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Background: Cervical spine injuries causing spawat trauma are rare in blunt trauma yet lead t@stating
morbidity and mortality when they occur. There &xisonsiderable debate in the literature aboub#st way for
clinicians to proceed in ruling out cervical spinpiries in alert or obtunded blunt trauma patients

Methods: We reviewed the current literature anatiza management guidelines to generate clinical
recommendations for the detection and clearancemical spine injuries in the blunt trauma patient

Results: The NEXUS and Canadian C-Spine Ruleslaniea tools to guide in the clearance of the éeal/spine of
patients who have sustained low risk trauma and avh@ain free, with the Canadian C-Spine Rulesnigav
superior sensitivity and specificity. In the aldnigh risk patient with pain (or without, if overe age of 65 years),
follow up imaging is required. The best imaging mality to use is Computerized Tomography (CT) of ¢kevical
spine. In the obtunded trauma patient, CT clearahcespine injury is adequate, unless there isti&sue injury or
any non-bony abnormalities detected. At such pdiefinitive clearance may be obtained with MagnBeésonance
Imaging.

Conclusions: It is imperative to assume cervigahe injury in the blunt trauma patient. Clinicabts for cervical
clearance may be used in low risk patients, avgigimaging. High risk patients require imaging ie form of CT
scan of the cervical spine.

Injury to the cervical spine occurs frequentlyrauma. Over 13 million patients are
assessed each year in Emergency Departments (Ei3sdbe United States for cervical spine
injuries. Of these, 30 000 (0.2%) will have cealispine injuries and of this group, only 10 000
(0.08% overall) will have spinal cord injuriéThe principles of the Advanced Trauma Life
Support course from the American College of Surgeadvocate assuming a cervical spine
injury until proven otherwise in all trauma patiemtho present after blunt trauma. Emergency
Medical Technicians have been trained to applyicalcollars early in the pre-hospital course
of patient care, although the effectiveness ofithmurrently being debated in the medical
literature€. The early role of the clinician caring for injdrpatients is thus to protect the cervical
spine while concomitant treatment and assessmentsae. This is to prevent further harm by
manipulating an unstable cervical spine injury,ahhcan render an incomplete injury into a
complete spinal cord injury. Assessment of the icahspine is also important in the primary
survey as spinal injury may contribute to life @iiening hemodynamic instability due to
neurogenic shock. This is a diagnosis of excluaioth only accepted once all potential sources
of bleeding have been ruled &ubnce life-threatening issues in the primary syivave been
addressed, the traumatologist can proceed witlk@sdary survey to identify non-life
threatening injuries. At that point she or he caoide if indeed a cervical spine injury is present,
in the absence of overt neurological disabilityntféed in the primary survey. The most
important factor in deciding this is to assesmiypatient is examinable or not, and to assess if
the cervical spine may be cleared on clinical gdsualone. The typical trauma patient that is not
examinable is considered “obtunded”. This may betdua variety of factors including traumatic
brain injury, acute intoxication, intubation / séda or other reasons. In this review we will
discuss the approach to the evaluation of the calrgpine in the trauma patient who has
sustained blunt or penetrating injury. We havedidi this approach into evaluation of the
cervical spine in the alert, non-obtunded and addrpatient. This includes the use of
appropriate imaging, when possible, largely buerdusively in the context of blunt trauma.

The Alert, Non-Obtunded Patient After Blunt Trauma




In the alert, non-obtunded patient, a variety ofichl rules have been developed to assist
with deciding which patients require cervical spimaging and which do not. Imaging
constitutes a significant expenditure for hospitald health care systems, and thus clinically and
prospectively validated tools can reliably exclypdgients from needing imaging are
worthwhile’. Typical criteria for clinical clearance requitet the patient is awake and alert
without drugs, alcohol or other sensorium-altesngstances in the patient’s bloodstream.
Additionally, neurological deficits cannot be presim order to clinically clear the spine, as
assessed by neuromotor exam of both upper and Extemities. Additionally, no ‘distracting’
injury can be present. This means an injury thasea significant enough pain to distract the
patient from the pain of a cervical spine injurpoidmuch of an injury constitutes as truly
distracting injury still remains to be clearly defid® The main clinical tools that traumatologists
have used to clear the cervical spine clinicallghaut the need for imaging, include the
National Emergency X Radiography Utilization Stf§EXUS)’ and Canadian C-spine Rules
(CCRY. Both represent clinical decision-making toolsdibg clinicians in the ED to assess with
the clinical clearance of the cervical spine, withthe need for imaging.

The NEXUS tool was developed in 1992 and was pageliton five elements: no
cervical spine tenderness, signs of intoxicatioaltared mental status, no significant and painful
distracting injuries and no focal neurological de§ (figure 1). The sensitivity and specificity of
NEXUS in detecting a c-spine injury is 99.6% and®2, respectively, indicating that it is a
helpful screening tool in ruling out injuty’. A similar sensitivity was also found in elderly
patients, over the age of 80 years, when using N& Xtiteria to clear the c-spine, however this
is being currently disputed in updated trtal§he CCR were similarly developed in parallel with
a focus on high and low risk mechanism of injuigyfe 2). Age alone (> 65 years) was
considered high risk, together with significant ime&aism of injury (fall > 3 feet / 5 stairs; axial
loading; high speed motor vehicle collision (>100/k); collision with a recreational vehicle or
bicycle) and paresthesias in the extrenfitifsany of these factors are present, imaging is
required. If they are absent, low risk factorsassessed including simple rear-end collision,
sitting in the ED or ambulatory at the scene wibhon delayed onset neck pain. In absence of
high risk criteria, and with the presence of asteme low risk criteria, the patient is then
assessed for any pain with &4&nge of motion assessment. In a direct compagé&EXUS
and the CCR involving 8 283 trauma patients ac&msada, the CCR were found to have better
sensitivity and specificity, reducing costs relatedinnecessary imaging of the c-spfe
Trauma surgeons or trauma team leaders workingdaoialized Level | or Il trauma centers
rarely employ these tools as patients have beagetti by Emergency Medical Services to be
high risk and thus transported directly to a traweater, bypassing local hospitals and EDs.
Thus the CCR is a helpful tool for clinicians wargiwith trauma patients that are low risk in
absence of significant mechanisms of injury.

Trauma surgeons and respective associations haiseddheir own practice
management guidelines for the identification ofvezal spine injuries following trauma. Several
recommendations incorporate the above CCR and lveexed on a thorough review of the
trauma literature. In particular, the Eastern Asstitan for the Surgery of Trauma (EAST) has
highlighted the clinical conundrums surroundingp@as injuries in traunta: who needs CS
imaging; what imaging should be obtained; when khoamputed tomography (CT), magnetic
resonance imaging (MRI), or flexion/extension (H&jiographs be obtained; and how is
significant ligamentous injury excluded in the cdos® patient? In focusing on the non-



obtunded patient, the recommendations regardingshef cervical collars include early
removal as soon as feasible and non-use for isbfagetrating trauma to the head (Level 3
recommendations). Interestingly, the EAST guidaialso recommend c-spine clearance in
patients who are awake, alert, no distracting jnuith no neck pain to palpation or on range of
motion (Level 2). They have combined elements o IMEXUS and CCR while eliminating
others, such as age > 65 years as being an absohttaindication to clearance based on
clinical grounds alone. If the patient requires ging, computerized tomography (CT) is
recommended from the occiput to T1, with no addaianformation gained from the use of
plain films (Level 2). It remains difficult to malspecific recommendations on the appropriate
level of resolution of CT scan (4 - 64 multideteatow CT or greater) due to heterogeneity in
the literature. If there is an injury present on, @prompt spinal consultation is recommended.
If there is a spinal cord injury in addition to lyocrspine injury, MRI should be obtained
urgently. In the presence of spinal cord injurgsé attention should be paid to limiting
secondary central nervous system injury (in paldicavoidance of hypotension and hypoXia)

If the trauma patient with neck pain has a negdiiVescan, the cervical collar should be kept in
place while an MRI is obtained to rule out the pre=e of ligamentous injury. If an MRI is
unobtainable, flexion /extension plain films maydi#ained in lieu of this. If either MRI or
flexion / extension films are negative, the cerlmalar may be removed. This is despite the
occasional false positive reads on MRI, when abaditids may be detected but these do not
warrant any change in clinical management. To dhiecting these false positive reads on MRI
has proven to been difficult. There is one metadyesa(which is methodologically flawed) that
states that an accurate assessment of the numtasepositive MRIs in the setting of blunt
cervical spine trauma cannot be accurately deteudh

The Obtunded Patient After Blunt Trauma

In contrast to the alert patient, cervical spireachnce in the obtunded patient is an
ongoing area of controversy derived primarily fromo issues. First, what is the definition of an
“obtunded” patient? Second, is CT alone suffictenévaluate for clinically significant spinal
column injury? CT is considered too insensitivelébect non-bony injuries, such as ligamentous,
that may still progress to permanent disabilitnissed'® The primary outcome of concern is
conversion of a stable spinal column injury intousrstable injury with permanent paraplegia or
quadriplegia.

The term “obtunded” has been broadly interpreteithénliterature leading to confusion
amongst practitioners as to which patients carabeysconsidered for cervical collar removal. It
has been defined to mean any abnormal GCS, intiom;antubation, or coma, to name a few.
With no consensus as to the definition of obtundeel result has been significant variability in
interpretation and practice implementatfdiThe critical point to remember is that any blunt
trauma patient without a reliable clinical exanaisncreased risk for an occult cervical spinal
column injury.

The consequences of exacerbating an occult cersfaaé injury can be devastating.
Since these patients cannot be cleared by clieiai alone, there is understandable widespread
reluctance to remove the cervical collar in thisgrd population. However, it is important to
recognize that adhering to a strict practice thabres the complications of prolonged cervical



collar use has many implications. Delayed collanweal carries significant morbidity such as
pressure ulcers on the chin and occiffuespiratory complications including aspiration
pneumonia or prolonged mechanical ventilation,gged immobility that may contribute to
venous thromboembolism, and elevated intracramesdgure complicating severe traumatic brain
injury.’®?°Clearly, the impact of unnecessary cervical calke carries significant impact on the
patient and hospital resources.

Recognizing the significant morbidity of prolongeetvical collar use, safe and
expeditious removal is the goal in all blunt traupagients. A high quality CT of the cervical
spine is the optimum imaging modality to use foalaating the cervical spine. Historically,
clearance of the cervical spine in an obtundecptitequired a CT and some adjunctive
imaging such as an MR, or flexion-extension pfdms. In the absence of adjunctive imaging,
the cervical collar remained in place until theigrat was alert enough for a clinical exam. The
concern was that an occult ligamentous injury wawdtlbe identified on a CT; a modality used
to determine bony injury. However, a number of réstudies, including the latest Practice
Management Guidelines from the EAST (2015), adwoatnoving the cervical collar in an
obtunded patient if a high quality CT demonstratesracture$?* The negative predictive
value of a clinically significant ligamentous inyuis nearly 100%; therefore, adjunctive imaging
is not necessary’:*?In short, cervical spine clearance in the obturpiient has evolved to
where a high-quality CT is sufficient for safe rerabof the collar. If there are any abnormalities
that do not involve the bony cervical spine (suslaavidened disk space), then MRI may be
used as an adjunct to CT to rule out any adjaaghtissue injury that may contribute to spinal
instability>. The CT signs suggestive of ligamentous injuriessimilar to those seen, in fact, on
plain lateral films (with lower sensitivity) anddlude dislocations, subluxations, or listheses of
any part of the cervical spifieHowever, in one study, multi-detector row CT hauegative
predictive values of 98.9% for ligament injury at@D% for unstable cervical spine injufy.

Penetrating Trauma

While there exists a body of literature supporting clearance of cervical spines after
penetrating trauma to the cranium, this remainsli8wevidence due to its retrospective nature.
Most retrospective chart reviews have failed to destrate the presence of cervical spine
injuries after isolated blast or gunshot woundthhead!?®In fact, official EAST guidelines
state that immobilization in a cervical collar istmecessary unless the trajectory suggests direct
injury to the cervical spin€ Nonetheless, it is important to note that while tate is low, it is
not zero and the prevalence may be up td%%.

In conclusion, while injuries to the cervical spaiger blunt trauma are rare, with true
spinal cord injuries being even more rare, theldigg that may ensue after a missed injury can
be significant and devastating. The cervical spredways assumed to have an injury after blunt
trauma and must be protected during the primarysacdndary surveys. The “disability” part of
the primary survey rules out any neurogenic shadkaal neurological deficits. Clinical rules
exist to assist clinicians working with alert, exaable trauma patients to safely clear the
cervical spine when they are at low risk for injafyer insignificant mechanisms of trauma. If
pain exists, a careful neurological exam with Carsis recommended with spine specialist



consultation if an injury is found. Converselythe mechanism of injury is significant, even
without c-spine pain, the patient should proceed @T scan. If this is negative, follow up
imaging with MRI or flexion-extension films are momended. In the obtunded patient,
however, current clinical guidelines recommend €dnsalone to rule out c-spine injury. If no
bony injury is seen, the likelihood of a c-spinespmal cord injury is low. Nonetheless, if non-
bony injuries or abnormalities detected, there &hba a low threshold for proceeding with
definitive and confirmatory imaging using MRI whand where possible.
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Figure 1: The NEXUS Low-Risk Criteria*

C-spine imaging is recommended for patients with trauma unless they
meet all of the following criteria:

Absence of posterior midline cervical-spine tenderness, #

No evidence of intoxication,

A normal level of alertness and consciousness (baseline mental status),¢
Absence of focal neurological deficit,

Absence of any distracting injuries.O

# Midline posterior bony cervical-spine tenderness is present if the patient reports
pain on palpation of the posterior midline neck from the nuchal ridge to the promi-
nence of the first thoracic vertebra, or if the patient expresses pain with direct palpa-
tion of any cervical spinous process.

% Patients should be considered intoxicated if they have a recent history provided by
the patient or an observer of intoxicating ingestion or evidence of intoxication on
physical exam such as an odor of alcohol, slurred speech, ataxia, or any behavior
indicative of intoxication. Patients may also be considered to be intoxicated if labora-
tory tests are positive for alcohol or drugs that affect the level of alertness.

# An altered level of alertness can include any of the following: a GCS score of 14 or
less; disorientation to person, place, time, or events; inability to recall three objects at
five minutes; a delayed or inappropriate response to external stimuli; or alternative
findings consistent with altered mental status.

% A focal neurological deficit is any focal neurological finding on motor or sensory
examination.

Q A distracting injury is any condition that, in the examiner's judgment could be pro-
ducing enough pain so as to distract the patient from another, particularly cervical,
injury. Such injuries may include a long-bone fracture; a visceral injury; a significant
laceration, degloving injury, or crush injury; large burns; or any other injury causing
acute functional impairment.

Adapted from Hoffman and colleagues, as presented by Stiell et al., **



Figure 2: The Canadian Cervical-Spine Rule*

To be used on alert (GCS of 15) and stable trauma patients with potential C-
spine injury.

Is there a high-risk factor necessitating
radiography?

Is the patient 65 or older?

Is there a significant mechanism of injury?**
Is there paresthesias in the extremities?

| AN

NO YES

f

Is there any low-risk factor permitting safe
assessment of range of motion?

Was it a simple rear-end collision (excluding NO

rollover, collision with bus, large truck, or vehicle |—— RADIOGRAPHY
traveling at high speeds, or being pushed into
oncoming traffic)?

Was the patient found seated in the Emergency
Department or ambulatory after the incident?
Was there delayed onset of neck pain or absence
of any midline cervical-spine tenderness.

| UNABLE

YES /
Range of Motion Assessment: Able to
rotate neck actively 45° left and right?

|
YES

¥

NO RADIOGRAPHY

*Adapted from Stell et al. 3,4
** A Dangerous Mechanism includes: a fall from an elevation 23 feet

or 5 stairs; an axial load to the head (e.g. diving); a motor vehicle collision at high speed (>100 km/hr)
or with rollover or ejection; a collision involving a motorized recreational vehicle; or a bike collision.




Highlights:

- notall cervical spine injuries require imaging

- clinical guidelines exist for clearance

- in patients who are obtunded, CT scan is adequate to clear the cervical spine in
blunt trauma



