SPINAL CORD INJURY &
NEUROGENIC SHOCK
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PATHOPHYSIOLOGY

*  Two phases of injury

e Primary

hyperextension

» SCI from traumatic mechanical force

* Impact + persistent force

* Impact plus transient compression (hyperextension)
« Distraction (vertebral elements pulled apart)

+ Laceration (penetrating trauma)

« Secondary injury to spinal cord from microvascular, biochemical, cellular processes
(hypotension, hypoxia, hemorrhage, ischemia reperfusion, glutamate release, intracellular
calcium levels, fluid and electrolyte disturbances, edema, apoptosis, and inflammation)

» Management of SCI targets preventing, decreasing the secondary insults

PATHOPHYSIOLOGY CONTINUED

»  Neurogenic shock (T6 and above)

«  DIT sympathectomy during injury causes loss of supraspinal control of sympathetic
nervous system

» Unopposed parasympathetic nervous system works independently and activates vagus
nerve which then leads to bradycardia and potentially atrio-ventricular nodal block in
addition to hypotension.

» Hypotension and hypoperfusion worsen secondary insult to cord = poorer outcomes

» Neurogenic shock is a form of distributive shock (excessive vasodilation, similar to
sepsis)- characteristic finding is bradycardia.

« Typical patient is hypotensive with warm, dry skin (d/t vasodilation)

«  Shock lasts 1-3 weeks!
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AVOID PNEUMBRA

» Edema, elevated cord pressure and injuries to vessels all contribute to continued
ischemia of cord

» In comes augmentation of MAPs is a neuroprotective strategy (level Il evidence)

Ahuja, 2017)

CNeuroqenic Shock )
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ANS “AUTONOMIC NERVOUS SYSTEM RESPONSE®
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INTERVENTIONS

e 1stfluid resuscitate this shock to euvolemia

« 2 uyse pressors and inotropes or both

Vasoactive Agents Used to Treat Neurogenic Shock®

Agent Alpha Activity Beta Activity Considerations

Norepinephrine ++4 ++ Probably the preferred agent

Phenylephrine ++ None May worsen bradycardia

Dopamine L
Low dose (3-10 meg/kg/min)  + ++ May lead to inadvertent diuresis at low dose
High dose (10-20 mcg/kg/min) ++ et

Epinephrine 4+ ++ Rarely needed

Dobutamine None +H+ May cause hypotension if not euvolemic

Stein et al, 2012

Consider oral alpha agonist drugs: pseudoephedrine and midodrine in subacute setting.

Updated references Shank, 2017
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PRIMARY/SECONDARY CORD INJURY

Flexion/extension
distraction
Axial compression
rotation

Immediate tissue disruption
caused by mechanical forces

Normal cord Mechanical PRIMARY INJURY
impact

Reite athiohiskiaal NEUROPROTECTIVE
e ocassae > 4 /u  INTERVENTIONS

«In-field stabilization

« Advanced trauma life support
resuscitation

/‘—V\ « Pharmacologic agents
@ + Prompt medical/surgical care

SECONDARY INJURY
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ATLS FIRST

» Treat other life threatening injuries FIRST!!!

« Airway- always secure airway in complete SCI >C5, respiratory distress, hypoxemia,
severe respiratory acidosis

* May lose airway in cervical spine injuries from edema, hematoma, oropharyngeal
bleeding

* C3-5injured patients may lose diaphragmatic innervation, chest, abdomen wall strength
may lose ability for adequately oxygenate and ventilate

«  Complete injuries >C3 will arrest pre hospital- absent diaphragm function

»  Consider airway control in all cervical and high thoracic injuries if skeptical about ability to

cough, clear secretions, aspiration risk, atelectasis

»  Watch for “quad” breathing (chest in during inspiration, abdomen out sharply)
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INTUBATION INDICATIONS
TRAUMATIC CERVICAL SPINE INJURY

» Absolute Indications

Complete spinal cord injury ahove (5 level

Respiratory distress

Hypoxemiz despite attempts et axygenation

Savere respiratory addoss
» Relative Indications

Report of shortness of breath

Deyelopment of qued breathing’

Vital capaty of <10 mLkg or decreasing Jital capadity
b Consideration Should Be Given

Ned to travel remate from emergency depariment (ec, MRl transfer to
another fadlity)
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Muscles of the Respiratory System

Muscle Group Function Innervation

Diaphragm Major muscle of respiration C3toC5

During inhalation, the diaphragm
contracts and moves downward

During exhalation, the diaphragm
relaxes, allowing for passive recoil

Intercostal muscles During inhalation, the external intercostal  T1to T11
muscles contract and elevate the rib cage

During exhalation, the internal intercostal
muscles contract and pull the ribs down

Abdominal muscles  Essential for an effective cough T6 to L1

During exhalation, the abdominal muscles
contract and compress the abdominal
contents and push the diaphragm up
Accessory muscles  Elevate the rib cage and assist in CltoC3
deep ventilation

Inadequate alone for effective ventilation

15
ABCDEs
» Disability
*  Major motor/sensation deficits on PE
+  Spinal precautions
» Detailed exam of motor and sensation
. (ASIA scoring @ 72 hrs has most prognostic value, also helps risk stratify for
possible complications)
»  Exposure/environment
16
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ASIA

»  American Spinal Injury Association scale
» Tool focuses on motor, sensory, rectal tone, rectal sensation
»  0-5 strength scale for 10 muscle groups bilaterally
»  Sensation 0=none, 1= altered, 2=normal
»  Complete or incomplete
» ASIAA- motor and sensory complete
» ASIA B- motor complete, sensory incomplete
» ASIA C- motor incomplete <grade 3 strength
» ASIA D- motor incomplete >3/= grade 3 strength
* ASIAE- normal

Sacral sparing indicated long tracts within cord are preserved and implies INCOMPLETE SCI

If no sacral sparing- considered COMPLETE with poorer prognosis for recovery.

Spinal shock may confound accuracy of initial evaluation and may last 4-6 weeks.
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Cervical Spinal Cord Injury

4/28/2019

Hallmarks of Cervical SCI

Characteristic SCI pathology

Loss of gray and white matter

Severing of ascending and descending axonal tracts
Possibility for regeneration due to axons being severed
closer to their originating cell body

Impairments by Segment
C1-C3: head and neck movement, sympathetic nervous
system, voluntary respiration; complete paralysis
C4:  shoulder movement, upper and lower limb and
torso function, respiration
C5-Cé: triceps, wrists, fingers, torso and lower limbs
C7-C8: upper limb and upper torso movement, lower
torso and limbs

Need for Cervical-Specific Therapies

« Cervical SCI accounts for over 50% of SCI, accounts
for less than 20% of SCI| models

* Segmental changes in recovery

* Anatomy may make regeneration more plausible

e Quadriplegics rate restoration of hand and arm
function as top priority

. cenvical ‘ thoracic Olumhosacral
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CENTRAL CORD

*  Most common

»  Older patients with underlying cervical stenosis
* Hyperextension, usually without fracture

»  Buckling of ligamentum flavum- bruises cord

. Sparing of lower extremity strength is characteristic (upper extrem motor fibers are most
medial in the spinal tract)

A
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BROWN-SEQUARD

» Hemiplegia with ipsilateral loss of light touch and proprioception with contralateral loss of
pain and temperature sensation

« dt traumatic hemisection of cord from penetrating injury (knife, missile, or lateral mass fx)

B
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* Rarein trauma
» More common from ischemia (disruption of anterior spinal artery)
»  Axial compression and burst fracture with retropulsion of the vertebral body and bone
fragments into the anterior portion of the cord
» Symptoms: spares sensory pathways, interrupts pain, temperature, light touch
*  Poor prognosis
< "
Descending Tracts (Motor) Ascending Tracts (Sensory)
- Dorsal columns (deep touch,
Lateral corticospinal -~ puopvluceplmn,wbraunn\
tract (motor) 4
Reglon of ( Lateral spinothalamic tract
antargr e i (pein, temperature]
Ventral conicospmaf
tract (motor) Ventral spinothalamic tract
(light touch)
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POSTERIOR CORD SYNDROME

* Loss of proprioception
»  Preserves motor function, pain, temperature sensation and light touch

«  Atypical in trauma, usually occurs from vascular compromise to cord

D
Descending Tracts (Motor) Ascending Tracts (Sensory)

Dorsal columns (deep touch,
N proprioception, vibration)
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tract (motor Ventral spinothalamic tract

(liaht touch)
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« Caused from retropulsion of fracture fragments in the lumbar/sacral region resulting in
spinal nerve root compression
»  Symptoms include back and lower extremity pain, sensory loss, bowel and bladder
dysfunction, saddle anesthesia
* Reduced or absent perianal and perineal sensation, decreased rectal tone and
contraction
* Negative “anal wink”
26
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SPINAL STINGER

*  AKA- Spinal concussion

«  SCIWORA-Spinal cord injury without radiographic abnormality
»  Complete on incomplete

« Transient dysfunction that resolves

*  Most common from sports injuries

« Treatment is supportive and focuses on prevention of recurrent injury

27
«  Anatomic reduction of the spinal column in the setting of SCl is indicated in the situation
of any neuro deterioration, facet dislocation, or bilateral locked facets.
» Closed anatomic reduction should be performed as soon as possible for the awake
patient with fracture or dislocation injuries of the cervical spine.
*  MRIis recommended prior.
»  Open reduction should be performed if unable to reduce with closed approach.
»  Goals: stabilize spine, decompress canal, prevent further neurologic injury.
» Goal of decompression within 24 hours may improve outcomes (cervical spine) is now the
standard of care (STASCIS- surgical timing in acute spinal cord injury study).
* No consensus for thoracolumbar spine yet.
28
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DRUG THERAPIES

» No pharmacologic therapy to date has been found to be effective in mitigation of neuro
effects of SCI.

» For decades steroids were used, now it is no longer used. Risks outweigh benefits
(infections, Gl hemorrhage, hyperglycemia, death)

*  GM1 ganglioside- initial thought this drug would improve motor function- now
recommended to NOT use.

¢ GM11 and other hormones studied, show no benefit in clinical trials
»  Ongoing clinical trials other drugs

»  Other therapies like stem cell transplant and therapeutic hypothermia continue to be
studied.
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COMPLICATIONS

»  Pulmonary- hygiene including: Chest physiotherapy, secretion clearance devices,
bronchodilators, mucolytics, respiratory muscle training, assisted breathing, assisted
coughing devices and techniques, dedicated weaning protocols, VAP bundle, early
tracheostomy (intake ASIA score <10 100% predicts need for trach...laparoscopically
implanted diaphragm pacing system)

» Cardiac- Bradycardia- tx in symptomatic patients only (use levophed or dopamine,
consider enteral albuterol). Acute-atropine. Pacer if persistent.

* VTE- mechanical asap, + chemical after 72hrs of injury x 3 months. IVC filter only if
contraindicated (TBI)

»  Skin- turn schedule, frequent assessment including under braces, pressure reduction
beds, care of pressure points,

30
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COMPLICATIONS CONT...

* Bowel- aggressive regimen. Bowel program. Daily supp.

« Bladder- neurogenic bladder, foley, bladder training (straight cath schedule Q 4-6 hrs
decreases risk of UTI)

*  Hyperglycemia- avoid! (infection, wound healing, etc)

*  Nutrition- enteral nutrition within 72 hrs (hypermetabolism), swallow evals.

«  Stress ulcer- prophylaxis- high risk for ulcer and bleed

» High risk of depression, chronic pain syndrome, issues with neurogenic pain

5x increase risk of suicide

31

COMPLICATIONS CONT...

Autonomic dysreflexia- not typically an acute complications (usually occurs after spinal
shock resolves >6 weeks after injury

Cervical and high thoracic injuries (>T6)

Noxious stimuli (fecal impaction or bladder distention) occurs below level of injury,
causes increase in SBP d/t hyperactive thoracic sympathetic reflex activity, loss of
supraspinal sympathetic control and lack of parasympathetic response.

Defined as >20% increase in SBP with change in HR and 1 of the following:

diaphoresis, piloerection, facial flushing, headache, blurred vision, nasal congestion.

If left untreated can lead to malignant HTN, intracranial hemorrhage, retinal
detachment, seizure and death.

Try to avoid! If occurs remove the stimuli (check foley, fecal impaction, bed linens,
pain)

May need to tx with calcium channel blocker or nitrate

32
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REHAB
»  Consult PT/OT/ST
»  Social Work/Discharge planning consult on admission
» Assess patient needs and appropriate settings for continued care with care team
« Educate on goals and plan of care
* Resources
* Insurance benefits
* Apply for medicaid, guardianship
* Referral Options
Skilled nursing facility
e AWH inpatient rehab
» Spinal cord injury rehab centers

 Froedtert-Milwaukee, other centers in Wl and surrounding states

33

REFERENCES

 Advanced Trauma Life Support. 9™ edition.

» Ahuja, C.S,, Schroeder, G.D., Vaccaro, A.R, & Fehlings, M.G. (2017). Spinal
cord injury-What are the controversies? Journal of Orthopedic Trauma 31(9)
S7-S13.

» Resources for the Optimal Care of the Injured Patient. American College of
Surgeons. (2014)

» Shank, C.D., Walters, B.C., & Hadley, M.N. (2017) Management of acute
traumatic spinal cord injuries. Handbook of Clinical Neurology vol 140, 3™
series, 275-298.

» Shank, C.D., Walters, B.C., & Hadley, M.N. (2019) Current topics in the
management of acute traumatic spinal cord injury. Neurocritical Care 30, 261-
271.

« TNCC 7t edition

34

4/28/2019

17



