale. For complete definitions, see back page. Class I: Definitely recommended.
Definitive, excellent evidence provides support. Class II: Acceptable and useful. Good evidence provides support. Class lll: May be acceptable,
possibly useful. Fair-to-good evidence provides support. Indeterminate: Continuing area of research.

This clinical pathway is intended to supplement, rather than substitute, professional judgment and may be changed depending upon a
patient’s individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.

Copyright 00 2001 Pinnacle Publishing, Inc. Pinnacle Publishing (1-800-788-1900) grants each subscriber limited
copying privileges for educational distribution within your facility or program. Commercial distribution to
promote any product or service is strictly prohibited.
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Clinical Pathway: Methylprednisolone For Spinal Cord Injury

Blunt traumatic injury
with evidence of neurologic deficits
and within eight hours post-injury?

Yes | | No

Any contraindications?
* Pregnancy*
* Penetrating Injury

Methylprednisolone therapy not indicated (Class I)

+ Nerve root involvement only

Yes |

1 No

Methylprednisolone
therapy not indicated
(Class 1)

Complete a standard
ASIA or other complete
neuro examination
(Class 1)

Bolus
methylprednisolone
30 mg/kg over 15
minutes (Class II)

l

Time after injury that bolus
was initiated?

! l

Within three hours
!

Three to eight hours
!

Continuous infusion of
5.4 mg/kg/h (within 45
minutes of bolus) for the
next 23 hours (Class Il)

Continuous infusion of
5.4 mg/kg/h (within 45
minutes of bolus) for the
next 47 hours (Class II)

*Pregnancy is not necessarily an absolute contraindication. Pregnant women were excluded from the NASCIS trial.

The evidence for recommenda tions is graded using the following scale. For complete definitions, see back page. Class I: Definitely recommended.
Definitive, excellent evidence provides support. Class II: Acceptable and useful. Good evidence provides support.Class lll: May be acceptable,
possibly useful. Fair-to-good evidence provides support. Indeterminate: Continuing area of research.

This clinical pathway is intended to supplement, rather than substitute, professional judgment and may be changed depending upon a
patient’s individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.

Copyright 00 2001 Pinnacle Publishing, Inc. Pinnacle Publishing (1-800-788-1900) grants each subscriber limited
copying privileges for educational distribution within your facility or program. Commercial distribution to
promote any product or service is strictly prohibited.
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Continued from page 11

all severely injured patients at high risk for cervical
fracture.®* We believe that in the majority of cases, a
selective approach is reasonable. Emergency physicians,
trauma and spine surgeons, and radiologists should
drive local practice in a collaborative fashion.

Special mention should be made of the intubated
trauma patient. Because the presence of an endotracheal
tube may alter the radiographic appearance of upper
cervical anatomy, a significant number of high cervical
injuries may be missed on plain films. Several authors
have suggested that patients undergoing cranial tomog-
raphy for the evaluation of traumatic brain injury should
have CT imaging extending through the upper cervical
spine (C1 and C2).°>* In one study of 100 intubated
trauma patients, routine CT scanning of the
craniocervical junction demonstrated an 8% incidence of
occult C1-C2 and occipital condyle fractures not visual-
ized on cross-table lateral films.® In another study of 202
patients with severe head injury, cervical CT scanning
showed fractures in 28 patients even though plain x-rays
were negative in 11 of these 28 (39%).% Other studies
show similar results.®

Magnetic Resonance Imaging
The MRI is playing an increasing role in spinal cord
injury evaluation. It has currently replaced myelography
for intra-canal assessment in the evaluation of spinal
trauma patients.® Advantages of MRI include its lack of
ionizing radiation, multiplanar imaging capabilities, and
most importantly its ability to delineate soft-tissue
structures (i.e., cervical discs, anterior and posterior
ligamentous structures) as well as the spinal cord.®® MRI
is indicated for:
1. complete or incomplete neurologic deficits to search
for and quantify the degree of root or cord injury;
2. deterioration of neurologic function; or
3. suspicion of ligamentous injury despite negative
flexion-extension films.

Notable disadvantages of MRI include:

1. a prolonged acquisition time;

2. unavailability at many institutions; and

3. contraindications, including patients with pacemak-
ers, ferromagnetic aneurysm clips, metallic frag-
ments in the spinal cord, and claustrophobia.

In general, MRl is less valuable in evaluating bony
structures than CT, but better at determining soft-tissue
injury and cord compromise. In most institutions, the
neurosurgeon orders this study as opposed to the
emergency physician.

“You will cease to pry into my personal matters,
Doctor, or | shall certainly break your neck.”
—First Officer Spock, in the “Amok Time”

episode of the television series “Star Trek”

Clinical Issues

Are Head And Maxillofacial Injuries Predictive Of
Cervical Spine Injuries?

No. The old dictum that “any patient with an injury
above the clavicle needs cervical spine radiography”
has not held up to scientific scrutiny. Several studies
indicate that there is little if any relationship between
head and facial injury and cervical spine injury.
Williams et al reviewed 5021 consecutive trauma
patients and found that the incidence of spinal injury

in patients with maxillofacial trauma was 4%-5%—no
greater than the overall population of trauma patients.®
Sinclair et al reviewed 168 cases of facial fractures and
found the incidence of cervical injury to be 4%,%” while
O’Malley et al compared 664 blunt trauma patients with
significant head injury to 608 patients without head
injury and found no difference in the incidence of
cervical spine injury.®® Davidson et al reviewed 2555
patients admitted with facial fractures following motor
vehicle crashes and found the incidence of cervical spine
injury to be 5.5%.%

In other words, maxillofacial and head trauma in
and of itself is not an indication for spinal radiography.
As with all other blunt trauma patients, NEXUS criteria
should be used to determine the need for cervical
radiography. Painful distracting facial injuries or altered
mental status as a result of head trauma are clear indica-
tions for cervical radiography.

There is also growing evidence that patients with
isolated gunshot wounds to the head are not at signifi-
cant risk for cervical injury, provided the missile trajec-
tory does not involve the neck.1192 At first blush, this
may seem like a trivial concern in a patient with such a
devastating injury—in other words, what’s the downside
with getting cervical radiographs in a patient with a hole
in his or her skull? On the other hand, knowledge that
the neck can be safely manipulated may be crucial in the
setting of emergent airway management.

Gunshot wounds to the face, as opposed to the
cranium, are more likely to jeopardize the cervical spine.
In one study of 247 patients with gunshot wounds to the
face, cervical spine fracture occurred in 20 (8.1%).2%

Pediatric Considerations
Cervical spine injuries are infrequent in children; fewer
than 1% occur in patients less than 12 years of age. In
contrast to adults, a larger percentage of pediatric injuries
involve the occipito-atlanto-axial segment.1%-1%7 (See
Figure 8 on page 15.) Several anatomic factors predispose
to this level of injury:%
1. a proportionally heavier head and a higher fulcrum
of flexion;
2. lax ligaments, allowing for more mobility at C1-C2;
3. un-fused physes; and
4. horizontally inclined articular facets that
facilitate sliding.
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There are also a number of anatomic characteristics
unique to the pediatric cervical spine that may mimic
injury. One of the most common of these is pseudo-
subluxation at either C2-C3 or C3-C4.1% (See Figure 9.) It
usually occurs in children younger than 10 but may be
seen in older children as well.*® In cases of
pseudosubluxation, a straight line can be drawn
through the spino-laminar junctions of C1, C2, and C3
(Swischuk line). In addition, it should not be associated
with soft-tissue swelling. Other normal variants include
anterior wedging of vertebral bodies; secondary ossifica-
tion centers that may mimic avulsions; variable inters-
pinous distances; widening of the predental space (up to
5 mm); and lateral displacement of the lateral masses of
ClonC2.

Children also have loose prevertebral tissues that
balloon outward during expiration.%*! If soft-tissue
swelling of the prevertebral space is the only radio-
graphic abnormality, ask the radiology technician to
obtain a lateral film timed to the child’s inspiration. If
timed correctly, the soft tissue will then appear normal.

Spinal Cord Injury Without Radiographic
Abnormality
Spinal cord injury without radiographic abnormality

Figure 8. Atlanto-occipital dislocation.

(SCIWORA) is a syndrome of neurologic injury without
evidence of bony injury or malalignment on plain
radiographs or CT. SCIWORA is common in the pediatric
population, making up 4%-67% of all pediatric spinal
injuries. These injuries in children are felt to be due to
highly elastic ligaments, increased mobility of the
immature axial skeleton, and the relatively larger size of
the head. Combinations of these factors leave the spinal
cord vulnerable during high-velocity trauma.?16

Recently, several authors have reported SCIWORA in
the adult population. These injuries are attributable to
different characteristics than in the pediatric population.
Many adults with SCIWORA have pre-existing spondyl-
itic changes of the cervical spine resulting in narrow
diameters of the cervical canal. Thus, hyperextension and
direct blow injuries result in more significant damage
than can be appreciated on plain radiograph.:>16

The presentation of SCIWORA ranges from complete
paralysis to subjective complaints of numbness. The
failure to recognize this injury can result in recurrent and
deteriorating neurologic deficits. 41

Patients with SCIWORA often have positive
MRI findings ranging from cord hemorrhage or edema
to intervertebral disk herniation or cord transsection.
MRI findings seem to correlate well with outcome;
most patients with a normal MRI have an excellent
prognosis, while those with dramatic findings usually
have a bad outcome.

Figure 9. Pseudosubluxation of C2 on C3.

Used with permission from W.B. Saunders Company. In:
Trauma Management: An Emergency Medicine Approach.
Ferrera P, Colucciello SA, Verdile V, et al, eds. St. Louis,
MO: Moshy; 2001.Fig. 13-13.
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Why Are Cervical Spine Fractures Missed?

With over 10,000 spinal injuries each year, and with jury
verdicts in the millions, emergency physicians should
carefully analyze the causes of missed or delayed spinal
injuries. Despite an improved understanding of injury
patterns, advances in diagnostic imaging, and a height-
ened awareness among well-trained emergency physi-
cians, these injuries continue to be missed.

In 1979, Bohlman reported that 100 of 300 cervical
fractures were missed during ED evaluation.’?® The
author found that delay in diagnosis involved misread-
ing of cervical spine films, brain injury with altered level
of consciousness, alcohol intoxication, and multiple
concurrent injuries. While the proportion of missed
injuries in this study is unusually high and perhaps
reflects a time when physicians staffing EDs were not as
well trained as they are today, some lessons still hold true
for recent reports.

In a review of 32,000 trauma patients, Davis et al
found delayed or missed diagnoses of cervical spine
injuries in 34 of 740 patients (4.6%).1* Over 70% of these
missed injuries were unstable. The authors report major
neurologic consequences in 10 of the 34 patients (29%) as
a result of the missed or delayed diagnoses. The neuro-
logic consequences included two deaths, four quadriple-
gic or paraplegic patients, and four patients with perma-

nent limb paresis. The two most common reasons for
missing a fracture were inadequate radiographs and
misinterpretation of radiographs. The authors point out a
recurring problem—the lack of even a minimum stan-
dard cervical spine series. They concluded that most
errors (94%) leading to the missed or delayed diagnosis
did not require sophisticated interpretive skills or
advanced diagnostic technology.

Orenstein et al reported on several cases of delayed
diagnosis of pediatric cervical spine injury.* In a study of
72 patients with cervical spine injury, nine patients had
delays ranging from one day to two months before a
correct diagnosis was established. Five of the nine (56%)
patients had positive or suspicious x-ray findings that
were initially misread as being normal. These errors
resulted from misinterpretation of subtle findings on
standard cervical spine views. In one case, the fracture
was missed because the physician ordered a single lateral
view. Two children with falls in the home did not have x-
rays ordered despite neck pain.

Reid et al studied 274 patients with spinal injuries
and found that 22.9% of cervical injuries and 4.9% of
thoracolumbar injuries had a delayed diagnosis.?> The
causes of the delays included the failure to take x-rays,
fractures misread on the x-rays, and the failure of
patients to seek medical attention. Associated factors

Ten Excuses That Don't Work In Court

1.“l felt the radiograph was adequate even though |
couldn’t see the C7-T1 junction.”
A laminectomy was performed the next day after the
patient presented to another ED for continued neck pain
and a swimmer's view was ordered. Never settle for
inadequate films. You must see all seven cervical vertebrae
and the first thoracic vertebra on the lateral film.

2.“I'm not comfortable starting steroids without a
neurosurgical consult.”
Methylprednisolone therapy for spinal cord injury is
considered the standard of care by many (despite
conflicting evidence). You take a significant medicolegal
risk if you withhold steroids in the presence of generally
accepted indications.

3.“The c-spine films were normal—there could not have

been a spinal cord injury.”
Spinal cord injury without radiographic abnormality is
well-described, especially in the pediatric population.
You must take a detailed history from everyone
involved, including prehospital personnel. Normal
cervical spine films don't exclude spinal cord injury;
however, a detailed history of no neurologic symptoms

and repeatedly normal neurologic exams do.

4.“| wanted to get a lateral c-spine film before intubation. |

had no way of knowing he would aspirate.”
The patient was extubated two months later after
treatment for aspiration pneumonia and sepsis. Oral
endotracheal intubation has been proven to be safe in the
setting of known or suspected cervical spine injury. The
rapid-sequence technique with atraumatic laryngoscopy
and endotracheal intubation is the best way to prevent a
restrained, injured patient from aspirating.

5.“l didn’t immobilize his neck because he was drunk

and uncooperative.”
The intoxicated patient has an unstable cervical fracture
until proven otherwise. Immobilization must be
accomplished using methods ranging from sedation to the
use of paralysis and intubation. Intoxicated trauma patients
should either be immobilized and re-evaluated when sober,
or they should undergo radiography.

6.“I checked sensation grossly with my car keys but did not
record the results.”

Continued on page 17
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such as intoxication, multiple injuries, decreased level of
consciousness, or two levels of spinal injury (8% of
patients had 2 or more fractures) contributed to the
delayed diagnosis of these injuries. In 17 cases, there was
a failure to take x-rays, and in 20 patients, the fracture
was missed despite adequate films. The researchers
found the development of secondary deficits was
significant in the delayed diagnosis group (10.5% in the
delayed diagnosis group vs. 1.4% among those whose
fractures were identified). Frequent causes of x-ray
misreads included a failure to identify subluxation,
significant soft-tissue swelling in front of the spine, or
simply overlooking very obvious fractures, probably
because of inadequate attention to the film. In 20% of
cases, the films were of such poor quality that even
careful scrutiny did not identify the fracture.

Gerrlets et al retrospectively reviewed 1331 injured
patients, among whom cervical injury occurred in
61 (4.6%).% A delay in diagnosis occurred in 10% of
survivors—all the result of inadequate radiographs.
The sensitivity of plain-film radiography was 85.2%,
whereas the sensitivity of CT was 97.2%. These authors
recommended early use of CT imaging when plain
films were inadequate.

These results highlight two crucial concepts:

1. the emergency physician must never settle for

inadequate radiographs; and
2. athorough, systematic approach to radiograph
interpretation is absolutely essential.

It is also important to remember that 5%-20% of
spinal fractures are multiple.’?? The identification of a
single fracture should always prompt a search for injury at all
spinal levels with appropriate radiographs.

Management Of Cervical Spine Injuries

In Helmeted Patients

Improper handling of an unstable cervical spine injury in
the prehospital setting may lead to neurologic damage.
The prehospital management of a potential cervical spine
injury in a helmeted football player differs drastically
from that of other trauma patients. The presence of a
helmet and shoulder pads makes the use of a hard
cervical collar impossible. The prehospital removal of the
protective football gear has previously been a controver-
sial area in patient management. Several studies have
shown that leaving protective gear in place in the
prehospital setting (provided that the equipment does
not interfere with resuscitation) and immobilizing the
patient on a long spine board with blocks and straps is a
safe method of cervical spine management. This ap-
proach is endorsed by the National Collegiate Athletic

Ten Excuses That Don't Work In Court contnues)

Spinal cord injuries are easily missed with the exam:
Neuro WNL (we never looked). Precise neurologic exam
initially and repeated prior to disposition is essential.
Document your findings carefully, especially if a deficit
is found.

7.“l didn't think an open femur fracture would distract him

from reporting tenderness on his neck exam.”
Classifying an injury as distracting is a subjective decision.
Patients perceive pain differently, so you'll need to evaluate
each case individually. If you ever have a doubt if an injury
is distracting, it is best to order radiographs and immobilize
the patient. Remember, the majority of distracting injuries
will be fractures or trauma to soft tissue.

8.“Since the three-view c-spine films were negative,

I thought the continued neck pain was from a

pulled muscle.”
Nice try. Patients with persistent neck pain may harbor
unstable ligamentous injuries. Whether such patients need
MRI,immediate or delayed flexion-extension films, or just a
soft collar and follow-up remains unclear. If flexion-
extension films are ordered, the patient must perform the
maneuvers in order to prevent further injury.

9.“l didn't think transportation with cervical

spine immobilization was necessary since his neck

wasn't tender.”
The patient didn’'t report neck tenderness because he had a
traumatic brain injury.While en route to the trauma center,
he developed neurologic deficits and is now a quadriplegic.
Remember—never clear spines on a patient with a brain
injury in the ED. If transfer to another facility is arranged,
always transport the patient with full cervical
immobilization, including hard neck collar, sandbags, and
long spine board with the patient strapped to the board.
This will potentially avoid further injury and ensure
detailed evaluation at the receiving facility.

10.“His mechanism was not concerning for a

c-spine injury. | didn’t know he had a history of

ankylosing spondylitis.”
A detailed history is extremely important when evaluating
a patient with a potential cervical injury. Conditions such as
ankylosing spondylitis, rheumatoid arthritis, and previous
cervical injury or surgery can predispose patients to serious
injuries. Relatively minor mechanisms in these patients can
cause injury, and a concerning history should prompt a
meticulous evaluation. a
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Association (NCAA).1%127 Removal of the facemask
portion of the helmet prior to transport may allow better
access to the airway.

Assessment of the patient in protective gear while in
the ED remains an area clouded with controversy.
Removing either the helmet or the shoulder pads in
isolation causes an intolerable amount of movement to
the cervical spine.*?® Imaging the patient with protective
gear still in place (a method the NCAA endorses) is
cumbersome, time-consuming, and studies have shown
that the equipment is an impediment to adequate
radiographic visualization.'?® Therefore, we recommend
removal of protective equipment (helmet and shoulder
pads) in the ED by a team of trained individuals with
cervical immobilization prior to cervical imaging.

Others, however, endorse the opposite approach
and suggest attempting to obtain cervical spine films
prior to removing protective equipment.’* Unfortunately,
there is no strong empirical data to refute (or support)
either approach.

Pharmacotherapy For Acute Spinal Cord Injury

A number of agents have been studied in an attempt to
improve neurologic outcome following spinal cord injury,
including naloxone, glucocorticoids, nimodipine,
tirilazad mesylate, and GM, ganglioside. Of these, only
methylprednisolone (MP) is currently recommended for
use in humans. The exact mechanisms through which
steroids exert their effects following spinal cord injury are
still unknown. The leading theory is that steroids inhibit
lipid peroxidation after spinal cord injury and enhance
recovery by inhibiting the injury-induced degenerative
cascade that follows.**

The First,'3 Second,'® and Third**® National Acute
Spinal Cord Injury Studies (NASCIS) provided prospec-
tive, randomized data that patients receiving MP therapy
had improved motor recovery (see Table 3%) at six weeks,
six months, and one year. (Pregnant women were
excluded from the NASCIS trials.)

These studies suggest that treatment with MP is
indicated for all patients with known or suspected spinal
cord injury from blunt injury, providing therapy can be
initiated within eight hours post-insult. (See Table 4.) If

Table 3. American Spinal Injury Association
Impairment Criteria.

* Grade A: Complete motor and sensory loss below level
of lesion

« Grade B: Complete motor loss with some sensory
sparing below level of lesion with sacral sparing

+ Grade C: Motor function intact including key muscles
below the lesion level with muscle grade less than 3

+ Grade D: Motor function intact including key muscles
below the lesion level with muscle grade greater than or
equalto 3

* Grade E: Motor and sensory function normal

therapy with MP is initiated within three hours post-
injury, the total duration of therapy should be 24 hours. If
initiation is 3-8 hours post-injury, the duration of therapy
should be extended to 48 hours. There is no benefit to
initiating treatment more than eight hours after the
injury, and, in fact, these patients may do worse with
steroids than without.

Contraindications to treatment include penetrating
injury, nerve root involvement only, or cauda equina
lesions. In one study, patients with penetrating spinal
cord injury who were given MP seemed to do worse than
those who did not receive the drug.’*

Recently, the results of the NASCIS have been
challenged.*® Independent review of study results has
guestioned the methodology and conclusions of the
NASCIS investigators.**¥” A randomized French trial
using an identical treatment protocol failed to show a
benefit of corticosteroid therapy.**® Two evidence-based
literature reviews (one by the lead author of NASCIS)
have produced conflicting results.**** The challenge to
the NASCIS recommendations has important implica-
tions not only because corticosteroid therapy is now
arguably considered the “standard of care,” but also
because therapy is associated with a significant risk of
infectious complications, 3133141142

Transfer Issues

When transferring a patient with a known cervical
spine injury to another institution, immobilize the
patient with a rigid cervical collar as well as sandbags
or taped blocks. Immobilization with a cervical collar
alone is considered inadequate.

For transport, the patient should be secured on a
long spine board. This facilitates stabilization and
maintains the ability to turn the patient on his or her side
should vomiting occur. In order to prevent pressure
sores, the receiving institute must minimize the time the
patient spends strapped to the long board.

Many trauma centers prefer the patient to be
transported with full cervical immobilization, even if the
spine was “cleared” radiographically or clinically at the
transfering hospital. This provides protection during
transport and ensures meticulous evaluation at the
receiving facility in the event of a missed injury. Send the
original radiographs (or high-quality copies) with the
patient when possible. Precise documentation of the
neurologic status of the patient immediately prior to
transfer is essential for both medical and medicolegal
reasons. Strict adherence to these points will reduce the

Table 4. Dosing Of Methylprednisolone For Spinal
Cord Injury.

+ Bolus 30 mg/kg over 15 min
+ Continuous infusion 5.4 mg/kg/h (within 45 minutes of
bolus) for 23 hours or 47 hours*

* See “Clinical Pathway: Methylprednisolone For Spinal Cord Injury”
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incidence of further patient injury and potentially
costly litigation.

Summary

A review of the medical literature demonstrates several
opportunities for the emergency physician to avoid
missing or exacerbating a spinal injury. The prompt
recognition of spinal injury often determines the ultimate
outcome for the patient.

All emergency physicians should use the NEXUS
criteria to determine who needs cervical radiographs
and consider the use of CT of the upper spine in the
intubated blunt trauma victim. Emergency physicians
should also periodically review the approach to
interpreting the spine x-ray and demand the highest-
guality radiographs (which always image all seven
cervical vertebrae). Perform a careful physical exami-
nation with particular attention to any neurologic
complaints, and document the patient’s condition
initially and any changes over time. A “zero-tolerance”
philosophy for missed cervical spine injury will
avoid potentially devastating complications and
minimize litigation. A

References

Evidence-based medicine requires a critical appraisal of
the literature based upon study methodology and
number of subjects. Not all references are equally robust.
The findings of a large, prospective, randomized, and

blinded trial should carry more weight than a case report.

To help the reader judge the strength of each
reference, pertinent information about the study, such as
the type of study and the number of patients in the study,
will be included in bold type following the reference,
where available. In addition, the most informative
references cited in the paper, as determined by the
authors, will be noted by an asterisk (*) next to the
number of the reference.

1. Spinal Cord Injury Information Network
(www.spinalcord.uab.edu). Spinal Cord Injury: Facts and
Figures at a Glance—June 2000.

2. Personal communication—National Spinal Cord Injury
Statistic Center, Birmingham, AL.

3. Burney RE, Maio RF, Maynard F, et al. Incidence, character-
istics and outcome of spinal cord injury at trauma centers
in North America. Arch Surg 1993;128:596-599. (Retrospec-
tive; 114,510 patients)

4. Berkowitz M. Assessing the socioeconomic impact of
improved treatment of head and spinal cord injuries. J
Emerg Med 1993;1:63-67. (Observational)

5. Rizzolo SJ, Vaccaro AR, Cotler JM. Cervical spine trauma.
Spine 1994;19:2288-2298. (Retrospective; 131 patients)

6. Lowery DW, Wald MM, Browne BJ, et al. Epidemiology of
cervical spine victims. Ann Emerg Med 2001;38:12-15.
(Prospective; 34,069 patients)

7.* Goldberg W, Mueller C, Panacek E, et al. Distribution and
patterns of blunt traumatic cervical spine injury. Ann Emerg
Med 2001;38:17-21. (Prospective; 34,069 patients)

10.

11

12.

13.

14.

15.*

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

Colterjohn NR, Bednar DA. Identifiable risk factors for
secondary neurologic deterioration in the cervical spine-
injured patient. Spine 1995;20:2293-2297. (Review)

Esce PG, Haines SJ. Acute treatment of spinal cord injury.
Curr Treat Options Neurol 2000;2:517-524. (Review)

Rosen PB, McSwain NE Jr, Arata M, et al. Comparison of
two new immobilization collars. Ann Emerg Med
1992;21:1189-1195. (Comparative)

Walton R, DeSalvo JF, Ernst AA, et al. Padded vs unpadded
spine boards for cervical spine immobilization. Acad Emerg
Med 1995;2:725-728. (Prospective; 30 human volunteers)
Graziano AF, Scheidel EA, Cline JR, et al. A radiographic
comparison of prehospital cervical immobilization
methods. Ann Emerg Med 1987;16:1127-1131. (Radiographic
study; 45 human volunteers)

Rogers WA. Fractures and dislocations of the cervical spine.
J Bone Joint Surg 1957;39A:341-376. (Retrospective review)
Donaldson WF, Heil BV, Donaldson VP, et al. The effect of
airway maneuvers on the unstable C1-C2 segment. A
cadaver study. Spine 1997;22(11):1215-1218. (Human
cadaver model study)

Sawin PD, Todd MM, Traynelis VC, et al. Cervical spine
motion with direct laryngoscopy and orotracheal intuba-
tion. An in vivo cinefluoroscopic study of subjects without
cervical abnormality. Anesthesiology 1996;85:26-36. (Human
cadaver model study)

Brimacombe J. Cervical spine motion during airway
management: A cinefluoroscopic study of the

posteriorly destabilized third cervical vertebrae in

human cadavers. Anesth Analg 2000;91:1274-1278.

(Human cadaver model study)

Gerling MC. Effects of cervical spine immobilization
technique and laryngoscope blade selection on an unstable
cervical spine in a cadaver model of intubation. Ann Emerg
Med 2000; 36:293-300. (Human cadaver model study)
McCrory C, Blunnie WP, Moriarty DC. Elective tracheal
intubation in cervical spine injuries. Irish Med J 1997;
90(6):234-235. (Retrospective; 45 patients)

Shatney CH, Brunner RD, Nguyen TQ. The safety of
orotracheal intubation in patients with unstable cervical
spine fracture or high spinal cord injury. Am J Surg
1995;170:676-679. (Retrospective; 81 patients)

Suderman VS, Crosby ET, Lui A. Elective oral tracheal
intubation in cervical spine-injured adults. Can J Anaesth
1992;39:516-517. (Retrospective; 150 patients)

Walls RM. Airway management in the blunt trauma
patient: how important is the cervical spine? Can J Surg
1992;35:27-34. (Review)

Bivins HG, Ford S, Bezmalinovic Z, et al. The effect of
axial traction during orotracheal intubation of the trauma
victim with an unstable cervical spine. Ann Emerg Med
1988;17:25-29. (Radiographic study of 17 blunt trauma
arrest patients)

Crosby ET, Lui A. The adult cervical spine: Implications for
airway management. Can J Anaesth 1990;37:77-93. (Review)
Rhee KJ, Green W, Holcroft JW, et al. Oral intubation in the
multiply injured patient: The risk of exacerbating spinal
cord damage. Ann Emerg Med 1990;19:511-514. (Retrospec-
tive; 237 patients)

Talucci RC, Shaikh KA, Schwab CW. Rapid sequence
induction with oral endotracheal intubation in the multiply
injured patient. Am Surg 1988;54:185-187. (Retrospective;
1798 patients)

Mlineck EK, Clinton JE, Plummer D, et al. Fiberoptic
intubation in the emergency department. Ann Emerg Med
1990;19:359-362. (Retrospective; 35 patients)

October 2001

19

Emergency Medicine Practice



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.*

42.

43.

44,

45.*

Walt B, Melischek M, Schuschning, et al. Tracheal intuba-
tion and cervical spine excursion: direct laryngoscopy vs.
intubating laryngeal mask. Anesthesia 2001;56:221-226.
(Prospective; 40 patients)

Wong JK, Tongier, Armbruster SC, et al. Use of the
intubating laryngeal mask to facilitate awake orotracheal
intubation in patients with cervical spine disorders. J Clin
Anesth 1999;11:346-348. (Case series; 2 patients)

Mercer HH, Gabbott DA. Insertion of the Combitube
airway with the cervical spine immobilized in a rigid
cervical collar. Anaesthesia 1999;54:304-305. (Case series;

16 patients)

Gerling MC, Davis DP, Hamilton RS, et al. Effect of surgical
cricothyrotomy on the unstable cervical spine in a cadaver
model of intubation. Am Emerg Med 2001;20:1-5. (Human
cadaver model study)

American Spinal Injury Association. Standards for
neurologic and functional class of spinal cord injury.
Chicago, IL. (Policy statement)

As cited in: Medicine in Quotations. Huth EJ, Murray TJ eds.
Philadelphia: American College of Physicians; 2000.
Merrian WF, Taylor TK, Ruff SJ, et al. A reappraisal of acute
traumatic central cord syndrome. J Bone Joint Surg
1986;68:708. (Review)

Guthkelch AN, Fleischer AS. Patterns of cervical spine
injury and their associated lesions. West ] Med 1987;147:428-
431. (Review)

American College of Surgeons. Advanced Trauma Life
Support Instructors Manual. Chicago: American College of
Surgeons; 1989. (Evidence-based pathways)

Fischer RP. Cervical radiographic evaluation of alert
patients following blunt trauma. Ann Emerg Med
1984;13:905-907. (Retrospective; 333 patients)

Roberge RJ, Wears RC, Kelly M, et al. Selective application
of cervical spine radiography in alert victims of blunt
trauma: A prospective study. J Trauma 1988;28:784-788.
(Prospective; 467 patients)

Kreipke DL, Gillespie KR, McCarthy MC, et al. Reliability
of indications for cervical spine films in trauma patients. J
Trauma 1989;29:1438-1439. (Prospective; 860 patients)
Mirvis SE, Diaconis JN, Chirico PA, et al. Protocol-driven
radiographic evaluation of suspected cervical spine injury:
Efficacy study. Radiology 1989;170:831-834. (Prospective;
408 patients)

McNamara R, Heine E, Esposito B. Cervical spine injury
and radiography in alert, high-risk patients. J Emerg Med
1990;8:177-182. (Prospective; 286 patients)

Hoffman JR, Schriger DL, Mower W, et al. Low-risk criteria
for cervical-spine radiography in blunt trauma: A prospec-
tive study. Ann Emerg Med 1992;21:1454-1460. (Prospective;
974 patients)

Velmahos GC, Theodorou D, Tatevossian R, et al. Radio-
graphic cervical spine evaluation in the alert asymptomatic
blunt trauma victim: Much ado about nothing? J Trauma
1996;40:768-774. (Prospective; 549 patients)

Rachesky I, Boyce WT, Duncan B, et al. Clinical prediction
of cervical spine injuries in children. Am J Dis Child
1987;141:199-201. (Prospective; 738 patients)

Orenstein JB, Klein BL, Ochsenschlager DW. Delayed
diagnosis of pediatric cervical spine injury. Pediatrics
1992:89:1185-1188. (Case series; 9 patients)

Hoffman JR, Mower W, Wolfson A, et al. Validity of a set of
clinical criteria to rule out injury to the cervical spine in
patients with blunt trauma. N Engl J Med 2000;343:94-99.
(Prospective; 34,069 patients)

46.*

47.

48.

49.*

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Mahadevan S, Mower WR, Hoffman JR, et al. Interrater
reliability of cervical spine injury criteria in patients with
blunt trauma. Ann Emerg Med 1998;31:197-201. (Prospec-
tive; 122 patients)

Terrigino CA, Ross SE, Lipinski MF, et al. Selective
indications for thoracic and lumbar radiography in blunt
trauma. Ann Emerg Med 1995;26:126-129. (Prospective,
observational; 319 patients)

Samuels LE, Kerstein MD. ‘Routine’ radiographic
evaluation of the thoracolumbar spine in blunt trauma
patients: A reappraisal. J Trauma 1993;85-89.

(Retrospective; 756 patients)

Panacek EA, Mower WR, Holmes JF, et al. Test performance
of the individual NEXUS low-risk clinical screening criteria
for cervical spine injury. Ann Emerg Med 2001 Jul;38(1):22-
25. (Prospective; 818 patients)

Ullrich A. Distracting painful injuries associated with
cervical spinal injuries in blunt trauma. Acad Emerg Med
2001;8:25-29. (Prospective; 778 patients)

Webb JK, Broughton RB, McSweeny T, et al. Hidden flexion
injury of the cervical spine. J Bone Joint Surg 1976;58B:322-
327. (Case series; 7 patients)

Maull KI, Sachatello CR. Avoiding a pitfall in

resuscitation: The painless cervical fracture. South

Med J 1977;70:477-478. (Review)

Bresler MJ, Rich GH. Occult cervical spine fracture in

an ambulatory patient. Ann Emerg Med 1982;11:440-442.
(Case report)

Walter J, Doris PE, Shaffer MA. Clinical presentation of
patients with acute cervical spine injury. Ann Emerg Med
1984;13:512-515. (Retrospective; 67 patients)

Mace SE. Unstable occult cervical-spine fracture. Ann Emerg
Med 1991;130:1373-1375. (Case report)

Saddison D, Vanek VW, Racanelli JL. Clinical indicators for
cervical spine radiographs in alert trauma patients. Am
Surg 1991;57:366-369. (Retrospective; 47 patients)

Viccellio P, Simon H, Pressman BD, et al. A prospective
multicenter study of cervical spine injury in children.
Pediatrics 2001;455 (abstract). (Prospective; 3065 patients)
Blahd WH, Iserson KV, Bjelland JC. Efficacy of the
posttraumatic cross table lateral view of the cervical spine. J
Emerg Med 1985;2:243-249. (Retrospective; 128 patients)
Shaffer MA, Doris PE. Limitation of the cross table lateral
view in detecting cervical spine injuries: A retrospective
analysis. Ann Emerg Med 1981;10:508-513. (Retrospective;
35 patients)

Streitwieser DR, Knopp R, Wales LR, et al. Accuracy

of standard radiographic views in detecting cervical

spine fractures. Ann Emerg Med 1983;12:538-541.
(Prospective; 77 patients)

MacDonald RL, Schwartz ML, Mirich D, et al. Diagnosis of
cervical spine injury in motor vehicle crash victims: How
may x-rays are enough? J Trauma 1990;30:392-397. (Retro-
spective; 775 patients)

Doris PE, Wilson RA. The next logical step in the
emergency radiographic evaluation of cervical spine
trauma: The five-view trauma series. J Emerg Med
1985;3:371-385. (Review)

Turetsky DB, Vines FS, Clayman DA, et al. Technique of use
of supine oblique views in acute cervical spine trauma. Ann
Emerg Med 1993;22:685-688. (Retrospective; 83 patients)
Freemyer B, Knoop R, Piche J, et al. Comparison of five-
view and three-view cervical spine series in the evaluation
of patients with cervical trauma. Ann Emerg Med
1989;18:818. (Prospective; 58 patients)

Emergency Medicine Practice

20

October 2001



65. Nichols CG, Young DH, Schilles WR, et al. Evaluation of 85. Acheson MB, Livingston RR, Richardson ML, et al.
cervicothoracic junction injury. Ann Emerg Med 1987;16:640- High-resolution CT scanning in the evaluation of cervical
642. (Retrospective; 37 patients) spine fractures: comparison with plain film examination.

66. Davis JW. Cervical injuries—perils of the swimmer’s view: AJR Am J Roentgenol 1987;148:1179-1186. (Retrospective;
Case report. J Trauma 1989;29:891-893. (Case report) 160 patients)

67.* Ireland AJ, Britton I, Forresteer AW. Do supine oblique 86. Borock EC, Gabram SGA, Jacobs LM, et al. A prospective
views provide better imaging of the cervicothoracic analysis of a two-year experience using computed
junction than swimmer’s views? J Accid Emerg Med tomography as an adjunct for cervical spine clearance. J
1998;15:151-154. (Prospective; 122 patients) Trauma 1991;31:1001-1005. (Prospective; 179 patients)

68. Lewis LM, Docherty W, Ruoff BE, et al. Flexion-extension 87. Woodring JH, Lee C. Limitations of cervical radiography in
views in the evaluation of cervical-spine injuries. Ann the evaluation of acute cervical trauma. J Trauma
Emerg Med 1991;20:117-121. (Retrospective; 141 patients) 1993;34:32-39. (Prospective; 216 patients)

69. Woods WA, Brady W/, Pollack G, Kini N, Young JS. 88. Gerrlets BD, Peterson EU, Mabry J, et al. Delayed diagnosis
Flexion-extension cervical spine radiography in pediatric of cervical spine injuries. J Trauma 1991;31:1622-1626.
blunt trauma. Emerg Radiol 1998;5:381-384. (Review) (Retrospective; 1331 patients)

70.* Brady WJ, Moghtader J, Cutcher D, et al. ED use of flexion- 89. Nunez DB, Quencer RM. The role of helical CT in the
extension cervical spine radiography in the evaluation of assessment of cervical spine injuries. AJR Am J Roentgenol
blunt trauma. Am J Emerg Med 1999;17:504-508. (Retrospec- 1998;171:951-957. (Retrospective; 88 patients)
tive; 451 patients) 90. LeBlang SD, Nunez DB. Helical CT of cervical spine and

71. Dwek JR, Chung CB. Radiography of cervical spine injury soft tissue injuries of the neck. Radiol Clin North Am
in children: are flexion-extension radiographs useful for 1999;37:515-532. (Review)
acute trauma. AJR Am J Roentgenol 2000;1617-1619. 91.* Berne JD, Velmahos GC, El-Tawil, Q, et al. Value of
(Retrospective; 247 patients) complete cervical helical computed tomographic scanning

72. Ralston ME, Chung K, Barnes PD, et al. Role of flexion- in identifying cervical spine injury in the unevaluable blunt
extension radiographs in blunt pediatric cervical spine trauma patient with multiple injuries: A prospective study.
injury. Acad Emerg Med 2001;8:237-245. (Retrospective; J Trauma 1999;47:896. (Prospective; 58 patients)

129 patients) 92.* Link TM, Schuierer G, Hufendiek A, et al. Substantial head

73. Wang JC, Hatch JD, Sandhu HS, et al. Cervical flexion and trauma: Value of routine CT examination of the
extension radiographs in acutely injured patients. Clin cervicocranium. Radiology 1995;196:741-745. (Prospective;
Orthop 1999;Aug(365):111-116. (Retrospective; 290 patients) 202 patients)

74.* Pollack CV, Hendey GW, Martin DR, et al. Use of flexion- 93.* Blacksin MF, Lee HJ. Frequency and significance of
extension radiographs of the cervical spine in blunt trauma. fractures of the upper cervical spine detected by CT in
Ann Emerg Med 2001;38:8-11. (Prospective; 86 patients) patients with severe neck trauma. AJR Am J Roentgenol

75. Kathol MH. Cervical spine trauma. Radiol Clin North Am 1995;165:1201-1204. (Retrospective; 100 patients)
1997;35:507-532. (Review) 94. Kirshenbaum KJ, Nadimpalli SR, Fantus R, et al. Unsus-

76. Davis JW, Terest LM, Bradley WG, et al. Clearing the pected upper cervical spine fractures associated with
cervical spine in obtunded patients: The use of dynamic significant head trauma: role of CT. J Emerg Med
fluoroscopy. J Trauma 1995;39:435-438. (Prospective; 1990;8(2):183-198. (Case report; 3 patients; Prospective,
116 patients) 50 patients)

77. Mirvis SE. Fluoroscopically guided passive flexion- 95. Orrison WW, Benzel EC, Willis BK, et al. Magnetic
extension views of the cervical spine in the obtunded resonance imaging evaluation of acute spine trauma. Emerg
blunt trauma patient: a commentary. J Trauma 2001;50:862- Radiol 1995;2:120-128. (Review)

867. (Commentary) 96. William J, Jehle D, Cottington E, et al. Head, facial,

78. Davis JW, Kaups KL, Cunningham MA, Parks SN, et al. and clavicular trauma as a predictor of cervical-spine
Routine evaluation of the cervical spine in head-injured injury. Ann Emerg Med 1992;21:719-722. (Retrospective;
patients with dynamic fluoroscopy: a reappraisal. J Trauma 5021 patients)
2001;50:1044-1047. (Retrospective; 301 patients) 97. Sinclair D, Schwartz M, Gruss J, et al. A retrospective

79. Diriscoll PA, Ross R, Nicholson DA. ABC of emergency review of the relationship between facial fractures, head
radiology: cervical spine I. BMJ 1993;301:785-789. (Review) injuries, and cervical spine injuries. J Emerg Med 1988;6:109-

80. Smoker WR, Dolan KD. The “fat” C2: a sign of fracture. 112. (Retrospective; 1050 patients)

AJR Am J Roentgenol 1987;148(3):609-614. 98. O’Malley KF, Ross SE. The incidence of injury to the

81. Van Hare RS, Yaron M. The ring of C2 and evaluation of the cervical spine in patients with craniocervical injury. J
cross-table lateral view of the cervical spine. Ann Emerg Trauma 1988;28:1476-1478. (Retrospective; 1272 patients)
Med 1992;21(6):733-735. (Review; 26 references) 99. Davidson JS, Birdsell DC. Cervical spine injury in patients

82.* Mower WR, Hoffman JR, Pollack CV, et al. Use of plain with facial skeletal trauma. J Trauma 1989;29:1276. (Retro-
radiography to screen for cervical spine injuries. Ann Emerg spective; 2555 patients)

Med 2001;38:1-7. (Prospective; 34,069 patients) 100.*Kennedy FR, Gonzalez P, Beiter A, et al. Incidence of

83. Blackmore CC, Emerson SS, Mann FA, et al. Cervical spine cervical spine injury in patients with gunshot wounds
imaging in patients with trauma: determination of fracture to the head. South Med J 1994;87:621. (Retrospective;
risk to optomize use. Radiology 1999;211:759-765. (Retro- 308 patients)
spective; 472 patients) 101. Chong CL, Ware DN, Harris JH. Is cervical spine imaging

84.* Blackmore CC, Ramsey SD, Mann FA, et al. Cervical indicated in gunshot wounds to the cranium? J Trauma
spine screening with CT in trauma patients: a cost- 1998;44:501-2. (Retrospective; 52 patients)
effectiveness analysis. Radiology 1999;212:117-125. 102. Kaups KL, Davis JW. Patients with gunshot wounds to the
(Decision analysis model) head do not require cervical spine immobilization and

October 2001 21 Emergency Medicine Practice



evaluation. J Trauma 1998;44:865-867. (Retrospective;
215 patients)

103.*Demetriades D, Chahwan S, Gomez H, et al. Initial
evaluation and management of gunshot wounds to the
face. J Trauma 1998;45(1):39-41. (Retrospective; 4139
admissions for GSWs, 247 [6%] involving the face)

104. Ehara S, ElI-Khoury GY, Sato Y. Cervical spine injury in
children: Radiologic manifestations. AJR Am J Roentgenol
1988;151:1175-1178. (Review)

105. Lui T, Lee S, Wong C. C1-C2 fracture-dislocations in
children and adolescents. J Trauma 1996;40:408-411.

(Case series; 22 patients)

106. Orenstein JB, Blein BL, Gotschall CS, et al. Age and
outcome in pediatric cervical spine injury: 11-year
experience. Pediatr Emerg Care 1994;10:132-137. (Retrospec-
tive; 73 patients)

107. Givens TG, Polley KA, Smith GF, et al. Pediatric cervical
spine injury: a three-year experience. J Trauma 1996;41:310-
314. (Retrospective; 34 patients)

108. Shaw M, Burnett H, Wilson A, et al. Pseudosubluxation of
C2 on C3 in polytraumatized children—prevalence and
significance. Clin Radiol 1999;54(6):377-380. (Retrospective;
138 patients)

109. Harrison RB, Keats TE, Winn HR, et al. Pseudosubluxation
of the axis in young adults. J Can Assoc Radiol
1980;31(3):176-177. (Case report)

110. Bonadio WA. Cervical spine trauma in children: Part I.
General concepts, normal anatomy, radiographic evalua-
tion. Am J Emerg Med 1993;11:158-165.

111. Schwartz GR, Wright SW, Fein JA, et al. Pediatric cervical
spine injury sustained in falls from low heights. Ann Emerg
Med 1997;30:249-252. (Retrospective; 8 patients)

112. Choi UJ. Traumatic infarction of the spinal cord in children.

J Neurosurg 1986;65:25-30. (Case series; 11 patients)

113. Pang D, Wilberger JE. Spinal cord injury without radio-
graphic abnormality in children. J Neurosurg 1982;57:114-
120. (Case series; 24 patients)

114. Ruge JR, Sinson GP, McLone DG, et al. Pediatric spinal
injury: the very young. J Neurosurg 1988;68:25-30. (Retro-
spective; 71 patients)

115. Gupta SK, Rajeev K, Khosla KV, et al. Spinal cord injury
without radiographic abnormality in adults. Spinal Cord
1999;37:726-729. (Case series; 15 patients)

116.*Kothari P, Freeman B, Grevitt M, et al. Injury to the
spinal cord without radiographic abnormality (SCIWORA)
in adults. J Bone Joint Surg 2000;82:1034-1037. (Case series;
4 patients)

117. Manary MJ. Cervical spine injuries in children. Pediatr Ann
1996;25:423-428. (Review)

118. Matsumura A, Meguro k, Tsurushima H, et al. Magnetic
resonance imaging of spinal cord injury without
radiographic abnormality. Surg Neurol 1990;33:281-283.
(Case report)

119. Kriss VM, Kriss TC. SCIWORA (Spinal cord injury without
radiographic abnormality) in infants and children. Clin
Pediatr 1996:35:119-124. (Review)

120. Bohlman HH. Acute fractures and dislocations of the
cervical spine: An analysis of three hundred hospitalized
patients and review of the literature. J Bone Joint Surg
1979;61A:1119-1127. (Retrospective; 300 patients)

121.*Davis JW, Phreaner DL, Hoyt DB, et al. The etiology of
missed cervical spine injuries. J Trauma 1993;34:342-346.
(Retrospective; 740 patients)

122. Reid DC, Henderson R, Saboe C, et al. Etiology and clinical

course of missed spinal fractures. J Trauma 1987;27: 980-986.

(Prospective 253 patients)

123.*Vaccaro AR, An HS, Lin SS, et al. Noncontiguous injuries
of the spine. J Spinal Disord 1992;5:320-329. (Prospective;
39 patients)

124. Calenoff L, Chessare JW, Rogers LF, et al. Multiple level
spinal injuries: Importance of early recognition. AJR Am ]
Roentgenol 1978;665-699. (Retrospective; 710 patients)

125. Savitsky E, Votey S. Emergency department approach to
acute thoracolumbar spine injury. J Emerg Med 1997;15:49-
60. (Review)

126. Waninger KN. On-field management of potential cervical
spine injury in helmeted football players: leave the helmet
on! Clin J Sport Med 1998;8:124-129. (Review)

127.*National Collegiate Athletic Association. Guideline
4-F. Guidelines for helmet rmoval in athletics. In: Earle
MV, ed. NCAA Sports Medicine Handbook. 11th ed. India-
napolis, IN: National Collegiate Athletic Association;

1998. (Policy statement)

128. Gastel JA et al. Emergency removal of football equipment: a
cadaveric cervical spine injury model. Ann Emerg Med
1998;32:411-417. (Human cadaver model study)

129.*Davidson RM, Burton JH, Snowise M, et al. Football
protective gear and cervical spine imaging. Ann Emerg Med
2001;38:26-30. (Case control study; 20 patients)

130.*Waeckerle JF, Kleiner DM. Protective athletic equipment
and cervical spine imaging. Ann Emerg Med 2001;38(1):65-
67. (Letter)

131.*Bracken MB, Collins WF, Freeman DF, et al. Efficacy of
methylprednisolone in acute spinal cord injury. JAMA
1984;251:45-52. (Prospective; 330 patients)

132.*Bracken MB, Shepard MJ, Collins WF, et al. A randomized,
controlled trial of methylprednisolone or naloxone in the
treatment of acute spinal cord injury. N Engl J Med
1990;322:1405. (Prospective; 487 patients)

133.*Bracken MB, Shepard MJ, Holford TR, et al. Administration
of methylprednisolone for 24 or 48 hours or tirilazad
mesylate for 48 hours in the treatment of acute spinal
cord injury. JAMA 1997;277:1597-1604. (Prospective;

499 patients)

134.*Prendergast MR, Saxe JM, Ledgerwood AM, et al. Massive
steroids do not reduce the zone of injury after penetrating
spinal cord injury. J Trauma 1994;37(4):576-579; discussion
579-580. (Retrospective, comparative; 54 patients)

135.*Nesathurai S. Steroids and spinal cord injury: revisiting the
NASCIS 2 and NASCIS 3 trials. J Trauma 2000;48:558-561.
(Editorial review)

136.*Coleman WP, Benzel D, Cahill DW, et al. A critical appraisal
of the reporting of the National Spinal Cord Injury Studies
(11 and 111) of methylprednisolone in acute spinal cord
injury. J Spinal Disord 2000;13:185-199. (Independent
review of NSCIS data)

137.*Hurlbert RJ. Methylprednisolone for acute spinal cord
injury: an inappropriate standard of care. J Neurosurg
2000;93:1-7. (Independent review of NSCIS data)

138. Pointillant V, Petitjean ME, Wiart L, et al. Pharmacological
therapy of spinal cord injury during the acute phase. Spinal
Cord 2000;38:71-76. (Prospective; 106 patients)

139. Short DJ, El Masry WS, Jones PW. High-dose methylpred-
nisolone in the management of acute spinal cord injury—a
systematic review from a clinical prespective. Spinal Cord
2000;38:273-286. (Systematic literature review)

140. Bracken MB. Pharmacological interventions for acute spinal
cord injury. Cochrane Database of Systematic Reviews,
CD001046, 2000. (Systematic literature review)

141. Galandiuk S, Raque G, Appel S, et al. The two-edged sword

Emergency Medicine Practice

22

October 2001



of large-dose steroids for spinal cord trauma. Ann Surg
1993;218:419-425. (Prospective, 32 patients)

142.*Quian T, Campagnolo D, Kirshblum S. High-dose methyl-

prednisolone may do more harm for spinal cord injury. Med
Hypothesis 2000;55:452-453. (Review)

Physician CME Questions

49,

50.

51.

52.

53.

54.

55.

Spinal cord injury:

a. primarily occurs in children.

b. primarily occurs in those in the 16- to 30-year
age group.

c. occurs in four times as many women as men.

d. has been decreasing among the elderly.

Most cases of spinal cord injury:

a. are caused by vehicular trauma.
b. are caused by gunshot wounds.
c. are caused by falls.

d. are caused by sports.

The most common site of fracture in the cervical

spine is:
a. Cr7.
b. Cb.
c. Ca.
d. C2 (including the odontoid).

Optimal cervical immobilization is
achieved with:

a. arigid cervical collar.

b. sandbags or taped blocks.

¢. along spine board.

d. all of the above.

Possible complications of spinal
immobilization include:

a. aspiration.

b. discomfort.

C. pressure necrosis.

d. all of the above.

The preferred airway management technique
in cervical-spine injured patients is:
a. rapid-sequence induction with in-line
stabilization.
surgical cricothyrotomy.
¢. laryngoscopy.
d. the Combitube.

Potential pitfalls in identifying cervical spine

fractures include:

a. failure to obtain indicated radiographs.

b. inadequate radiographs.

¢c. misinterpretation of radiographs.

d. radiographs fail to adequately visualize
the injuries.

e. all of the above.

56.

57.

58.

59.

60.

61.

62.

The NEXUS trial:

a. was a prospective multicenter study of five
criteria used to identify those at low risk of
cervical spine injury.

b. has not influenced decision-making regarding
the need for cervical radiography among
United States emergency physicians.

c. has not been validated by other studies.

d. did not include pediatric patients.

Which of the following conditions may predis-
pose patients to cervical injury?

a. Rheumatoid arthritis

b. Down’s syndrome

c. Ankylosing spondylitis

d. All of the above

Simple wedge fractures, unilateral facet disloca-
tions, and bilateral facet dislocations are types of:
a. flexion injuries.

b. extension injuries.

c. axial load injuries.

d. rotational injuries.

Hangman'’s fracture is a type of :
a. flexion injury.

b. extension injury.

c. axial load injury.

d. rotational injury.

The Brown-Séquard syndrome:

a. is often called the “burning-hand syndrome.”
b. is caused by hyperflexion.

c. isusually the result of penetrating trauma.

d. always produces permanent paralysis.

In patients in whom cervical injury is suspected:

a. across-table lateral view can be used to rule
out injury.

b. alack of midline cervical tenderness can be
used to rule out injury.

c. the patient history rarely yields useful diag-
nostic information.

d. the NEXUS criteria can be used to help assess
the need for radiography.

All of the following concerning lateral

view radiographs of the cervical spine are

true except:

a. They must demonstrate all seven cervical
vertebrae plus the first thoracic vertebra.

b. They should be used to screen all victims of
blunt trauma.

c. They can detect about 70% of detectable
abnormalities.

d. Of the views obtained in patients in whom
cervical spine injury is suspected, the lateral
view should be inspected first.
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63. SCIWORA:

a. isless common in children than

in adults.

b. is a syndrome of neurologic injury
without evidence by CT or radiographs.

c. cannot be identified by MRI.

d. always produces complete paralysis.

64. In patients with spinal cord injury,

methylprednisolone:

a. should be used in cases of

penetrating injury.

b. provides substantial benefit if initiated
more than eight hours post-injury.

c. has shown a benefit in some studies
provided therapy is begun within eight

hours of injury.

d. isonly helpful in pregnant patients.

Class Of Evidence Definitions

Each action in the clinical pathways section of Emergency
Medicine Practice receives an alpha-numerical score based on

the following definitions.

Class|

+ Always acceptable, safe

+ Definitely useful

* Proven in both efficacy and
effectiveness

Level of Evidence:

+ One or more large prospective
studies are present (with
rare exceptions)

+ High-quality meta-analyses

+ Study results consistently
positive and compelling

Class I
+ Safe, acceptable
+ Probably useful

Level of Evidence:

+ Generally higher levels
of evidence

+ Non-randomized or retrospec-
tive studies: historic, cohort, or
case-control studies

+ Lessrobust RCTs

+ Results consistently positive

Class Il

+ May be acceptable

+ Possibly useful

+ Considered optional or
alternative treatments

Level of Evidence:
+ Generally lower or intermedi-
ate levels of evidence

+ Case series,animal studies,
consensus panels
+ Occasionally positive results

Indeterminate

+ Continuing area of research

* No recommendations until
further research

Level of Evidence:

+ Evidence not available

+ Higher studies in progress

* Resultsinconsistent,
contradictory

+ Results not compelling

Significantly modified from: The
Emergency Cardiovascular Care
Committees of the American Heart
Association and representatives
from the resuscitation councils of
ILCOR: How to Develop Evidence-
Based Guidelines for Emergency
Cardiac Care: Quality of Evidence
and Classes of Recommendations;
also: Anonymous. Guidelines for
cardiopulmonary resuscitation and
emergency cardiac care.Emer-
gency Cardiac Care Committee and
Subcommittees, American Heart
Association. Part IX.Ensuring
effectiveness of community-wide
emergency cardiac care. JAMA
1992;268(16):2289-2295.
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