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Causes of Spinal Cord Injury by Age

0'1 ]

Source: National Spinal Cord Injury Statistical Center, UAB, 2006

60-70% of all SCI are traffic accidents and falls
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Acute SCI| Pathophysiology



Primary Injury

Hypotension Laceration Compression Shearing Hypoxia

|

Secondary Cascade

Vasospasm Thrombosis Hemorrhage

NS

Hypoperfusion/Ischemia

Glutamate  Free radical Arachidonic  Prostaglandin Lipid
accumulation  formation  acid production  production peroxidation

~~

Membrane Destruction/Apoptosis

Sonntag €t al. Rothman-Simeone the Spine 2005.

The Cascade of Acute Spinal Cord Injury
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Mechanisms of Primary SCI

Impact w/ persistent compression

»  Burst # w/ canal compromise

= #/Dislocation

= acute disc ruptures

» most common SCI (young, high'nrg) 7
Impact w/ transient compression

x  hyperextension w/ underlying spondylosis e

= central cord syndrome |

x 2nd most common (older, low nrg) A )
Distraction ?

= stretch/shear injury of cord-and vascular supply 2

= SCIWORA

»  Spinal Cord Concussion/Central Cord

Laceration/Transection
»  Missile injury / Bony Fragment injury

Dumont & Hurlbert et al. Clinical Neuropharmacology 24(5):254-264 2001.



Mechanisms of Primary SCI

Impact w/ persistent compression

»  Burst # w/ canal compromise el B
= #/Dislocation S \5
= acute disc ruptures
= most common SCI (young, high'nrg) ‘ /. 4
X 4
Impact w/ transient compression ) .
- ~-
x  hyperextension w/ underlying spondylosis / [ ()
x central cord syndrome | [/j N
x 2nd most common (older, low nrg) g (\ . LR ot
\
5 - .
Distraction o W P \\:’ 5
»  stretch/shear injury of cord and vascular supply %Y m
= SCIWORA EEY ,.\
= Spinal Cord Concussion/Central Cord Y \,;\
. ’ N
L aceration/Transection

»  Missile injury / Bony Fragment injury

Dumont & Hurlbert et al. Clinical Neuropharmacology 24(5):254-264 2001.



Mechanisms of Primary SCI

Impact w/ persistent compression

Burst # w/ canal compromise
#/Dislocation

acute disc ruptures

most common SCI (young, high nrg)

Impact w/ transient compression

x hyperextension w/ underlying sponadylosis
»  central cord syndrome
x 2nd most common (older, low nrg)

Distraction
= stretch/shear injury of cord-and vascular supply
x  SCIWORA
»  Spinal Cord Concussion/Central Cord

L aceration/Transection
»  Missile injury / Bony Fragment injury

Dumont & Hurlbert et al. Clinical Neuropharmacology 24(5):254-264 2001.



Mechanical SCI primarily: injures grey. matter

U e T S W - — =w - -
-

x Relative sparing of white vs grey
matter tracts in mechanical

INjury.

= grey matter softer, more
vascular, more metabolically
active

= Extrapolation from CBFE Grey
matter =75-80 vs White matter R 500 i i S,

, , igure uman cervical spinal cord at site of injury. I'he

20-30 cc/1 OOgm tissue/min patient died on the day of injury. The ventral dura was removed

at autopsy. Almost the entire grey matter 1s hemaorrhagic,
Incluging the dorsal and ventral horns. The hemorrhages have

also extended intc the white matter.

Hickey et al. Stroke 17:1183, 1986 Tator CH Brain Pathology 5:407-413, 1995,



Spinal cord autoregulation Is impaired in acute SCI

Autoregulation of CNS Blood Flow Impaired Spinal Cord Autoregulation

== adjacent to injury site

~=-=-=-0 Brain r =858 p<.0002 ====_injury site
— & Cord r =850 p<.0002

8

3

R =
E
~
o
Q
Q
o=
=
=
e,
(T

120 160 190 40 80 120 160 190
PP (mmHg) PP(mmHg)

Spinal cord perfusion linearly dependent on MAP at

FiGure 1. Auwioregulation of the spinal cord mimics the both site and adjacent to, site. of injury

brain, with an autoregulatory range of 60~-120 mm Hg perfu-
sion pressure.

Hickey et al. Stroke 17:1183, 1986 adapted from Guha et al. Stroke 20:372, 1989



Medulla

Sympathetic Disruption in Acute SCI

Furlong and Fehlings. Neurosurgery Focus. 2008.



Shock in Acute SCI

Distributive-Neurogenic Shock

= sympathetic disruption resulting in bradycardia-ana
vasodilation
= |0ss of muscle tone causing venous pooling

Hypovolemic

x Massive blood loss
= Multi-trauma; Chest, Abdo-pelvic,long-bony

Qlbstructive
= flow of blood obstructed through cardio-pulmonary circuit

® cardiac tamponade/tension pneumothorax

Cardiogenic

= gcute Ml/arrhythmia 2° truama/stress/co-morbidities
® prainstem irritation/injury

Furlong and Fehlings. Neurosurgery Focus 25(5):E13 2008.



Mechanism of Vascular Injury in Acute SCI

® Mechanical disruption

® Systemic shock from Hemorrhage, Obstruction,
Neurogenic

® |mpairment of Spinal Gord perfusion and autoregulation



Progressive Necrosis and Apoptosis Gentral in Secondary. SCI

Normal Cell

Necrotic Stimuli  \Il\{_)7, ) Apoptotic Stimuli
- Ischemia
- Oxidative Stress

' ici - itot t

- Excitotoxicity Excitotoxicity
- Fas, TNFa

- Mechanical Inju

- Call shrinkage
- Chromatin condensation
Caspase activation

Vascular
Disruption
A
Ischamia

- Ischemia

- Cell swelling
- No chromatin
condensation

&

- Loss of ATP ' - Requires ATP

- Cell & nuclear
fragmentation

- Intact cytoplasmic
organelles

Froo Radicale
a

Lipid Peroxidation

- Cell swelling

- Damaged
cytoplasmic
organelles

Fig.2. Acuepathophysiclogic processes afier spinalcoed injury. The mitial
trauma initatesa number of different processes that contnbute to the necrotic
and apoptotc death of cells within the spinal cord. These are ntemrs lated
processes that often positively feedback ca one another o worsen Injury

- Cell lysis :

- Initiates J - Cell fragmentation
inflammatory - Phagocytosis with
response no inflammatory

¢ response

Kwon and Vaccarro et al. The Spine Journal 4:451-464 2004.



PRIMARY INJURY

SYSTEMIC FACTORS

sNeurogenic shock

LOCAL FACTORS

» Glutzamare Relzase

ISCHEMIA

v Oxygen, Glucose — e
Membranc Depolarization !
Energy Failure e Vasospasm

Cellular Swelling

T INTRACELLULAR [Ca?*]

Activation Mitochondrial Damage Lipolysis
Permeablllt} Transition L ATP production
Cytochrome c¢ release

Reactive (Oxygen Species

Caspase & Calpain

Proteolysis &
Cytoskeletal damage

APOPTOSIS

CELL DEATH

Mechanisms of Secondary SCI

Dumont & Hurlbert et al. Clinical Neuropharmacology 24(5):254-264 2001.



Acute stage: Chronic stage: Ireatment options:

1. Direct impact . Central cavity 1. Cell-, tissue transplantation

2. Lacerated axons Scar tissue . Blocking inhibition of axonal

3. Contused axons . Inhibition of axonal regeneration regrowth

4. Influx of inflammatory cells . Demyelination . Enhancing axonal regeneration
. Axonal dieback 4. Modulating inflammatory
. Influx of inflammatory cells responses

Targeting treatments for secondary SCI

Ronsyn et al. Spinal Cord 46:532-539 2008.



