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Spinal cord injury (SCI) remains a devastating in-
jury for both patients and their families. Improve-
ments in the quality of care over the last few decades
partially reflect specialized medical centers that fo-
cus on the acute treatment and rehabilitation of
patients with SCI and are best equipped to provide
the magnitude of service these patients require. The
prevalence of SCI is increasing steadily because of
improved survival in both the acute and chronic
stages of the disease. Advances in acute treatment
include more sophisticated prehospital care, prompt
recognition of the signs of SCI, safer transportation
methods, and active resuscitation both in the field
and in the emergency department. Improvements
in the treatment of the chronic stages of the disease,
such as the surgical management of syringomyelia,
late posttraumatic deformity, and pain control, have
been achieved. Increased survival has prompted the
health care industry to develop strategies to enhance
the quality of life, with improvements ranging from
lighter wheelchairs to the development of fertility
programs for patients with SCI.

The mechanism of SCI is in constant evolution.
With industrialization, motor vehicle accidents
have become the leading cause of spinal trauma.
SCI because of violence is on a dramatic rise, as
manifested by the proportion of individuals injured
by assault, including penetrating injuries such as
gunshot and knife wounds. Sports-related injuries,
which include football, horseback riding, and
hockey, have received recent media attention.1 Rec-
reational injuries from diving, snowmobile acci-

dents, and parachuting are a constant source of
newly injured patients. Because of the desire for
extreme speed, both on land and in the air, we ex-
pect the emergence of new injuries from recre-
ational activities, such as with snowboarding, water
craft, and others.

Preventive programs, which encourage children
and young adults to modify risky behaviors, have
the greatest prospect of reducing the incidence of
SCI. These include, but are not limited to, the
Think First program sponsored by the American
Association of Neurological Surgeons and the Con-
gress of Neurological Surgeons,2 and the Feet First,
First Time program initially developed in northern
Florida, which encourages water enthusiasts to
jump feet first into unknown waters. Driver’s-
education courses and police patrol, to arrest drivers
in command of vehicles while under the influence
of drugs or alcohol, also can help decrease these
unfortunate events. Finally, regulation of handguns
and assault weapons can reduce the number of in-
tentional and accidental injuries.

Determining the prognosis for SCI patients on
admission remains challenging. The clinician uses
neurologic examination, age, MRI appearance of
the cord, and other clinical data to counsel patients
and families on the expected outcomes for a specific
injury. Some recovery is the rule for most patients
who enter the hospital with an incomplete SCI, but
when patients present with complete injuries, the
chance of regaining ambulatory function remains
slim.3

SCI research is an absolute priority of the Na-
tional Institutes of Health. Models of SCI, mecha-
nisms of secondary injury, treatment of the acute
phase of SCI, and the development of transplanta-
tion strategies to repair the damaged spinal cord are
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ongoing research efforts across the continent and
around the world. The treatment arms of the re-
search can be divided into two broad categories:
pharmacologic and transplantation strategies.
Drugs that can be given during the acute phase of
injury that may limit secondary injury mechanisms
or promote regeneration. Two of the most promis-
ing drugs, methylprednisolone and monosialic gan-
glioside GM-1, have yielded only modest results.
Methylprednisolone, which is used in almost all
SCI centers in North America, is coming under
closer scrutiny as to its effectiveness.4 Drugs of the
future include neurotrophins, which can promote
the survival and regeneration of injured nerve cells,
drugs that prevent the inflammatory response to
SCI,5 and drugs that prevent apoptotic cell death.6

In the transplantation arena, cellular therapies to
treat the chronic injury are important. Cells of in-
terest include Schwann cells, olfactory ensheathing
glia, embryonic spinal cord, and neural progenitor
cells. Antibodies that neutralize the inhibitory pro-
teins within myelin have also demonstrated prom-
ise. Strategies that combine a number of the cited
treatments are most likely to have a beneficial effect
in the future.

EPIDEMIOLOGY

Incidence
The annual incidence of SCI varies widely among
countries and ranges from 6 per million7 to 57.8 per
million.8 This wide range also reflects the inclusion
in some published statistics of patients who were
diagnosed with SCI but who died by the time they
arrived at the hospital, which may represent as
many as 16%.8 On average, 10,000 new cases of
SCI are diagnosed in the United States each year.9

Males account for roughly 71% to 80% of patients
treated with SCI. The percentages of patients with
paraplegia (incomplete or complete) versus tetra-
plegia (incomplete or complete) have changed min-
imally over the last 20 years and are 62% and 38%,
respectively.10 On average, the age at the time of
injury is in the early 30s (31.5 years). Table 1 sum-
marizes the incidence of SCIs.

Mechanism of injury
The most common mechanisms of injury reported
among the 2,814 cases in the National Spinal Cord
Injury Statistical Center database are motor vehicle

accidents, accounting for 35.9% of injuries, fol-
lowed by violence, falls, and sports-related injuries,
which account for 29.5%, 20.3%, and 7.3%, re-
spectively.9 In the United States, an increasing pro-
portion of SCIs is related to violent acts. From 1973
to 1978 until 1991 to 1995, the incidence of violent
SCIs increased from 13.3% to 29.5%.9 According
to DeVivo,9 assaults including gunshot and stab
wounds are now the second most common cause of
SCI in the United States.

Survival
Age, neurologic level, and Glasgow Coma Scale
(GCS) are known to be independent predictors of
mortality in the first 3 months after SCI.11 After the
acute period, SCI patients still have a shortened life
expectancy compared with their uninjured peers.
Even if we exclude those who die in the first 18
months, the 25-year survival rate is 80% for para-
plegic (complete or incomplete) patients and 72%
for tetraplegic (complete or incomplete) patients.13

In the last five decades, the causes of delayed mor-
tality have changed significantly. In the past, uro-
sepsis was the leading cause of death, but now this
has been supplanted by respiratory problems, heart
disease, and suicide.13 Among longterm paraplegic
survivors, the suicide rate is 10 times that of their
uninjured peers.14

Cost
The cost of treatment of patients with SCI is esti-
mated to be between $185,019 and $295,643 for
the first year after injury and between $17,275 and
$33,439 per year for subsequent years. Higher costs
are linked to the level of injury, with the highest
costs associated with ventilator-dependent tetraple-

Table 1. Epidemiology of Spinal Cord Injury

Characteristic Estimate

New cases in the US per year 10,000
Males 71% to 80%
Average age at injury (y) 31.5
Mechanisms

1. Motor vehicle accidents 35.9%
2. Violence 29.5%
3. Falls 20.3%

Average cost
First year $185,019–295,643
Subsequent years $17,275–33,439
Total annual cost $7.736 billion
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gic patients. The estimated lifetime costs of caring
for a paraplegic and a tetraplegic are $0.5 and $2
million, respectively. In 1995, the total annual cost
of caring for patients with SCI in the United States
was estimated to be $7.736 billion.9

PREHOSPITAL MANAGEMENT

Avoidance of hypoxia and hypotension
The care of an injured patient begins with airway,
breathing, and circulation (ABCs). The prompt
recognition of SCI is critical because it may be one
of the most important determinants of the final
outcomes. The primary injury to the spinal cord is
sustained at the time of impact and is irreversible.
The role of all intervening care givers, ranging from
a passing good Samaritan to the receiving surgeon,
will be to prevent and minimize secondary injury.

Minimizing secondary injury begins in the field
with the initial resuscitation. Patients should receive
oxygen supplementation. If the airway is compro-
mised, options for intubation include nasotracheal,
orotracheal with in-line traction, or cricothyroid-
otomy, if these two fail. Injuries above T6 effectively
reduce sympathetic tone, so unopposed vagal ef-
fects include hypotension and bradycardia. Initiat-
ing an IV line will permit a fluid bolus and coun-
teract the frequent hypotension associated with
SCI.

Vale and colleagues15 reported that an aggressive
medical protocol, which should be followed in ev-
ery SCI patient, is to maintain the mean arterial BP
above 85 mm Hg. This protocol “enhanced neuro-
logic outcome.”15

Immobilization of the cervical spine
Over the years, spinal immobilization in the field
has become a standard of care in the United
States.16,17 This includes placement of a hard cervi-
cal collar, transportation on a rigid spine board, and
log rolling of the patient. All trauma victims, in-
cluding patients with an altered mental status, head
injury, neurologic deficits, back or neck pain, intox-
ication, multisystem trauma, or suspicion of spinal
injury, should be immobilized. Improper immobi-
lization may cause fracture displacement, which can
further compromise spinal cord function and con-
vert a good-prognosis injury into a devastating and
a life-threatening one. Approximately 10% of pa-
tients with spinal fractures will have a fracture at

another level, so careful immobilization is required
for all spinal levels until x-rays confirm the
diagnosis.

Transfer to an SCI center
Ideally, patients with SCI should be transferred to a
level I trauma center affiliated with a unit that cares
for a large volume of SCI patients. DeVivo and
coworkers18 studied the implications of admitting
directly to a general hospital, with later referral to a
center with expertise in managing SCI, versus direct
admission to an SCI center. They found a signifi-
cant reduction in pressure sores and shorter lengths
of stay for patients admitted directly to centers with
expertise in SCI. A larger volume of patients in a
specialized SCI unit promises increased expertise
from physicians (eg, surgeons, anesthetists, inten-
sivists, physiatrists), nursing personnel, and para-
medical professionals. Table 2 summarizes the pre-
hospital management.

EMERGENCY ROOM MANAGEMENT
On arrival at the emergency room, the ABCs are
again a priority. Simultaneous treatment and eval-
uation should proceed, which includes a trauma
and a complete neurologic examination. The phys-
ical examination should include an assessment of
the neck and back. The physician can remove the
hard collar and palpate the back and the neck to
examine for deformity or pain. Patients with blunt
trauma who are alert (GCS 14 or 15) and do not
complain of neck pain have a low incidence of cer-
vical fractures. Gonzalez and colleagues20 clinically
examined 2,176 consecutive patients with blunt
trauma with a GCS of 14 or 15 and found a low
incidence (1.6%) of spine fractures.

Table 2. Summary of the Prehospital Management
for Spinal Cord Injury

Objective Management

Avoid hypoxia Supplement with O2
Intubate as necessary

Avoid hypotension Control blood loss
Maintain mean arterial BP

.85mm Hg
Immobilize Cervical collar

Spine board
Transport To a hospital with spinal cord injury

expertise
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Neurologic examination
A carefully done initial neurologic examination is
critical. It allows the admitting physician to direct
subsequent radiologic investigations to the appro-
priate level and will serve as a baseline for further
comparison. It is imperative to repeat the neuro-
logic examination hourly and after subjecting the
patient to traction or a bed transfer. Up to 4.9%20 of
patients will deteriorate after admission. One of the
indications for operation that most surgeons agree
upon is for cord decompression in a patient with
neurologic deterioration. The neurologic examina-
tion on admission remains one of the best predic-
tors of outcomes. An accurate knowledge of sensory
dermatomes and muscle innervation (Fig. 1) per-
mits one to determine the level of the SCI.

American Spinal Injury Association standards
Over the last decade, the American Spinal Injury
Association (ASIA) and the International Medical
Society of Paraplegia have developed and revised a
scale that has facilitated communication among cli-
nicians about the neurologic status of the patient.21

In an attempt to standardize assessments of the SCI
patient, ASIA has published international stan-
dards.21 In this classification, the term tetraplegia is
used rather than quadriplegia to define “impair-
ment or loss of motor and/or sensory function in
the cervical segments of the spinal cord.”21 Paraple-
gia refers to “impairment or loss of motor and/or
sensory function in the thoracic lumbar or sacral
segments of the spinal cord.”21 Incomplete injury is
used to describe the SCI patient with preservation
of motor or sensory function below the level of
injury. When all function is lost, including loss of
rectal, motor, and sensory function, the injury is
deemed complete. In the patient with a complete
injury, the dermatomes and myotomes caudal to
the neurologic level that remain partially innervated
are named the “zone of partial preservation.”

The sensory examination should be performed
by assessment of light touch and pinprick in 28
defined areas (Fig. 1). The motor examination
should be performed by testing 10 key muscle
groups bilaterally on a scale of 0 (complete loss of
function) to 5 (normal strength) (Table 3). ASIA
defines the motor level as the level with at least
grade 3/5 strength, provided that the next most ros-
tral level key muscle has 5/5 strength. At the com-

pletion of the neurologic examination, the patient is
classified according to the ASIA system (Table 4).
Sometimes, the SCI can be further classified ac-
cording to a specific syndrome. This subsequent
classification has some prognostic importance (Ta-
ble 5).22-25 Figure 2 illustrates an uncomplicated case
of a complete C5 quadriplegia.

IMAGING IN SPINAL TRAUMA
There is controversy as to which investigations are
required to detect a clinically significant SCI or how
many and what kind of x-rays are required to “clear”
the spine. Plain x-rays, CT scans, and MRIs should
be used in combination as directed by the patient’s
clinical condition and by the resources available at
the treating institution.

X-rays
The initial radiologic investigation should include
cervical spine x-rays, including anteroposterior and
lateral films to include the C7 to T1 junction and
an open-mouth view demonstrating the odontoid
process of C2 and lateral masses of C1. Swimmer’s
views may be required if the C7 to T1 junction is
not visualized on the initial lateral x-ray. This col-
lection of x-rays is frequently called a “trauma se-
ries.” The cervical spine x-rays remain the first line
of investigation for evaluation of the cervical spine
in a trauma patient. They are recommended for any
trauma patient except for the alert, nonintoxicated,
and neurologically intact patient without neck
pain.

A single lateral cervical spine x-ray to rule out
injury has been shown to be less than acceptable.
The sensitivity reported by MacDonald and associ-
ates26 for lateral views of the cervical spine, includ-
ing the swimmer’s view, was 83%. In another study,
Woodring and Lee27 found that a cross-table lateral
film and trauma series detected only 68% and 77%
of the patients with cervical fractures, respectively.
Most of the missed fractures were at C2 and the C7
to T1 junction. Although many of the fractures that
are missed using plain films do not necessarily lead
to delayed neurologic deficit, we need to improve
our diagnostic sensitivity by using additional
techniques.

CT
CT scans in the setting of spinal trauma can signif-
icantly enhance the diagnostic yield for fracture and
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have largely supplanted tomography in fracture de-
tection. With the advent of helical CT, the time
required for imaging has been reduced. In a study
by Nunez and coauthors,28 the addition of CT scan-
ning in the evaluation of trauma patients resulted in
more rapid clearance of the cervical spine and de-
tection of some fractures that would have been
missed by plain x-ray. In their retrospective study,
they found that 32 of 88 patients had cervical frac-
tures that were not revealed or were incompletely
demonstrated without helical CT.

MRI
In a patient with a concomitant severe head injury,
the cervical spine becomes more difficult to clear. If
a fracture is not detected by plain x-rays or cervical
CT scans, ligamentous injuries alone may be
present and result in cervical instability. In the co-
matose, sedated, or uncooperative patient, flexion-
extension x-rays of the cervical spine may provide
insight into ligamentous stability but are risky, and
their use is discouraged. MRI can be used to assess
ligamentous injury. Recently, D’Alise and col-
leagues29 used MRIs of the cervical spine in 121

comatose or obtunded trauma patients. D’Alise and
colleagues29 found that 25.6% of the patients had
pronounced soft-tissue injuries and 6.6% of the pa-
tients required surgical treatment. None of these
injuries was identified by the trauma series. In con-
trast, Klein and associates30 found that MRI could
miss up to 90% of posterior-element fractures de-
tected by CT scan. The time, cost, and the manip-
ulation required for transport to MRI are limiting
factors in some critical-care patients.

MRI can be useful both as a diagnostic and
prognostic tool. It is clearly the gold standard for
imaging any spinal cord pathology. Hematomas,
traumatic disc herniation, or associated soft tissue
injury can significantly influence the treatment
plans for patients with SCI, and MRI is required in
most of these patients.

PATHOPHYSIOLOGY
The “primary” injury is defined as the one that oc-
curs immediately at the scene of the accident. If the
forces are of sufficient magnitude to overcome the
resistance of the osteoligamentous structures of the
spine, the energy is transmitted to the spinal cord,
creating the primary injury. These forces may result
in contusion, hemorrhage, shear, or laceration of
the spinal cord.31

“Secondary” injury processes follow the pri-
mary injury and include disruption of the microcir-
culation, loss of autoregulation, edema, anoxia, and
ischemia. These may be followed by calcium toxic-
ity, lipid peroxidation, or free-radical activation.
Some of the cells submitted to these processes may
ultimately die, potentially contributing to the pa-

Table 3. Key Muscles According to the American Spinal Injury Association

Key
muscle
groups Roots Movement Muscles

1 C5 Elbow flexion Biceps, brachialis
2 C6 Wrist extension Extensor carpi radialis longus and brevis
3 C7 Elbow extension Triceps
4 C8 Finger flexion, middle finger Flexor digitorum profundus
5 T1 Small finger abductors Abductor digiti minimi
6 L2 Hip flexor Iliopsoas
7 L3 Knee extensors Quadriceps
8 L4 Ankle dorsiflexion Tibialis anterior
9 L5 Long toe extensors Extensor hallucis longus

10 S1 Ankle plantar flexion Gastrocnemius, soleus

Table 4. Injury Classification According to the
American Spinal Injury Association

Class Explanation

A Complete motor and sensory loss
B Incomplete sensory preservation, complete motor loss
C Incomplete motor loss with more than 50% of muscles

with strength ,3/5
D Incomplete motor loss with more than 50% of muscles

with strength .3/5
E Normal

594 Belanger and Levi Spinal Cord Injury J Am Coll Surg



thology of the initial injury or explaining incom-
plete neurologic recovery after injury (Fig. 3).

Some of the initially surviving cells may activate
intracellular proteases, ultimately leading to self-
destruction. Apoptosis6 is known to occur in a va-
riety of neurologic disorders, including human SCI.
In the future, protease inhibitors may be able to halt
apoptotic cell death and may have the potential to
be used in the clinical arena.

MEDICAL TREATMENT

Steroids
Steroids have proved beneficial in acute SCI in at
least two randomized, prospective, blinded, multi-
center trials: the National Acute Spinal Cord Injury
Study (NASCIS) II32 and III.33 In the subgroup of
patients treated within 8 hours of injury, NASCIS
II demonstrated statistically significant improve-
ments in neurologic recovery. Methylprednisolone
was administered at 30mg/kg as a loading dose over
the first 15 to 30 minutes, followed by 5.4mg/kg
for the next 23 hours. No benefit was observed for
those who received their first dose of steroid later
than 8 hours. This study led to the widespread use
of steroids for the treatment of SCI patients in
North America. In 1997, NASCIS published their
third study.33 Their recommendation for patients
who could receive the drug within 3 hours of injury
was to give the NASCIS II protocol (24 hours of
treatment). Patients who began treatment between

3 and 8 hours obtained better recovery if they re-
ceived the drug for 48 hours. The slight gains in
neurologic recovery were not without risk; for in-
stance, the 48-hour treatment group had signifi-
cantly higher rates of sepsis (2.6%) and pneumonia
(5.6%) compared with the 24-hour group (0.6%
and 2.6%, respectively).

The two NASCIS studies have been and will
continue to be highly criticized. Nesathurai4 has
argued that the studies are statistically flawed, con-
tain ambiguous results, and have poor definition of
end points. In his article, he describes how a patient
can appear to be improved with the motor scale
system used in the study without having any clini-
cally significant improvement. Nesathurai4 has de-
manded that the medical community organize an
“impartial blue-ribbon panel of clinicians and stat-
isticians to reanalyze the NASCIS II and III pri-
mary data.”

Monosialic Ganglioside GM-1
Gangliosides have proved to enhance recovery after
SCI.34,35 In a randomized, prospective, placebo-
controlled trial on GM-1 done in Maryland, the
recovery rate was significantly improved compared
with the control group.35 The recovery rate to
strength of 3/5 or 4/5 for muscles that were initially
paralyzed was 51.7% in the treated group and
25.3% in the control group. In contrast, weak, non-
paralyzed muscles recovered to the same extent in

Table 5. Spinal Cord Injury Syndromes

Syndrome Description

Acute traumatic central cord
syndrome and cruciate
paralysis22

Disproportionate weakness of both arms and hands with relative preservation of leg function

Brown-Séquard syndrome23 Physiologic hemisection of the spinal cord
Ipsilateral reduction or loss of proprioception and motor function
Contralateral reduction or loss of pain and temperature

Anterior spinal cord syndrome Preservation of proprioception with bilateral loss of motor and other sensory function below
the level of injury

Conus medullaris syndrome Mixture of upper and lower motor neuron findings with prominent sphincter disturbance
Cauda equina syndrome Injury to nerve roots (lower motor neuron) arising from the conus with distal lower-

extremity weakness
Spinal cord concussion24,25 Transient motor and sensory impairment with complete spontaneous recovery in less than

48 h. These injuries are often sports related and often resolve in less than 15 min.
SCIWORA A condition observed mainly in children and young adults. Traditional radiographs are

negative for fracture or subluxation, but the MRI may show signal change in the spinal
cord or spinal ligaments and soft tissues. The prognosis for these injuries is good.

SCIWORA, spinal cord injury without radiographic abnormality.
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both groups. The study included only 34 patients
and, in the next few months, the results of the mul-
ticenter trial should be available.

SURGICAL TREATMENT

Options
The shortterm goal of the surgeon who treats SCI
patients is to place the spinal cord and nerves in an
optimal milieu for recovery. This may be accom-
plished by decompressing neurologic structures or
correcting bony deformities. To accomplish these
tasks, strategies range from an external orthosis to
surgical intervention. The best treatment for each
fracture type must be considered on an individual
basis. Factors influencing the decision include the

experience of the surgeon, the chance of fusion with
external orthosis versus operation, the degree of spi-
nal canal compromise or deformity, and the indi-
vidual’s compliance with recommendations. An in-
dividual fracture may have more than one surgical
solution. For example, bilateral cervical facet frac-
ture dislocations can be managed with posterior fix-
ation using lateral mass plates or interspinous ca-
bles36 or with an anterior approach using a bone
graft and unicortical anterior plates.37 The details of
managing individual spine fractures are beyond the
scope of this article.

If x-rays demonstrate spinal malalignment in
the cervical area, traction can be applied for both
stabilization and reduction of the fracture. There is
evidence from animal studies that early decompres-
sion can lead to substantial neurologic recovery.38

For most cervical fractures presenting with mal-
alignment and cord compression (Fig. 4), an initial
attempt at closed reduction should be pursued.
Traction is applied to the head with Gardner-Wells
tongs, and reduction is accomplished either manu-
ally with fluoroscopy or by successively adding
more weight to the traction. One has to be very
careful to avoid overdistraction. Frequent followup
radiographic and neurologic examinations are nec-
essary. The classic teaching of a maximum of 5lb of
traction per cervical level sometimes underestimates
the weight required to achieve reduction. Cotler
and associates39 used up to 140lb of traction to
achieve reduction of some cervical dislocations.
They did not document any complications related
to this practice. Occasionally, closed reduction with
traction is not possible and an open reduction and
fixation is required. In many patients, closed reduc-
tion is followed by internal fixation and by bone
grafting.

Once the malalignment is externally reduced,
the timing of subsequent interventions is also im-
portant. If the injury is judged to have a good po-
tential for healing without operation, the SCI pa-
tient may be placed in a hard collar or a halo vest
and will benefit from aggressive early mobilization.
If surgical treatment is elected, one must rely on the
scarce retrospective data available on that subject to
plan the proper timing of the intervention. This
issue is controversial and is reviewed in the para-
graphs below.

Figure 2. Case illustration: A 30-year-old man sustained a severe
fracture dislocation of C5 on C6. On admission, the strength of
his deltoids was 4/5 and his biceps were 2/5, with no voluntary
movement below that level. Sensory examination demonstrated
bilateral sensation to pinprick and light touch on the lateral part
of the shoulder (C5) and on his thumb (C6). He had no sensation
below. He had no rectal tone and had lack of sparing of sacral
sensation. This patient sustained a complete C5 spinal cord in-
jury (American Spinal Injury Association class A).
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Timing of surgery
Human data. In a recent review of the litera-

ture, Fehlings and Tator40 were unable to draw any
definite conclusions on the correct timing of surgi-
cal intervention for SCI. They found only class II
evidence that operations earlier than 25 hours or
later than 200 hours are equally safe and effective.
Duh and coworkers41 examined the data from NAS-
CIS II and found a suggestion of worse outcomes
for patients operated on between 25 and 200 hours.
It was hypothesized that the spinal cord may be
maximally edematous between day 2 and day 4 and
more susceptible to damage during surgical manip-
ulation. A randomized, prospective study was con-
ducted by Vaccaro and colleagues42 on the timing of
operations for SCI. They randomized their acute-
injury group to either early (less than 72 hours) or

late (later than 5 days) operation. They did not find
any differences in neurologic outcomes between the
groups.

Animal data. Animal studies have demon-
strated benefit from early decompression in incom-
plete SCI.43 Delamarter and associates43 used a spi-
nal cord compression model in dogs to study the
recovery rate after decompression at different times
after a compressive insult. Dogs decompressed im-
mediately and at 1 hour had significantly better
recovery than those decompressed at 6 hours or
later. The animals treated later did not achieve any
notable recovery and underwent progressive spinal
cord necrosis. If we extrapolate from the animal
data, the window of opportunity for decompression
appears to be very short (a few hours). To achieve
decompression either operatively or nonoperatively

Figure 3. Secondary injury mechanisms. ATP, adenosine triphosphate; SCBF, spinal cord blood flow.
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in the first hours after injury is difficult. One should
add the time needed for transportation to the hos-
pital, initial systemic stabilization, radiologic inves-
tigations, and the time required for attaining the
decompression.

PREDICTING OUTCOMES

Acute mortality rate
The acute mortality rate for cervical SCI within the
first 3 months is approximately 21%.11 In the acute
setting, age, neurologic level, and GCS are known
to be independent predictors of mortality.

Clinical examination as a predictor of outcomes
The 3-day neurologic examination appears to be
one of the most accurate and practical predictors of
outcomes.44,45 In the emergency room, the neuro-
logic examination can be tainted by alcohol, drugs,
medications, shock, and other factors. It is not un-
common to see marked improvement in the first 24
hours after injury. In general, in complete tetraple-
gia (ASIA class A), we can expect the recovery of one
root with muscle strength graded as 1/5 or 2/5, and
some patients will recover to 3/5.46 In a study by
Maynard and associates,45 none of the cognitively
intact patients without sensory or motor function at
72 hours was ambulating at 1 year. Motor-complete
and sensory-incomplete tetraplegia (ASIA class B)
have been divided into two groups by Crozier and
colleagues.47 In the group of patients with pin ap-
preciation and light touch, eight of nine patients
became ambulatory. In the group with only light
touch appreciation, only 2 of 18 became ambula-
tory. Within the incomplete injury group (ASIA
class C), Burns48 found a 91% and 42% ambulatory
rate for patients younger and older than 50 years,
respectively. In this latter study,48 all ASIA class D
patients became ambulatory at the time of dis-
charge from rehabilitation. Maynard and cowork-
ers45 reported ambulatory rates 1 year after injury as
predicted by the 72-hour neurologic examination;
they were 0% for complete injuries, 47% for sen-
sory incomplete injuries, and 87% for the motor
incomplete injuries (Table 6).

Age and SCI syndrome as predictors of outcomes
Age is also strongly associated with recovery. As a
rule, for the same injury, younger patients recover
significantly more often than older individuals,
with a significantly lower general complication rate.
DeVivo and coworkers49 found that patients older
than 61 years were 2.1, 2.7, and 5.6 times more
likely to have pneumonia, gastrointestinal hemor-

Figure 4. Sagittal proton density MRI of the cervical spine after
acute trauma. Severe cord compression resulting from the frac-
ture dislocation is evident. This patient has a severe spinal cord
injury (American Spinal Injury Association class A).

Table 6. Predicting Outcomes Based on the American Spinal Injury Association Class

Class Expected average 1-y recovery

A One root level and muscle with 1/5 or 2/5 strength on admission will recover to 3/5 or greater.
B 37% will regain 3/5 strength in one or both lower limbs. Unlikely to become ambulatory.
C Up to 76% of patients with “motor useless” strength recover to motor useful or normal.
D All patients become ambulatory by the time of discharge from rehabilitation.
E Intact (by definition)
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rhage, and pulmonary embolus, respectively. They
also found an inverse linear relation between age
and the number of individuals able to take care of
themselves at discharge.

Among patients with central cord syndrome,
Penrod and coworkers50 found that 97% of patients
younger than 50 years and 41% of patients older
than 50 years were ambulatory. Waters and coau-
thors51 reported on patients with SCI presenting
with spondylosis without spinal fracture. They
found that patients on average doubled their initial
ASIA motor score at 1 year. Central cord syndrome
in young patients seems to have a relatively good
prognosis.

MRI as a predictor
In a recent study, Selden and colleagues52 evaluated
early MRI as a prognostic indicator in acute SCI.
They found that hematoma in the spinal cord, the
extent of the spinal cord hematoma, the extent of
spinal cord edema, and spinal cord compression
were associated with poorer outcomes. In a similar
study, Flanders and coworkers53 found that hema-
toma and the length of edema predicted worse out-
comes. In the former study, the best predictor re-
mained the initial clinical examination.

CHRONIC SPINAL CORD INJURY

Posttraumatic syringomyelia
Syringomyelia represents an accumulation of fluid
in the spinal cord lined by reactive gliosis. Hydro-
myelia is defined as dilation of the central canal and
is lined by ependyma cells. The two conditions are
pathologically distinct but less easily distinguish-
able using clinical criteria. Most clinicians use the
terms hydrosyringomyelia, syringomyelia, and hy-
dromyelia interchangeably to describe an abnormal
fluid collection in the spinal cord. In this article, we
use the most prevalent term in the literature:
syringomyelia.

The incidence of posttraumatic syringomyelia
depends on the level of injury and its severity.
Rossier and associates54 reported an incidence of
3.2% among 951 SCI patients. They reported a rate
of 7.9% and 4.5% for tetraplegic and paraplegic
patients, respectively, and a rate of 3.9% and 2.4%
for complete and incomplete injuries, respectively.
The symptoms can appear as early as 3 weeks55 after

injury but may be delayed by as much as 36 years.56

The diagnosis is delayed an average of 2 to 3 years
after the appearance of the first symptoms.57 The
natural history of untreated syringomyelia is diffi-
cult to predict. In the prospective study by Schurch
and associates,57 3 of 13 patients reported new def-
icits and worsening of existing symptoms after the
diagnosis was established.

One of the most common and disturbing pre-
senting features is pain. Classic symptoms include
dissociated sensory loss (loss of pain and tempera-
ture with preserved proprioception) in a suspended
territory, progressive motor deterioration, and
other sensory disturbances. With further progres-
sion, Charcot’s arthropathy, muscle wasting, and
loss of reflexes can supervene. Patients tend to
present with a slow, chronic loss of function, dom-
inated by pain.

The pathophysiology of posttraumatic syrinx
formation remains debated. One of the modern
theories proposes that cyst formation is caused by
local abnormalities of cerebrospinal fluid (CSF)
flow. The initiating factor can be an increase in the
resistance of the CSF flow locally caused by fibrosis,
arachnoiditis, dural compression, or spinal deform-
ity. Transudation of CSF from the high-resistance
subarachnoid space occurs through perivascular
spaces (Virchow-Robin spaces) to a dilated central
spinal cord cavity.59

When syringomyelia is clinically suspected, the
imaging modality of choice is MRI (Fig. 5). The
syrinx can be defined in multiple planes. The caus-
ative factor, such as arachnoiditis or deformity, can
be further delineated. The classic MRI finding is an
increased diameter of the spinal cord caused by the
fluid collection. The signal parallels the CSF signal.
A variable number of septations may be present
throughout the syrinx. A CSF flow dynamic study
(cine MRI) can be done to assess the fluid flow
surrounding the syrinx. The rostral and caudal syr-
inx’s extension varies from a few spinal segments to
involvement of the entire spinal cord.

When MRI is contraindicated or when spinal
instrumentation would create artifact in the area of
interest, a CT myelogram may be performed as an
alternative method of investigation. The syrinx ap-
pears as a dilatation of the spinal cord, which be-
comes hyperdense on delayed films because of the
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delayed migration of the intrathecal contrast into
the syrinx.

When symptomatic and progressive clinical de-
terioration occurs, one should strongly consider a

surgical approach with the goal to reverse some of
the symptoms and to prevent further deterioration.
Most neurosurgeons agree on the surgical indica-
tions for treatment, but there is a discrepancy of
opinion on the best treatment modality. The op-
tions include simple cyst aspiration,56,59 which is
prone to a high recurrence rate; a CSF diversion
procedure, such as from the syrinx to the subarach-
noid space, pleura, or to the peritoneal cavity; spinal
cord untethering and duraplasty; and any combina-
tion of these treatments. Spinal cord transection at
the level of a syrinx, but below an area of complete
neurologic dysfunction (eg, paraplegia), has also
been reported.60

Failure rates of operations consisting only of
shunting from the syrinx to the subarachnoid, pleu-
ral, or peritoneal space have been reported to be as
high as 50% to 92%.61 Spinal cord untethering,
deformity correction, and correction of residual spi-
nal cord compression address directly the cause of
the syrinx—the CSF flow abnormality. A wide lam-
inectomy should be performed, followed by spinal
cord untethering and deformity correction supple-
mented by a syringo-subarachnoid shunt. The dura
is closed in a watertight fashion with an expansile
cadaveric dural or synthetic graft patch. We try to
create an increased space around the cord to rees-
tablish free CSF flow. Correction of spinal deform-
ity is critical in preventing cord retethering and syr-
inx recurrence.

Figure 5. Axial (A) and sagittal (B) T1-weighted images demon-
strating a posttraumatic syrinx. The spinal cord is expanded and
has a cyst within it containing fluid with signal characteristics
similar to those of cerebrospinal fluid.
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Figure 6. Case illustration of a patient with a posttraumatic ky-
photic cervical deformity secondary to a failed posterior fusion.
(A) CT scan with sagittal reconstructions of the cervical spine
demonstrates a kyphotic deformity associated with a marked re-
duction of the size of the canal at the apex of the deformity. (B)
MRI T2-weighted image demonstrating the posttraumatic deform-
ity, spinal cord compression, spinal cord tethering, and a post-
traumatic syrinx. Note also some artifacts produced by the wires
used in the failed operation. (C) Postoperative plain x-rays show-
ing correction of the deformity using both anterior and posterior
instrumentation. The patient also underwent spinal cord unteth-
ering and a syringo-subarachnoid shunt. (Courtesy of Dr J Guest,
University of Miami, Miami, FL.)
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Spinal cord tethering
As a result of the primary and secondary injury, the
spinal cord and the surrounding arachnoid are sub-
jected to inflammation. Hemorrhage in the vicinity
of the injured cord probably aggravates this process.
The inflammation may cause some localized arach-
noiditis, which could impair CSF flow or create
adhesions between the cord and the dura (spinal
cord tethering). The pulsatility of the flow on the
adherent cord and the loss of the slight normal up-
ward and downward movement of the cord, which
occurs in flexion and extension, progressively con-
tribute to the spinal dysfunction seen in these
patients.

This subset of SCI patients present with pro-
gressive motor dysfunction and marked pain. They
are sometimes indistinguishable from patients who
have syringomyelia but who lack the dissociated
sensory loss and loss of reflexes. On imaging studies,
the spinal cord is tethered but cyst formation is
lacking.62 As for syringomyelia, the imaging modal-
ity of choice is MRI.

When progressive symptoms occur, surgical in-
tervention may be offered to the patient. The high-
lights of these procedures are wide laminectomies,
lysis of arachnoidal adhesions without creating any
new deficits, and closure with an expansive dura-
plasty. We aim to create a space around the cord so
that CSF can flow freely, and the cord is away from
the dura to prevent retethering. With this tech-
nique, up to 79% of patients improve with respect
to motor function and pain postoperatively.63

Progressive spinal deformity
Unfortunately, despite good initial treatment of the
primary injury, the occasional patient may suffer
from progressive spinal deformity. This can present
with progressive loss of neurologic function (both
motor and sensory), pain, and visible deformity. In
the face of a progressive functional loss, increasing
pain, or increasing deformity, the physician should
consider an operation to halt the deterioration (Fig. 6).

The goals of the operation are to protect or
increase the neurologic function, to decrease or
abolish the pain, and to restore spinal alignment.
Obviously, the optimal treatment must be individ-
ualized according to the specific presentation and
x-ray appearance. Often this requires an initial an-
terior surgical approach for spinal cord decompres-

sion and loosening of the bone and ligament, ante-
rior correction of the deformity with graft, and
instrumentation followed by a posterior instru-
mented fusion. In certain patients, correction of
deformity can be accomplished with only a poste-
rior approach.63 Spinal cord monitoring with either
somatosensory evoked potentials or motor evoked
potentials is useful in patients with residual spinal
cord function.

Spasticity
Spasticity is a motor disorder characterized by a
velocity-dependent increase in muscle tone second-
ary to upper motor neuron injury. The failure of
inhibitory input from descending brain stem cen-
ters to reach their target in the spinal cord allows
exaggeration of the excitatory afferent input from
proprioceptive pathways.64 Troublesome spasticity
is reported to occur in more than 25% of SCI pa-
tients.65 Spasticity impairs rehabilitation, self-care,
and sleep, and can also cause pain. The treatment
begins with stretching exercise and physical therapy.
If this alone is ineffective, oral medication can be
tried. The drug of choice is baclofen, which is a
g-aminobutyric analogue.66 Other useful medica-
tions include diazepam, dantrolene sodium, and
clonidine. For the symptomatic patient in whom
oral agents are ineffective or poorly tolerated, one
should consider delivering the drug directly into the
thecal sac with an implantable pump. This form of
treatment has been effective in decreasing spasms,
with improvement in activities of daily living. Bot-
ulinum toxin has also been used with success in SCI
patients.67 The drawbacks of this approach are the
high cost and short duration of benefit. When all
conservative treatments have failed, the rare patient
may benefit from an ablative procedure such as
neurectomy, spinal cord tractotomy, and other de-
structive procedures.
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