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Lecture Objectives–Review

�EAST practice management guidelines
�Supplemental publications
�Plain radiograph “Primer”
�Spinal cord injury 

�Background / statistics 
�Neuroanatomy –SCI syndromes
�Patient subsets
�Steroids

Beating a Dead Horse

EAST Practice Management Guidelines

Blunt Cervical Spine 
Trauma

Which patient’s 
require C-spine 

imaging?

C –Spine Imaging 

�Hoffman JR, Mower WR, WolfsonAB, et al.  
Validity of a Set of Clinical Criteria to Rule 
Out Injury to the Cervical Spine in Patients 
with Blunt Trauma 

�StiellIG, Wells GA, VandemheenKL, et al.  
The Canadian C-Spine Rule for Radiography 
in Alert and Stable Trauma Patients 

NEJM. 2000;343:94-99

JAMA. 2001;286:1841-1848



NEXUS Criteria

34,069 patients / 818 cervical spine injuries

NEXUS

Screening for 
an injuryYesNo

Positive81028,950

Negative84,301

Sensitivity99.6%
Specificity12.9%

Clinically Significant Injury

Canadian C –Spine Rule

8924 patients / 151 cervical spine injuries

CCS Rule

Sensitivity100%
Specificity42.5%

Screening for 
an injuryYesNo

Positive1515,041

Negative03,732

Clinically Significant Injury



�Patients meeting low risk criteria 
who can be clinically cleared do not 
need radiographic imaging of the 
cervical spine

�Patients who can not be clinically 
cleared must undergo radiographic 
evaluation

EAST Practice Management GuidelinesBlunt Cervical Spine 
Trauma                  

(Not meeting LRC)

What type of 
imaging should 

be obtained?          
(Plain films or CT)

�Adult patients who does not fall into 
low risk criteria for CSI should 
undergo thin-section CT of the CS 
that includes sagittal and coronal 
multiplanar reconstructed images



�CT CS has supplanted plain 
radiography as the primary 
modality for screening suspected 
CS injury after trauma

�Must include axial images from the 
occiput to T1 with sagittal and 
coronal reconstructions

EAST Practice Management Guidelines

�1,505 patients
�50 patients had clinically significant injury 
�CT detected all clinically significant injuries
�CSR detected only 18 (36%) 
�In the 16 patients with clinically significant 

injury and adequate radiographs 6 patients 
had normal radiographs

Plain Radiographs

A soon to be lost and forgotten skill?

�Adequate

�Alignment 

�Bones

�Cartilage

�Disc space

�Soft tissue

ABC’s of CS ImagingA –A Alignment



Jefferson FractureJefferson Fracture

�34 y/o male                                
high speed MVA

Hangman’s Fracture

�36 y/o male                                
motorcycle accident



Dens Fracture –Sagital CT<5%>60%30%

�42 y/o male -MVA



Predentate SpacePredentate Space

Transverse LigamentPredentate SpaceMRI



F/E Views

Persistent neck pain 
with a negative CT      
(AAO, no deficits)

�2,854 patients
�100 (3.8%) patients with CS fx / SCI
�93 awake patients, normal motor exam, 

normal CT, severe persistent neck pain
�MRI negative for clinically significant 

injury

�Prospective study of 178 patients 
with persistent midline neck 
tenderness after a negative CT 
scan
�78 (44%) had acute injury on MRI

�33 (42%) treated with a cervical collar
�5 (6%) received operative treatment

Ann Emerg Med. 2011 Aug 3. [Epub ahead of print]Persistent neck pain, negative CT
�Multiple options –limited data

�Continue c-spine immobilization
�MRI CS –remove collar if negative
�Flexion / extension films –remove 

collar if negative

EAST Practice Management Guidelines

Obtunded / unreliable 
with a negative CT



�The panel recommends that MRI be 
used to evaluate the CS in patients 
whose neurologic status cannot be fully 
evaluated within 48 hours of injury, 
including those in whom CT results are 
normal

�734 patients
�203 patients

�No obvious deficits 
�Negative CT 
�Unreliable exam

�18 (8.9%) patients –abnormal MRI
�14 required extended CS immobilization
�2 required operative repair

Obtunded/unreliable, negative CT
�Multiple options

�Flexion / extension films –no longer 
recommended

�Continue c-spine immobilization
�Remove collar based on CT alone
�MRI CS –remove collar if negative

EAST Practice Management GuidelinesIn Summary 

�Meets LRC
�No imaging necessary

�Does not meet LRC
�CT –Primary imaging modality (adults)

�Persistent pain, no deficits, negative CT
�Limited data –no decisive guideline

�Obtunded / unreliable, negative CT
�Some data supports MRI may be 

necessary –no decisive guideline

EAST Practice Management Guidelines

�C-spine immobilization after                   
penetrating to the brain is                       
not necessary unless                              
the trajectory suggests                            
direct injury to the                                   
cervical spine



General George S. Patton

The Death of a Hero

December 9th, 1945 
�Rear seat passenger
�Front end collision w/                                        

2 ½ ton GMC truck
�No one else injured
�Paralyzed from the neck down
�Military hospital in Heidelberg, Germany

�HR 45, BP 86/60 mmHg

Died December 21st–Suspected PE

Scope of SCI

�Estimated 11,000 new cases 
annually

�Incidence c-spine injury 2º to blunt 
injury is 2-6%

�Cervical spine injury is increased in 
patients with head trauma 
�GCS<8 doubles risk of bony injury



Spinal Injuries

Spinal Injuries
�55% involve the cervical spine
�15% the thoracic spine
�15% the lumbar spine
�15% the lumbosacral spine

Cervical Spine Injuries

�1/3 of cervical spine fractures 
involve C2 (24% NEXUS)
�15% involve the odontoid process

�1/2 of fractures                           
involve C5, C6 or C7
�39%; C6,C7 (NEXUS)

Cervico-thoracic junction

C7

T1

C6

�Helmet use may affect the incidence of 
severe CSI 
�Frontal collisions, helmets use reduces the 

severity of CSI
�In rear-end, side impact, and skidded accidents, 

the use of helmets increases the probability of a 
severe CSI

Asia-Pacific Journal of Public Health. 2011;23:608-19.



RSCICDV



Dorsal column orsal colu�Pain
�Temperature
�Light touch

A. SpinothalamicTract

�Motor function                        
(voluntary)

L. CorticospinalTract

�Proprioception
�Vibration
�Touch-pressure

Dorsal ColumnSCI Syndromes

Syndromes
�Anterior cord
�Brown-Séquard
�Central cord



Anterior Cord SyndromeBrown-SéquardSyndromeCentral Cord Syndrome

Neurologic Examination

�Patient observation
Voluntary motor activity
Respiratory pattern

�Motor and sensory examination
�Dorsal column function
�Reflex examination
�Evidence of sacral sparing

Neurologic ExaminationRespiratory Effects

�Diaphragmatic paralysis above C4
�Hypoventilation 
�Hypercapnia

�Variable loss of intercostal muscle 
function below C5 

�Decrease in FRC, FVC
�ABG/VBG, FVC measurements may   

be helpful



http://www.asia-spinalinjury.org

�Brachial plexus–C5to T1

Motor Testing

�Lumbosacral plexus –L2to S1

Motor Testing

Reflex Testing

�C5Biceps
�C6Brachioradialis
�C7Triceps
�L4Patella
�S1Achilles

�Pin prick 
�Light touch
�Intact to impaired 
�Impaired to intact

Sensory TestingSacral Sparing

�Perianal sensation 
�Preserved rectal sphincter tone
�Slight flexor toe                                       

movement



Spinal Shock

�Can mimic a complete cord injury
�Flaccid paralysis below lesion
�Insensate
�Areflexia
�Urinary retention / decreased rectal 

tone
�Neurogenic shock

Neurogenic Shock

Autonomic dysfunction
�Form of distributive shock
�Functional sympathectomy above T5
�Loss of sympathetic tone

�Decrease in SVR
�Increase in venous capacitance

�Hypotension
�Relative bradycardia

�Athletes
�Elderly
�Pediatrics

�Represents 1/3 of new SCI 
patients

Patient Subsets

SCI in Athletes

�10% of spinal cord injuries
�As high as 20% in some reviews 

�Average age is 22 years 
�92% of all sports injuries result in 

quadriplegia
�Most injuries involve the lower 

cervical spine

SCI in Athletes



SCI in AthletesOctober 10th, 1999

�Dallas Cowboys vs. Philadelphia Eagles

SCI in Athletes

�Transient quadriplegia
�Burning hands syndrome
�*“Stingers” or “Burners”

Transient Quadriplegia

�Spinal cord neurapraxia or concussion
�Should raise the suspicion of spinal 

cord compromise

�Recommendation:  Athletes who have  
spinal cord symptoms and have true 
functional spinal canal stenosis on MRI 
should not be allowed to return to 
contact sports

Burning Hands Syndrome

�Analogous to the central cord syndrome 
seen in older adults

�Hyperextension injury
�May occur without a fracture or 

dislocation
�Key Point:  Painful dysesthesias may 

be the only complaints of patients with 
SCI

“Stingers” or “Burners”



Stingers or Burners

�Pain, burning, or tingling down an arm 
occasionally accompanied by weakness

�Symptoms typically last seconds to 
minutes

�C5-C6dermatomes are most commonly 
affected

�Key Point: Symptoms are always 
unilateral and should not involve the LE’s

The Helmeted Athlete 

The Helmeted Athlete

�Unless there are special 
circumstances such as respiratory 
distress coupled with an inability to 
access the airway, the helmet 
should never be removed during 
the pre-hospital care of the student-
athlete with a potential head/neck 
injury

General Recommendations

�The facemask should be removed 
prior to transportation

�At the emergency facility initial 
cervical X-rays usually can be 
obtained with the helmet in place

Helmet Removal

�Stabilize the head, neck and helmet, 
remove the chin strap

�Remove the cheek pads
�Deflate air cell-padding system if present

�Can use an 18g needle
�Rotate helmet slightly forward to slide off 

the occiput.  May need to apply slight 
traction

�Do not spread the helmet by the ear holes



SCI in the Elderly

�10% of all SCI’s
�Higher incidence of CS fractures than 

general population (2X)
�More likely to injure the upper cervical 

spine
�Higher incidence of falls 
�2/3 of all injuries after age 60 result in 

quadriplegia
�Increased mortality from SCI

SCI in the ElderlyNEXUS

NEXUSPediatricsGeriatrics

Fractures818 
(2.4%)

30  
(0.98%)

135 
(4.6%)

Total # of 
Patients34,0693,0652,943

�Up to 10% of SCI
�Higher incidence of vehicular 

trauma and sports related injuries
�More likely to injure the upper 

cervical spine (younger children) 

�SCIWORA 

SCI in ChildrenPediatric –C-Spine 

�Wedge shape                                       
vertebral bodies                   

�Small facets,                                    
horizontal orientation 

�Immature paraspinal                         
musculature

�Ligamentous laxity

Pediatric C-Spine 

Predispose to upper cervical spine injuries



Pseudosubluxation –Up to 
40% of children < 8 years of age

The Swischuk LineBlunt Cervical Spine 
Trauma

What to do about 
the children?

NEXUS Summary

PediatricNon-
PediatricTotal

# of Cases3,065 (9%)31,00434,069

CSI30 (0.98%)788 
(2.54%)818 (2.4%)

Low Risk603 
(19.7%)

3,706 
(12%)

4,309 
(12.6%)

Low Risk 
w/ CSI088

C-Spine Clearance 
What to do about children?
NEXUS
�34,069 patients

�2.5% 8 years or 
younger

�Most (87%) CS 
fractures were >9 
years

CCS Rule 
�8924 patients
�No patients < 16 

years



�In children <10 years (increased risks 
associated with irradiation and generally 
lower risk of significant spinal injury) CT of 
the cervical spine should be used only in 
cases of:
�Severe head injury (GCS ≤ 8)
�Strong clinical suspicion of injury despite 

normal plain films 
�Plain films are technically difficult or 

inadequate

J Trauma. 2009;67:687-91

�There remains no clear evidence-
based protocol for the clearance of 
the cervical spine in the pediatric 
trauma population

The Other Steroids

Glucocorticoid –MPS
�Suppression of vasogenic edema
�Enhancement of spinal cord blood 

flow
�Stabilization of lysosomal 

membranes
�Lipid peroxidase inhibitor

Pharmacologic Adjuncts

MPS Protocol
�Loading dose:

�30 mg/kg IV in first hour, bolus 
administered over 15 minutes

�Maintenance infusion:
�5.4 mg/kg IV over the next 23 hours               

NEJM 1990;322:1405-11

NASCIS II



NASCIS II(The Real Numbers)

487 Patients

162 MPS

62 <8º           
post injury

45 complete   
SCI

17 incomplete 
SCI

171  Placebo

65 <8º        
post injury

43 complete   
SCI

22 incomplete 
SCI

154  
Naloxone

NEJM 1990;322:1405-11
Neurosurgery 2002;50:s63-72

�In light of the failure of trials to convincingly 
demonstrate a significant clinic benefit of 
administration of MPS, in conjunction with the 
increased risks of medical complications 
associated with its use, MPS is recommended as 
an option that should only be undertaken with the 
knowledge that the evidence suggesting harmful 
side effects is more consistent than the 
suggestion of clinical benefit

NASCIS II
�Primary outcome 

negative
�Post hoc analysis 

positive (<8 hours)
�Treatment effects are 

small
�Functional 

significance is 
questionable at best      

NASCIS III
�Primary outcome 

negative
�Post hoc analysis (3-8 

hours w/48°MPS)
�Modest effect (FIM) 

w/48°MPS
�Increased incidence 

of sepsis/pneumonia 
w/48°MPS

Neurosurgery 2002;50:s63-
72

The Debate Continues

�There is insufficient evidence to support the 
use of high-dose methylprednisolone within 8 h 
following an acute closed spinal cord injury as   
a treatmentstandardor as aguidelinefor 
treatment

�Until the true value of high dose steroids for 
the treatment of acute spinal cord injury 
determined—as well as what, if any, benefit   
may exist for out-of hospital administration—
NAESMP does not support their routine use 
in EMS



Final Comments

�The jury is still out on the efficacy of MPS 
�Perhaps a question that will not be easily 

answered


