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Traumatic brain injury
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ration LAY Intracranial Hemorrhage
2) Diffuse Brain Damage 31N Acceleration/
Deceleration Injury ¥ [¥L7ia Diffuse Axonal Injury %158
Brain Swelling
Diffuse axonal injury (DAI) WHu Primary injury
dnpusnisiadu insut daifleanaslnansonuls
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wuludaineasaiu shear and tensile mechanism
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v Centripetal force "INYUNAYBY acceleration injury
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1. Hemorrhagic lesion in corpus callosum

2. Hemorrhagic lesion in dorsolateral quadrant
of mid brain and pons

3. Axonal retraction balls of Cajal throughout
subcortical white matter (Retraction balls Wu
Eosinophilic globular swelling 81tAna1nnsiasuuLas
2N axop; asmic transport ﬁﬂawaﬁaammm Axon i
2aly)

JH Adams et al® 1#uis grade 289 diffuse axonal
injury W

grade 1: there is histological evidence of axonal
injury in the white matter of the cerebral hemispheres,
the corpus callosum, the brain stem and, less
commonly, the cerebellum.

grade 2: there is also a focal lesion in the corpus
callosum.

grade 3: there is in addition a focal lesion in
the dorsolateral quadrant or quadrants of the rostral
brain stem. The focal lesions can often only be
identified microscopically.
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Secondary Insult FaTu Delayed Non-Mechanical
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Overview 229n13iUAsuLLasluTEFU Molecular
and Biochemical mechanism AM8%aY traumatic brain
injury \iagan Secondary Insult L% ischemia Wag
hypoxia, brain edema Wazn154fial ICP sratl

1. Metabolic dysfunction and Lactate formation
iafimsuna§uresanasuasd ischemia AR oxygen
anad cells Lia11130l% aerobic oxidation phospho-
rylation 1§ Fowdsulyls anaerobic glycolysis ¥l¥l
maazaNped lactate unaliiia latic acidosis

2. Increase of Excitatory amino acids and
Neurotransmitters Lf‘immn Neurone gnnizﬁjumnndw
Unf 91nn15714 influx 284 chioride, sodium %38 calcium
Y WFNNIMAI8Y excitatory amino acids L34 Glutamate
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(a) Kainate /AMPA (alpha-amino-3-hydroxyl-
5-methyl-4-isonazole propionic acid) receptor Fauu
non-voltage gate Waram1IavilFAANSIWABULLA
289 monovalent ions LU Sodium, Potassium, Chloride

(b) NMDA (N-methyl-D-aspartate) receptors
Faflu voltage dependent gate v liiN1TIWABLLYAY
284 Calcium ion 131 cell uazaadanTduiisdade
WU Magnesium, Zinc kae Glycine

(c) Metabotropic receptors v G-protein-
linked receptor ‘%ﬁ%ﬂit(ﬁu Phospholipase C vl
1NANN383 1989 Inositol AL Diacylglyerol RGP AN
fifinasiavsann Ca Tu cells N13fifi Ca 1 cell un
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(1) N3z #U lipase Foazshliianns break-
down 989 membrane phospholipids
WA arachi-donic acid way free
radicals #7199

(2) Catalysis 79849 proteases L% Calpain
| and Il ¥"1¥iAn degradation 89
neurone

(3) nizéjuTﬁLﬁﬂmi fragmentation V89
DNA 31N endonuclease

(4) Activation of nitric oxide synthase Vil
mitochondria lN¥91ULAzLAn
Hydroxyl radicals
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RRViRLT Pathophysiology 984 Traumatic Brain
Injury ®1ana13ldlu 2 dnwaur Ap General Patho-
physiology LLae Specific Pathophysiology of Trumatic
Brain Injury®®
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289 Direct tissue damage Lae imprired regulation of
CBF and metabolism hl¥dansuzadrenisiinnne
aupszaien lapasyliian13@ee lactic acid
\18931n anaerobic glycolysis ﬁmﬂﬁuﬁumm Mem-
brane Permeability auvil#iAnn1suina1uun iie
Anaerobic Metabolism ligsnsavilizadssamey
sonrlUld fazviliiiinn1e ATP-Stores Deplete ua
Failure of Energy-Dependent Membrane ion pumps
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[HaaUITaMIT Excessive Release 289 Excitatory
Neurotransmitters Lgiiir glutamate, aspartate Faacly
Activate NMDA, 2-AMINO-3-Hydroxy-5-Methyl-4-
Isoxazol Propionate, Way Voltage-Dependent CA” LAy
NA* Channels Lila CA® uaz NA" i Influx iisad
lAAansnszduiaulaioidaseg Hur Lipid Peroxi-
dases, Protease L@z Phospholipase Faa<ly Inhibit
DNA Repair

Taewas782891 2 Funsuazyinliin Membrane
Degradation 984 Vascular Structures AWAl¥iAn
Necrosis #1380 Programmed Cell Death Tuﬁqm
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1) Cerebral blood flow F4tlsenaugian:

e Hypoperfusion and Hyperperfusion
- iflssnmsuauiiaueeyih ldiiang
Wasuulas CBF Tudnwusiindefunie ischaemic
stroke 1l Hypoperfusion WULYITle @ critical threshold
of CBF flazyil¥iAin irreversible tissue damage ai;jﬁ
faen3dn1 15 m / 100 g / min
A1 critical threshold of CBF #lazvihl#iAn

Tuauedl ischaemic
stroke
irreversible tissue damage ai;jﬁ 5-85 ml /100 g/ min

F9a=yi¥iLAin metabolic stress WAz ionic perturbations,

Ramathibodi Medical Journal

Tupnuzifsrfunsuiai§uiianes  Sefinnsiiaines
exposes the brain tissue to shear forces with con-
secutive structural injury of neuronal cell bodies,
astrocytes, microglia, cerebral microvascular LLag
endothelial cell damage  Tumsnasaiudng enafiane
Cerebral hyperperfusion lag CBF Sy w3e
ANN31 55 ml /100 g/ min Tugeusnadeiunsiia
Hyperaemia QWﬂﬁUQZﬂ’]NN’]ﬁ’Jﬂﬂ’ﬁ"ﬂ’]ﬂLﬁﬂﬂ
e Cerebrovascular Autoregulation LLaE Co2
-Reactivity MavaIn13iia TBI WuIndn1siaUn@nes
Cerebrovascular Autoregulation 81315aLAAULI9LIA
W3DITBLIRABNNA L
e Cerebral Vasospasm
2) Cerebral Metabolic Dysfunction
AMBVAY TBI 9¢WU  reduction W8y cerebral
metabolism Fifunaduiiosil¥iAn mitochondrial
dysfunction with reduced respiratory rates and ATP-
production, a reduced availability of the nicotinic co-
enzyme pool Wag intramitochondrial Ca** overload
3) Cerebral Oxygenation
mMuviag TBI § imbalance 9¢#3W cerebral
oxygen delivery LLRZ cerebral oxygen consumption
qmﬁwdowa’iﬁlﬁﬂ brain tissue hypoxia
4) Excitotoxicity and Oxidative Stress
Muviay TBI 9L WU massive release of excita-
tory amino acid neurotransmitters, particularly
glutamate \iafl excess in extracellular glutamate o
INAlAUASIAD neurons LAY astrocytes ANAWILAR over-
stimulation of ionotropic and metabotropic glutamate
receptors with consecutive Ca™, Na*, and K'-fluxes
W 1# blood-brain barrier breakdown, the cellular
attempt to compensate for ionic gradients increases
Na'/K*-ATPase activity LaZ in turn metabolic demand,
creating a vicious circle of flow-metabolism uncoupling
to the cell
5) Edema
dnwousiinuaziu Cytotoxic edema winaN
%&9a1ndl hypoxia %38 ischemia 284 cells lasiians
PIAWANIU Lﬁﬂd?’mﬂ’ﬁﬂﬂa\‘i"ﬂﬂ\‘i adenosine phosphate
Fagndudmiunsvieuzes sodium-potassium pump
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i cell membrane ﬁdﬁu sodium 3941 cells A4 osmotic
gradient uwazfahmudludae vielu neurons waz glia
cells °’§\1Lﬁumimuﬁwﬂﬁﬂaﬂmfﬂusjﬁﬂw TBI
6) Inflammation
TBI ¥ ¥itAn complex array of immunological/
inflammatory tissue responses Fofidnwous pathology
AR1uiY ischaemic reperfusion injury

7) Necrosis and Apoptosis
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1. pupil size WALNIIADUNUDIFBDLLEY

2. ocular movement

3. NIADUAUDIAD noxious stimuli

4. reflex 1aBLaNNE NMIABURUBITDY pathological
reflex Aannanszéu léiun Babinski's reflex Suazuana
¥ upper motor neuron lesion
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T8 wazmsUSnYsamAasunng lusiud nstigie
Lmqim%a‘iﬁ”miLawﬁmﬁﬁwaﬁiaﬁmﬂimmmﬁuﬁ
Faneen1slulsenenuna uasRiansaunsensia CT brain
fadedeefiasnuauinUniluanes w3e Risk factors
to detect intracranial abnormalities® lgin
Low risk

1. Asymptomatic

2. Glasgow coma Scale of 15

3. No headache

4. Scalp injury - bruise or laceration

Moderate risk

1. vomiting (<2 episodes)
History loss of consciousness
Headache
Post-traumatic amnesia

Transient loss of consciousness (seconds)

R e

Drug/Alcohol intoxication, initial Glasgow
Coma Scale of 13-14
7. age =2 60
High risk

1. Clinical sings of skull facture:- palpable
discontinuity of the skull, leakage of cerebrospinal
fluid, periorbital or post-auricular echymosis, hemo-
tympanum and bleeding from the nose of ear

2. Vomiting (> 2 Episode)

3. Decrease of score at least 2 points, nit
clearly caused by seizures, drugs, decreased cerebral
perfusion or metabolic factors

4. Focal neurological signs

5. Penetration skull injury

6. Palpable depressed skull fracture

7. Compound skull fracture



& -

8. Post-traumatic seizure
9. No drug/alcohol intoxication with Glasgow
Coma Scale of 13-14

Tunsdl Low risk AsliNssnEmINe N vie
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nstll Moderate risk Tasausugihelidnmneins
Tulsenenunaseneiley 6 sy, vaRansaNaInsIa CT
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RAMATHIBODI CLINICAL PRACTICE GUIDELINE FOR TRAUMATIC BRAIN INJURY

-

%D Tel No (Pt) Date
HN:

Injury type
O Vehicle injury AICONOL...ce
Motorcycle
O car
O Other (
O Falling / Fall from height.
O Syncope
O Assault
O Focal blunt trauma...

Mild TBI: GCS 13-15 -_— Mod TBI: GCS 9-12 w1y  Severe TBI: GCS <8
Yes Yes

Time

- CT brain - CT brain with CT C-spine
- Consult neuro surgery/ - Consult neuro surgery/
Trauma (multiple injury) Trauma (multiple injury)

O Clinical sign of skull fracture
O Palpable discontinuity of skull
O csF leakage
O Periorbital / Post Auricular ecchymosis
O Hemotympanum
O Bleeding per nose/ear
Palpable depressed skull fracture' > High risk
Compound skull fracture®

Penetrating skull injury l

GCS drop >2 point; Not clear caused by seizure, drug,
decrease cerebral perfusion, metabolite

GCS 13-14 with drug/alcohol intoxication -
Vomiting >2 times - CT brain

Focal neurological signs - Consult neuro surgery/
Post traumatic seizure Trauma (multiple injury)
Multi-system trauma with GCS 13-14

TBI >24 hrs with unexplain headache, Neuro deficit, GCS 13-14
Known neurosurgery / neurological impairment®

Post traumatic amnesia

Transient loss of consciousness

Hx loss of consciousness

Large extracranial hamatoma / Severe maxillofacial injury
Known Coagulopathy : Warfarin

Hx Bleeding tendency : Thrombocytopenia, hemophilia, tec.

D hanism* . .
Cﬁﬂge;gﬁz emec anism - CT brain/ lat crosstable C-spine

- Consult neuro surgery/
No Trauma (multiple injury)

+
Age >60

Heagghe . —.| Moderate risk Film skull series
Vomiting <2 times

Multi-system trauma with GCS 15 -
No reliable companion at home
TBI >24 hr with any deterioration - Consult neuro surgery/
GCS 15 with drug / alcohol intoxication Trauma (multiple injury)

- Observe at least 6 hr

000000 0OOOOOOOOO OOOO

0000000

No

Asymptomatic Yes

GCS 15 > Low risk

- D/C

Extern - Advice + instruction sheet
Resident - Observe at home

1. Depressed skull fracture = skull fracture with in ward displacement of a part of the calvarium.

2. Compound skull fracture = fracture with laceration of overlying scalp.

3. Known neurosurgery / neurological impairment - Such as hydrocephalus with shunt/ AVM/ Brain tumor/ cognitive impairment from any cause.
4. Dangerous mechanism: ﬂmﬁunuugnsnw, ﬂiﬂﬂmsm:lﬁuaanwnsn, ﬂnﬁnnﬁg\imnnh 1 1R9, ﬂnﬁu\lﬂgdnh 3 ‘lxlu, Focal blunt trauma
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In Thailand, traumatic brain injury is very common. This is also one of the most important cause of death
in Thai working-age adult. There are several researches and the progression in the understanding of
traumatic brain injury pathophysiology. Objectives of this review paper are, therefore, to introduce
regarding the incidence and Thai definition of traumatic brain injury, diagnosis, and initial management to

increase awareness following traumatic brain injury.






