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Introductory Article

A Clinical Practice Guideline for the
Management of Acute Spinal Cord Injury:
Introduction, Rationale, and Scope

Michael G. Fehlings, MD, PhD, FRCSC, FACS1,2, Lindsay A. Tetreault, PhD1,3,
Jefferson R. Wilson, MD, PhD2,4, Brian K. Kwon, MD, PhD5,
Anthony S. Burns, MD, PhD2, Allan R. Martin, MD1,
Gregory Hawryluk, MD, PhD6, and James S. Harrop, MD7

Abstract
Acute spinal cord injury (SCI) is a traumatic event that results in disturbances to normal sensory, motor, or autonomic function
and ultimately affects a patient’s physical, psychological, and social well-being. The management of patients with SCI has drastically
evolved over the past century as a result of increasing knowledge on injury mechanisms, disease pathophysiology, and the role of
surgery. There still, however, remain controversial areas surrounding available management strategies for the treatment of SCI,
including the use of corticosteroids such as methylprednisolone sodium succinate, the optimal timing of surgical intervention, the
type and timing of anticoagulation prophylaxis, the role of magnetic resonance imaging, and the type and timing of rehabilitation. This
lack of consensus has prevented the standardization of care across treatment centers and among the various disciplines that
encounter patients with SCI. The objective of this guideline is to form evidence-based recommendations for these areas of con-
troversy and outline how to best manage patients with SCI. The ultimate goal of these guidelines is to improve outcomes and reduce
morbidity in patients with SCI by promoting standardization of care and encouraging clinicians to make evidence-informed decisions.
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Introduction and Background Information

Acute spinal cord injury (SCI) is a traumatic event that results

in disturbances to normal sensory, motor, or autonomic func-

tion and ultimately affects a patient’s physical, psychological,

and social well-being. Acute SCI consists of a primary phase

and a secondary phase.1 The initial traumatic impact to the

spinal cord, in the form of fracture or dislocation, causes

microhemorrhages in the white and grey matter, axonal

damage, and cellular membrane destruction.2 Following the

primary injury, a cascade of pathophysiological events results

in impaired neuronal homeostasis, apoptosis, and tissue

destruction. These include (1) edema and the release of

coagulation factors and vasoactive amines, (2) ionic imbal-

ance and formation of free radicals, and (3) an increased

release of the excitatory neurotransmitter glutamate.3,4 Acute

SCI can significantly impair a patient’s quality of life,

functional status, and social independence.

The incidence and prevalence of acute SCI have been esti-

mated at both national and regional levels in countries

throughout the world. Sekhon and Fehlings reported an annual

global incidence of acute SCI of 14 to 40 per million.5 In a

review of the literature, Singh et al summarized the results from

several epidemiological studies and concluded that the highest

reported national incidence was in New Zealand (49.1 per mil-

lion) and the lowest in Fiji (10.0 per million) and Spain (8.0 per
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million).6 Of the states and provinces in North America, the

crude annual incidence of SCI was highest in Alaska (83 per

million) and Mississippi (77 per million) and lowest in Ala-

bama (29.4 per million). There is a high male-to-female ratio of

patients suffering from SCI and an age of peak incidence of

younger than 30 years. Motor vehicle accidents are the primary

cause of SCI, followed by falls in the elderly population.

The management of acute SCI requires significant health

care resources and can place substantial financial burden on

patients, their families, and the community. These costs are

associated with a need for high-level acute care in the short

term along with complication management in the long term.

According to Krueger et al, the estimated lifetime economic

burden associated with SCI in Canada is between CAD$1.47

million for incomplete paraplegia and $3.03 million for a

patient with complete tetraplegia.7 Furthermore, the total

annual estimated economic burden of SCI in Canada is $2.67

billion ($1.57 billion in direct costs and $1.10 billion in indirect

costs). Given the effects of SCI at both individual and societal

levels, there is a pressing need to identify effective methods to

manage these injuries and reduce the extent of future disability.

Rationale and General Scope

SCI is a devastating injury that significantly impairs a patient’s

quality of life, functional status, and social independence. The

management of patients with SCI has drastically evolved over

the past century as a result of increasing knowledge on injury

mechanisms, disease pathophysiology, and the role of surgery.

There still, however, remain controversial areas surrounding

certain management strategies for the treatment of SCI, includ-

ing the use of corticosteroids such as methylprednisolone

sodium succinate (MPSS), the optimal timing of surgical inter-

vention, the type and timing of anticoagulation prophylaxis, the

role of magnetic resonance imaging (MRI), and the type and

timing of rehabilitation. This lack of consensus has prevented

the standardization of care across treatment centers and across

the various disciplines that encounter patients with SCI.

This guideline is divided into five sections. The following

sections describe the key knowledge gaps, previous published

guidelines, and rationale for each topic.

Timing of Surgical Decompression

The first section of this guideline aims to define the optimal

timing of surgical decompression by comparing outcomes and

safety between patients decompressed early (�24 hours of

injury) versus late (>24 hours of injury). Preclinical evidence

has suggested that persistent compression of the spinal cord

after the primary injury represents a reversible form of second-

ary injury, which, if ameliorated in an expeditious fashion, may

lead to reduced neural tissue injury and improved outcomes.8-10

In the early acute phase of SCI, occurring from minutes to

hours, pathophysiological changes include vasogenic edema,

microvessel vasospasm, thrombosis, ion imbalance, loss of

sodium gradient, release of neurotoxic opioids, inflammation,

lipid peroxidation, glutamatergic excitoxicity, cytotoxic

edema, and formation of free radicals.2 From days to weeks

postinjury, also known as the subacute phase, mechanisms of

cellular injury include microglial stimulation, macrophage acti-

vation, and apoptosis. In a review by Fehlings et al, the results

of several experimental studies were summarized to determine

the impact of early decompression on outcomes.10 Based on 4

studies, early decompression improved neurological recovery

and evoked potentials in dogs and rats. Furthermore, in a meta-

analysis by Batchelor et al, compressive pressure significantly

influenced neurobehavioral outcomes, with higher pressures

generally associated with smaller effect sizes.11

Across clinical studies, several different time thresholds

have been used to define “early” versus “late” surgical decom-

pression; the heterogeneity of definitions has prevented the

formation of strong conclusions surrounding the optimal timing

of surgical intervention. The Spinal Trauma Study Group iden-

tified the first 24 hours as the most promising time window

during which decompression may afford neuroprotection.12

Unfortunately to date, no surgical guideline exists that rigor-

ously explores the merits of early versus late surgical decom-

pression for SCI, relative to the 24-hour threshold. Previous

guidelines on the topic of surgical timing indicated that there

was class II evidence to support (1) that early surgery (<72

hours) can be performed safely in patients with SCI if they

have hemodynamic optimization, (2) a recommendation for

urgent reduction in bilateral locked facets in patients with

incomplete tetraplegia, and (3) a recommendation for urgent

decompression in patients with SCI with neurologic

deterioration.10

Perhaps the most controversial area with respect to timing of

surgery is when to decompress patients with acute central cord

syndrome without instability. The first studies published on this

topic advised against surgery in these patients as spontaneous

improvement could occur, and because decompression of a

“fragile” spinal cord could result in neurological worsening.13

More recent literature has suggested that surgery may be valu-

able in these patients as it can address the underlying degen-

erative pathology, stabilize the spine if necessary, reduce

secondary injury cascades, decrease the risk of future cata-

strophic events, and accelerate neurological recovery.14 The

timing of intervention, however, remains controversial, and it

is often debated whether these patients should be treated simi-

larly to those with acute SCI. The overall objective of this

guideline is to address these knowledge gaps and advise sur-

geons on the timing of intervention in patients with acute SCI

and central cord syndrome.

The Use of Methylprednisolone Sodium Succinate

The second section of this guideline aims to define the efficacy

and safety of MPSS in patients with acute SCI. MPSS is a

corticosteroid that has been used across a wide spectrum of

disease due to its potent anti-inflammatory actions. Early pre-

clinical studies demonstrated that glucocorticoids can have

profound beneficial effects on the injured spinal cord;
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specifically, MPSS can prevent the loss of spinal cord neuro-

filament proteins, facilitate neuronal excitability and impulse

conduction, improve blood flow, enhance NaþKþ-ATPase

activity, and preserve the cord structure by decreasing lipid

peroxidation and preventing ischemia-induced tissue

damage.15-17

Several randomized controlled trials have investigated the

potential efficacy and safety of MPSS in patients with acute

SCI and comprise the largest therapeutic studies completed in

the history of SCI research.18-21 In particular, the National

Acute Spinal Cord Injury Study (NASCIS II) by Bracken

et al19 supported a small but clinically important improvement

in neurological function for patients who received a 24-hour

infusion of this drug within 8 hours of injury. Unfortunately,

this article has been the target of intense criticism, with con-

cerns including the reliance on subgroup analysis, the small

reported effect size for neurologic improvement, and the poten-

tial for harmful and serious adverse events.

In a guideline published in 2002, an expert panel from the

American Association of Neurological Surgeons (AANS)/Con-

gress of Neurological Surgeons (CNS) agreed that there was

insufficient evidence to support treatment standards and guide-

lines for the use of MPSS in the context of SCI.22 Nonetheless,

MPSS for either 24 or 48 hours was recommended as an option

for the treatment of these patients; the use of MPSS, however,

should be undertaken with the knowledge that the evidence

suggesting harmful side effects is more consistent than any

suggestion of clinical benefit. In 2013, the AANS/CNS pro-

posed different recommendations for the use of MPSS despite a

similar evidence base.23 Specifically, this group developed a

level I recommendation against this treatment based on the

following reasons: (1) the drug is not Food and Drug Admin-

istration approved for this application, (2) there is no class I or

II evidence supporting the clinical benefit of MPSS, and (3)

class I, II, and III evidence exist that high-dose steroids are

associated with harmful side effects, including death. These

conflicting recommendations, as well as ongoing debate within

the clinical community, leaves the attending physician in a

precarious position when faced with the decision to administer

this treatment in the acute care setting.

Consequently, this guideline aimed to bridge the gap

between the 2002 and 2013 AANS/CNS guidelines and resolve

existing controversy in the literature surrounding the use of

MPSS. Based on the current body of literature, the guideline

development group agreed it was necessary to distinguish

between the following groups: (1) a 24- versus a 48-hour

administration of MPSS and (2) administration of MPSS within

versus after 8 hours of injury. As a result, any discrepancies

between these recommendations and those proposed in 2002 or

2013 are likely a result of these group comparisons.

The Type and Timing of Anticoagulation Prophylaxis

The third section of this guideline aims to outline the appro-

priate type and timing of anticoagulation strategies to prevent

venous thromboembolic events (VTE) in patients with acute

SCI. Patients with SCI are at an increased risk of deep venous

thrombosis (DVT) due to neurologic dysfunction, immobiliza-

tion, intimal injury, and hypercoagulability.24 Furthermore,

these patients experience extensive tissue damage, are often

treated surgically, and may be at a risk of hemorrhage or bleed-

ing around neural tissues. DVTs may propagate and embolize

to the pulmonary system where they may obstruct the pulmon-

ary arteries, leading to a number of life-threatening physiologic

changes, including impaired gas exchange, cardiovascular

compromise, and right-sided heart failure.24

The prevention of DVT and pulmonary embolism through

the use of anticoagulation is critical in this high-risk popula-

tion. Unfortunately, prophylactic treatment in these patients is

also associated with significant risks, including symptomatic

hematoma formation, enlargement of a spinal cord contusion,

worsening of neurologic deficits, bleeding, and mortality.

Guidelines on this topic must carefully consider both the risks

and benefits of each prophylactic strategy, as well as costs,

preferences of key stakeholders, and acceptability.

Two previous guidelines have been developed for the

prevention and treatment of VTE. First, a guideline developed

by the Paralyzed Veterans of America recommended (1) the

early use of mechanical compression devices; (2) the use of

low-molecular-weight heparin plus intermittent pneumatic

compression once primary hemostasis is evident; (3) to not

administer anticoagulation in patients with intracranial bleed-

ing, perispinal hematoma, and hemothorax until bleeding is

stabilized; and (4) vena cava filters in patients with active

bleeding that is anticipated to persist for more than 72 hours.25

Second, a guideline created by the AANS/CNS proposed the

following 8 recommendations (3 level I, 4 level II, and 1 level

III) for the prevention of thromboembolic disease: (1) prophy-

lactic treatment in SCI patients with severe motor deficits; (2)

the use of low-molecular-weight heparins, rotating beds, or a

combination of modalities; (3) the use of low-dose heparin in

combination with pneumatic compression stockings or

electrical stimulation; (4) early administration of VTE

prophylaxis; and (5) a 3-month duration of treatment. In addi-

tion, this guideline recommended against the use of low-dose

heparin therapy or oral anticoagulation alone and the routine

use of vena cava filters.26,27

Although the existing guidelines on anticoagulation strate-

gies are rather extensive, there is still controversy as to the

optimal type and timing of prophylaxis. This current guideline

aims to update and solidify these statements, incorporate the

most recent evidence, and follow new and suggested methodo-

logical standards for developing recommendations.

The Role of Baseline Magnetic Resonance Imaging in
Clinical Decision Making and Prognostication

The fourth section of this guideline aims to outline the role of

baseline MRI in clinical decision making and outcome predic-

tion. Imaging of the spine is an essential part of the initial

management of acute SCI; plain X-rays or computed tomogra-

phy form the basis of standard trauma protocols and can
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identify most fractures and ligamentous injuries.28 These ima-

ging modalities, however, cannot visualize the spinal cord or

the surrounding soft tissues to the same degree as MRI.29 The

potential benefits of MRI in the setting of acute SCI are that

this type of imaging can identify ongoing spinal cord compres-

sion; depict soft tissue structures that are responsible for com-

pression, including disc herniation, epidural hematoma,

intramedullary hematoma, and preexisting canal stenosis;

detect ligamentous instability at the level of injury or at other

spinal levels; and identify vertebral artery injury. Furthermore,

certain MRI features may correspond to the degree of tissue

injury and can help predict neurological, functional, and safety

outcomes. In contrast, potential risks and disadvantages of MRI

include that it (1) requires a patient to be supine for up to 30

minutes, (2) may be risky in trauma patients with respiratory

difficulties or hemodynamic instability, (3) requires substantial

resources to ensure 24-hour availability, and (4) may delay

surgical intervention.

Several previous efforts have been made to develop guide-

lines for the role of MRI in patients with acute SCI, including

the 2002 and 2013 AANS/CNS guidelines and a systematic

review by Bozzo et al.28-30 Unfortunately, these guidelines

do not provide clear evidence-based recommendations on

whether MRI should be performed prior to surgical decompres-

sion and whether MRI features can predict neurological and

functional outcomes following surgery. The 2002 AANS/CNS

guidelines suggested the use of MRI as an option (1) to help

clear the cervical spine and discontinue immobilization in

awake symptomatic patients and obtunded patients; (2) for

patients with cervical fracture-dislocation injury that cannot

be examined prior to closed reduction, and in patients that fail

closed reduction; (3) in adult patients to help diagnose atlanto-

occipital dislocation and provide prognostic information in SCI

without radiographic abnormality; and (4) in pediatric patients

with SCI to exclude cord or nerve root compression, evaluate

ligamentous injury, and predict outcomes.30 The 2013 AANS/

CNS guidelines modified the terminology from “option” to a

level III recommendation for each specific clinical scenario.28

In a systematic review of the literature, Bozzo et al aimed to

better establish the role of MRI in acute SCI.29 This review

generated 3 recommendations: (1) a weak recommendation

that MRI be done in all patients with acute SCI, when feasible,

to direct management; (2) a strong recommendation that MRI

be done in the acute period following a SCI for prognostication;

and (3) a strong recommendation that the sagittal T2 MRI

sequence be included in all MRI protocols to predict neurologi-

cal outcomes. Unfortunately, the evidence to support the role of

MRI in clinical decision making was largely indirect; specifi-

cally, MRI may help diagnose certain clinical entities that, if

present, may influence management decisions, such as ongoing

cord compression, disc herniation, and ligamentous injury.

The Type and Timing of Rehabilitation

The fifth and final section of this guideline aims to outline the

appropriate timing and strategies of rehabilitation following

acute SCI. Rehabilitation commences once a patient is stable

and focuses on preventing secondary complications and opti-

mizing function through the use of compensatory techniques.

The overall objectives of rehabilitation include (1) to improve a

patient’s independence in activities of daily living, such as

bathing, eating, dressing, grooming, and wheelchair use; (2)

to help a patient accept a new lifestyle with respect to sexual

and recreational activities and housing options; and (3) to aid a

patient’s reintegration into society.

The rehabilitation of individuals with SCI can be divided

into 3 phases: acute, subacute, and chronic.31,32 During the

acute and subacute phases of treatment, rehabilitation strategies

focus on preventing secondary complications, promoting neu-

rorecovery and maximizing function. In the chronic phase,

compensatory or assistive approaches are often used, whereas

in the acute and subacute phases, there is a greater emphasis on

techniques that address underlying impairments. Rehabilitation

is critical for patients confronted with a life-altering event such

as a SCI as these individuals are eager and willing to work

toward improving function. Furthermore, patient transition to

a rehabilitation unit maintains patient flow and resource avail-

ability for newly injured individuals.

The optimal management strategies for patients with acute

SCI are difficult to define due to the challenges associated with

rehabilitation research; these include a lack of standardization

of interventions, therapeutic doses and outcome measures, het-

erogeneous populations, superimposed spontaneous recovery,

and problems with group assignment.33 Furthermore, rehabili-

tation often combines multiple treatments that are prescribed

by multiple health care professionals.

Despite these challenges, the Paralyzed Veterans Associa-

tion developed several guidelines that focus on various compo-

nents of rehabilitation, including pressure ulcer prevention and

treatment, preservation of upper limb function, respiratory

management, sexuality and reproductive health, and bladder

management.34-38 For the guideline on pressure ulcer preven-

tion, recommendations were made for risk and risk assessment;

prevention strategies across the continuum of care; assessment

and reassessment following onset of complication; nonsurgical

and surgical treatments; modification of treatment plans; com-

plications of surgery; pressure redistribution; and support sur-

faces. In terms of preserving upper limb function, the

recommendations focused on ergonomics; equipment selec-

tion, training, and environmental adaptations; exercise; man-

agement of acute and subacute upper limb injuries and pain;

and treatment of chronic musculoskeletal pain to maintain

function. Recommendations for respiratory management pro-

vided guidance on the initial assessment of acute SCI; preven-

tion and treatment of atelectasis and pneumonia; medications;

mechanical ventilation; surfactant and positive end expiratory

pressure; complications of short-term and long-term ventila-

tion; weaning from the ventilator; electrophrenic respiration;

sleep-disordered breathing; dysphagia and aspiration; psycho-

social assessment and treatment; education program develop-

ment; and discharge planning. In terms of sexuality and

reproductive health, the guidelines focused on patient
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education; maintenance of sexual well-being; physical and

practical considerations; the effect of injury on sexual function,

responsiveness, and expression; treatment of dysfunction;

effects on infertility; and relationship issues. Finally, recom-

mendations for bladder management provided guidance on

intermittent catheterization; crede and valsalva; indwelling

catheterization; reflex voiding; alpha-blockers; botulinum

toxin injection; urethral stents; transurethral sphincterotomy;

electrical stimulation and posterior sacral rhizotomy; bladder

augmentation; continent urinary diversion; and cutaneous

ileovesicostomy.

These documents by the Paralyzed Veterans Association

guide clinicians on how to manage various components of a

patient’s health in a rehabilitation setting. These guidelines,

however, do not provide an overview of the optimal type and

timing of rehabilitation strategies in patients with acute SCI.

Overall Objective

The main objective of this guideline is to outline how to best

manage patients with acute SCI. This guideline will promote

standardization of care and assist clinicians with decision mak-

ing by providing evidence-based recommendations for contro-

versial areas of patient management. Specific objectives of this

guideline include to outline the optimal timing of surgical

decompression, the use of MPSS, the type and timing of antic-

oagulation, the role of MRI for surgical decision making and

prognostication, and the type and timing of rehabilitation.

Specific Scope and Aspects of Care

This guideline is to be applied in both the acute and rehabilita-

tion phases of acute SCI in adult (�14 years old) patients with

postresuscitation American Spinal Injury Association (ASIA)

grades A to D. Recommendations related to timing of surgical

decompression, the use of MPSS and anticoagulation, and the

role of MRI will specifically apply to patients with blunt inju-

ries, while recommendations related to type and timing of reha-

bilitation will focus on patients with either blunt or penetrating

trauma.

Specific conditions that are not covered in this guideline

include the following:

� SCI in pediatric patients (ie, those under 14 years of age)

� Chronic SCI, defined as persistence of paralysis for�12

months following injury

� Patients without neurological deficit following trauma

� Cord compression due to tumor, hematoma, infection, or

degenerative disease

� Inflammatory diseases or multiple sclerosis

� Patients with injuries to the cauda equina

The following specific treatments and aspects of care are

addressed in this guideline:

� Timing of surgical decompression in patients with SCI

� Efficacy and safety of MPSS in patients with SCI

� Efficacy, safety, and timing of anticoagulation prophy-

laxis in patients with SCI

� Role of baseline MRI in surgical decision making and

prediction of neurologic, functional, and safety out-

comes in patients with SCI

� Type and timing of rehabilitation following SCI

Specific treatments or aspects of care that are not addressed

in this guideline include the following:

� Use of steroids or agents other than MPSS

� Specific methods for decompression or stabilization of

the spine

� Role of computed tomography or radiographic

procedures

� Neural prosthetics, cell therapy, spinal cord stimulators

� Speech/language, pharmacological, and respiration/

breathing therapy

� Use of electrophysiological testing or monitoring

Relevant Definitions for All Sections

� Acute spinal cord injury is defined as sudden onset dam-

age or trauma to the spinal cord resulting in loss of tissue

integrity, which can lead to impaired function, reduced

mobility or sensory dysfunction.

� Incomplete spinal cord injury is defined as sensory and/

or motor sparing in the sacral segments S4-5

� Complete spinal cord injury is defined as no sensory or

motor sparing in the sacral segments S4-5

� Central cord syndrome is defined as an incomplete SCI

injury to the cervical central region of the cord which

presents with greater neurological impairment in the

upper extremities than the lower extremities.39 Central

cord syndrome is usually caused by a hyperextension

cervical injury in people with previous degenerative

pathology. In this guideline, we focused on central cord

syndrome without instability.

� Tetraplegia occurs in cord injuries from C1 to T1

� Paraplegia occurs in cord injuries from T2 to T12

� Penetrating injuries to the spinal cord (for some recom-

mendations) are defined as actual penetration of the

spinal cord tissue such as a gunshot or stab wound.

� Brown Sequard syndrome is defined as an incomplete

SCI and is most commonly caused by penetrating

trauma.

� Blunt injury is defined as an insult causing SCI that does

not penetrate the cord.

� Early surgery is defined as surgical decompression �24

hours of injury, whereas late surgery is defined as

surgical decompression >24 hours of injury.

� Frankel grade is a 5-grade classification system that

assesses spinal cord function. Grade A: complete

neurological injury—no motor or sensory function

detected below level of lesion; Grade B: preserved sen-

sation only—no motor function detected below level of
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lesion, some sensory function below level of lesion pre-

served; Grade C: preserved motor, nonfunctional—

some voluntary motor function preserved below level

of lesion but too weak to serve any useful purpose, sensa-

tion may or may not be preserved; Grade D: preserved

motor, functional—functionally useful voluntary motor

function below level of injury is preserved; Grade E:

normal motor function—normal motor and sensory func-

tion below level of lesion, abnormal reflexes may persist.

� ASIA Impairment Scale is a 5-grade classification

system that assesses spinal cord function.40 Grade A:

complete—no sensory or motor function is preserved

in the sacral segments S4-5; Grade B: sensory incom-

plete—sensory but not motor function is preserved

below the neurological level and includes the sacral seg-

ments, no motor function is preserved more than 3 levels

below the motor level on either side of the body; Grade

C: motor incomplete—motor function is preserved

below the neurological level and more than half of key

muscle functions below the neurological level of injury

have a muscle grade less than 3; Grade D: motor incom-

plete—motor function is preserved below the neurolo-

gical level and at least half of key muscle functions

below the neurological level of injury have a muscle

grade �3; Grade E: normal—sensation and motor func-

tion are graded as normal in all segments.

� International Standards for Neurological Classification

of Spinal Cord Injury (ISNCSCI) Motor Score combines

the Upper Extremity Motor Score (UEMS) with the

Lower Extremity Motor Score (LEMS) to yield a total

score out of 100 (indicates normal).40 The function of

the following muscles is graded from 0 to 5: elbow

flexors (C5), wrist extensors (C6), elbow extensors

(C7), finger flexors (C8), finger abductors (T1), hip flex-

ors (L2), knee extensors (L3), ankle dorsiflexors (L4),

long toe extensors (L5), and ankle plantar flexors (S1).

A score of 0 ¼ total paralysis; 1 ¼ palpable or visible

contraction; 2 ¼ active movement, full range of motion

with gravity eliminated; 3 ¼ active movement, full

range of motion against gravity; 4 ¼ active movement,

full range of motion against gravity and moderate resis-

tance in a muscle specific position; 5 ¼ active move-

ment, full range of motion against gravity and full

resistance in a functional muscle position expected from

an otherwise unimpaired person. Both sides of the body

are tested: upper extremity right (maximum ¼ 25),

upper extremity left (maximum ¼ 25), lower extremity

right (maximum ¼ 25), lower extremity left (maximum

¼ 25).

� ISNCSCI Sensory Score combines Light Touch Scores

with Pin Prick Scores to yield a total score out of 224

(indicates normal).40 The sensation of the dermatomes

C2-S4/5 is evaluated on both the right and left sides of

the body. A score of 0 ¼ absent, 1 ¼ altered, and 2 ¼
normal. Both light touch and pin prick are evaluated

(light touch right, maximum ¼ 56; light touch left,

maximum ¼ 56; pin prick right, maximum ¼ 56; pin

prick left, maximum ¼ 56).

� Functional Independence Measure (FIM) is an 18-item,

clinician-administered scale that evaluates a patient’s

independence in eating, grooming, bathing, dressing

upper extremity, dressing lower extremity, post-

elimination hygiene, bowel management, bladder man-

agement, transfers to bed, chair, or wheelchair, transfers

to tub or shower, transfers to toilet, walking or wheel-

chair propulsion, stair climbing (all included in FIM

Motor Subscore), comprehension, expression, social

interaction, problem solving, and memory (all included

in FIM social-cognitive subscale).41 The total FIM score

ranges from 18 (total dependence) to 126 (total indepen-

dence); motor scores range from 13 (total dependence)

to 91 (total independence); and cognitive scores range

from 5 (total dependence) to 35 (total independence)

� Spinal Cord Independence Measure (SCIM) is a 19-item,

clinician-administered disability assessment tool that

evaluates a patient’s ability to perform basic activities

of daily living.42 The SCIM evaluates 3 key domains:

self-care (6 items related to feeding, bathing, dressing,

and grooming), respiration and sphincter management

(4 items related to respiration, bladder management,

bowel management, use of toilet), and mobility (9 items

related to tasks in the room and toilet, tasks indoors and

outdoors). The total score is out of 100, with a lower

score indicating greater disability.

� The Minimum Clinically Important Difference is the

smallest change in a treatment outcome that a patient

or clinician would define as meaningful.43-45

� A complication is a treatment-related adverse event.

� Methylprednisolone sodium succinate is a corticosteroid

prescribed to relieve inflammation.

� Deep venous thrombosis occurs when a blood clot or

thrombus forms in a deep vein, usually in the lower

limbs.

� Pulmonary embolism occurs when a blood clot or throm-

bus occludes an artery in the lungs.

� Maximum spinal cord compression measures the spinal

cord diameter at the most compressed segment on a

midsagittal MRI against the mean diameter of noncom-

pressed segments from above and below.46

� Maximum canal compromise measures the spinal canal

diameter at the most stenotic segment against the mean

diameter of non-stenotic segments from above and below.46

� Cord swelling is defined as an increase in spinal cord

diameter.47

� Body weight–supported treadmill training is a technique

that partially suspends a patient in a harness in order to

reduce weight bearing and provide postural support for

walking. In some instances, therapists are required to

manually move a patient through his or her walk cycle.

� Functional electrical therapy is a treatment that uses the

application of small electrical charges to improve

mobility.
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Summary of Contents

Five systematic reviews were conducted to summarize the cur-

rent body of evidence. Table 1 summarizes the key clinical

questions and main results from these reviews. A summary

of our recommendations is provided below.

Timing of Surgical Decompression

We suggest that early surgery (�24 hours after injury) be con-

sidered as a treatment option in adult patients with traumatic

central cord syndrome. (Grade: Weak Recommendation; Low

Evidence)

We suggest that early surgery be offered as an option for

adult acute SCI patients regardless of level. (Grade: Weak

Recommendation; Low Evidence)

Methylprednisolone Sodium Succinate

We suggest not offering a 24-hour infusion of high-dose MPSS

to adult patients who present after 8 hours with acute SCI.

(Grade: Weak Recommendation; Moderate Evidence)

We suggest a 24-hour infusion of high-dose MPSS be

offered to adult patients within 8 hours of acute SCI as a treat-

ment option. (Grade: Weak Recommendation; Moderate

Evidence)

We suggest not offering a 48-hour infusion of high-dose

MPSS to adult patients with acute SCI. (Grade: Weak Recom-

mendation; No included studies)

Anticoagulation

We suggest that anticoagulant thromboprophylaxis be offered

routinely to reduce the risk of thromboembolic events in the

acute period after SCI. (Grade: Weak Recommendation; Low

Evidence)

We suggest that anticoagulant thromboprophylaxis, consist-

ing of either subcutaneous low-molecular weight heparin or

fixed, low-dose unfractionated heparin, be offered to reduce

the risk of thromboembolic events in the acute period after

SCI. Given the potential for increased bleeding events with the

use of adjusted-dose unfractionated heparin, we suggest against

this treatment option. (Grade: Weak Recommendation; Low

Evidence)

We suggest commencing anticoagulant thromboprophylaxis

within the first 72 hours after injury, if possible, in order to

minimize the risk of venous thromboembolic complications

during the period of acute hospitalization. (Grade: Weak Rec-

ommendation; Low Evidence)

The Role of MRI

We suggest that MRI be performed in adult patients with acute

SCI prior to surgical intervention, when feasible, to facilitate

improved clinical decision-making. (Grade: Weak Recommen-

dation; Very Low Evidence)

We suggest that MRI should be performed in adult patients

in the acute period following SCI, before or after surgical inter-

vention, to improve prediction of neurologic outcome. (Grade:

Weak Recommendation; Low Evidence)

Type and Timing of Rehabilitation

We suggest rehabilitation be offered to patients with acute SCI

when they are medically stable and can tolerate required reha-

bilitation intensity. (Grade: Weak Recommendation; No

included studies)

We suggest offering body weight–supported treadmill train-

ing as an option for ambulation training in addition to conven-

tional overground walking, dependent on resource availability,

context, and local expertise. (Grade: Weak Recommendation;

Low Evidence)

We suggest that individuals with acute and subacute cervi-

cal SCI be offered functional electrical therapy as an option to

improve hand and upper extremity function. (Grade: Weak

Recommendation; Low Evidence)

Based on the absence of any clear benefit, we suggest not

offering additional training in unsupported sitting beyond what

is currently incorporated in standard rehabilitation. (Grade:

Weak Recommendation; Low Evidence)
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