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Abrir en modo de lectura
The incidence of spinal cord injury (SCI) is approximately 11,000 new cases
each year with 95% of patients surviving their initial hospitalization. In blunt
trauma, cervical SCI is reported at 3% to 4% and 6% for thoracolumbar regions.
The majority of SCI occurs in patients aged 16 to 30 years; the average age is 33,
which is an increase since the 1970s. The majority of patients with SCI are male,
and the three leading causes are motor vehicle crash (MVC), falls, and gunshot
wounds. It is estimated that 3% to 25% of SCI occur after the initial insult.
Involvement of noncontinuous vertebral levels can occur in up to 20% of SCI,
and the entire spinal column is potentially at risk. Cervical spine level for SCI is
most prevalent followed by thoracic and then lumbar. Incomplete quadriplegia
(38%) is the most common SCI on discharge from the hospital, and complete
quadriplegia is the least common (17%).

Initial Evaluation, Diagnosis, and Management
The management of the patient with a potential SCI begins at the scene. A
principal concern during the initial management of patients with potential SCI
is that neurologic function may worsen with pathologic motion of injured
vertebrae. Since the introduction of cervical and spinal immobilization there has
been a substantial improvement in the neurologic condition of patients arriving
at emergency departments with SCI over the past 30 years. Recently, the use of
full spinal immobilization in all trauma patients has been questioned because it
seems that many patients will be treated with full spinal immobilization, but few
will sustain injuries. It has been demonstrated that spinal immobilization
techniques cause increased pain and discomfort along the occipital scalp,
mandible, back, and sacrum, which can lead to unnecessary testing, increased
respiratory effort, and skin ischemia. Guidelines based on clinical criteria such
as altered mental status, evidence of drug use or intoxication, spinal tenderness
or pain, focal neurologic deficit, or suspected extremity fracture have been
developed for full spinal immobilization and are being used currently in certain
regions.
The initial management of the SCI patient is identical to all other trauma
patients. A primary survey to evaluate airway, breathing, and circulation is
completed followed by a full assessment in the secondary survey. The specific
management of spinal injuries should be deferred until life-threatening injuries
are identified and treated. Physiologic consequences of SCI include airway
compromise, inadequate oxygenation and ventilation, bradycardia, and
hypotension that may require immediate attention during the primary survey.
Patients with complete SCI above the C5 level with respiratory distress, hypoxia,
and severe respiratory acidosis from hypoventilation should have their airway

secured immediately. Patients with high cervical and thoracic SCI may develop
airway compromise resulting from localized edema or neck hematoma. These
patients must be observed even without immediate indication for endotracheal
intubation because there may be progression of the injury and worsening of the
patient's respiratory condition.
After completion of a primary and secondary survey any evidence for potential
spine or SCI should be identified. As detailed by the National Emergency XRadiography Utilization Study Group (NEXUS), awake and nonintoxicated
patients without cervical pain or tenderness, neurologic symptoms, or
distracting injury do not require imaging or continued cervical immobilization.
In awake and symptomatic patients, imaging of the cervical spine should be
obtained. The evaluation for spine fracture and SCI in the obtunded patient
should include full imaging. There are many algorithms that exist for clearance
of the cervical collar after imaging in awake and symptomatic patients and the
obtunded patient and will not be discussed further.
During the secondary survey a careful examination should be performed to
identify motor and sensory deficits that help localize the injury, are predictive of
complications, and have prognostic value. The preferred examination method
used for classification of SCI was developed by the American Spinal Injury
Association (ASIA) as detailed in Figure 1 . The neurologic examination focuses
on motor, sensory, rectal tone, and rectal sensation findings. ASIA uses a 0 to 5
scale for assessment of motor strength of 10 muscle groups on each side of the
body. The scores for all 20 muscle groups are added, providing the total ASIA
motor score. Sensation is evaluated as absent (0 points), altered (1 point),
normal (2 points), or untestable. The ASIA impairment scale (AIS) then is used
to classify the lesion as complete or incomplete. AIS uses a letter to signify the
description of the neurologic status being a complete SCI (A), sensory
incomplete (B), motor incomplete (C and D), and normal (E). The combination
of the ASIA impairment scale with the ASIA motor score comprises the best
description of a patient's neurologic status after SCI.
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FIGURE 1
A and B, The American Spinal Injury Association (ASIA) classification of spinal cord injury.
A tool to standardize spinal cord injury assessment .
(Copyright 2016 American Spinal Injury Association, www.asia-spinalinjury.org . Accessed
March 25, 2016.)

In addition to the SCI that can be elucidated with the ASIA classification, there
are a number of discrete syndromes of SCI that have been described. Central
cord syndrome is the most common syndrome, accounting for about 9% of SCI.
It represents an incomplete injury to the cervical spine, resulting in more
extensive motor weakness in the upper extremities than the lower extremities
and distal more than proximal. The mechanism of injury occurs from forceful
hyperextension of the neck. Commonly in older patients, there is usually no
obvious associated fracture or evidence of spinal instability but rather with prior
existence of degenerative ligamentous and osteophytic spinal column disease. In
younger patients there is often evidence of fracture and spinal instability. The
injury occurs as a result of anterior and posterior compression of the spinal
cord, leading to edema, hemorrhage, or ischemia to the central portion of the

spinal cord. Because of the anatomic lamination of the corticospinal tract with
the upper extremity fibers medially and the lower extremity fibers laterally, the
arms are affected more so than the legs, resulting in a disproportionate motor
impairment. The site of most injuries is in the mid to lower cervical cord.
Brown-Séquard syndrome is less common and characterized by ipsilateral
disruption of the corticospinal tract, resulting in hemiplegia, and the posterior
column–medial lemniscus tract, resulting in loss of fine touch and
proprioception, and contralateral disruption of the spinothalamic tract,
resulting in loss of pain and temperature sensation. The most common cause of
this is a penetrating injury to the spinal cord. Anterior cord syndrome is a
relatively rare SCI and commonly follows an ischemic event from the anterior
spinal artery. It is characterized by loss of motor function below the level of
injury, loss of pain and temperature sensation carried by the spinothalamic tract
of the spinal cord, and preservation of fine touch and proprioception sensation
carried by the posterior column-medial lemniscus tract. Posterior cord
syndrome is another rare SCI that is characterized by loss of fine touch and
proprioception sensation carried by the posterior column–medial lemniscus
tract below the level of injury. This usually follows an ischemic insult to the
spinal cord and is uncommon in trauma. Cauda equina syndrome can follow
damage to the cauda equina, resulting in loss of function of the lumbar plexus of
the spinal canal below the conus medullaris. This may result in severe back
pain, a saddle-type paresthesia involving perineum, external genitalia, and
anus, bladder, and bowel dysfunction, weakness of lower extremities, and sexual
dysfunction. Figure 2 demonstrates the areas of injury for the discrete SCI
discussed earlier.
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FIGURE 2
Drawings of the spinal cord with identification of the areas of damage resulting in specific
spinal cord injuries.

Imaging
Imaging of the spine traditionally has been performed with plain radiographs,
but computed tomography (CT) scan has become almost entirely the initial
imaging modality for evaluation of the spine. NEXUS and the Eastern
Association for the Surgery of Trauma (EAST) guidelines for imaging of the
cervical and thoracolumbar spine include back pain, point tenderness,
neurologic deficit, altered mental status, or distraction. Patients with alterations
in sensorium from traumatic head injury, shock, or intoxication may not have a
reliable clinical examination and require imaging. It is important to image the
entire spinal column in the setting of a known segment injury because 10% to
40% of patients may show a noncontiguous injury.
SCI without radiographic abnormalities (SCIWORA) typically is described in
children because of the elasticity of the pediatric spinal column, allowing for
displacement of the spinal cord without disruption of the bony and ligamentous
support. SCIWORA can be seen in adults as well. The cervical or upper thoracic
spine usually is affected. This was characterized classically by an absence of
radiographic findings and may be seen as complete or incomplete injury
patterns. Since the widespread use of magnetic resonance imaging (MRI),
specific abnormalities of the spinal cord have been documented increasingly,
and so the term has evolved to only those injuries not seen on plain radiograph

or CT scan. The application of MRI is important in the early diagnosis of
SCIWORA in children and adults. Spinal cord concussions have been described
and are transient spinal cord dysfunction without radiographic abnormalities of
the spinal cord. Typical symptoms include paresthesia, numbness, and tingling.

Intensive Care Unit Management
Those patients with high cervical fractures and those with SCI should be
managed in an intensive care unit (ICU). Respiratory dysfunction can occur in
greater than 85% of patients with cervical SCI. The SCI patient should be
maintained with a combination of chest physiotherapy, secretion clearance
mechanisms, bronchodilators, and respiratory muscle training. Weaning
patients from mechanical ventilation may be challenging, and many patients
will require long-term ventilation. Many will eventually require tracheostomy,
and although the ideal timing of tracheostomy is unknown, studies have shown
reduction in duration of ventilation and ICU length of stay with early
tracheostomy.
Up to 90% of patients with cervical SCI develop cardiovascular dysfunction.
Aggressive management of hypotension is recommended and may be associated
with an improved neurologic outcome. Treatment of hypotension after SCI
initially involves volume resuscitation followed by vasopressors. Cervical and
upper thoracic injuries above the T6 level should receive a vasopressor with
vasoconstrictive, inotropic, and chronotropic properties such as norepinephrine
or dopamine. Lower thoracic injuries below the T6 level should receive a
vasopressor with vasoconstrictive effects such as phenylephrine. In general,
patients with cervical cord injuries require vasopressors more often than those
with thoracolumbar injuries, and those with complete SCI require vasopressors
more often than those with incomplete SCI.
Current recommendations are to maintain mean arterial blood pressure
between 85 and 90 mm Hg for 7 days after injury. This is based on several
studies documenting neurologic improvements with this aggressive
hemodynamic management. A recent study demonstrated improved outcome
measures when blood pressure was maintained at or above 85 mm Hg for 2 to 3
days after injury. Oral vasopressor agents such as midodrine and
pseudoephedrine have been used with success when there is a continued
intravenous vasopressor requirement. In many patients this hemodynamic
abnormality will resolve 2 to 6 weeks after injury, whereas others may have
long-term hemodynamic alterations. Bradycardia may lead to other
dysrhythmias and even asystole. Symptomatic bradycardia should be treated up
front with atropine, or other chronotropic agents such as dopamine or
isoproterenol, to ensure adequate cardiac output. Bradycardia that is refractory
to medical therapy should be considered for temporary cardiac pacing.
For many years, the administration of methylprednisolone has been used for the
treatment of acute SCI. The National Spinal Cord Injury Study (NASCIS) has
conducted three trials on early steroid usage after SCI. Conclusions from these
trials have been questioned in recent years because of relatively modest
neurologic improvements compared with risks of high-dose steroids. Despite its
administration to patients with SCI at many institutions, evidence of deleterious

effects continues to accumulate, which include immunosuppression with
increased susceptibility to infections such as pneumonia and sepsis, increased
risk of gastrointestinal disturbances including peptic ulceration, bleeding, and
ileus, adult respiratory distress syndrome (ARDS), hyperglycemia, deep venous
thrombosis (DVT), and pulmonary embolism. Available guidelines now
recommend against the use of methylprednisolone in the treatment of SCI.
Preliminary studies have demonstrated a possible beneficial therapeutic effect
of systemic hypothermia in acute management of SCI. Smaller series of patients
with isolated complete SCI were treated with systemic moderate hypothermia
after injury or surgical stabilization, maintained for 24 to 48 hours, and then
underwent slow rewarming with many patients showing improved outcome
scores.

Cervical Spine Injury: Initial Management
Once a cervical spine injury (CSI) is identified, strict immobilization with a rigid
cervical collar is critical especially while managing airway issues. Because CSI
commonly is associated with SCI, spinal cord perfusion must be maintained by
avoiding hypotension and hypoxia. If there is an incomplete neurologic injury,
then early reduction of any fracture or dislocation should be strongly
considered. Timing of reduction in the setting of a complete injury (ASIA A)
varies widely. Definitive treatment of the CSI can involve no immobilization for
minor fractures, rigid cervical collar, or Halo-vest immobilization, or surgical
fusion with instrumentation with or without decompression. In general, use of
Halo has decreased dramatically as the outcomes and complications of cervical
instrumentation have improved. Often in cases in which Halo was the standard
this has been replaced by surgical instrumentation with good results. The
following section describes the more traditional recommendations, but surgeons
should recognize this trend and understand that surgery may be appropriate
treatment in these cases.

Cervical Spine Injury: Surgical Management
Cervical spine injuries fall into two subdivisions: craniocervical junction
(occiput to C2) and subaxial (C3-T1) injuries. The location of the fracture,
stability of the spine, and neurologic status affect the decision making for
treatment. Atlanto-occipital dislocations typically result in patient fatality
because of SCI, vertebral artery or carotid injuries, or other associated
polytrauma. Cases in which the patient survives require occiput to cervical
fusion. Unilateral occipital condyle fractures will heal with cervical collar in 6 to
12 weeks. Lower cranial nerve injury with atlanto-occipital injuries infrequently
may require decompression of the damaged nerve. C1 fractures are typified by
the Jefferson fracture that is a four-part fracture of the C1 ring. Variations with
two or three fractures in C1 are similar and require the same treatment, namely
Halo-vest immobilization for 6 to 12 weeks. C2 fractures involve either the
odontoid process or the rest of the vertebra. Type 1 odontoid fractures are stable
and require no surgical treatment. Type 2 odontoid fractures with greater than
5 mm of displacement require surgical treatment or realignment followed by
Halo placement. Age older than 55years and nicotine use increases the risk of
nonunion and need for surgery. Type 3 odontoid fractures heal well without
surgery and a rigid cervical collar alone. Hangman's fractures (HF), classically

bilateral C2 pars interarticularis fractures, vary based on degree of subluxation
of C2 on C3 and angulation. A patient with a type 1 HF has less than 4 mm of
subluxation and heals without surgery but requires cervical collar. Type 2 HF
with more than 11 degrees of angulation or 4 mm or greater of subluxation are
unstable and require C1-3 posterior cervical fusion with instrumentation. Type 3
HF have greater disruption of the C2-3 joint and require surgical stabilization
( Table 1 ).
TABLE 1
Craniocervical Fracture Locations and Treatment Recommendations

Craniocervical Fracture Location

Treatment Recommendation

Atlanto-occipital dislocation

Occiput to cervical fusion

Unilateral occipital condyle fracture

Cervical collar 6-12 weeks

C1 fracture (unstable)

Halo vest 6-12 weeks

Odontoid (type I): stable

Brace only

Odontoid (type II): >5 mm displacement

Surgical stabilization + Halo

Odontoid (type III): stable

Rigid cervical collar

Hangman's (type I): <4 mm subluxation stable

Rigid cervical collar

Hangman's (type II): >11 mm angulation or
>4 mm subluxation - unstable

Surgical stabilization: C1-3
posterior fusion

Hangman's (type III): C2-3 joint disruption
Surgical stabilization
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Subaxial cervical spine fractures can be identified with classifications systems
AO (Arbeitsgemeinschaft für Osteosynthesefragen), SLICS (subaxial cervical
spine injury classification system), and Allen and Ferguson ( Table 2 ). Common
features among these systems are few but include a grading based on clinical as
well as radiographic features. Each has unique components as well, which leads
to variation in treatment options. Neurologic examination will be the initial
determining factor for urgent or emergent decompression and reduction of C3-7
spine fractures. Current data suggest patients with incomplete cord injuries
should be decompressed or at least reduced as soon as possible to maximize
recovery. Subaxial fractures with complete SCI can be addressed less urgently.
The plan for only external orthosis versus internal stabilization will be based on
severity of injury and extent of structural element damage. Surgical approaches
include anterior cervical discectomy and fusion with instrumentation as well as
posterior lateral mass instrumentation and fusion. As a general guideline the
location of injury will dictate the approach—anterior spinal element injury
anterior approach, posterior injury posterior approach. Severe cases may best
be treated with a combined anterior and posterior fusion in either a single trip
to the operating room or in staged fashion.
TABLE 2
Subaxial Cervical Spine Injury Classification System (SLICS)

The Subaxial Cervical Spine Injury Classification System (SLICS) is a
classification system for subaxial cervical spine trauma that helps determine
information about injury pattern and severity, in addition to treatment
considerations and prognosis.
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Characteristic

Points

MORPHOLOGY
No abnormality

0

Compression

1

Burst

+1=2

Distraction (e.g., facet perch, hyperextension)

3

Rotation/translation (e.g., facet dislocation, unstable teardrop or
advanced-stage flexion compression injury)

4

DISCOLIGAMENTOUS COMPLEX (DLC)
Intact

0

Indeterminate (e.g., isolated interspinous widening, MRI signal change
only)

1

Disrupted (e.g., widening of disk space, facet perch or dislocation)

2

NEUROLOGIC STATUS
Intact

0

Root injury

1

Complete cord injury

2

Incomplete cord injury

3

Continuous cord compression in setting of neurodeficit (Neuro
Modifier)
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+1

Score Interpretation
<4

Nonoperative treatment

4

Operative versus nonoperative

>5
Operative treatment
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Thoracolumbar Fractures
Thoracic and lumbar spine fractures can be considered together. Injuries to the
upper thoracic spine (T1-9) constitute a minor fraction because of the additional
structural rigidity supplied by the ribs and sternum in this less mobile spinal
region. Injuries in this area therefore are associated with greater forces and also

commonly with neurologic compromise. Most thoracic spine injuries are at the
thoracolumbar junction because of the lack of additional structural stabilization.
Because the spinal cord commonly ends in this region, neurologic injury is less
common.
Treatment of thoracolumbar spine fractures relies on the stability of the injury.
Stability can be judged on the basis of the three-column model of the spine. The
anterior column includes the anterior longitudinal ligament, the anterior two
thirds of the vertebral body, and disc. The middle column includes the posterior
one third of the vertebral body and disc and the posterior longitudinal ligament.
The posterior column includes the pedicles, facets joints, laminae, spinous
processes, and posterior ligamentous complex. Injury of one column typically
can be treated with thoracic-lumbar-sacral orthotic (TLSO) brace alone,
whereas two- and three-column injuries will more commonly, but not always,
dictate operative management.
Stable fractures may be treated with TLSO braces and followed with
radiographic imaging over months to ensure bony union across the fracture site.
Progressive kyphosis, loss of height, or failed bony union may indicate failure of
nonoperative treatment. Compression fractures of less than 50% loss of height,
less than 2.5 mm of sagittal listhesis, or less than 20 degrees of kyphosis may be
managed with TLSO. Burst fractures (compression fracture plus vertebral body
fragment retropulsion into canal) with less than 30% canal compromise also
may be considered for TLSO use, although this is variable with burst fractures.
Unstable fractures require surgical stabilization, and location will determine the
operative approach. A posterior approach with pedicle screw instrumentation
allows for rigid fixation and can be highly effective. Anterior approaches are
increasing in frequency with improving surgical skill of the spine surgeon and
the approach surgeon, as well as with improvements in spinal instrumentation
and implants. Significant deformity and kyphosis may be treated best by an
anterior or combined anterior and posterior approach. As with cervical spine
fractures the urgency of the surgery for T-L fractures is based on the neurologic
examination. Incomplete spinal cord injuries should be treated urgently within
48 hours. Similar to CSI, reduction and decompression done as soon as possible
theoretically can produce the best chance of neurologic recovery. Use of a
postoperative external orthosis in addition to the internal fixation at the time of
surgery is common. Partial stress-shielding of the instrumented area to optimize
fusion across the fracture can improve surgical outcomes in the long term.

Complications
Patients with spine fracture and SCI can develop acute and chronic
complications. The potential for development of complications will be related to
many factors, including comorbidities, multisystem trauma, neurologic injury
associated with fractures, level of paralysis, and need for operative intervention.
In the acute setting, as already discussed, the patient with cervical spine fracture
and paralysis may have respiratory failure requiring intubation with necessity
for a tracheostomy and prolonged ventilator management. Infectious
complications such as urinary tract infection and pneumonia can occur, and
noninfectious complications include venous thromboembolic events,

neuropathic pain, delirium and pressure ulcers. The acute management of this
population of patients must include care to all of these potential complications.
Deep venous thrombosis (DVT) occurs nearly 100% of the time in patients with
SCI but remains asymptomatic and is detected by ultrasound. Use of vena cava
filters has evolved and now retrievable filters are recommended because of a
40% incidence of inferior vena cava thrombosis with permanent filters. Also
controversial is the duration of chemical prophylaxis for DVT, but consensus
seems to be only until completion of inpatient rehabilitation.
Those patients requiring operative intervention have the potential for
development of complications directly related to the intervention along with
those already mentioned earlier. Technical concerns resulting in SCI and
ischemia may occur and with an anterior approach a potential pneumothorax,
hemothorax, or chylothorax may develop. Wound issues may occur with
multiple contributing factors, including age, nutritional status, multisystem
trauma, technical, and body habitus. Optimization of care postoperatively to
minimize these potential complications is a must.

Outcomes
Mortality for the first year after injury is 6%, and advanced age, male gender, C4
or above level of SCI, vent dependency, complete neurologic injury, and violent
cause affect the mortality. The cost for care of the SCI patient varies based on
level. CSI is estimated to cost $700,000 in the first year after injury with an
annual cost after that of $150,000 per year. Yearly cost in the United States for
SCI is estimated to be close to $10 billion. To affect the incidence of SCI requires
prevention strategies. In the event of such an injury, organized care with up-todate treatment methods to avoid potential secondary injury will help maximize
the patient's recovery.

Suggested Readings
• Eastern Association for the Surgery of Trauma Practice Management
Guidelines for Cervical and Thoracolumbar Trauma. 2009, 2015.
• Guidelines for Management of Acute Cervical Spine and Spinal Cord Injuries.
Section of Disorders of the Spine and Peripheral Nerves: American Association
of Neurologic Surgeons and the Congress of Neurological Surgeons. 2001.
• Vaccaro AR, Hulbert RJ, Patel AA, et. al.: The subaxial cervical spine injury
classification system: a novel approach to recognize the importance of
morphology, neurology, and integrity of the disco-ligamentous complex. Spine
2007; 32: pp. 2365-2374.
• Vaccaro AR, Oner C, Kepler CK, et. al.: AOSpine thoracolumbar spine injury
classification system: fracture description, neurological status, and key
modifiers. Spine 2013; 38: pp. 2028-2037.

