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Review TBI pathophysiology

Treatment of TBI

Hypothermia in TBI



TBI Epidemiology

Children < 14 years, annually
3000 deaths
29,000 hospitalizations
400,000 emergency department visits
10-15% TBI cases severe

Death rate

20 times the number of deaths from asthma
40 times the number of deaths from cystic fibrosis

www.cdc.gov, Traumatic Coma Database


http://www.cdc.gov/

Rate (per 100,000)

Incidence of TBI requiring Intubation by Age
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Mechanisms of Injury

Direct tissue injury
Hematoma/ hemorrhage
Swelling

Shearing forces
Secondary injury




Subarachnoid
hemorrhage

Subdural
hemorrhage



http://www.emedicine.com/cgi-bin/foxweb.exe/makezoom@/em/makezoom?picture=\websites\emedicine\neuro\images\Large\245SAHMCACT.jpg&template=izoom2
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Types of Cerebral Edema

Cytotoxic

Astrocyte Swellinguptake of substrates (e.g. glutamate),
acidosis, Na and H20O accumulate, increased glucose

Other cells swell (e.g. neuronryauma/lschemia induced
lon pump failure
Osmolar swellingcontusion necrosis, increased local
osmolarity
Vasogenieforms in extracellular space secondary to BBB
disruption (seems increasingly less importagsd perhaps
more benefit to hyperosmolar therapies now, rather than
decreasing CBF)

Furman, Zimmerman



Hemodynamic phases after TBI

Phase 1 (day 0) Hypoperfusion phase
CBF reduced, normal AVDO2, normal SjO2
CMRO2 about 50% normal

? Normal response or increased microcirculatory resistance
Phase 2 (days-B) Hyperemia phase

CBF increase, AVDOZ2 falls, increased SjO2

CMRO2 depressed

? Decreased microcirculatory resistance from local vasodilators
Phase 3 (days45) Vasospasm phase

CBF gradually falls, AVDO2 low, SjO2 remains elevated
Persistently reduced CMRO2 (maybe cell death)

Vasospasm may contribute to worsening ischemitebate about Triple

H therapy normally employed for SAH (Hypertension, Hemodilution,

Hypervolemia)
Kelley DF, J Neurosurg 1997



Physiologic principles of severe TBI

Monroe Kelley Doctrine
Cerebral Autoregulation

Cerebral Perfusion Pressure



Monroe Kelley Doctrine
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Autoregulation

Changes in CBF due to PaCO2, PaO2,
CBF ‘ and Cerebral Perfusion Pressure
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Rogers, et al



Assumptions

Autoregulation is intact in Trauma

Junger et al., 1997, found that a subgroup of 28%
of adults even with minor trauma had defective
autoregulation

Czosnyka et al., 1996, found that worse
autoregulation was associated with worse GCS
and worse outcomes.

Autoregulation ranges in Children ?



Disruptions in Autoregulation by Trauma: Adults

B
7] Controls
G- . .
5] .‘.- [ 5
z ] o
<L 34 -I .
2]
n ARI 14
L E 0
1 20 40 &0 B0 100 120 140
4 J ABP mean
2 -
*1
0% IOMHI .
ARI s : ;;fffz
s 4
" o
ARI=% Change CVR/% Change MAP . A
0 ,,,/ "

Junger et al




Cerebral Perfusion Pressure

CPP=MARCP

Recommendations for CPP are extrapolated from
effects in normal individuals with intact cerebral
autoregulation

Adults target CPP >60 mmHg
Goal CPP in infants/ children?

Autoregulatory curve unclear

Pediatric TBI guidelines suggest
Infants/toddlers 4650 mmHg
Children 5660 mmHg

Adolescents > 60 mmHg
Adelson, et al, 2003 PCCM



ml/100g/min

Zwienenberg M,1999 J. Neurotrauma



