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PEDIATRIC HEAD INJURY Y see

TBI T traumatic brain injury.\

DEFINITIONS, CLASSIFICATIONS

Traumatic brain injury (TBI) - nondegeneratiyenoncongenitabrain insult fromacute
external mechanical forcevith associatedltered state of consciousngand temporary or
permanent impairments obgnitive physical psychosociafunctions.

fHEAD INJURYO@ n BRAIRINJURYO ar e not identical, but canno
N.B. HEAD INJURY may not be associated with neurological deficits!

Scalp injuries
CLOSED | contusion.

OPEN:

1) puncture
2) laceration
3) avulsion

Skull fractures

Brain injury (TBI)
Communication with outside
A. CLOSED:

a) noscalpinjury
b) noskull fracture
c) scalp injury not connected with skull fracture.
1 caused bylunt objects omo contact
N.B. skull fractures extending tearanasal sinuses, middle ear structiiralsocalledopen
fractures

B. OPENT scalp injuryconnected tekull fracture Risk of CFS leak,infection!
i caused bylunt or sharp objects.

Penetrating 1 with dura matteinjury;
9 caused bynissile injuries(much more common) empalemens.

Location
A. Diffuse:
a) concussior(s. commotioy mildest TBI with negative imaging.
b) diffuse axonal injury (DAI} microhemorrhages on imaging
B. Focal
a) contusions
b) lacerations
c) hematomas (extradural, subduglparachnoidntracerebral)

Cerebrovascular injury

EPIDEMIOLOGY

Brain injuryi plague of modern societydespitetechnological progrese(ar r i ag e s Y po
fist fightiingnaYt eshnoaangbusn sajggression i s not cu

| NCIDENCE

0.2% per year(in USA, head injury occurs every 7 seconds and death every 5 minutes)

High-risk populations:
1) young people(peak 1524 yrs; second peak > 65 yrsdue to fall3
2) men (affected 24 time¢ as often as womempproaches 1:1 as age increases
increased likelihood of TBI caused by falls)
*motor vehicle accidents, contact sports, interpersonal violence, alcohol abuse
3) low-incomeindividuals
4) unmarriedndividuals
5) members otthnic minoritygroups(esp. African Americans, Native Americans)
6) residents ofnner cities
7) individuals with history osubstancé alcoholabuse
8) individuals withprevious TBI

M ORBIDITY

1 20-25% brain trauma cases need hospitalization

1 major cause of disability!

T 100% severe TBI, 66 % moder ate TBI Y per man
1 5-10% patients go to lonterm care facility.

M ORTALITY

! mortalitya 1 (igher in person$5-24 yrsand> 65 yr9.
Major cause of death in young adults!
1 5% of all patients die at site of accidgt0% of fatalities occur before patients can be admitted to
hospital) alsbosee "N Prehospibelaw Management o
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N.B. in gunshot TB) mortality is90-92% (73-76% are dead at scene; of
remaining, 60% die at hospi}al

\ 50,000 individuals each year die from head injuned $A \

1 accordingo TBI severity
1) midTBI-mortality & 0%
2) moderate TBkmor t al 28y a&a 2. 5
3) severe TBFkmor t alo-by a 3
1 if patient dies at hospital, average time to death is 2 days after trauma.
1 TRAUMAS IN GENERAL:
i TBI is major determinant of survival in most cases of blunt trauma.
i TBI contributes significantlyor 50-75% of all traumatic deaths

I in any traumatic cases, presence of TBI increases fatality-fatd.3

ETIOLOGY

1. Motor vehicle accidents- most commoncaus¢!'a 50 %) ( mu c h soborbadrural o mm
area9

i 70% MVA injuries are TBIs.
. Falls - 2" most common caug@0-30%) (muchmore common irelderly> childrer)
. Personal violencgassaults gunshot woundschild abusg - more common cause large urban
areas

w N

i firearms are '8 leading cause of TBI (12%ncidence increasigesp. African
American men.
4. Sports (esp. football and soccebjicyclesi more common in children.

Work -related TBIs - 45-50% all TBIs, esp. military employees (57% are related to transportation).

PATHOPHYSIOLOGY (Primary vs. Secondary Injury)

FINAL NEUROLOGIC STATUSIS sum of irreversible damage acquiegdime of initial injury and

damage fronsecondary insults

1 brain cells do not regeneratance brain cell is destroyed, it cannot be replaced; gliotic scar will
take its place, but not its function, which is lost forever.

PRIMARY BRAIN INJURY

- occursat time oftrauma portion of brain sustainisreversible damageand second portion sustains
lesser degree of damageecovers over months).
1 microscopically mechanical cellular disruptignmicrovascular injury

I. Diffuse shearing injuries (concussion, diffuse axonal injury)
[I. Contusions
[ll. Lacerations
IV. Tears (of cranial nerves, brainstem, pituitary stalk, etc)

M ECHANISMS

Brain is protected by scalp, skull, meninges, CSF!

A. Contact, s. direct impact injury (object striking head dread striking object; rarelyhead
compression  talpinjury, skullfracture,contusionsk lacerations

\ Injuries tend to be focaj

1 external signs of traumare frequently noted at site odntact

1 skull initially bends inward at point of caatt (if force is sufficient, skull fracture can
occu) - cranium absorbs some of applied energy, while some energy is transmitted to bra
by shock waves that travaehddistort/ disrupt intracranial contents.

1 injury from compressionrequires significant force becausiaull architecture provides
substat i al resistance to deformation; if s
multiple linear skull fractures.

Direct impact sets head in motion, resulting in simultanemarect injury (isolated direct
impact injury is rare)

B. Accelerationrdeceleration s. indirect injury (cranial contents are set into vigorous motion by
forces other than direct contact of skull with another opj¢cshear, tensilegompressive strains
Y hematomadiffuseaxonalinjury, injury tocranial nervesandpituitary stalk

| Injuries tend to be diffuse

9 brain is most susceptible to lateral rotation, while tolerating sagittal movements best
1 injury depends on direction of force
a) TRANSLATIONAL forces(force in AP or true lateral directiorbrain's center of gravity
i's moved i n st r asugeffitialstructares(pridging stractoesgy e  t
corteX); as force is increased, deep structures are also affected.
b) ROTATIONAL forces(head is rotated around long axis of body without moving center
of gravity of brairi pr act i cal | y i Shgastress taledp stiuctudes h i g
C) ANGULAR forces(combinations 0fRANSLATIONAL andROTATIONAL forces- head
pivots on cervical spine predominating force determig@jury pattern énytype of
TBI except skull fractures and epidural hematagmas

SECONDARY BRAIN INJURY

- anyinsultsthat occur after traumandworsen neurologic deficits:

N.B. secondary brain injury iain target of TBI treatment

I. SYSTEMIC DISORDERS:

1. Hypotension!! (systolic BP< 90 mmHg doubles mortality!);
early causes of hypotensionintra- or extracorporeal hemorrhggmrdiac contusian
later causes of hypotensionsepsis, pulmonary embolism, Gl bleeding.

N.B. intracranial trauma per se does not cause hypotensxceptions

1) profound blood loss froracalp lacerations

2) infants(relatively small circulating blood volume®lood may
accumulate without much evidence of increased IGRmorrhage from
largelinear skull fractureinto epidural, subperiosteal or subgaleal
hematomaintracranial bleedinglesp. in child with hydrocephalus and
functioning shunt).

3) high cervical(> C4) fractureswith medullary compression [hypotension
with bradycardia, nonresponsive to fluid therapy]

4) terminal stage
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2. Hypoxial! (PaQ < 60 mmHg doubles mortality!zauses of hypoxiaapnea caused by
brain stem compressiomechanicahirway obstruction (in unconscioymient), chest /
pulmonary trauma, intoxication with alcohol / CNS depressants.

3. Anemia(hematocrit < 30%)
4. Fever

5. Hypoglycemia

[I. INTRACRANIAL DISORDERS :

1. Expandingintracranial mass (hematomacontusionsbrain edem& engorgementyY
raised ICPY decrease 1 n cer éhdrmiaidn p@auousk B0%oidenths! p r

2. Seizure

3. Vasospasm( d u e t o localAsehEmiaY
N.B. SAH is most common type of traumatic intracranial hemorrhage!

Very dangerous combinatioh:.CPy + hypotensi on

PATHOPHYSIOLOGY ( Cerebral Blood Flow, Edema)

\ TBI disrupts autoregulation & 883

N.B. injured brain is very sensitive to perfusion fluctuatioraitoregulation limits
become narrower (e.g. the lower limit for autoregulation may rise from 40 mmHg to 7(
mmHgi here is rationale to keep CPP >B0D mmHg to prevent ischemia).

AUTOREGULATION

 immediately after traumdlood vessel lose tone and passively di{atgaired autoregulatiory
cerebral blood flow (although metabolic demands and oxygen consumption are diminighed)
| CPy
1 5-30 mn later postcapillary sphincters and venules constrict but arterioles reraeitlyzed
(maximally dilatedd ~ ¢erebral blood flo (typically less than half of normal values}rebral
bloodvolumé (brain engorgemen)  i¥chemiaJCPYy.
i lowest CBF values occur within first & hours after injury.
I these changes may exist for several days after injury.
i itis especially common in children.

N.B. despite disrupt autoregulatioyvasoreactivityto Pcoz remains(enables therapeutic
hyperventilation)

Duration of cerebral autoregulation impairmsignificantly correlatewith worse

outcomesafter severe TBI!
Preiksaitis et alAssociation of Severe Traumatic Brain Injury Patient Outcomes With Duration
of Cerebrovascular Autoregulation Impaiemt EventsNeurosurgery, Volume 79, Issue 1, 1
July 2016, Pages 782,

BBB

T mechanical forces and ischemiiarupt BBBfor several hourgdemonstrated by contra€iRl) Y
vasogenidbrain edemaY | CP YV
1 ischemia (produced by any mechanism) caugesoxic brain edema

| In TBI, bothvasogenicandcytotoxic brain edema occur|

brain edema reaches maximum at728hours.
brain edema:
a) localized(associated with other lesiondiematoma, contusion, infarction)
b) diffuse
I on occasion (esp. in children), TBI causes diffuse brain edema within few hours witho
anyfocal lesions due to microvascular disruption and greatly increased CBF.
I on occasionmalignant edema develops after evacuation of intracranial hematoma (es
SDH), esp. if patient haalypotension /hypoxia episodes (cause generalized
vasoparalysis).

= =4

PATHOPHYSIOLOGY ( Biochemistry)

1 immediately aftertraumd i oel ect r i c al brain activityYsto
release o&xcitatoryneurotransmittergglutamate, aspartgte

i excess neurKdleaaes cellslilaraccongulat¥s intracellularly acute

neuronal swelling

i intracellularC&9Y genera@axy @enoffree radicals Y 1
metabolic activityy to restore.ionic balan:t
excitatory neurotransmitteriactate, oxygen free radicals are released into bruised / ischemic are:
Y intense inflammatory responsé f ur t her brain edema.

= =4

PATHOLOGY, CLINICAL FEATURES

Head injuries and their sequelae are embedded inextricably in medicolegal sgstaited history,
review of systems, complete examinatiand management step® essentialdocumentation should
be meticulous

External signs of trauma(scalp lacerations, abrasions, hematorbasgsing,etc)at site of impact
only confirm that injury has occurredopt always presernh patient who has sustained serious brain
damage!
N.B. as scalp injuries occur at site of impacarefully explore for foreign bodies or
underlying skull fractures.
T in gunshot injuries, carefully document entry and exit wounds, powder burns,
and foreign bodies.
scalp may be injured with or without breach in its surface.
injured scalp becomes markedly edematous.
lacerationsare particularly common, as scalp is readily crushed and split against underlying bon
(most scalp lacerations are linear because of skull convexity).
scalpsubcutaneoukyerhasrich vascular supply significant blood loss whescalp is lacerated
galea ispoolly fixatedto underlying periosteurd large scalp flapgscalpingor degloving
injuries), little resistance tlematomad abscess formatiom subgaleal plane.

E

E

N.B. external bleedingr subgaleal blood collectionmay causehock in small infarkt

Alteration of consciousnesgpractically the mussymptomfor TBI!!!) - inadequate functioning of
brainstemor both corticescaused by:
a) primaryinjury (e.g. midbrain or diencephalic hemorrhages, diffuse axonal injury)
b)i schemia (due to | CPYy)
c) hypotension
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d) hypoxia
e) hypoglycemia
f) intoxicating substance consumed before injungay distort entire clinical picture!
1 levelandduration (of consciousness alteration) characterize TBI degree!
1 LUCID INTERVALS are not unusual (in one study, 25% talked at some point between trauma onset
and their deterioration into coma: 81% had focal lesion, 19% had diffuse brain swelling)

Possiblemmediate accompaniments of trauma
1) immediatebrief generalizeconvulsion( fi i mp a c t - resudt from wransient)
mechanical and neurochemical change®st of these patients will not have additional
seizureg?*) and do not requirng-termanticonvulsantgbut require anticonvulsants
for first 7 days$.
*other authors statesingle seizure at time of injury increases risk of
posttraumatic epilepsy téold
2) transientapnea flaccidity, areflexia, dilatation of pupils (esp. in children).
3) arterial hypertension, cardiac arrest (in absence of overwhelming brain damage,
recovery from arrest is rule).

RESIDUAL EFFECTSon recovering consciousness)
1. Dizziness nausea emesis(commonin immediate posttraumatic period, regardless of TBI degree)

2. Slightblurring of vision (transientcortical blindnessnay follow concussionlocalized edemar
vasospasnn calcarine fissureusually resolves spontaneously within 24 hpurs

3. Difficulty with concentration , mental cloudinessandconfusionbefore full consciousness is
restored (this fAmental o period is prplonge:t
1 some patients a@mbativewhen they regain consciousness.
1 behavioral changes (such as agitation)naost evident at night
1 difficulties with activities of daily livingmay continue for months.

4. Amnesia(duration is good indicator of TBI degree)

1. Anterograde amnesia(amnesia for events after traumaomewhat of misnomer

severe inattentionn postinjury state primarily prevents retention of new information,
("posttraumatic confusional stat® is more accurate term).

2. Retrograde amnesialamnesia for events preceding tragmaever occurs without
anterograde amnesiagay be absent in mild TBI.

1 during weeksimprovement occurs in orderly progression fromsindistant to recent memories
(islands ofabsoluteamnesiamayremain in severe cages

HYSTERICAL POSTTRAUMATIC AMNESIA- tendency to recount events that cannot be recalled on late
testing, bizarre affect, forgetting one's own naexegessiventerograde deficit.

5. Headache(constant generalized or fromntahay be throbbing hemicranial like migrajne
1 commonfor days+ monthsfollowing traumaH: b-blockers
1 persistent severe headache and repeated vomiting in context of normal alertness and no focz
neurologic signs are usually benign.

6. Early post-traumatic SEIZURES (2.5-7% clinically; 22% by EEG - developwithin 7 days ater
TBI (50-80% manifest during Ldayasimmediate SEIZURES) - result from cerebral edema,
hemorrhagic lesion@ntracerebral, subdural > epidural hematarpanetrating injury42% risk of
seizurey depressed skull fractures
1 seizures are major threaihcrease tissue energy requirements and cerebral blood flow by up tc
400% QPY
STATUS EPILEPTICUSNAy ensue!
seizures occurring after 7 days$ate posttraumatic SEIZURES (posttraumatic epilepsy)
see below

T
T

7. Focal neurologic signg hemiplegia(9%), aphasid6%), cranial nerve palsies, étclepend on
extent and site of damage to intracranial structures.
1 (almost) complete return of motor power and speechnsmonwhen cause is compression by
hematomal vs. | aceration Y severe residual def

Injury to CRANIAL NERVES :
a) frequent complication adkull base fractures
b) torn /stretchedy brain movement within skul(esp. CN1).
C) penetrating trauma

1 occasionally, cranial nerve palsies may not be evident for several days.
1 recovery (partial or complete) is rulaut prognosis is worse f@N1 and CN2.

CNL1 (in 7% TBI cases) anosmiaand appareribss of tast€actually loss of perception of
aromatic flavors, with el e-BRoftsevere/TBtasegesp s r e
with falls on back of headr anterior fossa fracturgsresults frombraindisplacemen¥ shearing
of olfactory filamentsat cribriform plate
Even trivial head injury (to any part of head) can result in anosmia!
i check for CSF rhinorrhea and frontoorbital contusions
i recovery mayast up to 5 yearsgesidual hyposmig usual.

CN2 (in 5% TBI cases) fractures of sphenoid bomeay transec€N2; closed TBIY aotial
injuries (blurring of vision, central or paracentral scotomas, sector difdirtsct orbital injuryY
reversible iridoplegiashortlived blurredvision for close objects)
I indirect optic neuropathy: observation, hidbse steroids, surgery.
i del ayed onset of visual |l oss Y surgical
I prognosis extremely variable-(®0%).

CN317 injured inuncal herniation
i aberrant regeneration often occurs (e.g. lid elevation on attempted adduction).

CN4 1 fracture oflesser sphenoid wingy stretching near CNS exit site
i TBI is most common cause of trochlear palsies!
i onl y-66% reedver because of frequent nerve avulsion.
i bilateral CN4 lesions can occuiif dorsal midbrain and botinerves are impacted in
niche of tentoriumcerebelli only & 25% recover .

CN5z, CN52 (in facial trauma
i hyperpathia in nerve distribution may be permanent.

CN6T most commonly injured oculomotor nerve!

CN71 petrous fracture@n 30-50%transversdaemporal bone fractures; if0-30% longitudinal
fractures)facial palsymay be delaye8-7 days fnechanism progressive edema within nerve
good prognosis)

i longitudinal fractures spontaneous recovery is usual.

i transverse fracture¥ ner ve decompression.
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CN8i petrousfractures(nerve laceration in 80%ansversgaemporal bone fractures)
sensorineural hearing lossvertigo, positionalnysagmusimmediately after injury
i patients with low or high-frequency hearing loss may have some recovery but those with
low- and high-frequency loss usually do not recover.
i vertigo due to labyrinth concussion usually resolves within year.

CN9-12 - fracture of occipital condy|eCOLLET-SICARD syndrome

MIDDLEEAR trauma¥Y t ympani c perforation, he madngunipea n u
hearing loss

I most tympanic perforations heal spontaneousiy

i ossicular incongruences Y ossiculoplasty

INNER EAR trauma
1) cochl ear csensainesra hearing I06¢or hightones).
2) per i | ymp h agenscrindural §¢anndy lass Y
3) otolith dislodgemen¥ benign paroxysmal positional vertigo

CONCUSSION

- biomechanically induced alteration of brain function, typicalfg@fng memory and orientation.

Concussion Guidelinestdicators of concussion are documented:

a) confusionimmediately after the event

b) impaired balancewithin 1 d after injury

c) slower reaction timewithin 2 dafter injury

d) impaired verbal learning and memorywithin 2 d of injury.
Concussion Guidelineslinical and prognostic Subtypegcognitive, oculaimotor,
headache/migraine, vestibular, and anxiety/mood) aas$@ciated conditior(servical strain and
sleep disturbance)

It's clinical diagnosis

1) immediate brie{< 6 hours)oss of consciousnesgdazed or "star struckfoss of consciousness is
not deep pupillary reactions and other brainstem functions are intact; extensor plantar response
may be present briefly but not decerebrate postjring

Z *+ temporary respiratory arrest, loss of reflexes
N.B. trueloss of consciousness is not requiaed it occurs ik 10% ofconcussion
cases

2) brief disorientation

3) antegrade amnesidasting minutes (i.eamnesia for traumatic event)

4) dizzinessnausea(single episode ofomiting), lethargyirritability .

5) headache

6) in severe casesrief convulsionautonomic signs (facial pallor, bradycardfia t a ¢ h ynlda r d
hypotension, sluggish pupillary reaction).

| Concussion is mild head injury!

| Concussion selectively disrupittention! |

1 wide spectrum of neurologic symptoms may be described but are quickly résotaedt patients
on presentation are neurologically norff@CS = 15) diagnosids usually retrospective!
*patients become normal within few minutes; others may be slightly dazed for few
mi hutes and complain of headaches for
{1 concussions are graded
grade | - confused temporarily but does not display any memory changes.
grade Il - brief disorientation and anterograde amnesia Bfminutes' duration.
grade Il -loss of consciousness for < 5 minutes egtcbgrade amnesia
grade 1V - loss of consciousness forl® minutes.
grade V - loss of consciousness10 minutes.
According to new guidelinespncussion severity is no longer classified at time of évent

The only objective signs of concussion (to rule out malingefirmjt only within first 48 hrs:
1. Assymetry ofcorneal reflexes

2. Horizontalnystagmus(may be due to alcohol intoxication!)

3. Abnormalvestibularr e f | exes (9 or Z, assymetry)

M mechanism of loss of consciousnefisnctional disconnection* of brain stem from cerebral
hemispheres.
*transient electrophysiologic dysfunction of RASipper midbrain caused by rotation of

cerebral hemispheres on relatively fixed brainstem.
higher primates are particularly susceptible to concussion; in contrast, billy goats, rams,
woodpeckers can tolerate impact velocity and deceleration 100 times greater than humans.

mechanism of amnesig not known.

no immediate or delayed structural brain damagno significant longterm sequelae (except

postconcussion syndroine

71 biochemical and ultrastructural changes exist depolarization due to excitatory amino acid
mediated ionic fluxegnitochondrial ATP depletion, local BBB disruption.

1 repeat concussioniave cumulative effects that lead to traumatic encephalopathy.

0 havingApoE-4 genencreases risk for chronic problems following concussion

= =4

DIFFUSE AXONAL INJURY ( DAI)

- immediate loss of consciousness lasting > 6 h@wr.sconcussion iamild form of DAI).

Unconsciousnedss resuscitated patiedespite absence of
anyintracranial mass lesionr history ofhypoxia

N.B. DAl is almost ubiquitous to all patterns / degrees of TBI

1 extensive generalizeshearing or stretching of axons within white mait&aused by

*e.g. brairROTATION within skull
N.B. magnitude of acceleration needed to produce DAI requires head to strike object
(increased likelihood that DAI will be accompanied by other intracranial lesions)
1 axons are either shearatitimeof impact or degeneratmon after
i stretch injury first affectsodes of Ranvigiblebbing of nodal axolemma).
i membrane channels open to admit toxic levels of calcium.
i numerousswollen and disconnected axd@axonal retraction bulhshroughout white
matter- appear within hours of injury.
T same f orces mteatereoral hein@rhagediiceo / niacro)
Duret hemorrhagesi punctate hemorrhages causedshall penetratingrteriole stretching
i also may occuduring transtentorial herniatiomg secondary injujyi hemorrhages are
larger than in DAI.
Subdural hematomasi caused btretching obridging subdural vem

1 little cerebral swellingn o | (Zdhildren may develop diffuse cerebral edema).
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Coma lasting 84 = mild DAI (only axon stretching)30% patients demonstrate decorticate or
decerebrate posturing, but by 24 hours they are following commands.
i good prognosigmild or no permanent disabilitiesut some patients die

Coma lasting > 24 hoursmoderateor severe DAI(irreversible axon shearing, hemorrhages)
I persistent brain stem dysfunction (posturing), autonomic dysfunction (e.g. hypertensic
hyperpyrexia).
I poor prognosigup to persistent vegetative state or death).
N.B. DAl is contributingcause of death in0840% cases!

All patients with DAI present identically in comano early clinical predictor
differentiates mild, moderate, or severe DAI!

Centripetal theory of A.K. OMMAYA and T.A. GENNARELLI (1982)- increases in rotation /
acceleration / deceleration force involve progressively ddepetial)areas of brain
1) mild DAI (grade 1)7 lesions only irsubcortical axongmainly in parasagittal
white matter of cerebral hemispheres).
2) moderate DAI (grade 2)1 pluslesions incorpus callosum
3) severe DAIl(grade 3)1 pluslesions in dorsolateral quadrants of rostral brain
stem(cerebral peduncle

T i f pati enwallesan degeinaraeim(laﬁébted areas of white matter are replaced by glial
proliferation over severalmonth degener ati on o fdelayedwneulologed f i
deterioratioi.

CONTUSION AND LACERATION

(IMPACT) injury.

*vs. HEMATOMA - focal collection of blood
** wedge shape(in cross sectiory basein gray matter, taper into white matter

CONTUSION- piararachnoid is intact (e.g. in blunt injuries).
LACERATION - pia-arachnoid igorn (e.g. in penetrating injuries)

T blood frequently spreads under pia; I f pia
{1 contusion issurrounded bylelayedbrain edemgcytotoxic).
{1 surrounding edema enlag@ith time* (c ont usi on fidoringfisssiad daysumte 710
day9 rviass effect
1) compression of adaaReaotodstssYe Y ische
2) 1 CPy, brain herniation
1 contusion is nidus fadelayed*hematomdormation(esp. inalcoholics.elderly patient®r taking
anticoagulants
*H: routinelyrepeat CT+ careful clinical followup
LOCATION of contusions
1) coup contusion at site of impactdirect trauma oduring brainacceleration:
a) skull is sufficiently bent inward to strike underlying brain
b) moving brain abruptly strikes fixed skull
c) under depressed skull fractufesif r act ure contusi ono)
d) along tract ofnissile injuries
2) contrecoup contusion in antipolar area, i.e. at point opposite impaletring brain
deceleratio.
classically, contrecoup contusion occurs when falling head strikes ground
backwardfallY contrecoup contusions at fr
falonsideY contrecoup contusions at opp
forward fall does not cause contrecoup contusions on back of brain because
interior surface of skull is smooth at this point!
1 amount of energy dissipated at site of immetermines type of contusion:
impact fromsmall hard object-mo st of ener gy 1| s caousntusient e c
impact fromlarger object - less injury at impact site since energy is dissipated at beginning or
end of h e aahtresoop contusion Y
71 role ofskull compliance
pediatric compliant skulliseas| y d e f coupmjerd Y
adults - brain is forced against bony protuberances opposite poinnop a @dunteYcoup
injury.

N.B. whatever site of injury, contusions are most seveoghital surface o0FRONTAL LOBESand
anterior & basal portions GEMPORAL LOBES- brainglides overidgedbonysurfaces orbital roof,

sphenoid wing & petrous ridderests of gyriare most susceptible to traumatic fortes)
There are more frontal lesions after occipital injury than vice versa!

Gliding contusions- along superior margin of cerebral hemisphergse to sagittal angular
acceleration/deceleration with abrupt stretching and tearing of parasagittal veins, arachnoid membr
and adjacent cerebrum.
N.B. gliding contusions are result of acceleration/deceleration shear strains (as is diffuse axc
injury) - tend to be bilateral!

Contusion locations in sagittal midline (A), lateral (B), ar
base (C) views
- most commonhaffectedareas (orbitofrontal cortex,
anterior temporal lobe, and posterior portion of supe
temporal gyrus area, with adjacent parietal operculat
area);
- occasionallyaffectedareas lateral midbrain, inferior
cerebellum and adjacent tonsil, midline superior
cerebral cortex

HISTOLOGY
1 earlieststages edema and pericapillary hemorrhage.
1 next few hours blood extravasation extends throughout involved tissue, across width of cerebral
cortex, and into white matter and subarachnoid spaces.
1 evidence of neuronal injury (nucleus pyknosis, cytoplasm eosinophilia, cell disintegration) takes
hours to appear (functional brain injury occurs earlier).
1 axonal swellings develop in vicinity of damaged neurons or at great distances away.
f usual inflammatory response: neutrophils Y
HEALING of contusions
i superficial lacerationsheal by gliosisvith hemosideridladen macrophagesmall
scarredyellow-brown (hemosiderirstained depressions denuded of their meningeal
covering (punchedut areas) on surfacBLAQUESIEUNEY - source of posttraumatic
epilepsy.
i larger areas of necrosis that extend dedpeal by formation ofMENINGOCEREBRAL
CICATRIX(composed of Iga, fibroblasts, and meningesr largercAVITATED LESIONS

CLINICAL FEATURES.
1) focal deficits (coincide with affected brain regioh)manifest after consciousness is
regained.
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2) increasng ICP 7 manifests as progressive neurologic deterioration.
3) early orlate posttraumatiseizures
1 contusion per se dinically silentif in noneloquent area (e.g. anterior temporal lobes or inferior
frontal lobes) but may manifest latter as expanding mass!
1 contusions in brainstem may faal.

Characteristic location of extensive contrecoup contusions consistent with fall backweiedi®r frontal and temporal
lobes:

Source of pi<Tther d:ntfeWentreRatPrat hol ogy L ¢gpbEawasdtCoKia, MDyoor Medi c al

Coronal section through fron

contusions involving inferior gyri:

tal lobeextensive contrecoup

ﬁr- |
.
.‘

Source of pi<Ttheer d:ntfeWenteRatPrat hol ogy L ¢gbEodwasdtCoKial, MDpo>r Me di c al

Old contusions orangebrown (hemosiderin), scalloped lesions:

et

Source of i <Tthier eI:ntﬁanl:eFtatPr‘at hol ogy L ¢pEolwaedtCoKiatf, MDyo>r Me di c al

Contrecoup contusions, mainly of right inferior frontal lobe:

Source of pi<Ttheer d:ntfeWenkeRatPhat hol ogy L ¢pEowasediCoKialf, MDyo>r Me di c al

Source of picTthuar:ntﬁa\/k/eqbeRatPhathology L @oypEnwaedtCoKiatt, MDp>r Me di c a l

Contusion of temporal poles with fresh hemorrhages:


http://www.neurosurgeryresident.net/
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html

Head injury: contusions and haematomas

A severe blow to the frontal bone has resulted in contusions
and haematomas in the frontal lobes. ‘Contre-coup’ contusions
are presentin the parietal lobes, and in the cerebellum.

INTRACEREBRAL HEMORRHAGE (TRAUMATIC ICH, tICH)

See below

MISSILE (GUNSHOT) INJURY

Wounding capacity of firearm is related to kinetic energy of its missile:

\ Kinetic energy = %2 x mass X veloc°1t)lr

Types of injuries
A. Tangential woundscaused by impact at oblique angle relative to skull.
1 if missile has high velocity but low energy, it can travel around skull under scalp without
passing througbkull itself (but at site of impact depressed skull fracture can occur).
1 intracranial damagepfimarily cortical contusionsoccur atsite ofinitial impact(pressure
waves generated by impact

B. Penetrating injury projectile breaches cranium but does not;exit
1 low-velocity projectile loses energy as it penetrates sgudjectile may bounce off
opposite inner table of skull and ricochet within brain.

C. Perforating injury(worst prognosis!) projectile passes entirely through head, leaving both
entrance and exit wounds.
1 entrance wound is smaller thexit wound.
1 brain damage is accompanied by extensive hemorrhage.

Bullets that penetrate skull do not travel in straight path
a) low-velocitycivilian softbullets- tend to be deflected by intracranial structures (final track is
erratic and occasionally bears no relation to exit or entrance site).

1 destabilizing motions includgaw (deviation of longitudinal axis of bullet from straight
line), tumbling (forward rotation of bullet around its center of massfation (oscillatory
motion of bullet axis around its center of mass).

b) high-velocitymilitary metaljacket bullets can project straight through tissues and easily fracture
bones.

Bullets can damage brain parenchyma through 3 mechanisms
A. Direct laceration & crushing (main mechanism dbw-velocity bullet3; destroyed tissue is
either ejected out of entrance or exit wounds or compressed into walls of missile tract.

B. Cauvitation (severe irhigh-velocity bullet3 - produced by centrifugal effects of missile

C. Percussion Bock waves(last 510 mseg¢severe irhigh-velocity bulletg - cause stretch injury
far from missile path (if shock wave reaches brain stem, cardiovascular and respiratory colla
can occurshock wavecan disrupwvesselwallsY t r aumati)c aneurysms

1 all thesecreatepermanent cavity(3-4 times larger than missile diameter) and pulsatngporary

cavity(as much as 30 times | arger than missile
ICP
1 rapidincreasgupto 100 mmHgj or sever al mi nutes Y drop (d

hemorrhage and edema).

CLINICAL FEATURES
- loss of function of brain that is directly injured.
1 penetratiorof frontal or parietal lobesy small missiles may not cause loss of consciousness!
(good prognosis for survival)

CoMPLICATIONS: hemorrhagB!, infection!!, posttraumaticepilepsy

1 metal fragments may cause electrolysis, may migrate within intracranial or intraspinal
compartments.

penetrating wounds (incl. GSW) to the head are not associated ssim€injuries

injury to vascular walls (contact or shearing forces) may lead to aneurysm formation (most
commonlyi pseudoaneurysiinvery vulnerable to delayed ruptures).

1
1

UPPER- basic differences between skippearancesf contact, close (intermediate) anddistant
(indeterminate) range gunshot wound.
LowEeR - wounding characteristics in skull:
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o |
|

TOETINGE  DRTANT Wound

Oy

ENTAMNCE WOUSD EFT WOUND

Source of pi<Tther d:ntfeWenlreRatPrat hol ogy L ¢pbEadwasdtCoKia, MDyerr Me d i

Entrance wound (at left) andexit wound (at right): bullet struck at angle to produce ovoid entrance; exit
wounds vary considerably in size and shape because bullet can be deformed in its transit through body (e.g
"hollow-point" bullets are designed to deform so that all their energy will be converted to tissue damage and

exit):

Source of pi<Tther d:ntfeWenkeRatPrat hol ogy L ¢pbEodwaedtCoKial, MDyo-r Me d i

Slit-like exit wound (no powder or soot visible):

Source of pi<Ttheer d:ntfeWenkeRatPlat hol ogy L ¢pEowaedtCoKiaf, MDy>r Me d i

Contact range gunshots
Contact gunshot entrance woungsince barrel contacts skin, gases released by fired round go into
subcut an e oushapedlaceratien; néte also giagck discoloration from soot, as well as faint

abrasion ring:

C N
Source of pi<Ttheer d:ntfeWenleRatPhat hol ogy L ¢pEowaediCoKialf, MDy>r Me d i

Contact range gunshot wound abrasion ring, formed when force of gases entering below skin blow skin
surface back against gun muzzle:
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Source of pi<Ttheer d:ntfeWenleRatPhat hol ogy L ¢pEowaediCoKialf, MDy>r Me d i

Contact range gunshot wound abrasion ring, very clear muzzle imprint:

Source of pi<Ttheer d:ntfeWenkeRatPlat hol ogy L ¢pEowaedtCoKiat, MDy>r Me d i

Contact range gunshot wound powder:

grey-black disoloration from burned

AR

‘F;i CTthuer eJ:ntﬁeWbeFtatPfat h og

L @ybEaiwaed iCokiay, MDyo-r  Me d |

Contact range gunshot wound skull surface demonstrates heavy soot, as well as radiating fracture lines; thu
direction of fire was toward back of this picture:

. 4T
TS

Source of pi<Ttheer d:ntfeWenkeRatPlat hol ogy L ¢pEowaedtCoKiaf, MDy>r Me d i

Contact range gunshot woundentrance wound on skirblack gunshot residuegd arrow) and coagulative
necrosis:

A

7, £ )

i cTthr d:nt Feenl:EFt atPlat hol o gy L @)y)E@IwatComialy, MDy>r Me di

Intermediate range gunshots
I ntermediate range gunshoentrance wound- powder "tattooing" around entrance site
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Source of pi<Tther d:ntfeWenkeRatPrat hol ogy L ¢pbEadwasdtCoKia, MDyerr Me d i

Intermediate range gunshot entrance woundp owder ftattooingo; actual e
because bullet can tumble in flight:

Source of-picTthLereI:ntﬁe\/-k/mbeFtaththology L @ypEnwaedtCoKialt, MDye>r Me d i

SELF-INFLICTED INJURIES

injury on dominant side.
powder burns at entrance site.
large stellate scalp lacerations (dissection of subgaleal layer by exploding gases).
if entrance through mouth, injury to hard paléteipper airway compromise.
careful aimandcloserangY mortal ity & 95 %.
Suicide ismore lethal than homicide!

= =4 a8

STAB INJURY (IMPALEMENT)

1 skull penetrations most common irthin bones of skull
1) orbital surfaces
2) squamous portion of temporal boinkighest mortality (short distance to brainstem and
vascular structures)
3) craniocervical junction

9 2/3 cases oteft sidd
T knife |l eaves narrow el ongated fAsloto fract.
identified).

9 cerebral damageis largelyrestricted to wound tradfilled with clots).
N.B. unlike missile injuriesno concentric zone of coagulative necrosis caused by
dissipated energy is preseutilike motor vehicle accidentso diffuse shearing injury
to brain occurs.
1 majorcomplicationsarevascular(main cause of mortality):
1) intracerebral hematon{&0%)
2) subdural hematoma (9%)
3) contusion (31%)
4) traumatic aneurysnisisk of rupture- H: early angiography & repair)
5) carotidcavernous fistula
6) stroke (5%)

Mechanism for "defense wounds":

Source of pia:Tth-LereI:ntﬁemeeFtaththology L @goypEwlwaedtCoKiatt, MDy>r Me di c a l

Typical "defense woursl:
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COMPRESSION INJURY

1 requiressignificant force- skull architecture provides substah resistance to deformation.
1 multiple linear skull fracturegcan be depressed if higimergy rapid compression force is applied
to small area of skyll

DEGREES OF SEVERITY

- determined byGCS scoreafterinitial* resuscitatiott .

*within 6-48 hours of TBI
**no hypoxia, hypotensiorhypothermiajntoxication sedation

1 additional criteriaduration of loss of consciousnessluration of antegrade amnesia
1 rarely used criterisaumber of days to achieve GCS scorerilbnber of days to achieve GCS
motor score gength of hospital staCT results

TBI degree O ev e of Antegra_de Additional
score consciousness amnesia
MILD 13-15 negative < 30 min minutes | length of hospital stay <
(s. concussion 48 hours3% progress
to more serious
injuries!*
MODERATE 9-12 negative or 30min+6h hours length of hospital stay >
positive (LO- 48 hours
15% have focal
intracranial
lesion)
SEVERE O 8| positive(40% >6h days
(coma) have focal
intracranial
lesion)

*initial grading of "mild" does not necessarily mean mild outcome
Mortality according to TBI severity

1 patients who reach ED alive
75-80%- mild injury (but many patients do nobmeto ED)
10-15% - moderatenjury
10% - severanjury (but some patients deg scene of accident or during transport)

N.B.seeminglyni | d TBIl can rapidly degr adeéévenimildTBl s e\
cases must bdosely observed in acute period
*in 75%cases due tmtracranial hematomf@rmation

HIGH RISK MILD INJURY LOW RISK MILD INJURY
A. External signs of trauma A. Currently asymptomati@ncl. fully
B. Skull fracture(or palpable depressed skull awake,GCS 15no focal neurologic
fracture) findings, normal pupils)
C. Initial GCS 13 B. No other injuriegincl. no evidence o
D. Loss of consciousness (352nin) skull fracture)
E. Posttraumatic confusion/amnesia (> 20 min] C. No loss ofconsciousness
F. Focal neurologic findings D. Intact orientation/memory
G. Asymmetric pupils E. Not intoxicated
H. Posttraumatic seizure F. Accurate history
I. Repeated @miting or vomiting for > 8 hours | G. Trivial mechanism
after injury H. Injury > 24 hr agd
J. Persistent severe orqgressively worsening | I. Reliable home observers
headache
K. Second ED visit because of persistent
symptoms
L. Multiple trauma
M. Serious painful distracting injuries
N. Bleeding disorder/anticoagulation
O. Presence of cerebrovascular malformation
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Il ntoxication (Y unr e
Mechanism: higkspeed motor vehicle
accident, fall o 8 ft

Unreliable/ unknown history of injury
Suspected child abuse

Age >600r<2yrs

S0xn OT

*may miss chronic subdural hematoma

PREHOSPITAL MANAGEMENT

FACIAL INJURIESY
ANTERIORNECK INJURIESY
SPINAL INJURIESY

BrainTr a u ma F o Guiddliaes fo®rehdspital Managementf Traumatic Brain Injury '8

Edition (2023)

1 5 studies provided Class | evidence,-Zass Il evidence, and 9&lass Il evidence.
1 40 evidence based recommendations were generated: 30 strong and 10 weak.

Recommendation

Strength of
recommendation

BP

BP should be measured frequently (every®dmin) or monitored
continuously if possible

Strong

While no specific data exist for hard cutoff values, optimal adult spec
SBPs shoul d be t aasdowsdr elles tireasciated
with worse outcomes. Optimtdrgets may be highéavoi d O 1
SBP but careful as it may be a part of adaptive Cushing reflex)

N.B. adult and pediatric blood pressure targets have been increased

Weak

higher threshold valug®90 mmHg threshold is too low)
65 -

60 —
55 —
50 —
45
40 —
35
30
25
20 —
15
10

Percentage Probability of Death (Unadjusted)

5 -

50 75 100 125 150 175 200 225

Lowest Out-of-Hospital SBP (mmHg)

Intravenous fluids should be administered to treat hypotension and/ol
limit hypotension to the shortest duration possible

Strong

Hypotensive patients should be treated wittod productsand/or
isotonic fluids

Strong

Hypertonic fluid resuscitation may be administered to patients with a
GCS <8 in whom increased ICP is suspected

Weak

Ventilation

Blood oxygen saturationshould be continuously measured with a puls
oximeter supplemental oxygen to maintdditood oxygen saturation >
90% (lower values are associated with worse outcomes. Optimal targ
may be higher
9 brain hypoxia can induce autoregulatorycerebral vasodilation©
intracranial hypertension

Strong

All patients[vs with moderate or sevefBI] should be placed on
continuous oxygen supplementatvia nasal cannula or face mask
(regardless of baseline Sa02)

Strong

If signs of hypoxia persist (central cyanosis and/or hypoxemia) despit
increasing the flow and concentration of continuous supplemental ox
the following stepwise strategies should be undertaken:
1. airway repositioning
2. positive pressure ventilation as with bagve mask ventilation
in conjunction with appropriate airwayljuncts (eg, oropharynge
airwayy),
3. supraglottic airway or endotracheal intubafimcluding the use
of RSI protocols; confirm endotracheal tube placement in the
trachea by the presence of bilateral breath sounds on auscultg
ETCO2 detection, and/or capnography

Strong

Continuous capnographyto maintaineucapniaend tidal CO2 385 mm
Hg (with 10 breaths per minutd)yperventilation (ETCO2 85 mm Hg)
should be avoideih the absence of herniation!

But presencef objectivesigns of cerebral herniatio€ushing triad
(hypertension, bradycardia, irregular breathing pattern), GCS < 9,
posturing or lateralizing findings, progressive neurologic deterioration
and unilateral or bilateral fixed, dilated pupil{s)use hyperventilation
(20 breaths/minjo target ETCO2 385 mm Hg using capnography

Strong

Temperature

Maintaineuthermia 98/ 99°F/36 37°C

Weak
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9 relates to coagulopathy and predisposition to infection with hypothermia as well as increased
metabolic demand and energy failure with hyperthermia

GCS

Standard GCS measurement should be followed in > 2 years (in prey Strong
children,useP-GCS)

GCS score should be reporieery 30 minuteand whenever there is a| Weak
change in mental status. Confounders to the GCS such as seizure af
postictal phase, ingestions and drug overdose, as well as medication
administered should be documented

GCS is useafter resuscitation has been performed Strong

GCS should be measurpdor to administering sedative or paralytic Strong
agentswhen possible and when raelaying airway stabilization or after
these drugs have been metabolized as they may obscure correct scg

GCS including any changes in score, shoulddmamunicatedto Strong
receiving facilities during all communications and upon arrival
Assessment using tI&MS (Simplified Motor Score)or theisolated Weak

motor component of the GCSmay providesimilar diagnostic and
prognostic utility

1 2-point GCS change is no longer recommended as a threshold for declarin

neurological deterioration

Pupil examination

Pupils should be assessater resuscitation. Strong
Document and relay to the receiving facility: Strong

1. Evidence of orbital and ocular trauma

2. Confounders to pupil examination

3. Asymmetry(> 1 mmdifference

4. Unilateral or bilateral dilated pupil(s)

5. Fixed and dilated pup(ffixed pupil is <1 mm response to bright

light).

Medications

Hyperosmolar therapy (mannitol and hypertonic salinehould not be | Weak
administeredor the prophylactic treatment of suspected elevated(ICP
the absence of signs of herniafjppwith or without signs of cerebral
herniation, in the prehospital setting at this time

*hypertonic fluids may be administered for resuscitatibcomatose TBI
patientsbut recommendation is weggee above)

N.B. objective signs of herniatioi hy per os mahdar t h
hyperventilation is OK

Prehospitall XA is not generally indicatefdr the prophylactic treatment Strong
of suspected ICH aglevated ICP at this timélowever, decisions by
health care systemmsay vary andurther evidence may support more
general use

 randomized double-blind multicenter phase Il trial performed in 20 trauma
centers demonstrated no statistical bent with prehospital administration
of TXA

Trauma System Organization

All regions should have arganized trauma care systenwith Strong
comprehensive documentation of each encounter

EMS should establistpecific protocolsdirecting destination decisions | Strong
for patients with suspected TBI

Patients with suspected modertiesevere TBI should be transported | Strong
directly to a facility withimmediately available CT, prompt neurosurgid
care, and the ability to monitor ICP and treat intracranial hypertensiol
In the event that this transport is not possible, stabilization at a nontrg
center with subsequent transfer within an established trauma system
occur

The mode of transport should be selecteahitimize the time to needed| Strong
definitive interventiongor the patient with TBI

Pediatrics

Appropriately sized pediatriaximetry sensorsandBP cuffsshould be | Strong
used in children

Pediatric patients with suspected TBI should be treategauitric Strong
trauma center or in an adult trauma center with added qualifications
to treat children in preference to a Level | or Il adult trauma center
without added qualifications for pediatric treatment
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Suspicion for
moderate to severe
T8I

Ventilation

’f Adequate ventilatory effort?

No Yes

Confirm continuous
1C02
Document readings
5-10 mins.

’— 02 saturation < 90% _l

No Yes

Maintain etCO2 goal
of 3540
woid hyperventilation|
unless signs of

Continue careful

Blood Pressure

Obtain IV or 10
access

Frequent BP and HR

monitoring

Document readings

q5-10 mins

SBP < 100 mmHgfﬁ
es

herniation
Tidal volume goal
Jec/kg if on ventilator,

for signs of
l shock or hypotension

No— 02 saturation < 90%?

Yes

1V fluid resuscitation
with 1LNs! !

Evidence of impending heriation?

BGL<70
1

*Pediatric Ventilation rates

Infants (0-24 mos): 25 breaths per minute

(Children (2-14 yrs): 20 breaths per minute
|Adolescents (15-17 yrs): 10 breaths per minute (same|
las adults)

tidentifying pediatric hypotension
10-9 yrs: 70 + (age x2)
> 9 yrs: <90 mmHg (same as adults)

Rules of thumb:

(GCS <9, dilated/unresponsive pupils,
extensor posturing)

INewbom: <70 mmHg
5 years oid: 80 mmHg
10 and older: 90 mmHg

(Confirm endotracheal
tube placement by
€C02

* Pediatric dextrose administration
INewborn: 5 mirkg D10 IV/IO

3mo-3yrs: 2 milkg D25 IV/IO (max 100mi)
lAge >4 yrs: 1milkg D50 IV/IO (max 50mi)

§ Pediatric moderate hyperventilation guidelines
Infants (0-24 mos): 30 breaths per minute

Children (2-14 yrs): 25 breaths per minute
|Adolescents (15-17 yrs): 20 breaths per minute (same|
las adults)

I Ipediatric IV fluid resuscitation
[20mi/kg IV fluid bolus

TRIAGE principles
i thoracic, vascular, and abdominal injuries take precedence over head wounds!
i head injuries are more urgent than spinal injuries
i triage of head injuries: 1. Deteriorating patients (who are not moribund); 2. Stable patients w
|l evel of consciousnessZ; 3. Stable awake

AIGOLDEN HOUROT first hour is very important prognosticaliytreat hypoxia & hypotension in the
field and en route tthe hospital
1 60% fatalities occur before patients can be admitted to hospital (40% at scene and 20% in ER).
1 proper management in field can make difference betweanal existencer lifetime spent in
total paralysis
1 mortality for military injuries4.5 100 i n Wo 2% d 0Wa i nlI<KIO¥ ire\detnam.
1. Rapid evacuatiors given much of credit! (in civilian injurieshelicopter transport)
2. Trained teams of rescue workén®t physicians) provide intubation, shock
treatment, and other emergency measures.
1 importance of ABG ultimate outcome of brain injury is as much (or more) dependent on early

ABC as any other organ.
even moderate hypotension can convert reversible brain injuryeteersibleischemic brain damage.

Spinal cord injury is present in as many as 10% patients!

Every patient with significant head injury has cervical

spine injury until proved otherwise!!!
QUADRIPLEGIA IS FOREVER

1. OXYGENATION

- should be secured immediately.

\ Only means we can heipjured brainin the fieldi supply oxygen to braini

1 hypoxiai most common cause of prehospital death seef Secondaarbpvel nj ul

AIRWAYS
1. Clear mouth(foreign bodies, vomitus, blood)

2. Do not extend neck! Ugaw thrust technigue / chin lift maneuver

3. Airway maintenance
a) oropharyngeal tube

b) earlyendotracheal intubation:

T everybody incomA (GCS < 8)

i everybody withPENETRATING INJURY (if physician waits for coma before
intubating patientmortality approaches 100%).

T extensiverACIAL INJURIES

I COMBATIVE patient

T nasotracheaintubationsometimess preferablgno neck manipulationsbut
avoid in facial / skull base fractures

T for awake patient intubation ug&sSl (rapid sequence intubation).

N.B. failure to use paralytic agents, pharyngeal anesthesia, and
barbiturate inductiolY massive ICP elevation!

T there is some suggestion of increased mortality with prehospital intubation in
patients with moderat®-severe TBI compared with patients intubated in ED
(bag-valve-mask ventilation with good technique may be of more benefit to
brain injured patients than prehospital intubation!).

c) cricothyrotomy, tracheostomy, percutaneous transtracheal ventilation
d) stabilize mandibular fractures

BREATHING
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a) spontaneous but insufficient breathingY 100% oxygen+ assisted ventilation with demand
valve

b) no spontaneous breathing’ ventilation(by positivepressure ventilatiowith 100% oxygeh
i portablepulse oximetryshould verifySap2 > 96% (providesupplemental
oxygen to achieve this leyel
T ventilatory rate1l0-12 breaths per minut®é&o2 3540 mmHgQ); n larger
patients higher ventilatory rates may be required to ppevadequate minute
ventilation;neurologic deterioration high risk of intracranial mass lesidh
higher ventilatory rates (205/min,Pacoz < 35 mmHg) en route to CT / OR.

2.BLooD CIRCULATION

Injured brain is extremely susceptible to lowered perfusion states!

FLUID RESUSCITATION  (brain injury per saarely causes hypotension!!!)

1 several largdore intravenous catheters

1 isotonic(or hypertoni¢) salineto aggressivelyestoreSBPto > 100-110mmHg
*there are studies showing tH80 mL of hypertonic (7.5%) saline bolus in the field improves
survival

1 avoidvolume overload hypertensioh(but fluids should not be withheld in hypotensive patient for

fear of increasing cerebral edema and ICP)
1 autohemotransifision: leg elevation+ Military Anti-ShockTrousers

M ANAGE BLEEDING , OPEN WOUNDS
1 scalp lacerationsmaybleed large volumito bulky dressing; bettgsrehospital dressing is less
bulky, but with firm constant pressuire
temporary scal pseevMaNeGEMENTIN G cCcO Nt
71 skull fractures T do not require special care in the field
i do notimpedeliquorrheathrough fracture lines
T if brain / nerves exposddcover with dressing with sterile saline (do not push
brain back into cranium) it is largely devitalized tissue and will be removed
during scalp repair.
1 do notimpeddiquorrhea / bleedingfrom nose / ear canalwill lead to intracranial hematoma
and infection; H: place absorbent dressing without tamponade
T epistaxis is safe to tamponade only if no signs of anterior skull base fracture
1 life-threateningdural sinus bleedingcan be slowed by placing patientrgverse Trendelenburg
position(risk of air embolism!)
1 penetrating objects should bdeft in place(stabilized with bulky fluffy bandage to be removed
in operating room.

3. CERVICAL SPINE STABILIZ ATION

Y see

4.BRIEF NEUROLOGIC STATUS

1. Level of consciousnes@deally GCS

2. Pupil size and light reactivity (asymmetry is most importgnt

3. Extremity motorics (asymmetry is most importgntspontaneousiovementsollowing
command, *reactionto painful stimuli

5. TRANSPORTATION

- rapidly to trauma centewith CT anddefinitive neurosurgical intervention®.

*|level 1trauma centers certified by American College of Surgeons (or state trauma
certification systems) have trauma surgeon irskd#/7and neurosurgeon available
within 10 minutes of notification

1 patient ismoved en bloe to avoid displacing spine (or other bones), so that spinal cord (and bloot

vessels) are not injured.

transport on left side, HOB elevated-36 degrees.

for transport times longer than-P® minutesserial neurologic assessmerghould be

documented every 105 minutes.

T most important parameter to moniiolevel of consciousnegalong with
pulse, BP, breathing)

i all patients should be placed cardiac monitoras they are transported
(brainstem compression can cause cardiac dysrhythmias).

1 many severely heaigjured patients are initiallgombative/ agitated- transporting patient who is
fighting against physical restraints may exacerbate physical injury, cause rise in ICP, and interfe
with appropriate stabilization and negement; Hprehospitakedation or paralysi¢inform ED
and trauma teams aboulit!

Morphine andother depressantsare contraindicated during initial management!
(short acting opioid [fentanyl], sedative [propofol], paralytic are fine)

1 earlycontact by telephone or radiwith trauma center medications given to patient coordinated

through neurosurgeons and other health care providers at trauma center

= =4

DIAGNOSTIC EVALUATION

DIAGNOSIS IN LATIN

\ Morbus traumaticus cerebri, periodus acutus/subacutus, forma Ievis/mediocris/glravis

periodus acutu$ within 3 months

Diagnosis is constructed by naming injuries from outside to inside:
1) scalp(e.g.Vulnus contusum reg. parietglislaematoma subaponeuroticum reg. fronfalis
2) fractured(e.g.F-ra aperta impressa cominutiva ossis frontaksra basis cranii fossae
mediae F-ra ossis parietalis
3) brain, includingcomplicationge.g.Syndr. commotionale leve/mediocre/gra€empressio
cerebri Haematoma epidurale/subdural€ontusiones multiplices hemispherii sin.
Contusio cerebri lobi occipitalisHaemorrhagia subarachnoida)is
{ state syndrome first, then its causerfipressio¥ haematomp
1 if there is contusion or hematoma, do not mention concussion.
1 Ebrietas vulgariss mentioned at concurrent conditions

HISTORY

1 patient may be comatose or confuseslitnesses® paramedicsre of crucial importance!

1. Mechanisrs, forces & circumstance®f injury.
2. Loss of consciousne$sduration, lucid interval, convulsions, apnea, cardiac arrest.
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3. After consciousness was regairiedmnesiglast thing thatan be recalledvertigo, nausea,

vision blurring, headachetherpains

Priorhead injuries

Remote or activenedicamerit/ drug/ alcoholuse- risk of intracranial bleeding, cloud mental

status. *esp. presenainticoagulant antiplateletherapy

6. Premorbid historpf headacheseizures, syncop@&lA & stroke, gait disturbancepsychiatric
diseasé all these anbethecause of TBI and should be treated!

o s

PHYSICAL EXAMINATION

Examination of patient with decreased level of consciousriesse
Cervical spine precautiongl0% patients with severe TBI have spinal trauma)

*perform duringPRIMARY SURVEYidentifying life-threatening conditions);
VS. SECONDARY SURVEYdetailed examination for identifying all traumatic injuries

1. ABC*
Evaluate for hypoxia, hypotensicmemiaand multiple injuries!

2. Monitor level of consciousne$s use Glasgow Coma Scate
1 if conscious, assesdtention orientatiorf
1 GCS score is assessed in field (or by first responder), then reassessed after specific
treatment interventions.

N.B. decrease of evena points in GCS score indicates significant change in neurologic $tatus
prompt reevaluation!

3. Signs of trauma:

1) scalp injuries

2) skull fractures

3) facial trauma

4) cervical spine(swelling, pain on palpation, deformity, stepf f , mal al i gnmen
immobilization)  seep.

5) injuries outside craniurfi should also be searched for at outset, because they are likely to b
forgotten if not initially noted.

*most common in automobile accideliésg.WADDELL triad - child pedestrian hit by
motor vehicle ‘chestabdomen traumaleg injury, countercoup head injury).

Neurologic Examination
a) awake patienY¥ det ai |l ed neurol ogic examinati on.

b) uncooperative / comatose patient

D pupils* - size& light response

2) motor* - response to painful stimuli, pathologic and deep tendon reflexes.

% prainstem (for deeply comatose patienisgorneal response, cough, gag,
respiratory patter(overbreathing of ventilator?); optionabculocephalid+
oculovestibulartests

*asymmetry is most important

4. Cranial nerves & brainstem
1 pupils!!!* (size and response to light) :
N.B. pupils are the only indicator of neurological functiarchemically
paralyzed patieht
Dondét miss direct orbital trauma!

Asymmetry - measurement difference 6flmm
Dilated - pupillary size of > 4nm.
Fixed T pupillary response < inm to bright light.

pupillary asymmetry is due totracranial injury unless proved otherwise.
unilateral dilated pupiin unconscious patierit CN3 compressioruqical herniation.
pinpoint pupils- pontine lesions

light nonreactive ppilsin mid position- midbrain tectumesions

1 eye movements
N. B. i f voluntary eye nuwecareandtasd c an
OCULOVESTIBULAHeStINg

corneal reflex

facial asymmetry (e.g. when patient grimaces with noxious stimuli)

gag reflex- dysphagigrisk of aspiration)

respiratory pattern ,

= =4 =4 -4

5. Monitor for signs of ICPy:
1) increasingheadachevomiting
2) declining mental statuslécreasing GOS
3) tense fontanelle
4) Cushing reflex (tachypnea20/mirt; systolic BP increase > 15 mmHg or widenofg
pulse pressure, reflex bradycardia < 60/min or change > 1)0/min
*also may indicate pulmonary failure or infection

6. Motor examination
N.B. if patient is not alert enough to cooperate with strength testing, motor examination is
limited to assessment ofotor asymmetrypathologic & deep tendon reflexes
N.B. (occuli) extremity trauma&anmake examination painful ampossiblé

7. Sensoryexaminationis not reliable in patients who are intoxicated or comatose!

8. Bedside cognitive testinge.g. MintMental State Examination)to distinguish damaged and
spared realms of cognitive functioningractically never done in acute phase of TBte

1

1 ability to laydownnew memoriegetermines duration of antegrade amnesia via serial
mental status assessments).

IMAGING - MODALITIES

Presencé absence ofervical spine instabilitynust be determinefitst! (lateral cervical sping& and
chest Xraysare usually obtained in resuscitation room)
*modern approachcervical spine CTat same time as admission head
CT) inall but mildest TBIpatients

CT | MRI | ANGIOGRAPHY | CRANIOGRAM
ADVANTAGES
1.Fast, no motion artifacts | Defines contusions and Definesvascular injuries, | 1.Readily availabldut
2.Patient accessible for pericontusioal edema, injuries tovenous sinuses| obsolete
monitoring. posttraumatic ischemic 2.May help screen
3.Defines acute infarction,brainstem some patients for
hemorrhages, mass injuries further imaging
studies.
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effects, bony injuries
hydrocephalus, edema.

DISADVANTAGES

1.Artifacts arise from 1.Slow (long scanning Requires formal IR Does not indicate
patient movement, foreigyy time), motion artifacts procedure so it is done only| presence or absence 0
bodies. 2.Magnetic field precludes | if CTA is positive. intracranial injuryso it
2.Streak artifacts may use of monitors and life is obsolete study
obscure brain stem or support equipment.
posterior fossa. 3.Not useful for bony
injuries.

4.Unsuitable for peoplaith
metallic objects.

American College of Radiology (ACR) Appropriateness Criteria Scales
(1 = least appropriate;®9most appropriate; NA = not applicable):

Clinical Situation Skull ) Cervicall - | g | MRa | ANgiC-
X-ray | X-ray graphy
mild closed TBI 2 2 7 NA NA NA
neurologic deficit)
mild closed TBI (focal neurologic No
deficit) 2 consensu 6 4 NA
moderate + severe closed TBI, sta 4 8 6 NA NA
mild + moderate closed TBI,
child< 2yrs 6 6 NA NA
closed TBI, rule out car_otld or NA 5 4 g 8 6
vertebral artery dissection
penetrating TBI, stable, 8 3 3 6 3 6
neurologically intact
penetrating TBI, likelihood of vesse 8 3 3 6 8 8
injury
depressed skull fracture 8 6 6 NA NA
calvarial fracture 8 6 5 NA NA
penetrating TBI, skulbase fracture 6 6 6 6 4
(sjubagute _TBI, late neurologic NA NA 3 8 NA NA
eterioration
subacute / chronic TBI, stable,
normal CT, cognitive and/or NA NA NA 8 4 NA
neurologic deficit
chronic TBI, neurologic dysfunctiof NA NA 6 8 4 NA
*5 for gadoliniumenhanced MRI
CT WITHOUT CONTRAST

- diagnostic imaging of choicé!detects skull fractures, contusions, blpedema
Contrast is required intracranial abscesseaspected

CT is indicated for all patients exceptw-RISK mild TBI;

T for HIGH-RISK mild TBI (without skull fracture) CT may be deferred if patient is
hospitalized for observation (any deterioration in neurologic status or any focal
signs .Y CT)

\ If CT is indicated, skull radiographs are not necessary (CYy Wwomdow shows even basilar fracture{s)

1 more severdBl, greater urgency for CT (exception is when othetthifeatening injuries take
precedence e.g. severe TBlesp. with lateralizing signd) CT a s casdmrespira@ry
stability isensured

N.B. urgency for CT is function of likelihood of surgically correctdoleal lesion(vs.
diffuse injuries- do not benefit fronacute neursurgical intervention precise
anatomic information is not necessary for optimal management).

i deteriorating patientshould be accompanied pyysician;
stable but seriously injured patiergBouldbe accompanied gxperiencedER or traumanurse.

1 if abdominal ultrasound or diagnostic peritoneal lavage has not been performed, most comatose
victims also havabdominal CT and, if thoracidnjury is suspected;hest CT.

1 patients going to operating room for treatment of other injynesst have head CT (because they
will not be available for monitoring)f patient is taken immediately to surgery without head CT
Y historically:intraoperativeair ventriculogram (detectsarge intracranial mass lesions); modern
timesi patient never goes to OR without head CT (if it is concerhipigce ICP monitor so
anesthesiologist can follow and treat ICP).

*try to obtain at least singleut CT through level of lateral ventricles

5 most important things to look in Cass lesionthematoma)state of basal cisterns
(incl. blood inside)midline shift ventricular sizedepressettactures

Basal cisternare evaluatedt the level of the midbrain

Basal cisterns can bepen(all limbs open)partially closed, s . # daneowtd/elichias
obliterated) orcompletely closeds . fi e f(afl lanbseolliterated).

Midline shiftis calculatedat the level of the foramen of Monto the septum pellucidum
Midline shift = (A/2)- B
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Technique
1 from base of occiputo top of vertexn at max.5-mm increments (modern CTs are done with 1 mm

slices).
i three data sets are obtained:
1) bone windows bony anatomy of skull.
2) tissue windows detailed survey of brain.

3) subdural windowgoptional)- visualization of hemorrhages adjacent to brain (subdural
hematomas).
1 seriously injured intubated patients should receive neuromuscular blockage during CT study; in
severe casesingle-cut CTthroughlevel of lateral ventriclesas high yield for revealing
hematomas.

Indications fOrSELECTIVE REPEATCT:
1. GCSZ by > 1 point
2. New / aggravated focal signs
3. Persistent severe headache, frequent vomiting
4. Seizure

Indications forSCHEDULEDREPEATCT:
1. Nonoperatedntracranial hemorrhagesontusions*
2. Coagulopathies
1 CT is repeated within-24 hours of initial scarffisomecontusions andhtracranial hematomas
are brought to operating room after repeatedl CT
*studies do not supposCHEDULEDREPEATCT in patients with intracranial hemorrhage
and GCS13l5 and no change in status because imagings do not change man&gemen

and outcomes
AbdelFattah K, Eastman A, Aldy K., et@lA pr ospective evaluati on
cranial CT scans in patients with intracra
of Trauma and Acute Care Surgery

**put may facilitatedischarg patient home frorgD

Harvard protocol
Martina Stippler et al. Pathwaased Reduction of Repeat He&aoimputed Tomography for
PatientsWith Complicated Mild Traumatic Brain Injuryimplementation and Outcomes.
Neurosurgery 88:773778, 2021

Complicated mild TBI (head CTpositivefor an intracranial traumatic finding#onfocal

neurological examination GCS 1315) i if initial presentation is not operatihiendoes not need
repeat CT(unless patientisoin b | o o d *tohthere iseDH er 8DH > 1 cn) i can be discharged
after clinically stable @ observation in ED

*exceptAspirin

€ Does patient have GCS 13-15?

No
i Yes
Is patient on
€ anticoagulation/antiplatelets other
Yes than aspirin?
Triage l, No

to

repeat : Does initial head CT show either
head CT EDH or SDH > 1cm?

¢ No
Triage to no repeat head CTand 6
hour observation and f/u Head

only if neurological changes are
observed

Yes

1 probability of needing operative intervention is extremely (et %)if the initial CT scan was
none operative.
i stableroutinefolloau p head CT does not protect the
later
i traumaticintracranial hemorrhages are associated wit2Q% progression ratbutthis
radiographic progression rate does not result in need for neurosurgical intervention
1 1 year of implementationprotocol allowed to avoid 71% unnecessarysSc@ns
T there were nmissed injuries or delays neurosurgical intervention.
T none ofthe patients imo-repeatCT group underwent delayed surgery

CT SCALES OF SEVERITY

Marshall Classification of Diffuse Brain Injury

use in prognosticationsee below >>
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Category

Definition

Diffuse Injury I (no visible pathology)

No visible intracranial pathology seen on CT scan.

Diffuse Injury II

Cisterns are present with midline shift 0-5 mm and/or

lesions densities present, no high or mixed density lesion =
25 cc, may include bone fragments and foreign bodies.

Diffuse Injury III (swelling) Cisterns compressed or absent with midline shift 0-5 mm,

1o high or mixed density lesion > 25 cc.

Diffuse Injury IV (shift) Midline shift = 5 mun, no high or mixed density lesion > 25

CcC.

Evacuated Mass Lesion Any lesion surgically evacuated.

Non-Evacuated Mass Lesion High or mixed density lesion > 25 cc, not surgically

evacuated.
Marshall Scoring of TBI
MLS Cisterns High or mixed- Notes

density lesion
I None Present None No visible pathology on CT scan
I 0-5mm Present None
Il 0-5mm Compressedorabsent None Swelling
IV >5mm None
V Any Any Any Any lesion surgically evacuated
Vi >25cm3 Not surgically evacuated

*MLS-midline shift

(Heustein Sy)

Grade 1 mormal CT scan 9.6% mortality
Grade 2 = cisterns presenshjft <5 mm (13.5% mortality
Grade 3 =tisterns compressedabsent, shift < Bnm @$4% mortality

Grade 4 =shift > 5 mm (56.2% mortality
Marshall LF, BowersMarshall S, Klauber MR et al. A new classification of head injury based
on computerized tomography. J Neurosurg 75(Suppl}Z14.991

CT Classification and Outcome on Discha¢lyarshall et al. 1991)

Number of Patients Unfavorable Outcome

Favorable Outcome

(D, VS. SD) (MD + GR)
Diffuse Injury I 52 38% 62%
Diffuse Injury IT 177 65 35
Diffuse Injury IIT 153 84 16
Diffuse Injury IV 32 94 6
Evacuated Mass Lesion 276 77 23
Non-Evacuated Mass Lesion 36 89 11

Rotterdam CT score
- refinedMarshall CT classification.
designed to categoriZeBl type and severity in adulfsr prognostic purposes.

Basal cisterns
0: normal
1: compressed
2: absent
Midline shift
0: no shift or
1: shift > 5mm
Epidural mass lesion
0: present
1: absent
Intraventricular blood or traumatic SAH
0: absent
1: present
Final score= sum of the scoring items + 1.
Mortality at 6 months poshjury
Score 1: 0%
Score 2: 7%
Score 3: 16%
Score 4: 26%
Score 5: 53%
Score 6: 61%

5mm

Helsinki CT score
Mass lesion type(s)
Intracranial subdural hematorma points
Intracerebral hemorrhage2 points
Intracranial epidural hematonianinus3 points
Mass lesion size
Hematoma volume > 25 milL.2 points
Intraventricular hemorrhage
Intraventricular hemorrhage3 points
Suprasellar cisterns
Normali O points
Compressei 1 point
Obliterated’ 5 points
Sum scordfrom -3 to 14)i check prognosis at

Stockholm CT score

tSAH SAH in convexities(1 if 1i'5 mm, 2 if >5 mm)

score + SAH inbasal cisterns(1 if 1i 5 mm, 2 if >5 mm)
+IVH (2 if present) (range:i®)

Tally Midline shift (mm)/10

+ tSAH score/2
T 1 if
+ 1 if diffuse axonal injury (basal ganglia, splenium, or brain stem)

epidur al hemorr hage

+ 1 if duatsided subdural hematoma + 1

PLAIN SKULL RADIOGRAPHS

i only rareindications
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N.B. many patients with skull fracture have no neurological sequelae and many with
severe intracranial abnormalities have no associated skull frdctures

1) screening for CTin mild TBI with signs of skull fracture on physical examinatiowhenCT

iIsnot immediately available( i f s kul | f r a T & observatien focdelayed r m

complication$.
N.B. yield ofcraniographyn Low-risk mild TBI is very low (even itletected
linear fracturehavelimited clinical significance in adulis do not change
treatmentoursg.

1 midline shift of calcified pineal glandr M-echo signal dislocatio» 3 mm (n

echoencephloscopy) is additional indication to seek for CT

2) depressed skull fracturei use tangential shots to measure the depth of impression.

3) penetrating injury T to detect intracranial foreign bodigsmall intracranial foreign bodies may
be missed unless ski{lray is taken after minor penetrating injuries).

4) additional indications fopediatric population:
a) screening for CTin children < 5 yrgdifficult clinical examination)ith minor TBI
b) suspectedhild abuse(skull radiograph as part of skeletal survey).
c) suspectedinear skull fracture (risk of leptomeningeal cyst)deep scalp lacerations,
large scalp hematoma

NONENHANCED MRI

- mostuseful insukacutéchronicsetting prognostic useuring subsequent care (assists in directing
rehabilitationand goals of caje
1 MRI gives superiofthan CT)depiction of nonsurgical lesionsome authors now advocate
MRI use in neurologically stable patients with modetateevere closed TBI, whereas CT is
reserved for neurologically unstable patients.
1 specific sequences
T2* (either GRE [gradient-recalled echoJor SWI) is most sensitive sequenice
detectsmallhemorrhagesbloodbreakdown products
diffusion-weighted images useful for cerebrahfarctions
FLAIR - useful forSAH
N.B. gadolinium enhancement gives no notable advantage!

Indications

Subacute period of severe TBib depict full extent of injury to brain!

Suspected contusions re#en on CTNIRI is criterion standard for definingpntusions)
Persistent symptoms with postconcussive syndrome

Suspected posttraumatic ischemic infarction

Mental status abnormalities (unexplained by, ®RI is more sensitive fadiffuse axonal
injury 1)

Subacute / chronic subdural hematomagMRI is more sensitive than GJut normally CT
is just enough

agrwnhE

»

Contraindicatiorr penetrating injuries with possib{aot ruled out with Xray) intracranial metallic
fragments.

ANGIOGRAPHY

- used only whewascular injury may be present and when endovascular intervention is anticipated:
a) penetrating injuryesp. due to impalemeritjabsolute indicatioif CTA shows proximity to
major vessels
b) carotid injurieson CTA with (attributableneurologic deficitsrom) flow limitation.
c) skull base fracturaear major arteriesith unexplained neurologic defici{esp.temporal
bone fractures
1 performed only in patients in stable condition.
1 CTA/MRA can obtain similar information.
1 formerly (in preCT era), angiography was used to diagnose intracranial hematomas.

ULTRASONOGRAPHY

a) intracranialhemorrhage in infants.
b) leptomeningeal cyst (after linear skull fracture) in infants.
c) orbital softtissue injury.

IMAGING - CONDITIONS

T normalCT/MRI.
DTI is abnormal!

Diffuse increase in mean diffusivity after remote concussions. Sagittal (A and B), coronal (C and D)
and axial (E and F) slices of the trbatsed spatial statistics group contrast on mean diffusivity maps
(controls vs concussed in blue). The contrastaerlaid on the mean fractional anisotropy skeleton
(in green) and the standard MNI152 FimMim b r ai n t empl ate. The resu
corrected for multiple comparisons:
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DIFFUSE AXONAL INJURY

i often not visible (microscopic damage).
1 CT - small petechial hemorrhages in white mafimost frequentlyuxtacortical &periventricular,
corpus callosuminternal capsuland dorsorostral brainst¢ihiiit e ar 06 hemor r hage
DAI can sometimes be superimposedjeyeralized brain swelling
MRI is more sensitivémay be positive even when CT is negatieg). nonhemorrhagbAl) -
diffuse, small, focal abnormalities limited to white matter tracts.
SWI is the most sensitive sequence (more sensitive@iin)!
1 months afterinjury - reducedoulk of white mattewith persistent hemosiderin foci.

1
1

T2-MRI - foci of hypointense signal representing small shear hemorrhages at gray/white jusrctors)(

SWI is more sensitive for ICH than traditional GRE sequenkeStandard GRE image shows several small ICH in
a patient with diffuse axonal injuryB, Two additional hemorrhages are identified on SWI sequence at the same
slice in this patient (arrows).

A

B

N\

QSM is able to differentiate between ICH and calcificatidnAxial GRE image shows a small hypointense lesion within the
left frontal lobe subcortical white matter (white arrow).B, Coronal QSM image acquired through this region during the same
MRI session shows a corresponding hyperintense lesion confirming that this is an ICH with paramagnetic properties (white
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SCALP INJURIES

1 CT reliably depicts subgaleal hematomas, elevated and avulsed soft tissues, scalp edema.
1 air within scalp tissusuggestscalp laceration(gas detected several days after trauma
infection).

CONTUSION

| Contusion extends to cortical surface (vs. intracerebral hematbma)

MRI is criterion standard for defining contusions!

1 early-inhomogeneous hyperdensign CT, hyperintensity on MRIT1 and T2)
*initially (< 1-2 hours after TBl)partial volumes between dense
microhemorrhages and hypodense edema can render contusions
isoattenuatinggn CT (high initial falsenegative rate!)vs. MRI
demonstrate contusions from onset!
I mass effect may distort adjacent sulci and lateral ventricles.
i some degree of SAH is almost always present.
i after several hours ring of lower densityedema surrounding contusijorery early- only edema
without hemorrhagés
9 after week(blood within contusions has begun to degrade, and MRI becomes more useful)
surrounding ringlike contrast enhancement.

N.B. contusiongprogress with tim¢ A b | o dnssiaegmumber, and amount of hemorrhage within
contusions these changes are most evidever first 2448 hours(in 25% cases delayed hemorrhage
occurs in areas that were previously free of hemorrliag®)tinelyrepeat CT!!!

Noncontrast CF hyperdense region in anterior temporal lobe:

Noncontrast CF cerebellar contusion; rigtsided softtissue swelling and bone injury are also obvious:

Noncontrast CF large, right frontal contusion with hemorrhage and surrounding edema; smaller right temporal cortical
contusion ghort arrow); small left frontal subdural hematoniar{g arrow):

Enlargement of contusion:

A) CT on day 1- subtle area of slightly hypoattenuating right frontal lobe contusimows)

B) CT on day 2 large, right frontal contusiorafrow) and new, large, left temporal contusi@mréw); scalp hematomas
have increased in size:
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\

CT immediately after blunt trauma to left convexitsevere swelling of entire left cerebral hemisphere with small
collection of subarachnoid bloodd ; right hemisphere showsntrecoup gliding contusiorfdown arrows$:

PENETRATING INJURIES

CT 1 imaging modalityof choice focal areas of increased attenuation (represent parenchymal,

intraventricular, subarachnoid, or extracerebral hemorrhage).

1 path of missiles often obvious from location of hemorrhage and metallic fragments (produce
streak artifacts).

1 coronal sections may be helpful in patients with skull base or high convexity involvement

Plain radiographs - can be helpful in assessing bullet trajectory, the presence of large foreign bodie
and tre presence of intracranial aivhen CT is available, plain radiographs are not essential and are
not recommended as a routine

MRI - not generally recommended in the acute ag@ment.

1 mayhelp evaluaténjuries from penetrating wooden or other nonmagnetic objects.

1 in addition to artifact and image distortidasromagnetic missilesan also rotate and deflant
response to magnetic torquigefature has not reported any patient suffeadditional injury
caused by MRI).

Angiography / CTA i when vascular injury is suspected
a) any patient that goes to OR
b) woundds trajectory passes near Synusyadran
a major venous sinusfacial, orbital, pterional entry sites.
c) unexplainedSAH or delayed hematoma.
1 pseudoaneurysnmay form indelayed fashior(initial negative CTA/angio does not exclude the
risk T repeat CTA in several weeks, esp. before cranioplasty

OTHER NEUROLOGIC TESTS

EEG - not emergency test!

\ Most useful role of EEG diagnosis ohonconvulsive status epilepticug \
*may be detected i whedimayitg andonormal ICR do nqt expldine
poor exam

7 if taken at some convenient time after admission, it may aid in prognosis:
at time of injury - suppressiorf electrical cortical activity;
with recovery - activity returns to normal (often through phaseeferalized slowing and
increased voltage
I common feature in all patients (may persist for many weaksjluesusceptibility of
cortical activity toOOVERVENTILATION
i areas of cortical damage may show abnormal actigityvingandspikeactivity) for
weeks + months risk of epilepsy!
N.B. sedative medications may have confounding effect!

Cortical Spreading Depressions and Depolarizations (CSDs) T mayexplain a number of
phenomena previously difficult tasnderstandsuch as nowmpileptiform, transient focal
neurological deficits and cerebral infarctiprnishas been repeatediigmonstrated that they
can be treated withETAMINE!

1 bilaterallyabsensomatosensory & auditory evoked potentialp r edi ¢t unf avor a
99.5% patients.

Blood tests

I-STAT Alinity (Abbott) - FDA cleaeda 15minute blood testio asses TBIs.

1 test measures levels of glial fibrillary acidic protein (GFAJfal cell damage) and ubiquitin
carboxytterminal hydrolase L1 (UCHL.1 - specific to neurong if both are elevated99%
predictive value for TBI;95.8% sensitivity for identifying TBIs.

Lumbar puncture is contraindicatequnlessmeningitisis suspected but LP only after imaging

excluded mass lesionbasilar cisterns must be open on)CT

1 LP can be therapeutic in SAH

71 evidence has suggested tB&Fin basal cisterns is not effectively drainedByD; lumbar drain
may be possiblé in carefully selected patiefit$o safely drain CSF and to prevent or attenuate
intracranial pressure elevation.

Ophthalmoscopyi s i g ns papilletie@#&ldgss of venous pulsation).

7 it haslongbeen held that patients with bramjuries do not get papilledema.
Selhorst JB, Gudeman SK, Butterworth JFt, Harbison JW, Miller JD, Becker DP. Papilledema
after acute headhjury. Neurosurgery1985;16(3):357363

{ TBI patientsdo get papilledem& renewed interest in the optic nerve sheath diameter as an
apparently accurate surrogate measul€bBf

Transcranial Doppler
f normal average linear bloagtlocity(LBV)i n MCA & 60 cm/ s
1 LBV >100120 cm/s
a) hyperemia(parallelLBV increase in MCA and ICA esp. days-2 after TBI
b) vasospasnfLBV in MCA exceed4 BV in ICA O3times)iusual |y on d
post TBI
1 low LBV (esp. early after TBlreflects brain hypoperfusion.

GOSLING (PULSATILITY ) index = (systolicLBV - diastolicLBV) / meanLBV.

if > 17 sign of intracranial hypertension

NON-NEUROLOGIC TESTS

Monitor ECG - high incidence o$upraventricular tachycardia (most common dysrhythmia after TBI),
ventricular dysrhythmigsST-T wave abnormalities, prolonged QT.

Urine toxicology screenandblood alcohol level- interpreting patient's mental status.
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Glycemia
1 hyperglycemiaorrelates with poor outcome.

Serum electrolytes & osmolarity

\ Osmolarity = 2 (Na + K) +glycemia+ urea\

Sodium (alterations occur in 50% comatose patients):
HYPONATREMIA - due to:
a) syndrome of inappropriate antidiuretic hormone (SIADH)
b)cerebral salt wasting (release of natr
depletion).
1 hyponatremiaan potentiate brain edema and cause seizures.

HYPERNATREMIA - due to:
a) dehydration
b) diabetes insipidusu(r i ne out puty, urine specific
N.B. MANNITOL canimitatediabetes insipidus by producing high urine output.

Magnesiumis depleted in acute phases of both minor and severe TBI.

H: MAGNESIUM SULFATE IV or PO
N.B. magnesiuntlocks excitotoxic respons@d functions as antioxidantareful
monitoring of magnesium may improve outcofhe!

Coagulation studies(PT, aPTT, fibrinogen, platelet counts)

CBC, Hcti monitor in case of bleedingype and cross match are always obtained with initial orders).

Arterial -venousblood gase$ monitorin comatose patients.
1 20-gauge Silastic catheter is inserted with tip in internal jugular bulb, usually onartgrial

jugular venous oxygen content difference can be obtained.
normal venous saturatioh 6 5 %;
< 50-55%- global brain ischemia
> 90% - luxury perfusion (hyperemia)
Maintainarterial - jugular venous Q content difference< 7 vol%.

Volemic indicators (CVP, PCWP) monitor during treatment of hypotension.

Renal function tests & CK - to exclude rhabdomyolysis ¢fush injuryhas occurred anarked
rigidity is present.

Within 4-5 days after admission, comatose patiemy havescreening endocrine batteryincl.
cortisol, prolactin, growth hormone, thyroid functiGngcreening of pituitary injury

I-STAT® TBI CARTRIDGE (ABBOTT)

FDA cleared cartridge for use witthole bloodt o ai d i n the evaluation
with suspected mild TBI to assist in determining the need for radiologic head imaging

1 test measures 2 biomarkeunbjquitin C -terminal hydrolase L1 andglial fibrillary acidic

protein, which are released into the bloodstream followiiig.

test can be used to evaluate patients up to 24 hours after. injury

1
1 results in 15 minutes.

MANAGEMENT

Physicians can do nothing to eithreplacelost neuronsor accelerate restoratioof recovering
neurons!

Main goal ofTBI managemerit prevention, swift recognition and treatment
of SECONDARY INSULTS (i.e. preventing / reversing furthbraininjury)

N.B. in all neurotrauma cases maint&iBP > 110 mmH@DAMAGE CONTROL RESUSCITATION

BRAIN TRAUMA FOUNDATION (BTF) GUIDELINES

Brain Trauma Foundation (BTF) Guidelines for the Management of Severe Headvwejuaryhe first
clinical practice guidelines published by any surgical specialty

1 guidelines has been associated with a 50% reduction in mortality + reduced costs of patient cart
- can be attributed to eliminating detrimental practices sutly@sventilation adminstration of
steroidsandunderresuscitatiordue to a fear of brain edema

DISPO

Neurologt deterioration is most common within 24 lafser TBI

71 all patients (exceptow-risk mild TBI) must be admitted
i HIGH-RISK mild TBI patients should be observed &24 hour ("neuro checks" at
3060 minintervalsany deteri oration in neurol of
i if physiciandecides that patient withGH-RISK mild TBI can be sent home,
appropriatesarly follow-up should be arranged.
*intoxicatedpatientsmust be observed until clinical sobriety
1 all severe TBI and most moderate TBI patients are admitted to ICU
9 if patient issent home
1) patient should be monitored home* in quiet environment acute period (124 hours)
by responsible nonintoxicated adulvho lives with patien{and hasccess to telephone
*do not allow to work, drive, etc
2) provideinstructions(verbal and written "head injury check lis)'describing sign&
symptoms of delaylecomplications of TBI% patient should be awakened every 2 hours
and assessed neurologically.
*e.g. severe headaches, persistent nausea and vomiting, seizures, confusion ¢
unusual behavior, watery discharge from nose or ear
3) noanalgesicsother thamcETAMINOPHEN Or IBUPROFEN should be used.

TRANSFER

Severe TBI patient
1. ICP control - intubation,MANNITOL.
2. Seizure controli LEVETIRACETAM (Or PHENYTOIN).

N.B. if patient is deteriorating, perforemergency burr holessee below

ABC

see ASecondary I njur yabpoveiP
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AIRWAY |, VENTILATION

1 all severe TBI patient®r who have penetrating TBshould bantubated: to prevent aspiration,
to protect airway and respiratory drive, to allow PRN hyperventilation.
Rapid sequence induction [RS[vith adequate sedation and
paralysis!! !l ) 1is r.eccpodmmended t o
1) SEDATION- cerebroprotective agestoMIDATE (maintains BP, lowers ICP and
brain metabolism, has rapid onset and brief duration); i
THIOPENTAL 3-5 mg/kgis not recommendedowers B Fsecdhdary brain injujy

2) LIDOCAINE IV (1-2 mg/kg)
3) PARALYSIS SUCCINYLCHOLINE IV (1-2 mg/kg)

4) airway irritation( Y | @&Plgnted byVMORPHINE Or FENTANYL.
1 hyperventilation is recommendexthly as ashorttemporizing measure for tligiick reduction of
elevatedCP.

1 hyperventilationprobablyshould be avoided during the first 24 hours after injury when cerebral
CBFis often critically reduced (hyperoxia induces ischemia)

1 if hyperventilations used, jugular venous oxygen saturation ¢p@D brain tissue &partial

pressure (Btp& measurements are recommended to monitor oxygen delivery

pulmonary toilet.

comafor>51 0 d atracheodtomy.

GO ==

oals
PaCQ 3545 mm Hg
Pa02> 60 mmHg orSa02> 94%.
No PEER(increases ICP, lowers CRRal volume 8 mL/kg (modern approaclOK to use PEEP
and tidal volume & mL/kg)

WwnN e

BLOOD PRESSURE
- to maintain brain perfusiofterebral perfusion pressurej:
\ End point isCPP > 60-70 mmHg. \

Goals

4. Systolic BP>100mmHg(IV fluids + vasopressor agents, if necessary) )
Level Ill recommendation Maintain SBPO 100 mmHg (for 5670 years old) 00110
mmHg (for < 50 or > 70 years old) to decrease mortality and improve outcomes.

1 do not treat hypertensien160* mmHguntil intracranial hypertension is excluded (Cushing
reflex is forbrain perfusion)

*< 140 mmHg if ongoing risk of intracranial bleeding
N.B. albumin worsens outcomélbumin extravasates and worsens cerebral edema)

Level Il evidencd avoid SBP <90 mm Hg
single episode of SBP <90 mm Hg is associated with doubling of mortality s ever e TBI
hypotension episodes increase mortalitipi8i)

CVP 515 cmHO
PCWP 1614 mmHg.
Sa:0 B4
Level Il evidenceé avoid PaO2 < 60 mmHg or Sa02 < 90%.
hypoxemi a Sa O220 mini9iddeperident predictor dd mortalitysevere TB(p

No o

= 0.024)
N.B. fluid restriction is contraindicated in TBhistoricaltenet of TBI treatment was fluid restriction,
which was believed to |Iimit cerebral edema;

cardiac outputZ Y CBFZ Y cerebral edema)

RESUSCITATION FLUIDS

1 NORMAL SALINE is the best resuscitation fluidy PERTONIC SALINE is not bettef but it is practical
in battle field as takes less volume to carry in backpacks of paramedics.

*several studies of prehospital fluids in patients with TBI suggestetythattonic solutionsmay
restore cerebral perfusion, reduce cerebral edema, and modulate the inflammatory response that
contributes to neuronal injury, and thus may benefit resuscitation of these patients

Klargest
randomized clinical trial of hypertonic fluid resuscitation following FBbnclusion: initial
fluid resuscitation of patients with severe TBI with eitfigi% saline + 6% dextran 0 7.5%
salinealone is not superior t8S with respect to énonth neurologic outcome or survival.

GENERAL MEASURES

General reasures fOCOMATOSE PATIENTS -
1 neurochecks everyoémins for 6 hrs, then every hour until stable
1 mobilize after 24 hrs; avoid direct sunlight.

Do not overemphasize severity of injuyynnecessarily prolongs period of invalidism!
7 after severe TBI, return t&ctive workshould be deferred for2 months.

NUTRITIONAL SUPPORT

1 early nutritional support can directly affect TBI outcome.
Level Il A recommendation Feding patients to attain basal caloric replacement at
least by th&s™ day and, at moshy the 7' day postinjury is recommended to decrease
mortalityo.
Level Il B recommendation Tréinsgastric jejunélfeeding is recommended to reduce
the incidence of ventilateassociategpneumonia
*vs. intragastric (e.g. PEG) feeding
i waiting 5 days to start enteral nutrition doubles risk of death at 2 weeks (waiting 7 days
guadruples risk).
f severeTBI gives 100500-fold catecholaminesurg¢ st ress ul cers ( H: P

DVT PROPHYLAXIS

TBI increases risk of DVT significantly and that correlates with TBI severity.

Level Ill recommendation LMWH or low-dose unfractionated heparin may be used in
combination with mechanical prophylaxis. However, there is an increased risk for
expansion of intracranial hemorrhage. In addition to compression stockings,
pharmacologic prophylaxis may be considdfete brain injury is stable and the

benefit is considered to outweigh the risk of increased intracranial hemorrhage. There
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insufficient evidence to support recommendati@garding the preferred agent, dose,
or timing of pharmacologic prophylaxis for DVT.

f  Knudson et al. found that head injury with an Abbreviated Infagre ofO3, among other
factors, was an independent predictor of VTE in trauma patients.

1 TBI has been associated with up to 54% incidence of deep venous thrombosis without prophyla
treatment and a 25% incidence in patients with isolated TBI treated with sequential compressior
devices.

1 Ekeh found that DVT occurred i3 of moderate andevere TBI patients with isolated head
injuries, having a lower incidence than those patients eaitittomitant extracranial injuries. Age,
subarachnoid hemorrhage, Injury Severity Score >15eatidmity injury were predictors of
DVT.

1 Reiff et al. demonstrated34-fold increasen the DVT risk in TBI despite use of mechanical and
chemoprophylaxisVTE risk increasewith TBI severity.

1 early (<24 h) initiation of VTE chemoprophylaxia patients with traumatic intracranial

hemorrhage appears to be safe.
Fabio A. Frisoli et al. Early Venous Thromboembolism Chemoprophylaxis After Traumatic
Intracranial Hemorrhage. Neurosurgery, nyx164,https://doi.org/10.1093/neuros/nyx164.
Published: 18 July 2017

Traumatic intracranial hemorrhage expansion occurred in 18% of patients in th
early cohort (prophylaxis within 24 hrs after bleed) compared to 17% in the
delayed cohort (> 48 hrs) (P = 0.83).

HEMOGLOBIN

MaintainHb > 7 g/dL
Robertson CS AEffect of erythropoietin and
traumatic brain injury: a randomiZe&d clini
In patients with closed head injury, neither administration of erythropoietin nor maintaining Hb
> 10 g/dL resulted in improved neurological outcome at 6 months (vs. Hb > 7 g/dL).
Transfusion threshold of 10 g/dL was associated witineidence of thromboembolic events.

COAGULOPATHY

20% isolated TBI cases display laboratory coagulopathy upon hospital admission.

coagulopathy at presentation 9-fold risk increase imortality, 30-fold risk increase fopoor

outcome

nature of hemostatic disruptions after TBI remains elusive but current evidence suggests the prese
of both a hyperand hypocoagulable state with possible overlap between phases and Iséstiet®

use fNnglobal o6 hemostatic assays (TEG, ROTEM)

Trimodal age distribution of moderate to severe TBI + frequency of coagulopathy upon admission

firstpeak untiilage 18( dr i ver 6 s | i cense); ntteskersstdoe;r one
male >female.
second peakmid-50s( iofrist-ea k er s 0; wonal&k>feaalec i dent s) ;

third peak late 70s(mainly fallg; incidence in 2 sexes rearly equal.
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NEUROLOGICAL MEASURES

ICP management

- central to intensive care of critically brain injured patient!
N.B. in absence of any obvious signs of increased mGRyophylactic treatment
should be initiated!

M ONITORING

Level Il B recommendationmanagement of severe TBI patientsng information from
ICP monitoring is recommenddol reduce iFhospital and 2veek posinjury mortality.
Options(class Ill) for penetratingTBI : early ICP monitoring is recommendéd unable

to assess the nmlogic examination accuratelytiie need to evacuate a mass lesion is
unclear / imaging studies (e.g. £3uggest elevatd@P.

Indicatons: other indications
A. GCS> 8 + significant mass lesions on CT scant(ften such patients need to go to OR)
B. Salvageablgatient with GCS3-8 (after resuscitation) plus:

a) abnormal CT scanmass lesios (contusions, hematomas) wheatientis not taken to
operating room for evacuation Qiffuse cerebral edeméesp. with obliteration of
perimesencephalic cisterndimited residual compliance).

b) normal CT scam any two of the followindon admission)SBP < 90 mmHg, age > 40 yrs,
unilateral or bilateral motor posturing

most academic neurosurgical centers monitor ICP continuously with even moderately severe head
injuries.

even patients taken taperating room frequently have ICP monitors placezhdtofopeaation- later

brain swelling may still ba problem even aftesuccessful mass evacuati@md even after

craniectomy)

ICP monitoris zeroed at midbrainevel.

if GCS is < 6 EVD is recommended over intraparenchymal mortaiairain CSF for first 12 hours
postinjury (level Ill recommendation)

1 Chinese prospective randomized observational study (HyaAlémming Wanget al.
2015) of 122 iprantomized to&VD oOintraparenghyrhal monitar
found that=VVD useimprovedoutcomesand decreased need fixcompressive
craniectomies
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@.mum Notes HEAD INJURY (GENERAL) TrH1 (29)

RESULTS: There was a significant between-group difference in the Glasgow
Outcome Scale score 6 months after injury, which was the primary outcome.
Refractory intracranial hypertension was diagnosed in 44 of 122 patients, and
patients monitored using IPM had a higher percentage of refractory intracranial
hypertension (51.7% vs. 21.0%, P < 0.001). The 1-month survival rate was 90.3% in
the EVD group and 76.7% in the IPM group (log-rank test, P = 0.04), and patients
managed with EVDs had a significantly higher 6-month postinjury survival rate
compared with patients treated with IPMs (88.7% vs. 68.3%, log-rank test, P =
0.006). There was no statistically significant difference between the groups in
device-related complications (P = 0.448).
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Figure 2. Cumulative survival rate according to study group. Kaplan-Meier
survival plot shows the cumulative survival rates at 6 months among
patients managed with external ventricular drains (EVDs) compared with
patients managed with intraparenchymal fiberoptic monitors (IPMs) (P = 0.
006). Inset shows the results at 1 month (P = 0.04). The censored patients
included 5 patients who died and 1 patient lost to follow-up.

1 there arestudies that do not support ICP monitoribgt from practical standpoint, the ICU staff pays
much less attention to brain if ICP monitor is absent.

QiangYuafi | mpact of intracrani al pressure moni
brain injury: a systematic review and medan a | Y Neurssorg 122:574687, 2015

- systematic review and megenalysis of ICP monitoring sties including
24,792 patients.

- currentclinical evidence does not indicate that ICP monitoring overall is
significantly superior to no ICP monitoring in terms of the mortality of TBI
patients However, studies published after 2012 indicated a lower mortality in
patierts who underwent ICP monitoring

Chesnut RM, Temkin N, Carney N, et al. A trial of intracraprassure monitoring in traumatic
brain injury.N Engl J MedDec 2012;367(26):24 72481

- high-quality multicenter(South and Central Americallass 1 RCT (N=324)

- ICP monitor vs. close clinical assessment for ICP management

- outcomesfor patients managed with information framical assessment do
not differ from those for patients managed with information fromi@f
monitor i no recommendation to use either method preferentially

- ICP monitoring alone is not sufficient to improve outcomes

Association Between EarlyVD Insertion and Functional Outcome
Jonathon D. Taylor et al. Association Between Early External Ventricular Drain Insertion and
Functional Outcomes 6 Months Following Moder&deSevere Traumatic Brain Injuryournal
of Neurotraumaahead of prinfittp://doi.org/10.1089/neu.2023.04@hline Ahead of Print:
February 16, 2024

- moderateto-severe TBI

- early (< 24 hrs after trauma) vs late EVD insertion

- 502 patients (20%) underwent early EVD and 145 (6%) underwent late EVD
insertion.

- patients receiving kte EVDhad higher odds afeath or severe disability
(GOSE 14) at 6 months followp (2.14 odds ratio; 95% confidence interval
1.22376;p = 0.008) .

Association between ICP monitoring and mortailityatients with TBI stratified by randomization or

not (shown as lofOdds Ratio] with SE). IV = inverse variance.
Odds Ratio Odds Ratio
and 95% Cl_Year IV, Random, 95% CI

1.1.1 Randomized clinical trial
Chesnut etal 2012 -0474 0259 67%  062(0.37,1.03) 2012 . |
Subtotal (95% CI) 6.7%  0.62[0.37,1.03] R
Heterogeneity: Not applicable

Test for overall effect Z=1.83 (P=0.07)

1.1.2 Non-randomized clinical trial

Lane et al 2000 0182 0099 122%  1.20(0.99,1.46) 2000 —~—
Mauritz et al 2007 -0157 0011 142%  0.85[0.84,0.87) 2007 .

Shafi et al 2008 0598 017 96%  1.82(1.30,2.54) 2008 —_—
Mauritz et al 2008 0039 0096 123%  1.04(0.86,1.26) 2008 -
Thompson et al 2008 -0.062 0076 130%  0.94(0.81,1.09] 2008 -t
Griesdale et al 2010 1.03 0476 29%  280(1.10,7.12) 2010

Haddad et al 2011 0536 0394 39%  1.71(0.79,3.70) 2011 —
Biersteker et al 2012 0073 035 46%  0.93(0.47,1.85) 2012 —_—t
Farahvar et al 2012 -0446 0227 76%  0.64(0.41,1.00 2012 —

Gao etal 2013 03 0774 13%  1.35(0.30,6.15] 2013

Zeng etal 2013 1514 0769 13%  0.22(0.05,099) 2013

Alali et al 2013 -0821 0181 92%  0.44(0.31,063) 2013 —_—

Talving et al 2013 41897 0818 12%  015(0.03,0.75 2013

Subtotal (95% Cl) 933%  0.95[0.79,1.15] >

Heterogeneity: Tau®= 0.06; Chi*= 68.91, df= 12 (P < 0.00001); F= 83%
Test for overall effect Z= 0.51 (P = 0.61)

Total (95% CI) 100.0%  0.93[0.77,1.11) ﬁ
Heterogeneity. Tau®= 0.06; Chi*= 70.49, df= 13 (P < 0.00001), F=82% +

Test for overall effect Z= 0.84 (P = 0.40)

Test for subgroup differences: Chi*=2.38, df=1 (P=012), F= 58.0%

0.05 0.2 1 5 20
Favors [ICP monitor]  Favors [No ICP monitor]

Association between ICP monitoring and mortalityatients with TBI stratified by publication date
(shown as logOddsRatio] with SE):
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratiol SE_Weight IV, Random, 95% Cl _Year IV, Random. 95% ClI
1.2.1 Published after 2012
Farahvar etal 2012 -0.446 0227 76% 0.64 [0.41,1.00) 2012
Chesnut etal 2012 -0474 0259 67% 0.62(0.37,1.03] 2012 I
Biersteker etal 2012 -0073 035 46% 0.93(0.47,1.85) 2012 T
Alalietal 2013 -0821 0181 9.2% 0.44[0.31,0.63] 2013 =—woer
Zengetal 2013 -1.514 0.769 1.3% 0.22[0.05,0.99] 2013
Gaoetal 2013 03 0774 13% 1.35[0.30,6.15] 2013
Talving etal 2013 -1.897 0818 1.2% 0.15[0.03,0.75] 2013
Subtotal (95% Cl) 31.8%  0.56[0.41,0.78) =B

Heterogeneity: Tau*= 0.07, Chi*=9.73,df= 6 (P = 0.14), F= 38%
Test for overall effect: Z= 3.43 (P = 0.0006)

1.2.2 Pubilshed before 2012

Lane et al 2000 0182 0099 122% 1.20(0.99,1.46) 2000 o
Mauritz et al 2007 -0.157 0011 142% 0.85[0.84,0.87] 2007 .

Shafi et al 2008 0598 017 96% 1.82[1.30,2.54] 2008 —_—
Thompson et al 2008 -0.062 0076 13.0% 0.94 [0.81,1.09] 2008 | I

Mauritz et al 2008 0.039 0096 123% 1.04 (0.86,1.26) 2008 =
Griesdale etal 2010 1.03 0476 29% 280[1.10,712) 2010

Haddad et al 2011 0536 0394 39% 1.71[0.79,3.70] 2011

Subtotal (95% Cl) 68.2%  1.15[0.94,1.40) -
Heterogeneity: Tau*= 0.05; Chi*= 4515, df= 6 (P < 0.00001); F= 87%

Test for overall effect Z=1.39(P=0.17)

Total (95% CI) 100.0%  0.93[0.77,1.11) ﬁ
Heterogeneity: Tau®= 0.06; Chi*= 70.49, df= 13 (P < 0.00001); F= 82% 0.02 01 1 10 50

Test for overall effect: Z= 0.84 (P = 0.40)

Fav ICP mr it Fav No ICP tor]
Testfor subgroup differences: Chi*= 13.35, df=1 (P = 0.0003), F= 92.5% vors JCE: moniol]. "Eavors 40 IG5 moniior

1 when ICP remains 20 mmHg for 2448 hours without treatmegrniCP monitoring is discontinued.

TREATMENT

1 ICP > 22*(formerly 25)mmHg for > 15 minsvithin 1 hourmust betreatedASAP (to keep CPP >
70 mmHQ)
*> 15 mmHg after decompressive craniectdsyme
would also treat > 18 mmHg for patients > 55 yrs or
women of any age) 20 mmHg inEuropean
neurointensive care practice
N.B. during periods ofutoregulatory logs1o safe ICP limican be identified!

Level Il B recommendation Treating ICP above€2 mm Hgis recommended because
values above this level are associated with increased mortality.

Level Il recommendation A combination ofICP valuesand clinical and brain CT
findings may be used to make management decisions.

N. B. dondédt guide management b
clinical exam and CT findings!

Guidelines for the Acute Treatment of Cerebral Edema in Neurocritical Care
Patients (2020)

Pressure and time dose (PTD)ICP increase & duration correlate with outcomes:
Akerlund CAlet al. (2020) Impact of duration and magnitude of raised intracranial pressure on
outcome after severe traumatic brain injury: A CENTHR highresolution group study. PLoS
ONE 15(12): e0243427. https://doi.org/10.1371/journal. pone.0243427

6 month GOS-E
1500
— 1
1000
500 —

0 10 20 30 40
ICP threshold (mmHgQ)

PTD (mmHg-h), mean
(0] ~ [0} (8] E-N w N

ICP tolerability/ vulnerabilityappear highly dependent oarebrovascular reactivitand there
appears to be no threshold for tolerable ICP during periods of disrupted autoregulation:
Favourable vs Unfavourable outcome

A. Intact autoregulation B. Impaired autoregulation
= 750 <
= j{?400
£ £
= E Outcome
= 500 =
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QO QO
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a 250 a
= =
(a o
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VENTILATION

1 in the absence of cerebral herniatioormalventilation is the goal (PaC&goal 3545 mm Hg.
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i if hyperventilation is used, jugular venous oxygen saturatiorp8jbrain tissue ©
partial pressure (Btpfpmeasurements are recommended to monitor oxygen delivery.

Prophylactic hyperventilation vs. normoventilation in severe TBI

In thenormoventilationgroup, P&€0, was kept 3035 mmHg for 5 days.

In thehyperventilationgroups, PEO, was kept 2428 mmHgfor 5 days.
Subgroup of hyperventilation receiveab{usY sustainedV infusion for 5 dayp
TROMETHAMINE to examindhe effect of loss of CSF buffer during hyperventilation.

Favourahle outcome Statistical significance
Normoventilation Hyperventilation

3 months 48% 18% p < 0.05

6months ............................. e 24%p<005 ................................

There were no differences B2 monthsfollow-up.
Prolonged prophylactic hyperventilation is deleterious in TBI.

Deleterious effect of sustained hyperventilabonld be overcome by THAM.
Muizelaar JP , Marmarou A , Ward JD , Kontos HA , Choi SC , Becker DP , Gruemer H, Yount
HF . Adverse effects of prolonged hyperventilation in patients with severe traumatic brain
injury. J Neurosurg 1991; 75 : 731739

EVD
1 two regimens oEVD:

a) continuouslymonitorICP and onlyintermittently drairfor ICP elevation§ i 20 pop d
100 p ricallowscclodern)ICP monitoring; TBI is not hydrocephalushy to dry
continuously?

b) continuous drainagef CSF with intermittent ICP measurementsrevalent amongediatric
experts and may be more effective in lowering ICP.

HYPEROSMOLAR FLUIDS
1 restrictMANNITOL useprior to ICP monitoringto patients with signs of transtentoriedrniation or
progressive neurological deterioration not attributable to extracizauaks.

Mannitol: | CP-guided vs. empirical
Smith HP et alComparison of mannitol regimens in patients with severe head injury
undergoing intracranial pressure monitoring. J Neurosurg 1986; 6 5:182p4
Mean ICP was 5.5 mmHg lower in the empirically treated group compared to the ICP

guidedgroup (p< 0.05) but mortality trended to be higher:

ICP-guided mannitol therapy = Empirical mannitol therapy  Statistical significance

Mortality  35% 42.5% None

Ideal hyperosmotic agent should simultaneously lower ICP and maintain or improve CPP.
Osmotic agents may lower CPP related to systemic effects on diuresis, intravascular volume, and
cardiac output.

N.B. mannitol is a diuretic and HTS is not.
Growing evidence thdtypertonic salineis better for underresuscitated patient than marnitol

Hypertonic Saline vs. Mannitol
Mangat HS et alHypertonic Saline is Superior to Mannitol for t@embined Effect on
Intracranial Pressure an€erebral Perfusion Pressure Burdens in PatiaMith Severe
Traumatic Brain Injury. Neurosurgery 86:22230, 2020

prospectively collected data from the New York State-f&¢ database.

patients received only 1 hyperosmotic ageeithermannitol(20%)or HTS (3% bolus)or raised

ICP (patients who received both agents were excluded from data analysis to prevent erroneous
conclusions).

1 patientsvere matched (1:1 and 1:2) for factors associated witk ghortality: age GCSscore,
pupillary reactivity, hypotension, abnorn@T, and craniotomyextraaxial surgical lesionsY 25
matched pairs for 1:1 comparison and 24 HTS patients matched to 48 mannitol patients in 1:2
comparisons

= =4

1 cumulative median osmolar doses in the 2 groups were similar
1 primary endpoint combined burden of ICPhigh (> 25 mm Hg) and CPHow (< 60 mm Hg)
Combined burden HTS Mannitol p
total number of day&) 0.6+0.8 24+23 <.01
percentage of dayss. total 8.8 £10.6% 28.1 £ 26.9% <.01
days of ICP monitoringb)
total duration(hrs) 11.12 £ 14.11 30.56 + 31.89 <.01
40+ 1:1 match 1:2 match
J . * [ Mannitol
1 I B HTS

R 1
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N
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HTS bolus therapy appears to be supdoanannitol in reduction of the combined burden of
intracranial hypertension and associated hypoperfusion in severe TBI.

Comment (Dr. Hawryluk): it is important to replace fluid renal losses after mannitol

admi ni stration; sometimes the patientés |
is not naturally found may have better osmotic gradient).

1 Mangat et al2014 studyclass 2evidence indicated thatiyPERTONIC SALINE may be more
effective than mannitol in lowerinCP butno difference was found in shderm mortality
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2 mL/kg of 20 % mannitol vs. 2 mL/kg of 7.5 % hypertonic saline given when either ICP > 25
mmHg or CPP <0 mmHg for>5 min
Vialet R et al Isovolume hypertonic solutes (sodium chloride or mannitol) in the treatment of

refractory posttraumatic intracranial hypertension: 2 mglL/kg 7.5 % saline is more effective thar
2 ml/kg 20 % mannitol. Critical Care Medicine 2003; 3 1 : 168387

Hypertonic saline  Mannitol  Statistical significance

Number of episodes ICP >25 mmHg 6.8 13.3 p < 0.02
Total duration of episodes 62 min 95 min p < 0.04
Treatment failure 10% 70% p < 0.01

There washo significant difference in mortality or GO®etween the two treatment arms
N.B. mannitol dose was 0.4 g/kdower than we use routinely (1 g/kg)

1 pooled data analysis from 3 trials showedtinuousHTS therapy was associated with improved

survival overolusHTS therapy
Asehnoune K, Lasocki S, Seguin P, et al. Association between continuous hyperosmolar thera
and survival in patients with traumatic brain injurya multicentre prospective cohort study and
systematic review. Crit Care. 2017;21(1): 328.

SEDATION

1 ProPOFOL is recommended for the control of IARtit is not recommended famprovement in
mortality or 6month outcomes (N.Biigh-dosepropofol can produce significant morbidity

1 high-doseBARBITURATE is recommended to control elevated ICP refractorpaximum standard
medical and surgical treatment:

BCT (best conservative treatment) vs. BCT + pentobaiibiial refractorylCP.
Significant positive treatment effect of pentobarbital (p = 0.04)

BCT BCT + Benefit ratio of
pentobarbital pentobarbital + BCT:BCT
Control of ICP in all patients 16.7% 32.4% 2:1
(% of patients)
Control of ICP in patients with 9% 40% 4:1

cardiovascular complications prior to
randomization (% of patients)
Eisenberg HM, Frankowski RF, Contant CF, Marshall LF, Walker MD. Higke barbiturates
control elevated intracranial pressure in patients with severe head injury. J Neurosurg 1988; 6
9:15i 23.
Cochrane 2014 T h e noexviders¢hat barbiturate therapy in patients with acute severe
head injuryimproves outcomeBarbiturate therapy results in a fall in blood pressure in one of
four patients. Théypotensive effewtill offset any ICP lowering effect on cerebral perfusion
pressure. o

Barbiturates help to control ICP but outcome is unchanged (predetermined by primary injury’

HYPOTHERMIA (PROPHYLACTIC)
Level Il B recommendationearly (within 2.5 hours), sheterm (48 hours poshjury)
prophylactichypothermia isiot recommendetd improve outcomes in diffuse TBI

33 degrees of Celsius reached within 8 hrs after severe TBI:

Hypothermia Normothermia Statistical significance
Poor outcome 57% 57% None
Death 28% 27% None

Clifton GL et al Lack of effect of induction of hypothermia after acute brain injury. N Engl J
Med 2001 ; 3 44 : 556 563

I robust clinical trials have shown a trend toward worse outcomes with hypothBrmia
hypothermia should be used as a last resort!!!
NABIS: H Il trial (National AcuteBrain Injury Study Hypothermiall)

i two high-quality pediatric trials failed to show benefit and additionally suggested harm
related taPROPHYLACTIC hypothermia for TBI

HYPOTHERMIA (THERAPEUTIC)
1 THERAPEUTIChypothermia (to treatelevated ICPin severe TBIs effective in decreasing elevated
ICP butdoes not improve neurological outcome and may increase madrtality
i hypothermia bears risks of coagulopathy, immunosuppressiocaatidc
dysrhythmia
I itis suggested thatradual rewarmingan mitigate the inherent risk of rebound
intracranial pressure elevation
i there has been interestlotalized cerebral coolingn the hopes of obtaining the
desired benefits without the systemic side effects.

CPP

MAP by convention is calibrated to the level of the right atrium of the heart.
Central venous pressure\(B) is also calibrated to the level of the right atrium of the hbattin TBI
ICP is higher than ZP.

| CPP = MAPI ICP |

Level Il B recommendationrecommendedarget CPP valufor survival and favorable
outcomes i®etween 60 and 70 mm HWhether 60 or 70 mmHg is the minimum optimal
CPP threshold is unclear and may depend

Level lll recommendation avoid aggressive attempts to maintain CPP > 70 mnwithy
fluids and pressors because of the risk of adult respiratory féA&RDS).

Level Ill recommendation CPP below 5&hould be avoided

1 Rosner and Daughton (1990) tried CPP augmentation on their patients.
Rosner MJ, Daughton S. Cerebral perfusion pressure management in headJjtayma.
1990;30(8):933940; discussion 94931

PRESSURE REACTIVITY INDEX (PRX)

- moving Pearsonorrelation between ICP and arterial blood pressureeflects cerebral vasculature
autoregulatory status
1 in patients with intact autoregulatig@Rx < 0.3), increasinglAP (CPP) causes
vasoconstriction Y decreased intracranial
1 in patients withinjuredautoregulatiofPRx > 0.3), increasing MAP causes passive
vasodilation Y increased intracranial bl o
N.B. optimal CPP value may need tothadored to individual patients!
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ADVANCED BRAIN OXYGENATION /METABOLIC STATUS MONITORING

The goal of the medical management is to ensurentiiaent delivery to the brain is optimized
through the period of abnormal physiology and brain swellitige only way to be assured that this is
being achieved is to measure brain metabo(iesssurance that the needs oflative metabolism are

being met).

OXIMETERS

I monitor brainoxygenationrationalel sometimes even if ICP is slightly elevated, brain oxygenation
remains normal so no need to treat.

Jugular venous oxygen saturation (9jQoal > 504
Brain tissue oxygenation (pbOgdal >20 mmHg

normal brairtissue Qpartial
pressuré’tio, = 2545 mmHg

1. Global i jugular venous oxygen saturation (Sjavoid SjO2 < 50%

Level Il recommendation Jugular bulb monitoring of arteriovenous oxygen content
difference (AVDQ), as a source of information for management decisions, may be
considered to reduce mortality and improve outcomes at 3 and 6 montgjyngst

Level Il recommendationJugular venous saturati¢8jOz) of < 50% may be a threshold
to avoid in order to reduce mortality and improve outcomes

2. Regionali brain tissue @partial pressurs. oxygenatioriBtpOz = PbrQ = pBtOz = PbtQ =
PtiO2) T indicated for severe TB&

1 TBI experts worldwide strongly support brain tissue oxygen (PbtO2) monitoring as their first
choice for thesecond parameter (after ICP monitor)
1 where to placei into penumbrano need to monitor noninjured brain or dead brain areas

First measure if brain oxygenation failsncrease Fi@ RBC transfusion and
increasing CPP are secondary measures.

Eriksson EA, Barletta JF, Figueroa BE, et al. The first 72 hours of brain tissue oxygenation
predicts patient survival with traumatic brain injury. J Trauma Acute Care Surg. May

2012;72(5):13451349. PMID: 22673264

Thresholdof BtpOz2 mostpredictive of mortality wag89 mmHg

Chang JJ, Youn TS, Benson D, et al. Physiologic and functional outcome correlatais of
tissue hypoxia in traumatic brain injury. Crit Care Med. Jan 2009;37(1):283.PMID:

19050612

Thresholdof BtpOz2to avoidwas20 mmHg

Although patients with desaturations identified with advanced cerebral monitoring have
poorer outcomed,evel Il evidenceshowed no improvement in outcomes for monitored
patients.

BOOST-2trial T ICP monitor alontvs. ICP monitor plu8tpOz
*pbrain oxygenation monitor was still placed but the monitor and
numbers were hidden from treating staff

0 having brain oxygenation data availabtelucedheduration ofbrain hypoxia
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Brands

PbeO2 + ICP

Licox (Integra; formerly - GMS, Kiel-Mielkendorf, Germany) Brain Tissue Oxygenation Probe

(FDA approved in 2000) measures oxygenation in miaround its tip
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Eurovent-PTO (Raumedig) - one catheteprovides information about three parametézs$?,

temperature, anoxygen partial pressure.

Neurotrend (Codman, Johnson & Johnson, Raynham, MA) production has been discontinlied

TCD
- cerebral autoregulation monitoring.

Sanche®orras R, Santos E, Czosnyka M, Zheng Z, Unterberg AW, Sakowitz OW. ‘Long’
pressure reactivity index {PRx) as a measure of autoregulation correlates with outcome in
traumatic brain injury patients. Acta Neurochir (Wien). Sep 2012;154(9) 158 PMID:

22743796

There is an association between mortality BfildRx > 0.2

M ICRODIALYSIS

I monitors cerebrahetabolism(e.g. lactate, glutamate)

SEDATION & ANALGESIA

E

Sedative drugshould be avoided if possibldifficult to monitor level of consciousness
+ depress respiratigout useful for ICP control.
restlessness may be combated with small dos&isootactingsedativege.g.PROPOFOL,
PrReCeDEX!!!; historical drug- PARALDEHYDE)
for agitationantipsychotics areuseful when used sparingly.
periodic withholding of sedatiohshorts e d at i o n - to allovapgenodiansuoologic

assessment.

for analgesid PARACETAMOL, FIORICET, IBUPROFEN, FENTANYL.

SEIZURE PROPHYLAXIS

- it is prophylaxis oEARLY posttraumatic seizuresanticonvulsant drug is administerexitinely in
severe TBI and/or cortical irritation banly for 7 days
N.B. norepinephrinds seizure suppressant.
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ANTIBIOTICS

- prophylacticallyindicatedfor:
a) complicated scalp lacerations
b) open skull fracture@ncludespenetrating head injuyy 5 days of tripleantibiotics
c) CSF leakpersisting > 7 days

MEDICATIONS NEEDING FURTHER TESTING

BETA-BLOCKERS
1 observational studies reveal a significamntrtality advantagw i t -iblockers; howevequality of
evidence is very low.
Aziz S. Alali et al. BetBlockers and Traumatic Brain InjunA Systematic Review, Meta

Analysis, and Eastern Association for the Surgery of Trauma Guideline. Annals of Surgery.
2017;266(6):952961.

MEDICATIONS WITH FAVORABLE EFFECT

TRANEXAMICACID (TXA)

Head injury-related death, n/N (%) RR (95% Cl)
Tranexamic acid Placebo
Previous evidence
CRASH-2 (2011)° 14/133 (10-5%) 24/137 (175%) < 0-60 (0:33-1-11)
Yutthakasemsunt et al (2013)%° 12/120 (10-0%) 18/120 (15-0%) | 4 0-67 (0:34-1-32)
Overall < ’ 0-63 (0-40-0-99)

New evidence

CRASH-3 (2019) 485/3880 (12-5%) 525/3757 (14-0%) l 0-89 (0-80-1-00)
L
1
‘—

NCT01990768 (2019) 93/603 (15-4%) 50/285 (17-5%) 0-88 (0-64-1-20)

Overall 0-89 (0-80-0-99)

0-%0 075 -0 12

Favours tranexamic acid

CRASH-3trial

Effects of tranexamic acid on death, disability, vascular occlusive events and other morbidities
in patients with acute traumatic brain injury (CRASMH a randomised, placeboontrolled
trial. The CRASHS trial collaborators.Lancet,Vol 394 November 9, 2019

randomisedplacebecontrolled trial
175 hospitals in 29 countri€s9202 patients.
inclusion: within 3 h offBI, GCS4-12 or any intracranial bleeding @T
+ no major extracranial bleedingo fixed dilated pupils.
TXA protocol:loading dose 1 g over 10 mthen infusion of 1 g over 8 h.
risk of vascular occlusive events, seizures was similar in the tranexamic acid and placebo grour
primary outcomavashead injuryrelated death in hospital within 28 days of injut2 5% in TXA
groupvs 140% in placebaroup (RR 0-89 [9% CI 0-80 1-00]).
i in mild-to-moderatelBl (RR 0-78 [95% CI 0-640-95]) but not insevere TB(0-99
[95% C1 0-911-07)
i early treatmenwas moreeffective than was later treatment in mild and moderate
(p=0-005) but time to treatmehad no obvious effect in sever8I (p=0-73).
i no difference in disabilityamong survivors

E

EJE

[CRASH-2 trid - in patients with trauma witimajor extracranial bleeding (isolated TBIwas
specifically excludey] earlyTXA (within 3 h of injury) redaes bleeding deaths by a third]

AMANTADINE T for early rehabsee below >>

FAILED MEDICATIONS

PrOGESTERONE T failed inProTECT Il trial

TIRILAZAD T no overall benefit on outcome was detected, except in post hoc sub group analysis: me
with traumaticSAH had lower mortality.

MAGNESIUM - given within 8 h of moderate to severe TBI does not impomteome and may even
have a detrimental effect

Outcome High MgS0, Low MgS0,

MgsSo, Placebo  Stat. Sig. MgSO, Placebo  Statistical significance
Mortality 28% 14% p =005 24% 20% None
s e e p7005 ......... B o o
Lo s e o s o o

Temkin NR et aMagnesium sulfate for neuroprotection after traumatic brain injary
randomised controlled trialLancet Neurol 2007; 6 : 2038 .

MINOCYCLINE - a broadspectrum antibiotic of the tetracycline family that was founidhdbit

cytochrome c, thereby inhibiting caspasediated apoptosis

1 drug is neuroprotective in different animal models of acute and chromiodegeneration,
including TBI.

1 most humarrials showedeither small neurological improvements or deleterious neurotoxic
effects.

NOT RECOMMENDED MEDICATIONS

1. Steroidsi increased ICP is due to vasodilation and cytotoxic edema (not due to vasogenic eden
no human studies demonstrated benetiMaxwell et al.showed thaglucocorticoids could reduce
cerebral edema in amimal model of TBIby reducing abnormal vascular permeabitity)

Corticoster oid Randomization After Significant Head Injury Trial (MRC CRASH) trial
CRAGSH trial collaborators. Final results of MRC CRASH, a randomised placettwolled
trial of intravenous corticosteroid in adults with heagliry - outcomes at 6 monthsahcet
2005; 3 65 : 1957 1959.

1 Level Irecommendationnfulticenterandomised placeboontrolled trial- 10,008 adult
patients239centersn 49 countries worldwide

f randomized within 8 hoursif TBGCS O 14

f 48 hours ofmethylprednisolon€ gm | oading Y 0.4 gm/ hr)
N ®roidsarenot recommended for improving outcome or reducing ICP. In
patients with severe TBI, higthose methylprednisolone was associated withreased
mortality* (RR 1.18 95%CI 1.091.27)and iscontraindicated .

*cause unclear butot due to infections or Gl bleeding; RR for deattb1(ji=0.0001)


http://www.neurosurgeryresident.net/
https://pubmed.ncbi.nlm.nih.gov/5554352/

Outcome Methyl Placebo group Statistical significance
prednisolone group

Death within 2 weeks 21.1% 17.9% p = 0.001

D S ; 23%p:00001 ..........................

Disability at 6 months Severe 11.9% 13.6% None
S

Death within 2 weeks:

Corticosteroid Placebo Relative risk (99% Cl)
(n=5007) (n=5001) ;

| Injury severity .
|
Severe (GCS 3-8) 785/1972 (39-8%) 687/1972 (34-8%)

1
——l
Moderate (GCS 9-12)205/1553 (13-2%) 143/1476 (9-7%) :
. +
1
Mild (GCS 13-14) 62/1460 (4-2%)  63/1531 (4-1%) !
Heterogeneity x?
3.05, p=0-22
Time since injury . 5
=1h 227/1341 (16:9%) 209/1342 (15-6%) '
] |
1 |
| |
>1to=3h 308/1530 (20:1%) 296/1560 (19-0%) - : .
|
>3to=8h 517/2114 (24-5%) 388/2077 (18-7%) :
Heterogeneity x? |
6.03, p=0.05 .
’ 118 (1:09-1-27)
All patients 1052/4985 (21:1%) 893/4979 (17-9%) p=0-0001
% Cl I i oY T 1
(95%C) 08 1.0 12 14 16
Corticosteroid better Corticosteroid worse
|
; Corticosteroid Placebo Relative risk (95% Cl)
| (n=3916) (n=3896)
1
Normal scan 42/897 (47%)  32/878(3:6%) —
One or more petechial :
haemorrhages within 313/1139 (27-5%) 270/1098 (24-6%) ___._l_
the brain '
[}
Obliteration of tt i
thl?rldc;rcxn‘t(:ilglg r)r]e 396/906 (43:7%) 381/920 (41-4%) —‘._‘i
basal cisterns !
Subarachnoid bleed  406/1226 (33-1%) 378/1231 (30:7%) ——F
]
1
T 5 2 : - 5 o . )
Midline shift >5 mm 279/556 (50-2%) 269/579 (46-5%) —.—;—
1
Non-evacuated 366/1061 (34:5%) 322/1050 (30-7%) +
haematoma :
Evacvated v .29, 28.89 "
placuated 137/486 (282%) 144/500 (28-8%) = !
Cortical contusion  289/869 (33-3%) 252/886 (28-4%) +
>1cm in diameter |
1
[ | T 1

08 1.0

[
N

14 16

Corticosteroid better Corticosteroid worse

2. Vasodilators (aminophylline pentoxifylline) T decrease seizure threshold, may worsen edema,
yrisk of rebleeds

3. Hemostatic agentqviT. C, viT. K, CaCb)

Hypotonic fluids IVI (e.g. DSW)i may worsen edema.

SURGERY

| NDICATIONS FOR SURGERY

1. Scalp lacerations
2. Certainopenskull fractures.
3. Certaindepressedskull fractures.

4. Extraaxial (epidural / subduralr intraaxialhematoma/ hemorrhagic contusion
seg :

a) thickness> 15 nm (EDH) or > 10 mm (SDH)

b) volume > 30 mL(EDH, SDH) or > 50 mL (IPH) (esp. in temporal or posterior fo$%a
locations- these regions do not tolerate additional naast>30 mL is a threshold
herg. * more details for IPH

**more details for posterior fossa mass lesions

c) midline shift > 5 mn(shift > 20 mmi’ mortality approaches 100%)

d) neurodeficitfe.g.GCS <9, GCS decreabey O 2 focpl méumolbgi signs.

e) refractorylCP > 2 mmHg effaced [compressed basal cisterhgterogenous clot on
CT [indicates active bleeding]

N.B. in general, any neurodeficit due tdre-axial hematomas indication for surgery!

\ Thesehematomasmust be evacuated immediatelgatients gammediatelyto OR! \

Other hematomas / contusions ar@anaged nonoperatively witierial CTandclose
neurological observatioim aneurosurgicalCU.

N.B. early surgery(by CT criteria) has better morbidityand mortality outcomes vs.
delayed surger(by clinical deterioration criteria)!
*e.g.ischemiceffect of prolonged cortical compression by hematoma

5. Symptomatic chronic subdural hematomas
6. Penetrating injuries (esp. withretainedforeign bodies)

7. (Anticipated) medically refractory intracranial hypertensionY decompr essi ve
craniectomy.

1 surgical intervention iaot beneficiain most patients with GCS-8 (unless pupils are reactive and
CT shows no bihemispheric/multilobar dominant hemispheric injuries).

1 historicall mass casual t yparadigmmpidp&iernt detariodaterbin EDO )
(consciousnessZ + asy marecompiessiorf i ®ntkigengidind Y t |
(exploratory) BURR HOLES. ,

*esp.if skull fracture is preseni most commonlepidural hematoma

Notes on hematoma size

1 patientswith severecerebral atrophy(e.g. elderly) may accommodate large intracranial mass,
whereas/oung individualexperience neurological deficits with relatively small intracranial
hemorrhages.

1 dynamic nature: some intracranial hemorrhageswy be actively bleedirduring initial CT- what
may appear as relatively small on initial CT scan may actually become quite significant in short
period of time!!!i rationale for scheduled repeat head CT (e.g. in 6 hours)

DTICH (delayed traumatic ICH) 1
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|V=ABC/2 |
identify the CT slice with the largeatea of hemorrhage (Slice 1)
measure the largest diateg A
measure the largest diame®€&° to A on the same slice, B.
court the number of 1:0nm slices compare each slice with slice
if the hemorrhage is greater than 75% compared with slice 1, count the slice as 1.
if the hemorrhage is 25 to 75%, count the slice as 0.5.
if the hemorrhages less thar25%, do not count the slice.
Add up the total C.

= =4 -4 -4

Volume = Lgc

5.9 x5.0 x6.1

Volume = >

Volume = 90mL

8.9x4.3x9.0
2

Volume =

Volume = 170mL

SEATTLE INTERNATIONAL SEVERE TBI
CONSENSUS CONFERENCE (SIBICC)i severe TBI
management algorithm(2019)

Chesnut R, Aguilera S, Buki A, Bulger E, Citerio G, Cooper DJ, ét mlanagement algorithm
for adult patients with both brain oxygen and intracranial pressure monitoring: the Seattle
International Severe Traumatic Brain Injury Consensus Conference (SIBIiiZ&)sive Care
Med 2020. May46(5):919 929.

1 management algorithms for adult severe traumatic brain injury (sTBI) were omitted in later
editionsoft he Brain Trauma Foundationbés sTBI Ma n
evidencebased

1 42experienced, clinically active sTBI specialists fréroontinentscomprised the panéfpril 5-7,
2019)1 to provideconsersusbased (class Il evidence with > 80% expert agreenmeatagement
algorithmswith tiered 18 interventionsuée of tiers balansdenefits anafficacy ofintervention
against inherent risks).

| AdaptedthresholdsICP - 22 mmHg CPP - 60 mmHg |

Tier Zero (Basic Severe TBI Care - Not ICP Dependent)

Expected Interventions:

¢ Admission to ICU * Consider anti-seizure medications for 1w only

(in the absence of an indication to continue)
¢ Endotracheal intubation and mechanical ventilation

¢ Maintain CPP initially > 60 mmHg
 Serial evaluations of neurological status and pupillary reactivity

e Maintain Hb > 7g/dL
* Elevate HOB 30-45°

¢ Avoid hyponatremia
¢ Analgesia to manage signs of pain (not ICP directed)

e Optimize venous return from head

* Sedation to prevent agitation, ventilator asynchrony, etc. (eg. keeping head midline, ensure cervical collars are no too tight)

(not ICP directed)

e Arterial line continuous blood pressure monitoring
* Temperature management to prevent fever

Measure core temperature * Maintain SpO2 = 94%

Treat core temperature above 38°C

Recommended Interventions:

e Insertion of a central line

* End-tidal CO, monitoring

1 goal of Tierzero is to establish a stable, neuroprotective physiologic baseline regardless of
eventual ICP readings.

sedatives and analgesics target comfort and ventilator tolerance rather than ICP.
temperature management targets avoiding fever (> 38 °C).

E

TIERS 1-3WHEN ONLY ICP MONITOR IS PRESENT
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Tier 1:
2)
3)

4)
5)

Tier 2:
1)
2)

3)

Tier 3:
1)
2)

3)

analgesia & sedation
osmotherapy
I no recommendation for one hypertonic solution over the other.
i recommendation for using same upper limits for serum sodium and osmolality for
both agents
CSF drainage
normocarbia (3538)

neuromuscular blockade
mild hypocarbia (32-35) - caution with even mild hyperventilation when brain
oxygenation monitoring is not employed
MAP challengei test if static pressurautoregulation (sSPAR$ intact* vs disrupted:
*then use pharmacological MAP augmentation
I no other active changes in cah@ing challenge.
I use vasopressor to increase the MAP by 10 mmHg for up to 20 min.
i observe the MAPCPP, ICP (and PtbO2Juring the challenge
i disrupted sPAR will present as a sustained increase in ICP with MAP elevation.
I adjust the target MAP back to baseline (disrupted sPAR) or to the chosen new,
elevated target (intact SPAR).

Greatest associated risks!
mild hypothermia (35 36 °C)
high-dose barbiturate - based odCP and EEGesponse to a test dose
I do not increase dosiburst suppressioaccurs, as further reduction in ICP is not
anticipatedand toxicity increases (esp. hypotension);
I endpoint of barbituratereatment is ICP control not serum levels or Bie§ponse.
decompressive craniectomy

TIERS 1-3WITH BOTH ICP AND BRAIN OXYGEN MONITORS

Type B (elevated ICP, normBbtO2)

Tiers 3 same as with ICP monitor only, except Tialldws hyperventilation to hypocarbia-3@
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