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Spinal Cord Injury

Introduction
Spinal cord injury (SCI) is a devastating disease for both the patient and the 

caregivers. The spinal cord, although well protected, can be injured in a variety 
of ways, including motor vehicle collisions and sporting events. The inability 
of the neurons to regenerate, and their sensitivity to anoxia and hypoperfusion, 
makes the timely diagnosis and treatment of SCI imperative to preserve as 
much function as possible. This article will cover the basic epidemiology, physi-
ology, and treatments for SCI in an attempt to prepare the reader to manage 
these complex injuries. 

Epidemiology

Incidence and Prevalence

Spinal cord injury is a devastating result of trauma, with profound conse-
quences on quality of life. In 2012, an estimated 12,500 to 17,000 people in the 
United States sustained acute, traumatic SCI, translating to an incidence of 40 
to 54 per 1 million Americans.1,2 Compared with the incidence in the 1970s,3 
SCI has become less common among people who are 16 to 45 years of age and 
more common among those older than 65 years of age.2 Its prevalence is dif-
ficult to calculate, but it is estimated that 276,000 people in the United States 
are living with SCI.

The costs associated with SCI are staggering. First-year costs range from 
$342,000 to $1 million, and the lifetime cost of care for a 50-year-old high-
tetraplegic patient can reach $2.5 million.4 In addition to the financial burden, 
the cost in regard to loss of life is also considerable. The survival rate is difficult 
to calculate, given the underreporting of SCI within the first 24 hours after 
injury; however, patients with SCI who survive 24 hours and are still alive one 
year after injury have reasonable life expectancies, depending on their American 
Spinal Injury Association (ASIA) score and level of injury. Among 20-year-olds 
with ASIA D at any level, the median life expectancy is 52.3 years (the median 
survival rate for people at this age without SCI is 59 years). A 60-year-old who 
is ventilator-dependent after SCI has a life expectancy of two years (22.7 years 
without SCI).1

Gender

Most SCIs are sustained by men.1,3 In 2014, the National Spinal Cord Injury 
Statistical Center (NSCISC) reported that 80.7% of all reported SCIs occurred 
in males. 
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EXECUTIVE SUMMARY
 z The most common causes of spinal cord injury are motor 

vehicle collisions (31.5-47.6%), falls (21.8-40.6%), and violence 
(5.4-14.6%), primarily shootings.

 z A recent epidemiologic study found an increase in spinal 
cord injury resulting from falls between 1997 and 2012, from 
19.3% to 40.4%; the increase was most pronounced in the 
over-65 age group: from 28% between 1997 and 2000 to 66% 
between 2010 and 2012.

 z There are four phases of spinal shock characterized by:  
1) acute areflexia/hyporeflexia (0-1 day); 2) return of cutane-
ous reflexes (1-3 days); 3) early hyperreflexia (1-4 weeks); and 
4) late hyperreflexia/spasticity (1-12 months). Lesions should 
not be referred to as “complete” prior to the resolution of 
acute hyporeflexia.

 z The most common incomplete syndrome is acute traumatic 
central cord syndrome (ATCCS), which is characterized by 
weakness in the upper extremities (more than in the lower 
extremities) with some degree of sensory (decreased pain and 
temperature sensation) and bladder dysfunction.

 z Anterior cord syndrome is rare, commonly occurring as a 
vascular insult to the anterior spinal arteries, resulting in isch-
emia of the anterior two-thirds of the spinal cord with motor 
weakness/paralysis, loss of pain and temperature sensation, 

and loss of voluntary bladder control, with preservation of 
vibration and position sense due to the sparing of the dorsal 
column medial lemniscus tracts.

 z Brown-Séquard syndrome, also known as hemicord syn-
drome, occurs as the result of transection of half of the spinal 
cord with the resulting deficits of ipsilateral upper motor neu-
ron weakness and impairment of vibration and position sense, 
with contralateral loss of pain and temperature sensation.

 z The American Association of Neurological Surgeons and the 
Congress of Neurological Surgeons recommend aggressive 
treatment of hypotension by maintaining a mean arterial 
pressure (MAP) at or above 85-90 mm Hg for the first seven 
days following injury to improve spinal cord perfusion. 
Although, no formal recommendations regarding the selec-
tion of vasoactive medications exist, norepinephrine, phenyl-
ephrine, and dopamine are reasonable first-line agents.

 z Venous thromboembolism (VTE) is a significant cause of 
morbidity and mortality, with pulmonary embolism account-
ing for nearly 10% of deaths within the first year after injury. 
Patients should have both mechanical and chemical VTE 
prophylaxis started upon admission and continued for three 
months.

Age 

As the average age in the United 
States rises, so does mean age at 
the time of injury. The U.S. Census 
Bureau predicts that the proportion of 
Americans 65 years of age and older will 
increase from 13.7% in 2012 to 20.3% 
in 2030, and to 20.9% in 2050.5 The 
NSCISC calculated that the mean age 
at time of injury increased from 28.7 
years between 1973 and 1979 to 42.2 
years between 2010 and 2014.1

Etiology
Between 1997 and 2012, the most 

common causes of SCI were motor 
vehicle collisions (31.5-47.6%), falls 
(21.8-40.6%), and violence (5.4-14.6%), 
primarily shootings.1,2,6 The proportion of 
SCIs resulting from falls has grown sig-
nificantly since 1997, most likely because 
of the rising mean age in the United 
States; the numbers of SCIs associated 
with violence and sports have fallen.1 A 
recent epidemiologic study by Jain et al 
found an increase in SCI resulting from 
falls between 1997 and 2012, from 19.3% 
to 40.4%. This increase was most pro-
nounced in the over-65 age group: from 
28% between 1997 and 2000 to 66% 
between 2010 and 2012.2

Pathophysiology

Spine Anatomy 

The human spine is composed of 33 
vertebrae: seven cervical, 12 thoracic, 
five lumbar, five fused sacral, and four 
fused coccygeal bodies. The resulting 
26 units are held together by a complex 
system of intervertebral disks, articula-
tions, and structural ligaments. The spi-
nal column functions as a load-bearing 
column for the thorax and provides 
protection for the spinal cord. 

Approximately 85% of all SCI are 
fractures, and 10% involve subluxation 
without associated fracture. The remain-
ing are SCI without radiographic 
abnormalities (SCIWORA) of the 
bones or ligaments.7

Acute spinal trauma is most likely to 
occur in areas of maximal mobility and 
generally is classified based on its loca-
tion (craniocervical, subaxial cervical, or 
thoracolumbar) and the mechanism of 
injury. Either individually or in combi-
nation, flexion, extension, rotation, and 
axial compression are the most com-
mon mechanisms of injury,8,9 resulting 
in fractures, disruption of ligamentous 
structures, and instability of the spinal 
column. The “three-column” concept of 

the spine, developed in 1984 by Denis, 
states that at least two of the three 
spinal columns must be disrupted to 
result in spinal instability.10 However, 
in patients with underlying pathol-
ogy (e.g., elderly patients with cervical 
spondylosis), this rule might not apply 
because forces can compress the spinal 
cord against pathologically enlarged 
elements. 

The anterior column is composed of 
the vertebral bodies and their stabiliz-
ing, ligamentous structures: the annulus 
fibrosus capsule and the anterior lon-
gitudinal ligament. The middle column 
is delineated anteriorly by the posterior 
longitudinal ligament and posteriorly 
by the articulating surfaces of the paired 
laminae and pedicles. The posterior 
column is largely ligamentous, consist-
ing of the spinous processes, nuchal 
ligament, infra- and supra-spinous liga-
ments, and ligamentum flavum.11

Spinal Cord Anatomy
The spinal cord is the principal reflex 

center and conduit of information 
traveling between the body and the 
brain. Understanding the anatomy and 
physiology of the spinal cord is crucial 
in the determination of injury patterns. 
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The cord begins as a continuation of 
the medulla, originating at the fora-
men magnum in the occipital bone, and 
extending to the L1‒2 vertebral level. It 
is protected from injury by the cerebro-
spinal fluid (CSF); the meninges; the 
fat-filled epidural space; and the verte-
bral bodies, ligaments, and muscles that 
compose the spinal column.11

The spinal cord can be divided further 
into gray matter and white matter. Gray 
matter is composed largely of axonal 
bodies and acts as an intermediary 
between the peripheral nervous system 
and the central nervous system. White 
matter is composed mainly of highly 
myelinated axons, with very few axonal 
bodies, and is designed to carry infor-
mation quickly. 

Spinal gray matter is arranged in an 
“H” shape running centrally down the 
length of the spinal cord and is divided 
into anterior, lateral, and posterior 
columns. The anterior column contains 
motor neurons derived from the pyra-
midal tract, which are responsible for 
purposeful movement of muscles. The 
posterior column is largely commit-
ted to the synapse of sensory neurons 
coming from the body and intended 
for the brain. Information from the 
body enters through the dorsal root 

ganglion, synapses within the posterior 
gray column, and is transmitted via 
the dorsal column-medial lemniscus 
tract (fine touch, vibration, two-point 
discrimination, and proprioception) 
and the spinothalamic tract (pain and 
temperature). The lateral column is 
composed of neurons dedicated to the 
sympathetic division of the autonomic 
nervous system.

White matter is organized into 
groups of ascending (sensory) and 
descending (motor) tracts (see Figure 
1). The major descending tract is the 
corticospinal tract, which is divided 
into the lateral (control of contralat-
eral muscles) and anterior (control of 
contralateral axial and girdle muscles) 
tracts. The lateral corticospinal tracts 
are organized somatotopically (cervical 
fibers are more medial than thoracic 
than lumbar) and play a large role in 
the motor symptoms of spinal cord 
injury. The main ascending tracts are 
the spinothalamic and dorsal column-
medial lemniscus tracts. The fibers of 
the spinothalamic tract enter the spi-
nal cord and cross to the contralateral 
ascending tract within a few levels 
of entrance; the fibers of the dorsal 
columns do not cross until they reach 
the medulla. This leads to sensory 

dissociation in incomplete spinal cord 
injuries, as described below.

Spinal Cord Injury
Spinal cord injury occurs through two 

pathways: primary and secondary.12,13 
Primary injury occurs mechanistically, at 
the time of injury, and is irreversible.14 
It has four characteristic mechanisms.15 
The most common is impact that causes 
persistent compression of the spinal 
cord by extradural elements. Laceration 
or transection occurs most frequently 
via penetrating trauma or extreme blunt 
trauma, resulting in significant displace-
ment of the spinal column. Distraction 
injuries arise as a result of stretching of 
the spinal cord and/or its blood supply 
and may occur without overt fracture 
or ligamentous injury. SCIWORA 
often is observed in children because of 
ligamentous laxity16 but is being recog-
nized more frequently in adults.17 The 
last mechanism is impact with transient 
compression, as seen in patients with 
degenerative cervical spine disease who 
sustain hyperextension injuries. 

Secondary injury results from a cas-
cade of vascular, cellular, and biochemical 
events initiated by the primary (mechan-
ical) injury. Initial cord compression leads 
to hemorrhage and vasospasm, inhibi-
tion of microcirculatory autoregulation, 
increased permeability of the plasma cell 
membrane, and an increase in calcium 
influx, all of which ultimately contribute 
to ischemia and cell death. This scenario 
is exacerbated by systemic hypotension 
from spinal and/or neurogenic shock as 
well as hypoxia resulting from respiratory 
system compromise. An uncontrolled 
local inflammatory response ensues, with 
influx of immune cells and release of pro-
inflammatory cytokines and free radicals. 
In combination, these factors contrib-
ute to the accumulation of neurotoxic 
substances such as glutamate, oxygen 
free radicals, and tumor necrosis factor 
(TNF)-alpha.13 This cytotoxic cascade is 
a perpetual vicious cycle that causes more 
cellular death and, thus, more cytotoxic-
ity, which repeats and amplifies with each 
cycle.

Clinical Features
Spinal injuries should be considered 

in trauma victims who are injured by 
a high-risk mechanism or unknown 

Figure 1. Anatomy of the Spinal Cord 
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scenario. These injuries should be sus-
pected in patients with spinal tender-
ness, neck pain, significant facial/head 
trauma, altered mental status, focal 
neurologic deficit, or signs of neurogenic 
shock. Patients should be resuscitated 
according to the American College of 
Surgeon’s Advanced Life Support algo-
rithm.18 Airway, breathing, and circula-
tion should be assessed and dealt with 
prior to evaluation of disability (the 
neurologic examination).

Physical examination findings that 
should raise suspicion for spinal cord 
injury include diaphragmatic breathing, 
hypotension without obvious cause, bra-
dycardia, priapism, flaccid areflexia, and 
loss of pain response below a dermato-
mal level.19

The 2010 American Spinal Injury 
Association (ASIA) Standards20 are the 
preferred evaluation tool for the neuro-
logic assessment of adult patients with 
SCI.21 The examination consists of a 
comprehensive evaluation of motor func-
tion, sensation, and rectal tone/sensation. 
Sensation is evaluated via pinprick for 
pain and light touch through the der-
matomes from head to toe on the right 
and left sides. Motor function is then 
tested through 10 muscle groups, bilater-
ally, on a scale of 0 (total paralysis) to 5 
(full range of motion against gravity and 
resistance). The neurologic level of injury 
(NLI) then is determined by identify-
ing the most caudal segment of the cord 
with intact sensation and antigravity 
(motor score > 3) motor function. For 
instance, a patient with absent, bilateral 
sensation from the C7 dermatome and 
with 3/5 wrist extension bilaterally would 
be considered to have an NLI of 6.

The next step is to determine whether 
the injury is complete or incomplete. This 
is accomplished via rectal examination. A 
lesion is considered complete (ASIA A) 
if the patient has an absence of voluntary 
anal contraction, a lack of sensation in 
S4‒5, and a lack of sensation to deep 
anal pressure. Incomplete lesions can be 
classified as sensory incomplete (ASIA 
B, preserved S4‒5, or deep anal pressure 
sensation) or motor incomplete (ASIA 
C/D), depending on muscle grading 
below the NLI. For example, a patient 
with an NLI of 6 (insensate from C7 
dermatome down, with 3/5 wrist exten-
sion) but with preserved S4/5 sensation 
and > 50% of muscles below C6 being 
graded > 3/5 would be an ASIA 6C.

Neurologic function should be 
assessed in serial fashion over the days 
and weeks following the acute incident, 
keeping in mind that secondary SCI are 
likely to occur.

The NSCISC has tracked neurologic 
level at discharge since its creation in 
1983 (from 1973 to 1981, it operated as 
the National Spinal Cord Injury Data 
Research Center at the University of 
Alabama at Birmingham). In 2014, the 
center reported that 53.9% of patients 
had sustained cervical lesions, 35.2% 
had thoracic lesions, 10.5% had lumbar 
lesions, and the remaining 0.4% had 
sacral lesions. The most common lesions 
involved C4 (14.8%), C5 (15.3%), C6 
(10.4%), T12 (6.3%), C7 (5.1%), and L1 
(4.9%). Over the past 40 years, the most 
common neurologic deficits at discharge 
were incomplete tetraplegia (31.6%), 
complete paraplegia (24.6%), complete 
tetraplegia (19.3%), and incomplete 
paraplegia (18.6%). The incidence of 

complete tetraplegia and paraplegia has 
decreased over the past four decades, 
from 25.3% and 27.7% in the 1970s to 
12.4% and 18.5% between 2010 and 
2014, respectively.1

Complete Cord Syndrome
Complete cord syndrome results in 

disruption of all descending and ascend-
ing pathways and is characterized by 
acute flaccid paralysis and loss of sen-
sation below the level of spinal cord 
injury.22 This pattern often is mimicked 
by spinal shock, wherein concussive 
forces stun afferent and efferent tracts 
with concurrent loss of spinal reflexes. 
Ditunno23 described four phases of spi-
nal shock characterized by 1) acute are-
flexia/hyporeflexia (0‒1 day); 2) return 
of cutaneous reflexes (1 day‒3 days); 
3) early hyperreflexia (1‒4 weeks); and 
4) late hyperreflexia/spasticity (1‒12 
months). Lesions should not be referred 
to as “complete” prior to the resolu-
tion of acute hyporeflexia. It is widely 
observed that the bulbocavernous reflex 
marks the end of the first phase of spi-
nal shock, after which a true assessment 
of neurologic deficits can be performed. 
The bulbocavernosus reflex is elicited 
by simultaneous digital rectal exam 
and lightly squeezing the glans penis 
of male patients or gently tugging on a 
Foley catheter placed in male or female 
patients. An involuntary increase in tone 
around the examiner’s digit with these 
maneuvers indicates the presence of an 
intact bulbocavernosus reflex (normal). 

Incomplete Cord 
Syndromes

The incomplete spinal cord 

Table 1. Normal Muscles of Respiration and Their Innervation

Innervation Muscle Group Function
Phrenic nerve (C3-5) Diaphragm Most important muscle of inspiration; pushes abdominal 

cavity downward to increase vertical capacity of the thoracic 
cavity

Intercostal nerves (T1-6) Intercostal muscles During inspiration, external intercostals serve to lift the ribs, 
increasing thoracic cavity volume
During forced expiration, the internal intercostals contract to 
reduce the thoracic cavity volume

Spinal nerves (T5-L1) Rectus abdominus, external/internal 
oblique muscles

Contraction during forced expiration causes intraperitoneal 
contents to push the diaphragm superiorly

CN XI, spinal nerves (C2-8) Scalenes, sternocleidomastoid (inspiration)
Pectoralis major, latissimus dorsi (expiration)

Elevation of the ribs 1-6 and sternum
Flexion reduces thoracic cavity volume
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syndromes are central cord syndrome, 
anterior cord syndrome, and Brown-
Séquard syndrome.

Central Cord Syndrome

The most common incomplete syn-
drome is acute traumatic central cord 
syndrome (ATCCS).24 Clinically, it is 
characterized by weakness in the upper 
extremities (more than in the lower 
extremities) with some degree of sensory 
(decreased pain and temperature sensa-
tion) and bladder dysfunction. Burning 
sensory dysesthesias are particularly 
common with central cord syndrome. 
It is often described as a “cape-like” 

distribution of deficits. The injury tra-
ditionally occurs after a hyperextension 
injury in an elderly patient with pre-
existing cervical spondylosis and osteoar-
thritis with or without disc herniation or 
fracture subluxation.25 Disruption of the 
ligamentum flavum then leads to damage 
of the central portion of the spinal cord. 
Motor deficits are preferentially confined 
to the upper extremities because of the 
somatotopic organization of the lateral 
corticospinal tract. Sensory deficits are 
manifested by disruption of the spino-
thalamic fibers as they cross through the 
anterior commissure, resulting in loss of 
pain and temperature but preservation of 

fine touch, vibration, two-point discrimi-
nation, and proprioception.22

Anterior Cord Syndrome

Anterior cord syndrome is a rare find-
ing in patients with traumatic SCI; it 
more commonly occurs as a vascular 
insult to the anterior spinal arteries, 
resulting in ischemia of the anterior 
two-thirds of the spinal cord. Traumatic 
anterior cord syndrome usually results 
from anterior spinal cord compression 
by adjacent extradural elements fol-
lowing a hyperflexion injury.26 Patients 
have motor weakness/paralysis, loss of 
pain and temperature sensation, and 

Figure 2. Spinal Imaging of Symptomatic and Obtunded Patients 
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loss of voluntary bladder control, with 
preservation of vibration and position 
sense due to the sparing of the dorsal 
column-medial lemniscus tracts.

Brown-Séquard Syndrome

Brown-Séquard syndrome, also known 
as hemicord syndrome, occurs as the 
result of transection of half of the spinal 
cord. Resulting deficits are ipsilateral 
upper motor neuron weakness and 
impairment of vibration and position 
sense, with contralateral loss of pain and 
temperature sensation. Injury is usu-
ally the result of penetrating trauma to 
the spinal cord but also can occur after 
lateral mass fracture. Hemisection in the 
cervical region can result in ipsilateral 
Horner syndrome (proptosis, miosis, 
anhidrosis) due to disruption of descend-
ing autonomic (sympathetic) pathways 
located within the lateral horn.22

Diagnostic Studies
In 2013, the Joint Section on 

Disorders of the Spine and Peripheral 
Nerves of the American Association of 
Neurological Surgeons and the Congress 
of Neurological Surgeons published 
an extensive review on imaging of 
suspected spine trauma. This review 

states that, following a brief neurologic 
examination, three broad categories of 
trauma patients should be considered 
when making imaging decisions: 1) 
the awake, asymptomatic patient; 2) 
the awake, symptomatic patient; and 3) 
the obtunded or unevaluable patient.27 
Imaging and further immobilization are 
not required for patients who are awake; 
are not intoxicated; do not have neuro-
logic symptoms, neck pain, or distract-
ing injuries; and have painless range of 
motion.27 This recommendation is sup-
ported by the Canadian C-Spine Rule 
(CCR) and the National Emergency 
X-Radiography Utilization Study Group 
(NEXUS) criteria.

The CCR, developed in 2001 by Stiell 
et al,28 is based on three criteria: 1) the 
presence of a high-risk factor that man-
dates radiography (i.e., age > 65 years, 
dangerous mechanism, or paresthesia in 
extremities); 2) the presence of a low-
risk factor allowing safe assessment of 
range of motion (i.e., simple rear-end 
motor vehicle collision, sitting position 
in ED, ambulatory at any time follow-
ing injury, delayed onset of neck pain, 
or absence of midline C-spine tender-
ness); and 3) the ability to actively 
rotate the neck 45° to the left and right. 
Application of the CCR resulted in 
100% sensitivity in the detection of 
significant cervical spine injuries, so the 
authors concluded that C-spine radi-
ography is unnecessary in patients who 
meet CCR criteria. The study excluded 
patients younger than 18 years and older 
than 65 years of age and is not validated 
for use in those patient populations.

The NEXUS study29 designed a pro-
tocol consisting of five criteria used to 
identify patients as having a low proba-
bility of injury: no midline cervical spine 

tenderness, no focal neurologic deficit, 
normal alertness, no intoxication, and no 
painful, distracting injury. Application of 
these criteria resulted in 100% sensitivity 
for ruling out C-spine injury. The rela-
tive strength of NEXUS in comparison 
to CCR is that the NEXUS population 
included children and the elderly, making 
it more applicable to emergency depart-
ment (ED) populations.

In 2009, the Eastern Association for 
the Surgery of Trauma (EAST) con-
cluded that CT has become the primary 
imaging modality for trauma patients 
requiring cervical spine imaging, sup-
planting three-view plain films.30 If CT 
is unavailable, then three-view cervi-
cal spinal plain films (anteroposterior, 
lateral, and odontoid views) should be 
obtained.31 

Awake, symptomatic patients with 
negative C-spine CT imaging but with 
persistent symptoms should be managed 
in one of three ways (see Figure 2)31:

1. Continue cervical immobilization 
until the patient becomes asymptomatic.

2. Discontinue cervical immobiliza-
tion after normal and adequate dynamic 
flexion/extension radiographs have been 
obtained.

3. Discontinue cervical immbolization 
if a normal MRI is obtained within 48 
hours after injury.

The evaluation of an obtunded 
patient can be more challenging, as 
unrecognized cervical spine injuries are 
associated with worsening neurologic 
status, paralysis, and death (see Figure 
2). There has been much debate about 
the utility of MRI in the clearance of 
these patients, culminating with a recent 
practice management guideline from 
EAST with the recommendation to dis-
continue cervical spine immobilization 
with a negative, high-quality C-spine 
CT scan result.32

The identification of a fracture within 
the cervical spine should prompt full-
spine CT, because 10% to 40% of 
patients have another, noncontiguous 
vertebral injury.33,34

Management 

Prehospital Care

Identification and treatment of all 
spinal injuries begin at the scene of the 
incident by experienced and well-trained 

Table 2. Mechanisms of Respiratory Dysfunction 

Impaired inspiratory capacity 
1. Decreased respiratory muscle strength 
and fatigue 
2. Paradoxic chest wall movement causing 
an increase in effort of breathing 
3. Decreased inspiratory capacity 
4. Atelectasis 
5. Chest wall rigidity

Autonomic nervous system dysfunction 
1. Increased secretions 
2. Bronchospasm
3. Pulmonary edema

Retained secretions and development of mucus plugs 
1. Increased secretion production 
2. Decreased cough effectiveness

Table 3. Causes  
of Hypotension 

• Hemorrhage
• Tension pneumothorax
• Myocardial injury
• Pericardial tamponade
• Sepsis
• Adrenal insufficiency
• Other traumatic or medical causes
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emergency medical system person-
nel. It is estimated that 3% to 25% of 
all spinal cord injuries occur after the 
initial trauma and, despite an abun-
dance of high-quality evidence, current 
recommendations for any patient with 
a suspected spinal cord injury resulting 
from blunt trauma are to immobilize the 
patient with a cervical collar and rigid 
backboard for transportation.35 Spine 
immobilization should not be used for 
patients who have sustained penetrating 
trauma, because it is associated with a 
higher mortality rate.36 This increase is 
thought to be due to the delay in resusci-
tation that occurs during immobilization.

Emergency Department Care

Upon arrival at the ED, the patient 
should be triaged and evaluated accord-
ing to Advanced Trauma Life Support 
(ATLS) protocols. The primary survey 
— airway, breathing, and circulation — 
is paramount, as a significant number 
(20-57%) of SCI patients will have 
associated brain, chest, and/or extrem-
ity trauma.37 The primary survey is also 
important because hypoxia and hypo-
tension should be avoided in neurologi-
cally injured patients. 

Respiratory Management 

Airway compromise in SCI patients is 
often multifactorial, owing to profound 
neurologic dysfunction and high rates of 
concomitant injuries. Table 1 illustrates 
the normal muscles of respiration and 

their innervation. Due to diaphragmatic 
dysfunction, patients with high cervical 
lesions (above C5) have profound com-
promise of their respiratory muscles.38 
Those with complete lesions above C3 
usually experience respiratory arrest 
within minutes after the initial injury.39 
Because of the high risk of respiratory 
failure and the need for mechanical 
ventilation, all patients with complete 
injuries at C5 or higher should be intu-
bated as soon as possible.40 Additionally, 
51% of patients with high thoracic SCI 
injuries (T1‒T6) and 28% of those with 
injuries involving T7 to T12 experience 
serious respiratory complications due to 
impairment of their respiratory mechan-
ics.41 The result of impaired diaphragm 
and intercostal muscle function is para-
doxic abdominal breathing.

Respiratory complications are the 
leading cause of morbidity and mortal-
ity among patients with SCI6 and are 
highly correlated with ASIA score. As 
cord edema spreads and secondary SCI 
occurs, most patients can lose as much 
as one ASIA level.40 Therefore, it is rec-
ommended that patients displaying any 
respiratory distress, hypoxemia despite 
oxygenation, or hypercarbia should 
be intubated urgently rather than 
emergently.39,42

Aggressive management of any poten-
tially compromised airway is recom-
mended to avoid catastrophic airway 
loss. Traditionally, direct laryngoscopy 
with manual inline stabilization has 

been the standard of care and remains 
the recommendation of EAST.43 Video 
laryngoscopy should be considered when 
stabilizing a patient with a difficult air-
way in cervical spine immobilization.44,45 
There are currently no formal recom-
mendations on either induction agents 
or paralytic agents for rapid sequence 
intubation in SCI patients. Care should 
be taken to maintain adequate blood 
pressure during intubation attempts.

In addition to their immediate need 
for airway control, patients have severely 
altered breathing mechanics after SCI. 
The most common complications — 
atelectasis, pneumonia, and ventilatory 
failure — occur within the first five 
days.46 Lesions between C5 and T11 
will result in varying levels of respiratory 
dysfunction due to impaired inspiratory 
capacity, retained secretions, and auto-
nomic dysfunction.47 (See Table 2.) 

Respiratory failure is caused by mus-
cle fatigue, atelectasis, decreased surfac-
tant production, and increased secretion 
production.47 Paralysis of the intercostal 
muscles produces a paradoxic inward 
chest wall movement with respiration, 
leading to increased work of breathing. 
Furthermore, paralysis of the abdominal 
musculature impairs forced expiration 
and the patient’s ability to cough and 
expel secretions. Pulmonary compli-
ance decreases as secretions accumulate 
and atelectasis becomes more profound, 
leading to further increased work of 
breathing. 

Table 4. Vasopressor Options for Hypotension 

Drug Dose
(mcg/kg/min)

Receptor Effect Cautions

Dopamine 5–10

10-20

Pure β

α = β

Increases heart rate and cardiac 
contractility
Preserves increase in cardiac output, 
peripheral vasoconstriction

Causes mild vasodilation; low dose is not 
recommended; higher risk of arrhythmias

Norepinephrine 0.01-3 α > β Increases cardiac output and causes 
vasoconstriction
Agent of choice

Phenylephrine 0.5–9 Pure α-1 Peripheral vasoconstriction, most 
useful in lesions below T4-6

May worsen bradycardia

Epinephrine 0.01–1 α = β Increases cardiac output Risk for arrhythmias

Dobutamine 2–20 Pure β Increases HR and cardiac 
contractility

May cause mild hypotension

Vasopressin 0.03–0.04
units/min

V1 Peripheral vasoconstriction Causes volume expansion and 
hyponatremia
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As spinal shock resolves and flac-
cid paralysis is replaced by spasticity, 
ventilatory mechanics tend to improve. 
The paradoxic inward chest contrac-
tion on inspiration is replaced by chest 
wall rigidity, and a significant increase 
in vital capacity is seen within 90 days 
after injury.

Circulation

SCI commonly is associated with 
systemic hypotension, most often due to 
neurogenic shock and/or hypovolemia. 
Hypotension, regardless of its cause, 
contributes to secondary SCI and can 
worsen prognosis.48 After other causes 
of hypotension have been excluded (see 
Table 3), neurogenic shock becomes a 
serious concern in lesions above T4.33 It 
is characteristically a distributive form of 
shock with warm extremities, hypoten-
sion, and bradycardia. Hypotension stems 
from sympathetic denervation and pool-
ing of blood within the venous system. It 
can worsen as a result of unopposed vagal 
tone, bradycardia, and reduced myocar-
dial contractility.49 The severity of neu-
rogenic shock generally correlates with 
level of injury, with higher levels associ-
ated with more severe symptoms.50

Neurogenic shock always should be 
treated first and foremost with fluid 
resuscitation.33 Vasopressors should be 
used after volume resuscitation. The 
agent chosen depends on the patient’s 
hemodynamic status and neurologic 
level of injury. Alpha-agonists cause 
vasoconstriction and increases in blood 
pressure (vasopressor action), while 
beta-agonists cause an increase in myo-
cardial contractility and heart rate (ino-
tropy and chronotropy).

Persistently hypotensive patients with 
an NLI above T6 require both chrono-
tropic and inotropic agents33 because 
the innervation of the heart exits the 
spinal cord from T1 to T4. An agent 
that increases myocardial contractility 
and heart rate and provides vasocon-
striction (e.g., dopamine or norepineph-
rine) is a reasonable choice.50 Lesions 
below the level of T4 to T6 generally 
cause hypotension through peripheral 
vasodilation. A pure alpha-1 agonist 
such as phenylephrine causes peripheral 
vasoconstriction and is an appropriate 
choice for patients with low thoracic 
and lumbar lesions but not those with 

cervical lesions.50

Bradycardia from neurogenic shock is 
very common in SCI patients. However, 
they also have a degree of autonomic 
dysfunction, so exogenous stimulation 
(tracheal suctioning and tracheal intu-
bation) can induce bradycardia and, in 
some cases, cardiac arrest.51 Atropine 
should be used in the acute treatment of 
symptomatic bradycardia. Beta-agonists 
can be used for longer-term treatment, 
with pacemaker insertion being required 
in as many as 17% of patients with cer-
vical injuries.51

The American Association of 
Neurological Surgeons and the 
Congress of Neurological Surgeons 
recommend aggressive treatment of 
hypotension by maintaining a mean 
arterial pressure (MAP) at or above 85 
to 90 mm Hg for the first seven days 
following injury to improve spinal cord 
perfusion.33 There are no formal recom-
mendations regarding the selection of 
vasoactive medications; however, nor-
epinephrine, phenylephrine, and dopa-
mine are reasonable first-line agents. 
Epinephrine should be used with cau-
tion because of its higher propensity 
to induce arrhythmias. Vasopressin 
(antidiuretic hormone [ADH]) causes 
water retention and hypervolemic hypo-
natremia, so its use should be consid-
ered carefully only when catecholamines 
are not sufficient. Dobutamine may be 
considered for its inotropic effects, but 
only after adequate volume resuscita-
tion, because of its ability to cause mild 
vasodilation and hypotension. 

Patients found to have a fracture 
dislocation in the cervical spine with 
neurologic deficit require immedi-
ate consultation with a spine surgeon 
for anatomic reduction and surgical 
management. In an awake patient with 
worsening neurologic status, facet dis-
location, or bilateral locked facets, ana-
tomic reduction should be performed as 
soon as possible. When closed reduction 
cannot be achieved under fluoroscopic 
guidance, further imaging is warranted 
to delineate the anatomy in prepara-
tion for open reduction. Any obtunded 
patient with a cervical fracture disloca-
tion should undergo an MRI prior to 
attempted reduction.52

The timing of surgical decompres-
sion has been debated since the 1960s. 

As surgical techniques and hardware 
have advanced, there has been a shift 
from conservative to aggressive man-
agement. In 2012, Fehlings et al53 pub-
lished results from the Surgical Timing 
in Acute Spinal Cord Injury Study 
(STASCIS), in which they investigated 
early (< 24 hours) versus late (> 24 
hours) decompression. Their primary 
outcome was recovery of at least two 
AIS grades at six-month follow-up. The 
study showed a statistically significant 
difference between the two groups 
(19.8% early vs 8.8% late [odds ratio 
2.8]) in regard to primary outcome.

The surgical management of patients 
who do not require decompression 
remains controversial. Surgical manage-
ment is preferred to non-surgical, but 
the optimal timing and approach have 
not been defined. Consultation with a 
spinal surgeon is recommended.54

Additional Immediate 
Considerations

Venous thromboembolism (VTE) 
after SCI is a significant cause of mor-
bidity and mortality. The incidence lies 
somewhere between 12% and 64%, with 
pulmonary embolism accounting for 
nearly 10% of deaths within the first year 
after injury.55 Patients should have both 
mechanical and chemical VTE prophy-
laxis started upon admission and contin-
ued for three months.56 Within 72 hours 
after admission, low-molecular-weight 
heparin should be administered instead 
of heparin for chemical prophylaxis 
because of its favorable half-life, relative 
reduction in bleeding complications, and 
more predictable dose effect.57 Inferior 
vena cava filters are not recommended 
as routine prophylaxis and should be 
reserved for patients in whom chemical 
prophylaxis is contraindicated.56

Patients with SCI have a high risk 
of gastrointestinal bleeding for four 
weeks following injury. Injuries above 
the sympathetic outflow tract result in 
an imbalance of sympathetic and para-
sympathetic tone within the gastroin-
testinal tract. This results in increased 
secretion of gastric acid and delayed 
gastric emptying, leading ultimately to 
ulceration of the gastric and proximal 
small bowel mucosa. All patients with 
SCI should be given ulcer prophylaxis 
with either a proton pump inhibitor or 
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H2-receptor antagonists.33

Additional Aspects 

Steroids

Modulation of the inflammatory cas-
cade has long been a therapeutic goal. 
Early investigations in animal models 
showed promise for methylprednisolone 
in augmenting secondary SCI out-
comes.58 This prompted investigations 
by Bracken and colleagues and the cre-
ation of the National Acute Spinal Cord 
Injury Study (NASCIS). 

NASCIS I was released in 1984 and, 
overall, was a negative study with no 
significant difference in the neurologic 
outcomes between the groups (high- vs. 
low-dose methylprednisolone).59 It was 
determined later through animal models 
that the dosing was below any potential 
therapeutic threshold. 

Consequently, NASCIS II was devel-
oped and released in 1990,60 examining 
methylprednisolone vs. naloxone vs. pla-
cebo, with the primary outcomes of neu-
rologic status at six weeks, six months, 
and one year. The study revealed no dif-
ference in motor score at any point, with 
a transient improvement in pinprick and 
light touch scores at six months, which 
were lost at one year. This would be con-
sidered a negative study; however, a post 
hoc subgroup analysis that examined ste-
roid administration before and after eight 
hours showed a significant improvement 
(5 points) in motor score at six months 
and one year. Despite the suspect valid-
ity of this post hoc analysis, as well as 
the overall methodology of the study, 
steroids gained mainstream acceptance as 
therapy for SCI.

NASCIS III was released in 199761 
and compared high-dose methylpred-
nisolone duration (24 vs. 48 hours) with 
tirilazad (a medication that, at the time, 
was a novel treatment for stroke). This 
study had the same outcome measures 
as NASCIS II. Again, NASCIS III 
showed no improvement in neurologic 
outcomes between the groups. Post hoc 
analysis showed the same 5-point motor 
improvement in patients receiving ste-
roids three to eight hours after injury 
without changes in sensory outcomes. In 
addition to providing no neurologic ben-
efit, high-dose methylprednisolone ther-
apy has been associated with numerous 

complications, including infection, 
respiratory compromise, gastrointestinal 
hemorrhage, and death.62 

A Cochrane review published in 2012 
continued to advocate the use of meth-
ylprednisolone in high doses and admin-
istered within eight hours of injury.63 
The current recommendation by the 
Joint Section on Disorders of the Spine 
and Peripheral Nerves of the American 
Association of Neurological Surgeons 
and the Congress of Neurological 
Surgeons is not to use methylpredniso-
lone in the treatment of SCI.62

Hypothermia
Mild to moderate hypothermia (32-

35° C) has been a recent focus of research 
in the treatment of SCI. It has been well 
demonstrated that therapeutic hypother-
mia mitigates many of the mechanisms 
of secondary SCI, such as excitotoxicity, 
neuroinflammation, apoptosis, and free 
radical production.64 A substantial num-
ber of studies in animal models support 
the beneficial neuroprotective effects of 
mild to moderate hypothermia therapy 
after SCI.65 Limited human studies66-69 
have shown great promise but offer 
insufficient evidence to recommend for 
or against the routine use of therapeutic 
hypothermia.

Disposition
Patients who have been diagnosed 

with acute spinal cord injury potentially 
may do better at a facility equipped to 
deal with the injury and the resultant 
complications. These facilities include 
trauma centers and centers where neuro-
surgical or spinal orthopedic specialties 
are available. Patients with confirmed 
spinal cord injuries should be admitted 
to areas where neurologic checks can be 
performed as frequently as every hour 
during the first 24 hours after injury, 
which in most institutions would be 
an intensive care setting. Depending 
on institutional abilities, some patients 
may need to be admitted or transferred 
for further diagnostic testing, such as 
MRI. If there is a high suspicion of 
injury, transfer to a capable facility is 
the preferred choice. Patients who have 
a negative diagnostic evaluation and a 
normal neurologic examination can be 
discharged from the ED, with the under-
standing that they should have a plan for 

good follow-up or otherwise arrange for 
a repeat examination in a short time.

Summary
Spinal cord injury can be a debilitating 

and devastating consequence of a trau-
matic incident. The medical costs associ-
ated with its diagnosis and treatment are 
almost always overwhelming. Having a 
thorough understanding of anatomy will 
help the clinician understand the short- 
and long-term ramifications of SCI. 
Although the best option is prevention, 
when SCI does occur, immediate recog-
nition and treatment can limit long-term 
sequelae. Every attempt should be made 
to limit hypotension, hypoglycemia, 
hypoxia, and hyperthermia in patients 
with SCI, as they are all associated with 
adverse outcomes. Finally, patients with 
high-grade SCI should be cared for in 
institutions with immediate access to 
either neurosurgical or spinal orthopedic 
specialists.
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CME/CE Questions
1. What is the most common etiology 

of spinal cord injury?

a. Sporting injury
b. Iatrogenic injury
c. Motor vehicle collision
d. Malignancy

2. In the acute evaluation of a SCI 
patient, what is the first system that 
should be evaluated?
a. Neurologic disability
b. Circulatory dysfunction
c. Electrolyte abnormalities
d. Patency of airway

3. Which of the following is not a sign 
of spinal shock?
a. Hypertension
b. Hypotension
c. Areflexia
d. Flaccid paralysis

4. Which reflex is the first to return 
and typically marks the end of the 
period of spinal shock?
a. Bulbocavernosus
b. Patellar
c. Babinski 
d. Biceps

5. Which of the following injuries is 
not consistent with a central cord 
injury pattern? 
a. Associated with a hyperextension 

injury 
b. Lower motor neurons affected 

greater than upper motor neu-
rons

c. Described as a “cape-like” distri-
bution of paresthesias 

d. There is associated bladder  
dysfunction

6. Which of the following is the clas-
sic description of an anterior cord 
syndrome?
a. Patients will have motor weak-

ness/paralysis, loss of pain and 
temperature, and loss of volun-
tary bladder control with preser-
vation of vibration and position 
sense.

b. Patients will have motor weak-
ness/paralysis, loss of pain and 
temperature, and loss of volun-
tary bladder control with disrup-
tion of vibration and position 
sense.

c. Patients will have motor weak-
ness/paralysis, loss of vibration 
and position sense.

d. Patients will have normal motor 
exam, with loss of pain and tem-

perature, and loss of voluntary 
bladder control with preservation 
of vibration and position sense.

7. In a patient with a presumed SCI, 
a normal neurologic exam and 
negative CT cervical spine, and who 
continues to have cervical spine 
tenderness, which is the appropriate 
next step?
a. Discharge because of the low 

likelihood of significant cervical 
spine injury

b. Admission for serial cervical 
spine examinations

c. Discharge without cervical immo-
bilization for outpatient MRI

d. Obtain flexion and extension 
cervical spine radiographs

8. Which of the following is true 
about SCI and associated neuro-
genic shock?
a. Initial treatment should be lim-

ited to vasopressors.
b. It is classified as a hemorrhagic 

type of shock.
c. It is synonymous with spinal 

shock. 
d. Patients with injuries above T6 

will often require both chrono-
tropic and inotropic support. 

9. According to NASCIS concerning 
the use of steroids on SCI patients, 
all of the following are true except:
a. NASCIS I showed no significant 

difference in neurologic out-
comes with high-dose methyl-
prednisolone. 

b. NASCIS II showed no differ-
ence in naloxone, methylprednis-
olone, or placebo in SCI patients.

c. NASCIS II subgroup analysis 
resulted in significant changes in 
methylprednisolone administra-
tion. 

d. Methylprednisolone has very 
minimal side effects when given 
at high doses.

10. When considering intubation of an 
SCI patient, which of the following 
should be avoided?
a. Hypothermia
b. Hypertension
c. Hypotension
d. Hyperglycemia



EDITOR IN CHIEF

Ann Dietrich, MD, FAAP, FACEP
Lead Primary Care Clinician
Associate Professor 

Ohio University Heritage College of 
Medicine

Associate Pediatric Medical Director, 
MedFlight

Columbus, Ohio

EDITORIAL BOARD

Mary Jo Bowman, MD, FAAP, FCP
Associate Professor of Clinical Pediatrics
Ohio State University College of 

Medicine
PEM Fellowship Director, Attending 

Physician 
Children’s Hospital of Columbus
Columbus, Ohio

Lawrence N. Diebel, MD
Professor of Surgery
Wayne State University
Detroit, Michigan

Robert Falcone, MD, FACS
Clinical Professor of Surgery
The Ohio State University  

College of Medicine
Columbus, Ohio

Dennis Hanlon, MD, FAAEM
Vice Chairman, Academics
Department of Emergency Medicine
Allegheny General Hospital
Pittsburgh, Pennsylvania

Jeffrey Linzer Sr., MD, FAAP, FACEP
Professor of Pediatrics and Emergency 

Medicine
Emory University School of Medicine
Associate Medical Director for 

Compliance
Emergency Pediatric Group
Children’s Healthcare of Atlanta at
Egleston and Hughes Spalding
Atlanta, Georgia

S.V. Mahadevan, MD, FACEP. FAAEM
Associate Professor of Surgery/

Emergency Medicine
Stanford University School of Medicine
Associate Chief, Division of Emergency 

Medicine
Medical Director, Stanford University 

Emergency Department
Stanford, California

Janet A. Neff, RN, MN, CEN
Trauma Program Manager
Stanford University Medical Center
Stanford, California

Andrew D. Perron, MD, FACEP, 
FACSM

Professor and Residency Program 
Director, 

Department of Emergency Medicine, 
Maine Medical Center
Portland, Maine

Eric Savitsky, MD
UCLA Professor Emergency Medicine/

Pediatric Emergency Medicine
UCLA Emergency Medicine Residency 

Program
Ronald Reagan UCLA Medical Center
Los Angeles, California

Thomas M. Scalea, MD
Physician-in-Chief
R Adams Cowley Shock Trauma Center
Francis X. Kelly Professor of Trauma 

Surgery
Director, Program in Trauma
University of Maryland School of 

Medicine

Perry W. Stafford, MD, FACS, FAAP, 
FCCM

Professor of Surgery
UMDNJ Robert Wood Johnson Medical 

School
New Brunswick, New Jersey

Steven M. Winograd, MD, FACEP
St. Barnabas Hospital, Core Faculty
Emergency Medicine Residency 

Program
Albert Einstein Medical School,
Bronx, New York

NURSE PLANNER

Sue A. Behrens, RN, DPN, ACNS-BC, 
NEA-BC

Senior Director, Ambulatory and 
Emergency Department

Cleveland Clinic Abu Dhabi
Abu Dhabi, United Arab Emirates

© 2016 AHC Media LLC. All rights 
reserved. 

SUBSCRIBER INFORMATION 

CUSTOMER SERVICE: (800) 688-2421

Customer Service Email Address:  
Customer.Service@AHCMedia.com

Editorial Email Address:  
Shelly.Mark@AHCMedia.com

Online:  
AHCMedia.com

SUBSCRIPTION PRICES

$259 per year. Add $19.99  for shipping & 
handling 

FREE to subscribers of Emergency Medicine 
Reports and Pediatric Emergency Medicine 
Reports

MULTIPLE COPIES: 
Discounts are available for group 
subscriptions, multiple copies, site-licenses, or 
electronic distribution. For pricing information, 
please contact our Group Account Managers 
at Groups@AHCMedia.com or (866) 213-0844.

ACCREDITATION
AHC Media is accredited by the Accreditation Council for Continuing 
Medical Education to provide continuing medical education for physicians. 

AHC Media designates this enduring material for a maximum of 3.0 
AMA PRA Category 1 CreditsTM. Physicians should claim only the credit 
commensurate with the extent of their participation in the activity.

Approved by the American College of Emergency Physicians for a 
maximum of 18.00 hour(s) of ACEP Category I credit.

The American Osteopathic Association has approved this continuing 
education activity for up to 2.5 AOA Category 2-B credits per issue. 

AHC Media is accredited as a provider of continuing nursing education by 
the American Nurses Credentialing Center’s Commission on Accreditation.

This activity has been approved for 3.0 nursing contact hours using a 
60-minute contact hour. Provider approved by the California Board of 
Registered Nursing, Provider # CEP14749, for 3.0 Contact Hours.

This is an educational publication designed to present scientific 
information and opinion to health professionals, to stimulate thought, 
and further investigation. It does not provide advice regarding medical 
diagnosis or treatment for any individual case. It is not intended for 
use by the layman. Opinions expressed are not necessarily those of 
this publication. Mention of products or services does not constitute 
endorsement. Clinical, legal, tax, and other comments are offered for 
general guidance only; professional counsel should be sought for specific 
situations.

This CME/CE activity is intended for emergency, family, osteopathic, 
trauma, surgical, and general practice physicians and nurses who have 
contact with trauma patients. It is in effect for 36 months from the date of 
publication.

TRAUMA REPORTS™ (ISSN 1531-1082) is 
published bimonthly by AHC Media LLC, One Atlanta 
Plaza, 950 East Paces Ferry Road NE, Suite 2850, 
Atlanta, GA 30326. Telephone: (800) 688-2421 or (404) 
262-7436.   

Continuing Education and Editorial 
Director: Lee Landenberger
Executive Editor: Shelly Morrow Mark

GST Registration No.: R128870672
Periodicals Postage Paid at Atlanta, GA 30304 and at 
 additional mailing offices.

POSTMASTER: Send address changes 
to Trauma Reports,  
P.O. Box 550669, Atlanta, GA 30355.

Copyright © 2016 by AHC Media LLC, Atlanta, GA. 
All rights reserved. Reproduction, distribution, or 
translation without express written permission is strictly 
prohibited.

Missing issues will be fulfilled by customer service free 
of charge when contacted within one month of the 
missing issue’s date.


