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TBI ï traumatic brain injury. 

 

DEFINITIONS, CLASSIFICATIONS  

Traumatic brain injury (TBI)  - nondegenerative, noncongenital brain insult from acute 

external mechanical force, with associated altered state of consciousness, and temporary or 

permanent impairments of cognitive, physical, psychosocial functions. 

 

ñHEAD INJURYò and ñBRAIN INJURYò are not identical, but cannot be easily separated. 

N.B. HEAD INJURY may not be associated with neurological deficits! 

 

Scalp injuries 

CLOSED ï contusion. 

OPEN: 

1) puncture 

2) laceration 

3) avulsion 

 

Skull fractures  see p. TrH5 >> 

 

Brain  injury  (TBI)  

Communication with outside: 

A. CLOSED: 

a) no scalp injury 

b) no skull fracture 

c) scalp injury not connected with skull fracture. 

¶ caused by blunt  objects or no contact. 

N.B. skull fractures extending to paranasal sinuses, middle ear structures ï also called open 

fractures! 

 

B. OPEN ï scalp injury connected to skull fracture; Risk of CFS leak, infection! 

¶ caused by blunt  or sharp objects. 

Penetrating ï with dura matter injury; 

¶ caused by missile injuries (much more common) or impalements. 

Location: 

A. Diffuse: 

a) concussion (s. commotio) ï mildest TBI with negative imaging. 

b) diffuse axonal injury (DAI) ï microhemorrhages on imaging. 

B. Focal: 

a) contusions 

b) lacerations 

c) hematomas (extradural, subdural, subarachnoid, intracerebral) 

 

Cerebrovascular injury  

 

 

EPIDEMIOLOGY  

Brain injury ï plague of modern society ï despite technological progress (carriages Ÿ powerful cars; 

fist fighting Ÿ shotguns), innate manôs aggression is not curbed. 

 

INCIDENCE  

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

 

High-risk populations: 

1) young people (peak 15-24 yrs; second peak > 65 yrs ï due to falls) 

2) men (affected 2-4 times*  as often as women; approaches 1:1 as age increases - 

increased likelihood of TBI caused by falls) 

*motor vehicle accidents, contact sports, interpersonal violence, alcohol abuse 

3) low-income individuals  

4) unmarried individuals  

5) members of ethnic minority groups (esp. African Americans, Native Americans) 

6) residents of inner cities  

7) individuals with history of substance / alcohol abuse  

8) individuals with previous TBI 

 

MORBIDITY  

¶ 20-25% brain trauma cases need hospitalization 

¶ major cause of disability! 

¶ 100% severe TBI, 66% moderate TBI Ÿ permanent disability. 

¶ 5-10% patients go to long-term care facility.  

 

MORTALITY  

¶ mortality å 10% (higher in persons 15-24 yrs and > 65 yrs). 

Major cause of death in young adults! 

¶ 5% of all patients die at site of accident (60% of fatalities occur before patients can be admitted to 

hospital).   also see ñPrehospital Managementò below 
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N.B. in gunshot TBI, mortality is 90-92% (73-76% are dead at scene; of 

remaining, 60% die at hospital) 

50,000 individuals each year die from head injuries in USA 

¶ according to TBI severity: 

1) mild TBI - mortality å 0% 

2) moderate TBI - mortality å 2.5-20% 

3) severe TBI - mortality å 30-50% 

¶ if patient dies at hospital, average time to death is 2 days after trauma. 

¶ TRAUMAS IN GENERAL: 

ï TBI is major determinant of survival in most cases of blunt trauma. 

ï TBI contributes significantly for 50-75% of all traumatic deaths. 

ï in any traumatic cases, presence of TBI increases fatality rate 3-fold. 

 

 

ETIOLOGY  

1.  Motor vehicle accidents - most common cause! (å 50%) (much more common in suburban/rural 

areas) 

ï 70% MVA injuries are TBIs. 

2.  Falls - 2nd most common cause (20-30%) (much more common in elderly > children) 

3.  Personal violence (assaults, gunshot wounds, child abuse) - more common cause in large urban 

areas. 

ï firearms are 3rd leading cause of TBI (12%; incidence increasing), esp. African 

American men. 

4.  Sports (esp. football and soccer), bicycles ï 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 STATUS is sum of irreversible damage acquired at time of initial injury and 

damage from secondary insults! 

¶ brain cells do not regenerate - once 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  

- occurs at time of trauma: portion of brain sustains irreversible damage, and second portion sustains 

lesser degree of damage (recovers over months). 

¶ microscopically - mechanical cellular disruption, microvascular injury. 

 

I. Diffuse shearing injuries (concussion, diffuse axonal injury) 

II.  Contusions 

III.  Lacerations 

IV.  Tears (of cranial nerves, brainstem, pituitary stalk, etc) 

 

MECHANISMS  

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

A. Contact, s. direct impact injury (object striking head or head striking object; rarely ï head 

compression) Ÿ scalp injury, skull fracture, contusions & lacerations. 

Injuries tend to be focal 

¶ external signs of trauma are frequently noted at site of contact. 

¶ skull initially bends inward at point of contact (if force is sufficient, skull fracture can 

occur) - cranium absorbs some of applied energy, while some energy is transmitted to brain 

by shock waves that travel and distort / disrupt intracranial contents. 

¶ injury from compression requires significant force because skull architecture provides 

substantial resistance to deformation; if skull ability to absorb force is overcome Ÿ 

multiple linear skull fractures. 

 

Direct impact sets head in motion, resulting in simultaneous indirect injury  (isolated direct 

impact injury is rare). 

 

B. Acceleration-deceleration, s. indirect injury  (cranial contents are set into vigorous motion by 

forces other than direct contact of skull with another object) Ÿ shear, tensile, compressive strains 

Ÿ hematoma, diffuse axonal injury, injury to cranial nerves and pituitary stalk. 

Injuries tend to be diffuse 

¶ brain is most susceptible to lateral rotation, while tolerating sagittal movements best. 

¶ injury depends on direction of force: 

a) TRANSLATIONAL  forces (force in AP or true lateral direction - brain's center of gravity 

is moved in straight line) Ÿ damage to superficial structures (bridging structures, 

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 brain ï practically impossible) Ÿ high shear stress to deep structures. 

c) ANGULAR  forces (combinations of TRANSLATIONAL  and ROTATIONAL forces - head 

pivots on cervical spine) - predominating force determines injury pattern (any type of 

TBI except skull fractures and epidural hematomas). 

 

 

SECONDARY BRAIN INJURY  

- any insults that occur after trauma and worsen neurologic deficits: 

N.B. secondary brain injury is main target of TBI treatment! 

I. SYSTEMIC DISORDERS: 

1. Hypotension!!!  (systolic BP < 90 mmHg doubles mortality!); 

early causes of hypotension - intra- or extracorporeal hemorrhage, cardiac contusion; 

later causes of hypotension - sepsis, pulmonary embolism, GI bleeding. 

N.B. intracranial trauma per se does not cause hypotension!; exceptions: 

1) profound blood loss from scalp lacerations. 

2) infants (relatively small circulating blood volumes - blood may 

accumulate without much evidence of increased ICP) - hemorrhage from 

large linear skull fracture into epidural, subperiosteal or subgaleal 

hematoma, intracranial bleeding (esp. in child with hydrocephalus and 

functioning shunt).  

3) high cervical (> C4) fractures with medullary compression [hypotension 

with bradycardia, nonresponsive to fluid therapy]. 

4) terminal stage. 

http://www.neurosurgeryresident.net/


 HEAD INJURY (GENERAL ) TrH1 (4) 

2. Hypoxia!!  (PaO2 < 60 mmHg doubles mortality!); causes of hypoxia - apnea caused by 

brain stem compression, mechanical airway obstruction (in unconscious patient), chest / 

pulmonary trauma, intoxication with alcohol / CNS depressants. 

3. Anemia (hematocrit < 30%) 

4. Fever 

5. Hypoglycemia 

 

II.  INTRACRANIAL DISORDERS : 

1. Expanding intracranial mass (hematoma, contusions, brain edema & engorgement) Ÿ 

raised ICP Ÿ decrease in cerebral perfusion pressure, herniation. Cause 50% deaths! 

2. Seizure 

3. Vasospasm (due to SAH) Ÿ local ischemia. 

N.B. SAH is most common type of traumatic intracranial hemorrhage! 

 

Very dangerous combination: ICPŷ + hypotension 

 

 

PATHOPHYSIOLOGY ( Cerebral Blood Flow, Edema) 

TBI disrupts autoregulation & BBB 

N.B. injured brain is very sensitive to perfusion fluctuations ï autoregulation limits 

become narrower (e.g. the lower limit for autoregulation may rise from 40 mmHg to 70 

mmHg ï here is rationale to keep CPP > 60-70 mmHg to prevent ischemia). 

 

AUTOREGULATION  

¶ immediately after trauma, blood vessel lose tone and passively dilate (impaired autoregulation) Ÿ 

cerebral blood flowŷ (although metabolic demands and oxygen consumption are diminished) Ÿ 

ICPŷ. 

¶ 5-30 min later: postcapillary sphincters and venules constrict but arterioles remain paralyzed 

(maximally dilated) Ÿ cerebral blood flowŹ (typically less than half of normal values), cerebral 

blood volumeŷ (brain engorgement) Ÿ ischemia, ICPŷŷ. 

ï lowest CBF values occur within first 6-12 hours after injury. 

ï these changes may exist for several days after injury. 

ï it is especially common in children. 

N.B. despite disrupted autoregulation, vasoreactivity to PCO2 remains (enables therapeutic 

hyperventilation) 

Duration of cerebral autoregulation impairment significantly correlates with worse 

outcomes after severe TBI! 
Preiksaitis et al. Association of Severe Traumatic Brain Injury Patient Outcomes With Duration 

of Cerebrovascular Autoregulation Impairment Events. Neurosurgery, Volume 79, Issue 1, 1 

July 2016, Pages 75ï82, 

 

BBB 

¶ mechanical forces and ischemia disrupt BBB for several hours (demonstrated by contrast MRI) Ÿ 

vasogenic brain edema Ÿ ICPŷ. 

¶ ischemia (produced by any mechanism) causes cytotoxic brain edema. 

In TBI, both vasogenic and cytotoxic brain edema occur! 

¶ brain edema reaches maximum at 48-72 hours. 

¶ brain edema: 

a) localized (associated with other lesions ï hematoma, contusion, infarction) 

b) diffuse 

ï on occasion (esp. in children), TBI causes diffuse brain edema within few hours without 

any focal lesions - due to microvascular disruption and greatly increased CBF. 

ï on occasion, malignant edema develops after evacuation of intracranial hematoma (esp. 

SDH), esp. if patient had hypotension /hypoxia episodes (cause generalized 

vasoparalysis). 

 

 

PATHOPHYSIOLOGY ( Biochemistry) 

¶ immediately after trauma, bioelectrical brain activity stops Ÿ widespread neuron depolarization Ÿ 

release of excitatory neurotransmitters (glutamate, aspartate): 

ï excess neuronal firing Ÿ K+ leaves cells, Na+ accumulates intracellularly Ÿ acute 

neuronal swelling. 

ï intracellular Ca2+ŷ Ÿ generation of oxygen free radicals Ÿ membrane damage. 

¶ metabolic activityŷ to restore ionic balance Ÿ release of lactate Ÿ acidosis. 

¶ excitatory neurotransmitters, lactate, oxygen free radicals are released into bruised / ischemic areas 

Ÿ intense inflammatory response Ÿ further brain edema. 

 

 

PATHOLOGY, CLINICAL FEATURES  

Head injuries and their sequelae are embedded inextricably in medicolegal system - detailed history, 

review of systems, complete examination, and management steps are essential - documentation should 

be meticulous! 

 

External signs of trauma (scalp lacerations, abrasions, hematomas, bruising, etc) at site of impact - 

only confirm that injury has occurred; not always present in patient who has sustained serious brain 

damage! 

N.B. as scalp injuries occur at site of impact - carefully explore for foreign bodies or 

underlying skull fractures. 

ï 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. 

¶ lacerations are particularly common, as scalp is readily crushed and split against underlying bone 

(most scalp lacerations are linear because of skull convexity). 

¶ scalp subcutaneous layer has rich vascular supply Ÿ significant blood loss when scalp is lacerated. 

¶ galea is poorly fixated to underlying periosteum Ÿ large scalp flaps (scalping or degloving 

injuries), little resistance to hematoma / abscess formation in subgaleal plane. 

N.B. external bleeding or subgaleal blood collections may cause shock in small infant! 

 

Alteration of consciousness (practically the must symptom for TBI!!!) - inadequate functioning of 

brainstem or both cortices caused by: 

a) primary injury (e.g. midbrain or diencephalic hemorrhages, diffuse axonal injury) 

b) ischemia (due to ICPŷ) 

c) hypotension 
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d) hypoxia 

e) hypoglycemia 

f) intoxicating substance consumed before injury ï may distort entire clinical picture! 

¶ level and duration  (of consciousness alteration) characterize TBI degree. see below >> 

¶ 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). 

 

Possible immediate accompaniments of trauma 

1) immediate brief generalized convulsion (ñimpact seizureò) - result from transient 

mechanical and neurochemical changes - most of these patients will not have additional 

seizures (?*) and do not require long-term anticonvulsants (but require anticonvulsants 

for first 7 days). 

*other authors state - single seizure at time of injury increases risk of 

post-traumatic epilepsy 10-fold 

2) transient apnea, 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 EFFECTS (on recovering consciousness) 

1. Dizziness, nausea, emesis (common in immediate posttraumatic period, regardless of TBI degree). 

 

2. Slight blurring of vision  (transient cortical blindness may follow concussion - localized edema or 

vasospasm in calcarine fissure; usually resolves spontaneously within 24 hours). 

 

3. Difficulty with concentration , mental cloudiness and confusion before full consciousness is 

restored (this ñmentalò period is prolonged, roughly proportional to degree of brain injury); 

¶ some patients are combative when they regain consciousness. 

¶ behavioral changes (such as agitation) are most evident at night. 

¶ difficulties with activities of daily living may continue for months. 

 

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

1. Anterograde amnesia (amnesia for events after trauma) - somewhat of misnomer - 

severe inattention in postinjury state primarily prevents retention of new information, 

("posttraumatic confusional state" is more accurate term). 

2. Retrograde amnesia (amnesia for events preceding trauma) ï never occurs without 

anterograde amnesia; may be absent in mild TBI. 

¶ during weeks, improvement occurs in orderly progression from most distant to recent memories 

(islands of absolute amnesia may remain in severe cases). 

 

HYSTERICAL POSTTRAUMATIC AMNESIA - tendency to recount events that cannot be recalled on later 

testing, bizarre affect, forgetting one's own name, excessive anterograde deficit. 

 

5. Headache (constant generalized or frontal; may be throbbing hemicranial like migraine)  

¶ common for days ÷ months following trauma. H: ɓ-blockers 

¶ persistent severe headache and repeated vomiting in context of normal alertness and no focal 

neurologic signs are usually benign. 

 

6. Early post-traumatic SEIZURES (2.5-7% clinically; 22% by EEG) - develop within 7 days after 

TBI (50-80% manifest during 1st day as immediate SEIZURES) - result from cerebral edema, 

hemorrhagic lesions (intracerebral, subdural > epidural hematoma), penetrating injury (42% risk of 

seizures), depressed skull fractures. 

¶ seizures are major threat - increase tissue energy requirements and cerebral blood flow by up to 

400% Ÿ ICPŷ. 

¶ STATUS EPILEPTICUS may ensue! 

¶ seizures occurring after 7 days = late post-traumatic SEIZURES (posttraumatic epilepsy) 

see below 

7. Focal neurologic signs ï hemiplegia (9%), aphasia (6%), cranial nerve palsies, etc ï depend on 

extent and site of damage to intracranial structures. 

¶ (almost) complete return of motor power and speech is common when cause is compression by 

hematoma! (vs. laceration Ÿ severe residual defects). 

 

Injury to CRANIAL NERVES : 

a) frequent complication of skull base fractures. 

b) torn / stretched by brain movement within skull (esp. CN1). 

c) penetrating trauma. 

 

¶ occasionally, cranial nerve palsies may not be evident for several days. 

¶ recovery (partial or complete) is rule, but prognosis is worse for CN1 and CN2. 

 

CN1 (in 7% TBI cases) ï anosmia and apparent loss of taste (actually loss of perception of 

aromatic flavors, with elementary tastes retained) occurs in å 10-30% of severe TBI cases (esp. 

with falls on back of head or anterior fossa fractures) - results from brain displacement Ÿ shearing 

of olfactory filaments at cribriform plate; 

Even trivial head injury (to any part of head) can result in anosmia! 

ï check for CSF rhinorrhea and frontoorbital contusions. 

ï recovery may last up to 5 years; residual hyposmia is usual. 

 

CN2 (in 5% TBI cases) ï fractures of sphenoid bone may transect CN2; closed TBI Ÿ partial 

injuries (blurring of vision, central or paracentral scotomas, sector defects); direct orbital injury Ÿ 

reversible iridoplegia (short-lived blurred vision for close objects). 

ï indirect optic neuropathy: observation, high-dose steroids, surgery. 

ï delayed onset of visual loss Ÿ surgical decompression. 

ï prognosis extremely variable (0-100%). 

 

CN3 ï injured in uncal herniation. 

ï aberrant regeneration often occurs (e.g. lid elevation on attempted adduction). 

 

CN4 ï fracture of lesser sphenoid wing or stretching near CNS exit site. 

ï TBI is most common cause of trochlear palsies! 

ï only å 50-66% recover because of frequent nerve avulsion. 

ï bilateral CN4 lesions can occur - if dorsal midbrain and both 4th nerves are impacted in 

niche of tentorium cerebelli; only å 25% recover. 

 

CN51, CN52 (in facial trauma) 

ï hyperpathia in nerve distribution may be permanent. 

 

CN6 ï most commonly injured oculomotor nerve! 

 

CN7 ï petrous fractures (in 30-50% transverse temporal bone fractures; in 10-30% longitudinal 

fractures); facial palsy may be delayed 5-7 days (mechanism - progressive edema within nerve - 

good prognosis). 

ï longitudinal fractures - spontaneous recovery is usual. 

ï transverse fractures Ÿ nerve decompression. 
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CN8 ï petrous fractures (nerve laceration in 80% transverse temporal bone fractures) Ÿ 

sensorineural hearing loss, vertigo, positional nystagmus immediately after injury. 

ï patients with low- or high-frequency hearing loss may have some recovery but those with 

low- and high-frequency loss usually do not recover. 

ï vertigo due to labyrinth concussion usually resolves within year. 

 

CN9-12 - fracture of occipital condyle; COLLET-SICARD syndrome. 

 

 

MIDDLE EAR  trauma Ÿ tympanic perforation, hemotympanum, ossicular disruption Ÿ conductive 

hearing loss. 

ï most tympanic perforations heal spontaneously. see p. Ear38 >> 

ï ossicular incongruences Ÿ ossiculoplasty (if hearing loss persists > 3 months). 

 

INNER EAR  trauma: 

1) cochlear concussion Ÿ sensorineural hearing loss (for high-tones). 

2) perilymphatic fistula Ÿ sensorineural hearing loss. 

3) otolith dislodgement Ÿ benign paroxysmal positional vertigo. 

 

 

CONCUSSION 

- biomechanically induced alteration of brain function, typically affecting memory and orientation. 

 

Concussion Guidelines: indicators of concussion are documented: 

a) confusion immediately after the event 

b) impaired balance within 1 d after injury 

c) slower reaction time within 2 d after injury 

d) impaired verbal learning and memory within 2 d of injury. 

Concussion Guidelines: clinical and prognostic 5 subtypes (cognitive, ocular-motor, 

headache/migraine, vestibular, and anxiety/mood) and 2 associated conditions (cervical strain and 

sleep disturbance). 

 

It's clinical diagnosis: 

1) immediate brief (< 6 hours) loss of consciousness*  (dazed or "star struck"; loss of consciousness is 

not deep - pupillary reactions and other brainstem functions are intact; extensor plantar responses 

may be present briefly but not decerebrate posturing). 

  Ź     *± temporary respiratory arrest, loss of reflexes 

N.B. true loss of consciousness is not required and it occurs in < 10% of concussion 

cases! 

2) brief disorientation  

3) antegrade amnesia lasting minutes (i.e. amnesia for traumatic event). 

4) dizziness-nausea (single episode of vomiting), lethargy-irritability . 

5) headache 

6) in severe cases - brief convulsion, autonomic signs (facial pallor, bradycardia Ÿ tachycardia, mild 

hypotension, sluggish pupillary reaction). 

Concussion is mild head injury! 

Concussion selectively disrupts attention! 

¶ wide spectrum of neurologic symptoms may be described but are quickly resolved*  - most patients 

on presentation are neurologically normal (GCS = 15) - diagnosis is usually retrospective! 

*patients become normal within few minutes; others may be slightly dazed for few 

minutes and complain of headaches for Ó 12 hours. 

¶ concussions are graded: 

grade I - confused temporarily but does not display any memory changes. 

grade II  - brief disorientation and anterograde amnesia of < 5 minutes' duration. 

grade III  - loss of consciousness for < 5 minutes and retrograde amnesia. 

grade IV - loss of consciousness for 5-10 minutes. 

grade V - loss of consciousness > 10 minutes.  

According to new guidelines, concussion severity is no longer classified at time of event! 

 

 

The only objective signs of concussion (to rule out malingering) ï but only within first 48 hrs: 

1.  Assymetry of corneal reflexes 

2.  Horizontal nystagmus (may be due to alcohol intoxication!) 

3.  Abnormal vestibular reflexes (ŷ or Ź, assymetry) 

 

 

¶ mechanism of loss of consciousness - functional disconnection* of brain stem from cerebral 

hemispheres. 

* transient electrophysiologic dysfunction of RAS in upper 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 amnesia is not known. 

¶ no immediate or delayed structural brain damage - no significant long-term sequelae (except 

postconcussion syndrome). 

¶ biochemical and ultrastructural changes exist - depolarization due to excitatory amino acid-

mediated ionic fluxes, mitochondrial ATP depletion, local BBB disruption. 

¶ repeat concussions have cumulative effects that lead to traumatic encephalopathy. 

ð having ApoE-4 gene increases risk for chronic problems following concussion. 

 

 

DIFFUSE AXONAL INJURY ( DAI ) 

- immediate loss of consciousness lasting > 6 hours (i.e. concussion is a mild form of DAI). 

Unconsciousness in resuscitated patient despite absence of 

any intracranial mass lesion or history of hypoxia 

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

¶ extensive generalized shearing or stretching of axons within white matter ï caused by 

ACCELERATION / DECELERATION injury ï rotational or angular forces*, but not translational forces. 

*e.g. brain ROTATION 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) 

¶ axons are either sheared at time of impact or degenerate soon after. 

ï stretch injury first affects nodes of Ranvier (blebbing of nodal axolemma). 

ï membrane channels open to admit toxic levels of calcium. 

ï numerous swollen and disconnected axons (axonal retraction bulbs) throughout white 

matter - appear within hours of injury. 

¶ same forces act on vessels Ÿ intracerebral hemorrhages (micro / macro). 

Duret hemorrhages ï punctate hemorrhages caused by small penetrating arteriole stretching: 

ï also may occur during transtentorial herniation (as secondary injury) ï hemorrhages are 

larger than in DAI. 

Subdural hematomas ï caused by stretching of bridging subdural veins.  

¶ little cerebral swelling - no ICPŷ (? children may develop diffuse cerebral edema). 
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Coma lasting 6-24 = mild DAI  (only axon stretching); 30% patients demonstrate decorticate or 

decerebrate posturing, but by 24 hours they are following commands. 

ï good prognosis (mild or no permanent disabilities, but some patients die). 

 

Coma lasting > 24 hours = moderate or severe DAI (irreversible axon shearing, hemorrhages). 

ï persistent brain stem dysfunction (posturing), autonomic dysfunction (e.g. hypertension, 

hyperpyrexia). 

ï poor prognosis (up to persistent vegetative state or death). 

N.B. DAI is contributing cause of death in 30-40% cases! 

 

All patients with DAI present identically in coma - no 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 deeper (medial) areas of brain: 

1) mild DAI (grade 1) ï lesions only in subcortical axons (mainly in parasagittal 

white matter of cerebral hemispheres). 

2) moderate DAI (grade 2) ï plus lesions in corpus callosum. 

3) severe DAI (grade 3) ï plus lesions in dorsolateral quadrants of rostral brain 

stem (cerebral peduncle). 

 

¶ if patient survives Ÿ wallerian degeneration (affected areas of white matter are replaced by glial 

proliferation over several months) Ÿ degeneration of involved fiber tracts (delayed neurologic 

deterioration). 

 

 

CONTUSION AND LACERATION  

- foci of hemorrhagic necrosis (hemorrhage mixed into tissue*) on brain surface**  - result of CONTACT 

(IMPACT) injury. 

*vs. HEMATOMA  - focal collection of blood 

** wedge shaped (in cross section) - base in gray matter, taper into white matter 

CONTUSION - pia-arachnoid is intact (e.g. in blunt injuries). 

LACERATION - pia-arachnoid is torn (e.g. in penetrating injuries). 

 

¶ blood frequently spreads under pia; if pia is lacerated Ÿ SAH. 

¶ contusion is surrounded by delayed brain edema (cytotoxic). 

¶ surrounding edema enlarges with time* (contusion ñblossomingò - during first 1-2 days; up to 7-10 

days) Ÿ mass effect: 

1) compression of adjacent tissue Ÿ ischemia Ÿ necrosis Ÿ cyst 

2) ICPŷ, brain herniation 

¶ contusion is nidus for delayed* hematoma formation (esp. in alcoholics, elderly patients or taking 

anticoagulants). 

*H: routinely repeat CT + careful clinical follow-up 

LOCATION of contusions: 

1) coup contusion - at site of impact (direct trauma or during brain acceleration): 

a) skull is sufficiently bent inward to strike underlying brain 

b) moving brain abruptly strikes fixed skull 

c) under depressed skull fractures (ñfracture contusionò) 

d) along tract of missile injuries 

2) contrecoup contusion - in antipolar area, i.e. at point opposite impact (during brain 

deceleration).  
classically, contrecoup contusion occurs when falling head strikes ground: 

backward fall Ÿ contrecoup contusions at frontal and temporal poles; 

fall on side Ÿ contrecoup contusions at opposite temporal lobe. 

forward fall does not cause contrecoup contusions on back of brain because 

interior surface of skull is smooth at this point! 

¶ amount of energy dissipated at site of impact determines type of contusion: 

impact from small hard object - most of energy is dissipated at impact site Ÿ coup contusion. 

impact from larger object - less injury at impact site since energy is dissipated at beginning or 

end of head motion Ÿ contrecoup contusion. 

¶ role of skull compliance: 

pediatric compliant skull is easily deformed Ÿ coup injury. 

adults - brain is forced against bony protuberances opposite point of impact Ÿ countercoup 

injury. 

 

N.B. whatever site of injury, contusions are most severe in orbital surface of FRONTAL LOBES and 

anterior & basal portions of TEMPORAL LOBES - brain glides over ridged bony surfaces ï orbital roof, 

sphenoid wing & petrous ridge (crests of gyri are most susceptible to traumatic forces)! 
There are more frontal lesions after occipital injury than vice versa! 

 

Gliding contusions - along superior margin of cerebral hemispheres - due to sagittal angular 

acceleration/deceleration with abrupt stretching and tearing of parasagittal veins, arachnoid membrane, 

and adjacent cerebrum. 

N.B. gliding contusions are result of acceleration/deceleration shear strains (as is diffuse axonal 

injury) - tend to be bilateral! 

 

 

Contusion locations in sagittal midline (A), lateral (B), and 

base (C) views: 

red - most commonly affected areas (orbitofrontal cortex, 

anterior temporal lobe, and posterior portion of superior 

temporal gyrus area, with adjacent parietal opercular 

area); 

blue - occasionally affected areas (lateral midbrain, inferior 

cerebellum and adjacent tonsil, midline superior 

cerebral cortex). 

 

HISTOLOGY 

¶ earliest stages - edema and pericapillary hemorrhage. 

¶ next few hours - blood extravasation extends throughout involved tissue, across width of cerebral 

cortex, and into white matter and subarachnoid spaces. 

¶ evidence of neuronal injury (nucleus pyknosis, cytoplasm eosinophilia, cell disintegration) takes 24 

hours to appear (functional brain injury occurs earlier). 

¶ axonal swellings develop in vicinity of damaged neurons or at great distances away. 

¶ usual inflammatory response: neutrophils Ÿ macrophages. 

 

HEALING of contusions: 

ï superficial lacerations heal by gliosis with hemosiderin-laden macrophages - small 

scarred, yellow-brown (hemosiderin-stained) depressions denuded of their meningeal 

covering (punched-out areas) on surface (PLAQUES JEUNES) - source of posttraumatic 

epilepsy. 

ï larger areas of necrosis that extend deep heal by formation of MENINGOCEREBRAL 

CICATRIX (composed of glia, fibroblasts, and meninges) or larger CAVITATED LESIONS. 

 

CLINICAL FEATURES: 

1) focal deficits (coincide with affected brain region) ï manifest after consciousness is 

regained. 

http://www.neurosurgeryresident.net/
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2) increasing ICP ï manifests as progressive neurologic deterioration. 

3) early or late posttraumatic seizures 

¶ contusion per se is clinically silent if  in non-eloquent area (e.g. anterior temporal lobes or inferior 

frontal lobes); but may manifest latter as expanding mass! 

¶ contusions in brainstem may be fatal. 

 

 
Characteristic location of extensive contrecoup contusions consistent with fall backwards - inferior frontal and temporal 

lobes: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 
Coronal section through frontal lobes - extensive contrecoup contusions involving inferior gyri: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 
Old contusions - orange-brown (hemosiderin), scalloped lesions: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Contrecoup contusions, mainly of right inferior frontal lobe: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Extensive blunt force trauma (vehicular accident) - contusions and lacerations: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Contusion of temporal poles with fresh hemorrhages: 
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Source of picture: James C.E. Underwood ñGeneral and Systematic Pathologyò (1992); 

Churchill Livingstone; ISBN-13: 978-0443037122 >> 

 

 

INTRACEREBRAL HEMORRHAGE  (TRAUMATIC ICH, tICH)  

See below >> 

 

 

MISSILE (GUNSHOT) INJURY 

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

Kinetic energy = ½ × mass × velocity2 

 

Types of injuries: 

A. Tangential wounds - caused by impact at oblique angle relative to skull. 

¶ if missile has high velocity but low energy, it can travel around skull under scalp without 

passing through skull itself (but at site of impact depressed skull fracture can occur). 

¶ intracranial damage (primarily cortical contusions) occur at site of initial impact (pressure 

waves generated by impact). 

B. Penetrating injury - projectile breaches cranium but does not exit; 

¶ low-velocity projectile loses energy as it penetrates skull; projectile 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. 

¶ entrance wound is smaller than exit wound. 

¶ brain damage is accompanied by extensive hemorrhage. 

 

Bullets that penetrate skull do not travel in straight path: 

a) low-velocity civilian soft bullets - tend to be deflected by intracranial structures (final track is 

erratic and occasionally bears no relation to exit or entrance site). 

¶ destabilizing motions include yaw (deviation of longitudinal axis of bullet from straight 

line), tumbling (forward rotation of bullet around its center of mass), rotation (oscillatory 

motion of bullet axis around its center of mass). 

b) high-velocity military metal-jacket bullets - can project straight through tissues and easily fracture 

bones.  

 

Bullets can damage brain parenchyma through 3 mechanisms: 

A. Direct laceration & crushing (main mechanism of low-velocity bullets); destroyed tissue is 

either ejected out of entrance or exit wounds or compressed into walls of missile tract. 

B. Cavitation (severe in high-velocity bullets) - produced by centrifugal effects of missile. 

C. Percussion shock waves (last 5-10 msec; severe in high-velocity bullets) - cause stretch injury 

far from missile path (if shock wave reaches brain stem, cardiovascular and respiratory collapse 

can occur; shock waves can disrupt vessel walls Ÿ traumatic aneurysms). 

¶ all these create permanent cavity (3-4 times larger than missile diameter) and pulsating temporary 

cavity (as much as 30 times larger than missile diameter Ÿ diffuse damage to brain). 

 

ICP 

¶ rapid increase (up to 100 mmHg) for several minutes Ÿ drop (depending on volume of secondary 

hemorrhage and edema). 

 

CLINICAL FEATURES 

- loss of function of brain that is directly injured. 

¶ penetration of frontal or parietal lobes by small missiles may not cause loss of consciousness! 

(good prognosis for survival) 

 

COMPLICATIONS: hemorrhage!!! , infection!!! , post-traumatic epilepsy. 

¶ metal fragments may cause electrolysis, may migrate within intracranial or intraspinal 

compartments. 

¶ penetrating wounds (incl. GSW) to the head are not associated with C-spine injuries. 

¶ injury to vascular walls (contact or shearing forces) may lead to aneurysm formation (most 

commonly ï pseudoaneurysm ï very vulnerable to delayed ruptures). 

 
 

UPPER - basic differences between skin appearances of contact, close (intermediate), and distant 

(indeterminate) range gunshot wound. 

LOWER - wounding characteristics in skull: 

http://www.neurosurgeryresident.net/
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Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

Entrance wound (at left) and exit 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 not 

exit): 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

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

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

Contact range gunshots 

Contact gunshot entrance wound; since barrel contacts skin, gases released by fired round go into 

subcutaneous tissue Ÿ star-shaped laceration; note also grey-black discoloration from soot, as well as faint 

abrasion ring: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

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 picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

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

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Contact range gunshot wound - grey-black discoloration from burned powder: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Contact range gunshot wound - skull surface demonstrates heavy soot, as well as radiating fracture lines; thus 

direction of fire was toward back of this picture: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Contact range gunshot wound (entrance wound on skin) - black gunshot residue (red arrow) and coagulative 

necrosis: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

Intermediate range gunshots 

Intermediate range gunshot entrance wound - powder "tattooing" around entrance site: 
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Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Intermediate range gunshot entrance wound - powder ñtattooingò; actual entrance site is somewhat irregular, 

because bullet can tumble in flight: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

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 palate Ÿ upper airway compromise. 

¶ careful aim and close range Ÿ mortality å 95%. 

Suicide is more lethal than homicide! 

 

 

STAB INJURY (IMPALEMENT)  

¶ skull penetration is most common in thin bones of skull: 

1) orbital surfaces 

2) squamous portion of temporal bone ï highest mortality (short distance to brainstem and 

vascular structures) 

3) craniocervical junction 

¶ 2/3 cases on left side! 

¶ knife leaves narrow elongated ñslotò fracture (in some cases, no radiological abnormality can be 
identified). 

¶ cerebral damage is largely restricted to wound tract (filled with clots). 

N.B. unlike missile injuries, no concentric zone of coagulative necrosis caused by 

dissipated energy is present; unlike motor vehicle accidents, no diffuse shearing injury 

to brain occurs.  

¶ major complications are vascular (main cause of mortality): 

1) intracerebral hematoma (50%) 

2) subdural hematoma (9%) 

3) contusion (31%) 

4) traumatic aneurysms (risk of rupture - H: early angiography & repair) 

5) carotid-cavernous fistula 

6) stroke (5%) 

 
Mechanism for "defense wounds": 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Typical "defense wounds": 
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Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

COMPRESSION INJURY 

¶ requires significant force - skull architecture provides substantial resistance to deformation. 

¶ multiple linear skull fractures (can be depressed if high-energy rapid compression force is applied 

to small area of skull). 

 

 

 

DEGREES OF SEVERITY 

- determined by GCS score after initial*  resuscitation** . 

*within 6-48 hours of TBI 

**no hypoxia, hypotension, hypothermia, intoxication, sedation 

¶ additional criteria: duration of loss of consciousness, duration of antegrade amnesia. 

¶ rarely used criteria: number of days to achieve GCS score 15, number of days to achieve GCS 

motor score 6, length of hospital stay, CT results. 

 

TBI degree 
GCS 

score 

CT Loss of 

consciousness 

Antegrade 

amnesia 
Additional  

MILD  

(s. concussion) 

13-15 negative < 30 min minutes length of hospital stay < 

48 hours; 3% progress 

to more serious 

injuries!* 

MODERATE  9-12 negative or 

positive (10-

15% have focal 

intracranial 

lesion) 

30 min ÷ 6 h hours length of hospital stay > 

48 hours 

SEVERE  Ò 8 

(coma) 

positive (40% 

have focal 

intracranial 

lesion) 

> 6 h days  

*initial grading of "mild" does not necessarily mean mild outcome 

Mortality according to TBI severity Ÿ see above >>  

 

¶ patients who reach ED alive: 

75-80% - mild injury (but many patients do not come to ED) 

10-15% - moderate injury 

10% - severe injury (but some patients die at scene of accident or during transport) 

 

N.B. seemingly mild TBI can rapidly degrade* into severe TBI (ñspeaks and diesò) ï even mild TBI 

cases must be closely observed in acute period. 

* in 75% cases due to intracranial hematoma formation. 

 

 

HIGH RISK  MILD INJURY  LOW RISK  MILD INJURY  

A. External signs of trauma 

B. Skull fracture (or palpable depressed skull 

fracture) 

C. Initial GCS 13 

D. Loss of consciousness (> 2-5 min) 

E. Posttraumatic confusion/amnesia (> 20 min) 

F. Focal neurologic findings 

G. Asymmetric pupils 

H. Posttraumatic seizure 

I. Repeated vomiting or vomiting for > 8 hours 

after injury 

J. Persistent severe or progressively worsening 

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 

A. Currently asymptomatic (incl. fully 

awake, GCS 15, no focal neurologic 

findings, normal pupils) 

B. No other injuries (incl. no evidence of 

skull fracture) 

C. No loss of consciousness 

D. Intact orientation/memory 

E. Not intoxicated 

F. Accurate history 

G. Trivial mechanism 

H. Injury > 24 hr ago*  

I. Reliable home observers 
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P. Intoxication (Ÿ unreliable examination) 

Q. Mechanism: high-speed motor vehicle 

accident, fall of > 8 ft 

R. Unreliable / unknown history of injury 

S. Suspected child abuse 

T. Age > 60 or < 2 yrs 

*may miss chronic subdural hematoma 

 

 

 

PREHOSPITAL MANAGEMENT  

FACIAL INJURIES Ÿ see p. TrH25 >> 

ANTERIOR NECK INJURIES Ÿ see p. TrS21 >> 

SPINAL INJURIES Ÿ see p. TrS5 >> 

 

 

Brain Trauma Foundationôs Guidelines for Prehospital Management of Traumatic Brain Injury 3rd 

Edition (2023) 

¶ 5 studies provided Class I evidence, 35 - Class II evidence, and 98 - Class III evidence. 

¶ 40 evidence based recommendations were generated: 30 strong and 10 weak. 

 

Recommendation Strength of 

recommendation 

BP  

BP should be measured frequently (every 5-10 min) or monitored 

continuously if possible 

Strong 

While no specific data exist for hard cutoff values, optimal adult specific 

SBPs should be targeted to Ó 110 mm Hg as lower values are associated 

with worse outcomes. Optimal targets may be higher (avoid Ó 150 mm Hg 

SBP but careful as it may be a part of adaptive Cushing reflex) 

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

higher threshold values (90 mmHg threshold is too low) 

Weak 

 
Intravenous fluids should be administered to treat hypotension and/or 

limit hypotension to the shortest duration possible 

Strong 

Hypotensive patients should be treated with blood products and/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 saturation should be continuously measured with a pulse 

oximeter; supplemental oxygen to maintain blood oxygen saturation > 

90% (lower values are associated with worse outcomes. Optimal targets 

may be higher) 

¶ brain hypoxia can induce autoregulatory cerebral vasodilation O  
intracranial hypertension 

Strong 

All patients [vs with moderate or severe TBI] should be placed on 

continuous oxygen supplementation via nasal cannula or face mask 

(regardless of baseline SaO2) 

Strong 

If signs of hypoxia persist (central cyanosis and/or hypoxemia) despite 

increasing the flow and concentration of continuous supplemental oxygen, 

the following stepwise strategies should be undertaken: 

1. airway repositioning; 

2. positive pressure ventilation as with bag-valve mask ventilation 

in conjunction with appropriate airway adjuncts (eg, oropharyngeal 

airway); 

3. supraglottic airway or endotracheal intubation (including the use 

of RSI protocols; confirm endotracheal tube placement in the 

trachea by the presence of bilateral breath sounds on auscultation, 

ETCO2 detection, and/or capnography). 

Strong 

Continuous capnography to maintain eucapnia end tidal CO2 35-45 mm 

Hg (with 10 breaths per minute); hyperventilation (ETCO2 < 35 mm Hg) 

should be avoided in the absence of herniation! 

But presence of objective signs of cerebral herniation: Cushing triad 

(hypertension, bradycardia, irregular breathing pattern), GCS < 9, 

posturing or lateralizing findings, progressive neurologic deterioration, 

and unilateral or bilateral fixed, dilated pupil(s) Ÿ use hyperventilation 

(20 breaths/min) to target ETCO2 30ï35 mm Hg using capnography 

Strong 

Temperature  

Maintain euthermia 98ï99°F/36ï37°C Weak 
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¶ 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 preverbal 

children, use P-GCS) 

Strong 

GCS score should be reported every 30 minutes and whenever there is a 

change in mental status. Confounders to the GCS such as seizure and 

postictal phase, ingestions and drug overdose, as well as medications 

administered should be documented. 

Weak 

GCS is used after resuscitation has been performed Strong 

GCS should be measured prior to administering sedative or paralytic 

agents when possible and when not delaying airway stabilization or after 

these drugs have been metabolized as they may obscure correct scoring 

Strong 

GCS including any changes in score, should be communicated to 

receiving facilities during all communications and upon arrival 

Strong 

Assessment using the SMS (Simplified Motor Score) or the isolated 

motor component of the GCS may provide similar diagnostic and 

prognostic utility 
¶ 2-point GCS change is no longer recommended as a threshold for declaring 

neurological deterioration 

Weak 

Pupil examination  

Pupils should be assessed after resuscitation. Strong 

Document and relay to the receiving facility: 

1. Evidence of orbital and ocular trauma 

2. Confounders to pupil examination 

3. Asymmetry (> 1 mm difference) 

4. Unilateral or bilateral dilated pupil(s) 

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

light). 

Strong 

Medications  

Hyperosmolar therapy (mannitol and hypertonic saline) should not be 

administered for the prophylactic treatment of suspected elevated ICP (in 

the absence of signs of herniation)* , with or without signs of cerebral 

herniation, in the prehospital setting at this time. 

*hypertonic fluids may be administered for resuscitation of comatose TBI 

patients but recommendation is weak (see above) 

N.B. objective signs of herniation Ÿ hyperosmolar therapy and 

hyperventilation is OK 

Weak 

Prehospital TXA  is not generally indicated for the prophylactic treatment 

of suspected ICH or elevated ICP at this time. However, decisions by 

health care systems may vary and further evidence may support more 

general use. 

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

Strong 

Trauma System Organization  

All regions should have an organized trauma care system with 

comprehensive documentation of each encounter 

Strong 

EMS should establish specific protocols directing destination decisions 

for patients with suspected TBI 

Strong 

Patients with suspected moderate-to-severe TBI should be transported 

directly to a facility with immediately available CT, prompt neurosurgical 

care, and the ability to monitor ICP and treat intracranial hypertension. 

In the event that this transport is not possible, stabilization at a nontrauma 

center with subsequent transfer within an established trauma system may 

occur 

Strong 

The mode of transport should be selected to minimize the time to needed 

definitive interventions for the patient with TBI 

Strong 

Pediatrics  

Appropriately sized pediatric oximetry sensors and BP cuffs should be 

used in children. 

Strong 

Pediatric patients with suspected TBI should be treated in a pediatric 

trauma center or in an adult trauma center with added qualifications 

to treat children in preference to a Level I or II adult trauma center 

without added qualifications for pediatric treatment 

Strong 
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TRIAGE principles: 

ï thoracic, vascular, and abdominal injuries take precedence over head wounds! 

ï head injuries are more urgent than spinal injuries. 

ï triage of head injuries: 1. Deteriorating patients (who are not moribund); 2. Stable patients with 

level of consciousnessŹ; 3. Stable awake patients 

 

ñGOLDEN HOURò ï first hour is very important prognostically ï treat hypoxia & hypotension in the 

field and en route to the hospital 

¶ 60% fatalities occur before patients can be admitted to hospital (40% at scene and 20% in ER). 

¶ proper management in field can make difference between normal existence or lifetime spent in 

total paralysis. 

¶ mortality for military injuries: 4.5/100 in World War II Ÿ 2.5/100 in Korea Ÿ < 1/100 in Vietnam. 

1. Rapid evacuation is given much of credit! (in civilian injuries - helicopter transport) 

2. Trained teams of rescue workers (not physicians) provide intubation, shock 

treatment, and other emergency measures. 

¶ importance of ABC - 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 injury to irreversible ischemic 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 help injured brain in the field ï supply oxygen to brain! 

¶ hypoxia ï most common cause of prehospital death!  see ñSecondary Injuryò above 

 

AIRWAYS  

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

2. Do not extend neck! Use jaw thrust technique / chin lift maneuver: 

 
3. Airway maintenance: 

a) oropharyngeal tube 

b) early endotracheal intubation: 

ï everybody in COMA  (GCS < 8)! 

ï everybody with PENETRATING INJURY  (if physician waits for coma before 

intubating patient, mortality approaches 100%). 

ï extensive FACIAL INJURIES  

ï COMBATIVE  patient 

ï nasotracheal intubation sometimes is preferable (no neck manipulations), but 

avoid in facial / skull base fractures. 

ï for awake patient intubation use RSI (rapid sequence intubation). 

N.B. failure to use paralytic agents, pharyngeal anesthesia, and 

barbiturate induction Ÿ massive ICP elevation! 

ï there is some suggestion of increased mortality with prehospital intubation in 

patients with moderate-to-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 see p. TrH25 >> 

 

BREATHING  

http://www.neurosurgeryresident.net/
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a) spontaneous but insufficient breathing Ÿ 100% oxygen + assisted ventilation with demand 

valve. 

b) no spontaneous breathing Ÿ ventilation (by positive-pressure ventilation with 100% oxygen). 

ï portable pulse oximetry should verify SaO2 > 96% (provide supplemental 

oxygen to achieve this level). 

ï ventilatory rate 10-12 breaths per minute (PaCO2 35-40 mmHg); in larger 

patients, higher ventilatory rates may be required to provide adequate minute 

ventilation; neurologic deterioration + high risk of intracranial mass lesion Ÿ 

higher ventilatory rates (20-25/min, PaCO2 < 35 mmHg) en route to CT / OR. 

 

 

2. BLOOD CIRCULATION  

Injured brain is extremely susceptible to lowered perfusion states! 

 

FLUID RESUSCITATION  (brain injury per se rarely causes hypotension!!!) 

¶ several large-bore intravenous catheters. 

¶ isotonic (or hypertonic*) saline to aggressively restore SBP to > 100-110 mmHg.  see below >> 

*there are studies showing that 250 mL of hypertonic (7.5%) saline bolus in the field improves 

survival 

¶ avoid volume overload / hypertension! (but fluids should not be withheld in hypotensive patient for 

fear of increasing cerebral edema and ICP) 

¶ autohemotransfusion: leg elevation + M ilitary Anti-Shock Trousers. 

 

 

MANAGE BLEEDING , OPEN WOUNDS 

¶ scalp lacerations may bleed large volume into bulky dressing; better prehospital dressing is less 

bulky, but with firm constant pressure! 

temporary scalp bleeding control Ÿ see MANAGEMENT 

¶ skull fractures ï do not require special care in the field 

ï do not impede liquorrhea through fracture lines 

ï if brain / nerves exposed ï cover with dressing with sterile saline (do not push 

brain back into cranium) ï it is largely devitalized tissue and will be removed 

during scalp repair. 

¶ do not impede liquorrhea / bleeding from nose / ear canal ï will lead to intracranial hematoma 

and infection; H: place absorbent dressing without tamponade 

ï epistaxis is safe to tamponade only if no signs of anterior skull base fracture 

¶ life-threatening dural sinus bleeding can be slowed by placing patient in reverse Trendelenburg 

position (risk of air embolism!) 

¶ penetrating objects should be left in place (stabilized with bulky fluffy bandage) - to be removed 

in operating room. 

 

 

3. CERVICAL SPINE STABILIZ ATION  

Ÿ see p. TrS5 >> 

 

 

4. BRIEF NEUROLOGIC STATUS 

1. Level of consciousness (ideally GCS) 

2. Pupil size and light reactivity (asymmetry is most important) 

3. Extremity motorics (asymmetry is most important) - 1spontaneous movements, 2following 

commands, 3reaction to painful stimuli. 

 

 

5. TRANSPORTATION  

- rapidly  to trauma center with CT and definitive neurosurgical intervention*. 

* level 1 trauma centers certified by American College of Surgeons (or state trauma 

certification systems) have trauma surgeon in house 24/7 and neurosurgeon available 

within 10 minutes of notification. 

¶ patient is moved en bloc - to avoid displacing spine (or other bones), so that spinal cord (and blood 

vessels) are not injured. 

¶ transport on left side, HOB elevated 15-30 degrees. 

¶ for transport times longer than 15-20 minutes, serial neurologic assessments should be 

documented every 10-15 minutes. 

ï most important parameter to monitor ï level of consciousness (along with 

pulse, BP, breathing) 

ï all patients should be placed on cardiac monitor as they are transported 

(brainstem compression can cause cardiac dysrhythmias). 

¶ many severely head-injured patients are initially combative / agitated - transporting patient who is 

fighting against physical restraints may exacerbate physical injury, cause rise in ICP, and interfere 

with appropriate stabilization and management; H: prehospital sedation or paralysis (inform ED 

and trauma teams about it!). 

Morphine  and other depressants are contraindicated during initial management! 

(short acting opioid [fentanyl], sedative [propofol], paralytic are fine) 

¶ early contact by telephone or radio with trauma center - medications given to patient coordinated 

through neurosurgeons and other health care providers at trauma center. 

 

 

DIAGNOSTIC EVALUATION  

DIAGNOSIS IN LATIN  

Morbus traumaticus cerebri, periodus acutus/subacutus, forma levis/mediocris/gravis. 

periodus acutus ï within 3 months. 

 

Diagnosis is constructed by naming injuries from outside to inside: 

1) scalp (e.g. Vulnus contusum reg. parietalis; Haematoma subaponeuroticum reg. frontalis) 

2) fractures (e.g. F-ra aperta impressa cominutiva ossis frontalis; F-ra basis cranii fossae 

mediae; F-ra ossis parietalis) 

3) brain, including complications (e.g. Syndr. commotionale leve/mediocre/grave; Compressio 

cerebri. Haematoma epidurale/subdurale; Contusiones multiplices hemispherii sin.; 

Contusio cerebri lobi occipitalis; Haemorrhagia subarachnoidalis). 

¶ state syndrome first, then its cause (compressio Ÿ haematoma). 

¶ if there is contusion or hematoma, do not mention concussion. 

¶ Ebrietas vulgaris is mentioned at concurrent conditions. 

 

 

HISTORY  

¶ patient may be comatose or confused ï witnesses & paramedics are of crucial importance! 

 

1. Mechanisms, forces & circumstances of injury. 

2. Loss of consciousness ï duration, lucid interval, convulsions, apnea, cardiac arrest. 
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3. After consciousness was regained ï amnesia (last thing that can be recalled), vertigo, nausea, 

vision blurring, headache, other pains. 

4. Prior head injuries. 

5. Remote or active medicament* / drug / alcohol use - risk of intracranial bleeding, cloud mental 

status.      *esp. present anticoagulant / antiplatelet therapy 

6. Premorbid history of headaches, seizures, syncope, TIA & stroke, gait disturbance, psychiatric 

disease ï all these can be the cause of TBI and should be treated! 

 

 

PHYSICAL EXAMINATION  

Examination of patient with decreased level of consciousness Ÿ see p. S30 >> 

Cervical spine precautions! (10% patients with severe TBI have spinal trauma)  

see p. TrS5 >> 

*perform during PRIMARY SURVEY (identifying life-threatening conditions); 

vs. SECONDARY SURVEY - detailed examination for identifying all traumatic injuries 

 

1. ABC*  

Evaluate for hypoxia, hypotension, anemia, and multiple injuries! 

 

2. Monitor level of consciousness*  ï use Glasgow Coma Scale. see p. S30 >> 

¶ if conscious, assess attention, orientation*  

¶ GCS score is assessed in field (or by first responder), then reassessed after specific 

treatment interventions. 

N.B. decrease of even 1-2 points in GCS score indicates significant change in neurologic status Ÿ 

prompt reevaluation! 

 

3. Signs of trauma: 

1) scalp injuries see above >> 

2) skull fractures see p. TrH5 >> 

3) facial trauma see p. TrH25 >> 

4) cervical spine (swelling, pain on palpation, deformity, step-off, malalignment Ÿ prompt 

immobilization) see p. TrS5 >> 

5) injuries outside cranium* should also be searched for at outset, because they are likely to be 

forgotten if not initially noted. 

*most common in automobile accidents (e.g. WADDELL  triad  - child pedestrian hit by 

motor vehicle - 1chest-abdomen trauma, 2leg injury, 3countercoup head injury). 

 

Neurologic Examination 

a) awake patient Ÿ detailed neurologic examination. 

b) uncooperative / comatose patient: 
1) pupils* - size & light response. see below >> 
2) motor* - response to painful stimuli, pathologic and deep tendon reflexes. 
3) brainstem (for deeply comatose patients) ï corneal response, cough, gag, 

respiratory pattern (overbreathing of ventilator?); optional - oculocephalic (± 

oculovestibular) tests. 

*asymmetry is most important 

4. Cranial nerves & brainstem 

¶ pupils!! !*  (size and response to light) see p. D1eye >> , p. S30 >> 

N.B. pupils are the only indicator of neurological function in chemically 

paralyzed patient! 

Donôt miss direct orbital trauma! 

 

Asymmetry - measurement difference of Ó 1mm. 

Dilated - pupillary size of > 4 mm. 

Fixed ï pupillary response < 1 mm to bright light. 

 

pupillary asymmetry is due to intracranial injury unless proved otherwise. 

unilateral dilated pupil in unconscious patient ï CN3 compression (uncal herniation). 

pinpoint pupils - pontine lesions. 

light nonreactive pupils in mid position - midbrain tectum lesions. 

 

¶ eye movements 

N.B. if voluntary eye movements cannot be assessed Ÿ OCULOCEPHALIC and 

OCULOVESTIBULAR testing see p. S30 >> 

¶ corneal reflex 

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

¶ gag reflex - dysphagia (risk of aspiration) 

¶ respiratory pattern  see p. 2115 (4-5) >> , p. S30 >> 

 

5. Monitor for signs of ICPŷ: see p. S50 >> 

1) increasing headache, vomiting 

2) declining mental status (decreasing GCS) 

3) tense fontanelle 

4) Cushing reflex (tachypnea > 20/min* ; systolic BP increase > 15 mmHg or widening of 

pulse pressure, reflex bradycardia < 60/min or change > 10/min) 

*also may indicate pulmonary failure or infection 

6. Motor examination see p. S30 >> 

N.B. if patient is not alert enough to cooperate with strength testing, motor examination is 

limited to assessment of motor asymmetry, pathologic & deep tendon reflexes! 

N.B. (occult) extremity trauma can make examination painful or impossible! 

 

7. Sensory examination is not reliable in patients who are intoxicated or comatose! 

 

8. Bedside cognitive testing (e.g. Mini-Mental State Examination) - to distinguish damaged and 

spared realms of cognitive functioning; practically never done in acute phase of TBI. see p. D2 >> 

, p. D3 >> 

¶ ability to lay down new memories (determines duration of antegrade amnesia via serial 

mental status assessments). 

 

 

IMAGING  - MODALITIES  

Presence / absence of cervical spine instability must be determined first! (lateral cervical spine* and 

chest X-rays are usually obtained in resuscitation room). 

*modern approach - cervical spine CT (at same time as admission head 

CT) in all but mildest TBI patients. see p. TrS5 >> 

 

CT MRI  ANGIOGRAPHY  CRANIOGRAM  

ADVANTAGES 
1. Fast, no motion artifacts 

2. Patient accessible for 

monitoring. 

3. Defines acute 

hemorrhages, mass 

Defines contusions and 

pericontusional edema, 

posttraumatic ischemic 

infarction, brainstem 

injuries  

Defines vascular injuries, 

injuries to venous sinuses 

 

1. Readily available but 

obsolete 

2. May help screen 

some patients for 

further imaging 

studies. 
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effects, bony injuries, 

hydrocephalus, edema. 

DISADVANTAGES 
1. Artifacts arise from 

patient movement, foreign 

bodies. 

2. Streak artifacts may 

obscure brain stem or 

posterior fossa. 

1. Slow (long scanning 

time), motion artifacts 

2. Magnetic field precludes 

use of monitors and life-

support equipment. 

3. Not useful for bony 

injuries. 

4. Unsuitable for people with 

metallic objects. 

Requires formal IR 

procedure so it is done only 

if CTA is positive. 

 

 

Does not indicate 

presence or absence of 

intracranial injury so it 

is obsolete study. 

 

 

American College of Radiology (ACR) Appropriateness Criteria Scales 

(1 = least appropriate; 9 = most appropriate; NA = not applicable): 

Clinical Situation 
Skull 

X-ray 

Cervical 

X-ray 
CT MRI MRA 

Angio-

graphy 

mild closed TBI (GCS Ó 13, no 

neurologic deficit) 
2 2 7 NA NA NA 

mild closed TBI (focal neurologic 

deficit) 
2 

No 

consensus 
9 6 4 NA 

moderate ÷ severe closed TBI, stable 4 8 9 6 NA NA 

mild ÷ moderate closed TBI, 

child < 2 yrs 
4 6 9 6 NA NA 

closed TBI, rule out carotid or 

vertebral artery dissection 
NA 5 4 8* 8 6 

penetrating TBI, stable, 

neurologically intact 
8 8 8 6 3 6 

penetrating TBI, likelihood of vessel 

injury 
8 8 8 6 8 8 

depressed skull fracture 8 6 9 6 NA NA 

calvarial fracture 8 6 9 5 NA NA 

penetrating TBI, skull-base fracture 6 6 9 6 6 4 

subacute TBI, late neurologic 

deterioration 
NA NA 8 8 NA NA 

subacute / chronic TBI, stable, 

normal CT, cognitive and/or 

neurologic deficit 

NA NA NA 8 4 NA 

chronic TBI, neurologic dysfunction NA NA 6 8 4 NA 

*5 for gadolinium-enhanced MRI 

 

CT WITHOUT CONTRAST  

 - diagnostic imaging of choice! ï detects skull fractures, contusions, blood, edema. 

 Contrast is required if  intracranial abscesses suspected 

CT is indicated for all patients except LOW-RISK mild TBI; 

ï 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 Ÿ CT). 

 

If CT is indicated, skull radiographs are not necessary (CT bony window shows even basilar fractures) 

 

¶ more severe TBI, greater urgency for CT (exception is when other life-threatening injuries take 

precedence); e.g. severe TBI (esp. with lateralizing signs) Ÿ CT as soon as cardiorespiratory 

stability is ensured. 

N.B. urgency for CT is function of likelihood of surgically correctable focal lesion (vs. 

diffuse injuries - do not benefit from acute neurosurgical intervention - precise 

anatomic information is not necessary for optimal management). 

¶ deteriorating patients should be accompanied by physician; 

stable but seriously injured patients should be accompanied by experienced ER or trauma nurse. 

¶ if abdominal ultrasound or diagnostic peritoneal lavage has not been performed, most comatose 

victims also have abdominal CT and, if thoracic injury is suspected, chest CT. 

¶ patients going to operating room for treatment of other injuries, must have head CT (because they 

will not be available for monitoring); if patient is taken immediately to surgery without head CT* 

Ÿ historically: intraoperative air ventriculogram  (detects large intracranial mass lesions); modern 

times ï patient never goes to OR without head CT (if it is concerning ï place ICP monitor so 

anesthesiologist can follow and treat ICP). 

*try to obtain at least single-cut CT through level of lateral ventricles 

 

5 most important things to look in CT: mass lesions (hematoma), state of basal cisterns 

(incl. blood inside), midline shift, ventricular size, depressed fractures 

 

 

Basal cisterns are evaluated at the level of the midbrain: 

 
Basal cisterns can be: open (all limbs open), partially closed, s. ñcrowdedò (one or two limbs 

obliterated), or completely closed s. ñeffacedò (all limbs obliterated). 

 

 

Midline shift is calculated at the level of the foramen of Monro to the septum pellucidum: 

Midline shift = (A/2) - B 
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Technique 

¶ from base of occiput to top of vertex in at max. 5-mm increments (modern CTs are done with 1 mm 

slices). 

¶ three data sets are obtained: 

1) bone windows - bony anatomy of skull. 

2) tissue windows - detailed survey of brain. 

3) subdural windows (optional) - visualization of hemorrhages adjacent to brain (subdural 

hematomas). 

¶ seriously injured intubated patients should receive neuromuscular blockage during CT study; in 

severe cases, single-cut CT through level of lateral ventricles has high yield for revealing 

hematomas. 

 

 

REPEAT CT 

 

Indications for SELECTIVE REPEAT CT: 

1. GCSŹ by > 1 point 

2. New / aggravated focal signs 

3. Persistent severe headache, frequent vomiting 

4. Seizure 

 

 

Indications for SCHEDULED REPEAT CT: 

1. Nonoperated intracranial hemorrhages, contusions* 

2. Coagulopathies 

¶ CT is repeated within 4-24 hours of initial scan (some contusions and intracranial hematomas 

are brought to operating room after repeated CT) 

*studies do not support SCHEDULED REPEAT CT in patients with intracranial hemorrhage 

and GCS13-15 and no change in status because imagings do not change management**  

and outcomes 
Abdel Fattah K, Eastman A., Aldy K., et al ñA prospective evaluation of the use of routine repeat 

cranial CT scans in patients with intracranial hemorrhage and GCS score of 13 to 15ò Journal 

of Trauma and Acute Care Surgery 

**but may facilitate discharge patient home from ED 

 

 

HHaarr vvaarr dd  pprr oottooccooll   
Martina Stippler et al. Pathway-Based Reduction of Repeat Head Computed Tomography for 

Patients With Complicated Mild Traumatic Brain Injury: Implementation and Outcomes. 

Neurosurgery 88:773ï778, 2021 

Complicated mild TBI  (head CT positive for an intracranial traumatic finding + nonfocal 

neurological examination + GCS 13-15) ï if initial presentation is not operative, then does not need 

repeat CT (unless patient is on ñblood thinnersò* or there is EDH or SDH > 1 cm) ï can be discharged 

after clinically stable 6-hr observation in ED: 

*except Aspirin 

 

 
¶ probability of needing operative intervention is extremely low (< 1%) if the initial CT scan was 

none operative. 

¶ stable routine follow-up head CT does not protect the patientôs condition from deteriorating 

later! 

¶ traumatic intracranial hemorrhages are associated with 17-20% progression rate but this 

radiographic progression rate does not result in need for neurosurgical intervention. 

¶ 1 year of implementation - protocol allowed to avoid 71% unnecessary CT scans 

ï there were no missed injuries or delays in neurosurgical intervention. 

ï none of the patients in no-repeat-CT group underwent delayed surgery. 

 

 

 

CT SCALES OF SEVERITY 

Marshall Classification of Diffuse Brain Injury  

use in prognostication ï see below >> 
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Grade 1 = normal CT scan (9.6% mortality) 

Grade 2 = cisterns present, shift < 5 mm (13.5% mortality) 

Grade 3 = cisterns compressed / absent, shift < 5 mm (34% mortality) 

Grade 4 = shift > 5 mm (56.2% mortality) 
Marshall LF, Bowers-Marshall S, Klauber MR et al. A new classification of head injury based 

on computerized tomography. J Neurosurg 75(Suppl):S14-20, 1991 

 

CT Classification and Outcome on Discharge (Marshall et al. 1991) 

 
 

 

Rotterdam CT score 

- refined Marshall CT classification. 

designed to categorize TBI type and severity in adults for prognostic purposes. 

 

Basal cisterns 

0: normal 

1: compressed 

2: absent 

Midline shift  

0: no shift or  5mm 

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 post-injury 

Score 1: 0% 

Score 2: 7% 

Score 3: 16% 

Score 4: 26% 

Score 5: 53% 

Score 6: 61%  

 

 

Helsinki CT score 

Mass lesion type(s) 

Intracranial subdural hematoma ï 2 points 

Intracerebral hemorrhage ï 2 points 

Intracranial epidural hematoma ï minus 3 points 

Mass lesion size 

Hematoma volume > 25 mL ï 2 points 

Intraventricular hemorrhage  

Intraventricular hemorrhage ï 3 points 

Suprasellar cisterns 

Normal ï 0 points 

Compressed ï 1 point 

Obliterated ï 5 points 

Sum score (from -3 to 14) ï check prognosis at online calculator >> 

 

 

Stockholm CT score 

 

tSAH 

score 

SAH in convexities (1 if 1ï5 mm, 2 if >5 mm) 

+ SAH in basal cisterns (1 if 1ï5 mm, 2 if >5 mm) 

+ IVH  (2 if present) (range: 0ï6) 

Tally Midline shift (mm)/10 

+ tSAH score/2 

ī 1 if epidural hemorrhage 

+ 1 if diffuse axonal injury (basal ganglia, splenium, or brain stem) 

+ 1 if dual-sided subdural hematoma + 1 

 

 

PLAIN SKULL RADIOGRAPHS  

ï only rare indications: 
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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 fractures! 

1) screening for CT in mild TBI  with signs of skull fracture on physical examination when CT 

is not immediately available (if skull fracture is confirmed Ÿ CT & observation for delayed 

complications). 

N.B. yield of craniography in LOW-RISK mild TBI is very low (even if detected, 

linear fractures have limited clinical significance in adults ï do not change 

treatment course). 

¶ midline shift of calcified pineal gland or M-echo signal dislocation > 3 mm (in 

echoencephaloscopy) is additional indication to seek for CT. 

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

3) penetrating injury  ï to detect intracranial foreign bodies (small intracranial foreign bodies may 

be missed unless skull X-ray is taken after minor penetrating injuries). 

4) additional indications for pediatric population: 

a) screening for CT in children < 5 yrs (difficult clinical examination) with minor TBI 

b) suspected child abuse (skull radiograph as part of skeletal survey). 

c) suspected linear skull fracture  (risk of leptomeningeal cyst) - deep scalp lacerations, 

large scalp hematoma. 

 

 

NONENHANCED MRI  

- most useful in subacute/chronic setting; prognostic use during subsequent care (assists in directing 

rehabilitation and goals of care); 

¶ MRI gives superior (than CT) depiction of nonsurgical lesions; some authors now advocate 

MRI use in neurologically stable patients with moderate-to-severe closed TBI, whereas CT is 

reserved for neurologically unstable patients. 

¶ specific sequences: 

T2* (either GRE [gradient-recalled echo] or SWI) is most sensitive sequence to 

detect small hemorrhages, blood breakdown products. 

diffusion-weighted images - useful for cerebral infarctions; 

FLAIR  - useful for SAH. 

N.B. gadolinium enhancement gives no notable advantage! 

Indications: 

1. Subacute period of severe TBI - to depict full extent of injury to brain! 

2. Suspected contusions not seen on CT (MRI is criterion standard for defining contusions!) 

3. Persistent symptoms with postconcussive syndrome 

4. Suspected posttraumatic ischemic infarction 

5. Mental status abnormalities (unexplained by CT; MRI is more sensitive for diffuse axonal 

injury !) 

6. Subacute / chronic subdural hematomas (MRI is more sensitive than CT but normally CT 

is just enough). 

 

Contraindication - penetrating injuries with possible (not ruled out with X-ray) intracranial metallic 

fragments. 

 

 

ANGIOGRAPHY  

- used only when vascular injury  may be present and when endovascular intervention is anticipated: 

a) penetrating injury (esp. due to impalement) ï absolute indication if CTA shows proximity to 

major vessels! 

b) carotid injuries on CTA with (attributable neurologic deficits from) flow limitation. 

c) skull base fracture near major arteries with unexplained neurologic deficits (esp. temporal 

bone fractures). 

¶ performed only in patients in stable condition. 

¶ CTA / MRA can obtain similar information. 

¶ formerly (in pre-CT era), angiography was used to diagnose intracranial hematomas. 

 

 

ULTRASONOGRAPHY  

a) intracranial hemorrhage in infants. 

b) leptomeningeal cyst (after linear skull fracture) in infants. 

c) orbital soft-tissue injury. 

 

 

IMAGING - CONDITIONS  

CONCUSSION 

ï normal CT/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 tract-based spatial statistics group contrast on mean diffusivity maps 

(controls vs concussed in blue). The contrasts are overlaid on the mean fractional anisotropy skeleton 

(in green) and the standard MNI152 T1 1-mm brain template. The results are thresholded at P Ó .05, 

corrected for multiple comparisons: 

 
Picture source: Tremblay S, Henry LC, Bedetti C, et al. Diffuse white matter tract abnormalities in clinically normal ageing retired 

athletes with a history of sports-related concussions. Brain. 2014;137:(11) 2997-3011. 
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DIFFUSE AXONAL INJURY  

ï often not visible (microscopic damage). 

¶ CT - small petechial hemorrhages in white matter (most frequently juxtacortical & periventricular, 

corpus callosum, internal capsule and dorsorostral brainstem) ï ñtearò hemorrhages; 

¶ DAI can sometimes be superimposed by generalized brain swelling. 

¶ MRI  is more sensitive (may be positive even when CT is negative; e.g. nonhemorrhagic DAI) - 

diffuse, small, focal abnormalities limited to white matter tracts. 

SWI is the most sensitive sequence (more sensitive than GRE)! 

¶ months after injury  - reduced bulk of white matter with persistent hemosiderin foci. 

 

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

 
 

CT - multiple white matter hemorrhages: 

 
 

T1 - Duret hemorrhage in splenium of corpus callosum: 

 
 

 

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

 
 
QSM is able to differentiate between ICH and calcification. A, Axial 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 
arrow). 
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SCALP INJURIES 

¶ CT reliably depicts subgaleal hematomas, elevated and avulsed soft tissues, scalp edema. 

¶ air within scalp tissue suggests scalp laceration (gas detected several days after trauma - 

infection). 

 

 

CONTUSION 

Contusion extends to cortical surface (vs. intracerebral hematoma) 

MRI  is criterion standard for defining contusions! 

¶ early - inhomogeneous hyperdensity* on CT, hyperintensity on MRI (T1 and T2). 

*initially  (< 1-2 hours after TBI), partial volumes between dense 

microhemorrhages and hypodense edema can render contusions 

isoattenuating on CT (high initial false-negative rate!); vs. MRI 

demonstrate contusions from onset! 

ï mass effect may distort adjacent sulci and lateral ventricles. 

ï some degree of SAH is almost always present. 

¶ after several hours - ring of lower density (edema surrounding contusion; very early - only edema 

without hemorrhages). 

¶ after week (blood within contusions has begun to degrade, and MRI becomes more useful) - 

surrounding ringlike contrast enhancement. 

 

N.B. contusions progress with time (ñblossomò) in size, number, and amount of hemorrhage within 

contusions ï these changes are most evident over first 24-48 hours (in 25% cases delayed hemorrhage 

occurs in areas that were previously free of hemorrhage) ï routinely repeat CT!!! 

 
Noncontrast CT - hyperdense region in anterior temporal lobe:  

 
 
Noncontrast CT - cerebellar contusion; right-sided soft-tissue swelling and bone injury are also obvious: 

 
 
Noncontrast CT - large, right frontal contusion with hemorrhage and surrounding edema; smaller right temporal cortical 

contusion (short arrow); small left frontal subdural hematoma (long arrow): 

 
 
Enlargement of contusion: 

A) CT on day 1 - subtle area of slightly hypoattenuating right frontal lobe contusion (arrows) 

B) CT on day 2 - large, right frontal contusion (arrow) and new, large, left temporal contusion (arrow); scalp hematomas 

have increased in size: 
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CT immediately after blunt trauma to left convexity - severe swelling of entire left cerebral hemisphere with small 

collection of subarachnoid blood (up arrow); right hemisphere shows contrecoup gliding contusions (down arrows): 

 
 

 

PENETRATING INJURIES  

CT ï imaging modality of choice: focal areas of increased attenuation (represent parenchymal, 

intraventricular, subarachnoid, or extracerebral hemorrhage). 

¶ path of missile is often obvious from location of hemorrhage and metallic fragments (produce 

streak artifacts). 

¶ 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 bodies, 

and the presence of intracranial air; when CT is available, plain radiographs are not essential and are 

not recommended as a routine. 

 

MRI  - not generally recommended in the acute management. 

¶ may help evaluate injuries from penetrating wooden or other nonmagnetic objects. 

¶ in addition to artifact and image distortion, ferromagnetic missiles can also rotate and deflect in 

response to magnetic torque (literature has not reported any patient suffering additional injury 

caused by MRI). 

 

Angiography / CTA  ï when vascular injury is suspected: 

a) any patient that goes to OR 

b) woundôs trajectory passes near Sylvian fissure, supraclinoid carotid, cavernous sinus, or 

a major venous sinus ï facial, orbital, pterional entry sites. 

c) unexplained SAH or delayed hematoma. 

¶ pseudoaneurysms may form in delayed fashion (initial negative CTA/angio does not exclude the 

risk ï repeat CTA in several weeks, esp. before cranioplasty). 

 

 

OTHER NEUROLOGIC TESTS 

EEG - not emergency test! 

Most useful role of EEG - diagnosis of nonconvulsive status epilepticus!*  

*may be detected in å 8% comatose patients when imaging and normal ICP do not explain 

poor exam 

¶ if taken at some convenient time after admission, it may aid in prognosis: 

at time of injury  - suppression of electrical cortical activity; 

with recovery - activity returns to normal (often through phase of generalized slowing and 

increased voltage). 

ï common feature in all patients (may persist for many weeks) - undue susceptibility of 

cortical activity to OVERVENTILATION. 

ï areas of cortical damage may show abnormal activity (slowing and spike activity) for 

weeks ÷ months ï risk of epilepsy! 

N.B. sedative medications may have confounding effect! 

CCoorr tt iiccaall   SSpprr eeaaddiinngg  DDeepprr eessssiioonnss  aanndd  DDeeppoollaarr iizzaatt iioonnss  ((CCSSDDss)) ï may explain a number of 

phenomena previously difficult to understand (such as non-epileptiform, transient focal 

neurological deficits and cerebral infarctions); it has been repeatedly demonstrated that they 

can be treated with KKEETTAAMMIINNEE! 

¶ bilaterally absent somatosensory & auditory evoked potentials predict unfavorable outcome in å 

99.5% patients. 

 

Blood tests 

ii --SSTTAATT  AAll iinnii ttyy (Abbott) - FDA cleared a 15-minute blood test to asses TBIs. 

¶ test measures levels of glial fibrillary acidic protein (GFAP - glial cell damage) and ubiquitin 

carboxyl-terminal hydrolase L1 (UCH-L1 - specific to neurons) ï if both are elevated - 99% 

predictive value for TBI; 95.8% sensitivity for identifying TBIs. 

 

Lumbar puncture  is contraindicated (unless meningitis is suspected ï but LP only after imaging 

excluded mass lesion = basilar cisterns must be open on CT). 

¶ LP can be therapeutic in SAH. 

¶ evidence has suggested that CSF in basal cisterns is not effectively drained by EVD; lumbar drain  

may be possible ï in carefully selected patientsï to safely drain CSF and to prevent or attenuate 

intracranial pressure elevation. 

 

Ophthalmoscopy ï signs of ICPŷ (papilledema, loss of venous pulsation). 

¶ it has long been held that patients with brain injuries do not get papilledema. 
Selhorst JB, Gudeman SK, Butterworth JFt, Harbison JW, Miller JD, Becker DP. Papilledema 

after acute head injury. Neurosurgery. 1985;16(3):357-363 

¶ TBI patients do get papilledema Ÿ renewed interest in the optic nerve sheath diameter as an 

apparently accurate surrogate measure of ICP. 

 

Transcranial Doppler 

¶ normal average linear blood velocity (LBV) in MCA å 60 cm/s. 

¶ LBV > 100-120 cm/s: 

a) hyperemia (parallel LBV increase in MCA and ICA) ï esp. days 2-4 after TBI 

b) vasospasm (LBV in MCA exceeds LBV in ICA Ó 3 times) ï usually on days Ó 5 

post TBI 

¶ low LBV (esp. early after TBI) reflects brain hypoperfusion. 

 

GOSLING (PULSATILITY ) index = (systolic LBV - diastolic LBV) / mean LBV. 

if > 1 ï sign of intracranial hypertension  

 

 

NON-NEUROLOGIC TESTS 

Monitor ECG - high incidence of supraventricular tachycardia (most common dysrhythmia after TBI), 

ventricular dysrhythmias, ST-T wave abnormalities, prolonged QT. 

 

Urine toxicology screen and blood alcohol level - interpreting patient's mental status. 
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Glycemia 

¶ hyperglycemia correlates with poor outcome. 

 

Serum electrolytes & osmolarity 

Osmolarity = 2 ³ (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 natriuretic hormone Ÿ urinary Na lossesŷ Ÿ volume 
depletion). 

¶ hyponatremia can potentiate brain edema and cause seizures. 

HYPERNATREMIA - due to: 

a) dehydration 

b) diabetes insipidus (urine outputŷ, urine specific gravityŹ) 

N.B. MMAANNNNIITTOOLL can imitate diabetes insipidus by producing high urine output. 

 

Magnesium is depleted in acute phases of both minor and severe TBI. 

H: MMAAGGNNEESSIIUUMM  SSUULLFFAATTEE IV or PO 

N.B. magnesium blocks excitotoxic response and functions as antioxidant - careful 

monitoring of magnesium may improve outcome!? 

 

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

 

CBC, Hct ï monitor in case of bleeding (type and cross match are always obtained with initial orders). 

 

Arterial -venous blood gases ï monitor in comatose patients. 

¶ 20-gauge Silastic catheter is inserted with tip in internal jugular bulb, usually on right: arterial 

jugular venous oxygen content difference can be obtained. 
normal venous saturation å 65%; 

< 50-55% - global brain ischemia; 

> 90% - luxury perfusion (hyperemia). 
Maintain arterial - jugular venous O2 content difference < 7 vol%. 

 

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

 

Renal function tests & CK - to exclude rhabdomyolysis if crush injury has occurred or marked 

rigidity is present. 

 

Within 4-5 days after admission, comatose patients may have screening endocrine battery (incl. 

cortisol, prolactin, growth hormone, thyroid function) ï screening of pituitary injury. 

 

 

I-STAT® TBI  CARTRIDGE  (ABBOTT) 

FDA cleared cartridge for use with whole blood to aid in the evaluation of patients Ó 18 years of age 

with suspected mild TBI to assist in determining the need for radiologic head imaging. 

¶ test measures 2 biomarkers, ubiquitin C -terminal hydrolase L1 and glial fibrillary acidic 

protein, which are released into the bloodstream following TBI. 

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

¶ results in 15 minutes. 

 

MANAGEMENT  

Physicians can do nothing to either replace lost neurons or accelerate restoration of recovering 

neurons! 

Main goal of TBI management ï prevention, swift recognition and treatment 

of SECONDARY INSULTS (i.e. preventing / reversing further brain injury) 

 

N.B. in all neurotrauma cases maintain SBP > 110 mmHg (DAMAGE CONTROL RESUSCITATION) 

 

 

BRAIN TRAUMA FOUNDATION (BTF) GUIDELINES  

Brain Trauma Foundation (BTF) Guidelines for the Management of Severe Head Injury were the first 

clinical practice guidelines published by any surgical specialty. 

¶ guidelines has been associated with a 50% reduction in mortality + reduced costs of patient care 

- can be attributed to eliminating detrimental practices such as hyperventilation, administration of 

steroids and under-resuscitation due to a fear of brain edema. 

 

 

DISPO 

HOSPITALIZATION  

Neurologic deterioration is most common within 24 hrs after TBI 

¶ all patients (except LOW-RISK mild TBI) must be admitted! 

ï HIGH-RISK mild TBI patients should be observed for 8-24 hours*  ("neuro checks" at 

30-60 min intervals - any deterioration in neurologic status or any focal signs Ÿ CT). 

ï if physician decides that patient with HIGH-RISK mild TBI can be sent home, 

appropriate early follow-up should be arranged. 

* intoxicated patients must be observed until clinical sobriety 

¶ all severe TBI and most moderate TBI patients are admitted to ICU. 

¶ if patient is sent home: 

1) patient should be monitored at home* in quiet environment in acute period (12-24 hours) 

by responsible nonintoxicated adult who lives with patient (and has access to telephone). 

*do not allow to work, drive, etc 

2) provide instructions (verbal and written - "head injury check list") describing signs & 

symptoms of delayed complications of TBI* ï patient should be awakened every 2 hours 

and assessed neurologically. 

*e.g. severe headaches, persistent nausea and vomiting, seizures, confusion or 

unusual behavior, watery discharge from nose or ear 

3) no analgesics other than AACCEETTAAMMIINNOOPPHHEENN or IIBBUUPPRROOFFEENN should be used. 

 

TRANSFER 

Severe TBI patient: 

1. ICP control  - intubation, MMAANNNNIITTOOLL. 

2. Seizure control ï LLEEVVEETTIIRRAACCEETTAAMM (or PPHHEENNYYTTOOIINN). 

 

N.B. if patient is deteriorating, perform emergency burr holes see below 

 

 

ABC 

see ñSecondary Injuryò, ñPrehospital Managementò above 
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AIRWAY , VENTILATION  

¶ all severe TBI patients (or who have penetrating TBI) should be intubated: to prevent aspiration, 

to protect airway and respiratory drive, to allow PRN hyperventilation. 

Rapid sequence induction [RSI] (with adequate sedation and 

paralysis!!!) is recommended to avoid ICPŷ. see p. 3905 >> 

1) SEDATION - cerebroprotective agent EETTOOMMIIDDAATTEE (maintains BP, lowers ICP and 

brain metabolism, has rapid onset and brief duration); 

TTHHIIOOPPEENNTTAALL 3-5 mg/kg is not recommended (lowers BP Ÿ secondary brain injury) 

2) LLIIDDOOCCAAIINNEE IV (1-2 mg/kg) 

3) PARALYSIS - SSUUCCCCIINNYYLLCCHHOOLLIINNEE IV (1-2 mg/kg) 

4) airway irritation (Ÿ ICPŷ) is blunted by MMOORRPPHHIINNEE or FFEENNTTAANNYYLL. 

¶ hyperventilation is recommended only as a short temporizing measure for the quick reduction of 

elevated ICP. 

¶ hyperventilation probably should be avoided during the first 24 hours after injury when cerebral 

CBF is often critically reduced (hyperoxia induces ischemia). 

¶ if hyperventilation is used, jugular venous oxygen saturation (SjO2) or brain tissue O2 partial 

pressure (BtpO2) measurements are recommended to monitor oxygen delivery. 

¶ pulmonary toilet. 

¶ coma for > 5-10 days Ÿ tracheostomy. 

 

Goals 

1. PaCO2 35-45 mm Hg 

2. PaO2 > 60 mmHg or SaO2 > 94%. 

3. No PEEP (increases ICP, lowers CPP), tidal volume 8 mL/kg (modern approach ï OK to use PEEP 

and tidal volume 6-7 mL/kg) 

 

 

BLOOD PRESSURE 

- to maintain brain perfusion (cerebral perfusion pressure). see below >> 

End point is CPP > 60-70 mmHg. 

 

Goals 

4. Systolic BP > 100 mmHg (IV fluids ± vasopressor agents, if necessary) 

Level III recommendation: Maintain SBP Ó 100 mmHg (for 50-70 years old) or Ó 110 

mmHg (for < 50 or > 70 years old) to decrease mortality and improve outcomes. 

¶ do not treat hypertension < 160* mmHg until intracranial hypertension is excluded (Cushing 

reflex is for brain perfusion) 

*< 140 mmHg if ongoing risk of intracranial bleeding 

N.B. albumin worsens outcomes (albumin extravasates and worsens cerebral edema) 

Level II evidence ï avoid SBP < 90 mm Hg 
single episode of SBP < 90 mm Hg is associated with doubling of mortality in severe TBI (Ó 2 

hypotension episodes increase mortality 8-fold) 

 

5. CVP 5-15 cmH2O 

6. PCWP 10-14 mmHg.  further see p. S50 >> 

7. SaO2 Ó 94% 

Level III evidence ï avoid PaO2 < 60 mmHg or SaO2 < 90%. 
hypoxemia SaO2 Ò 90% for 11.5-20 min is independent predictor of mortality in severe TBI (p 

= 0.024) 

N.B. fluid restriction is contraindicated in TBI (historical tenet of TBI treatment was fluid restriction, 

which was believed to limit cerebral edema; but fluid restriction decreases intravascular volume Ÿ 

cardiac outputŹ Ÿ CBFŹ Ÿ cerebral edema) 

 

 

RESUSCITATION FLUIDS  

¶ NNOORRMMAALL  SSAALLIINNEE is the best resuscitation fluid; HHYYPPEERRTTOONNIICC  SSAALLIINNEE is not better*  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 suggested that hypertonic solutions may 

restore cerebral perfusion, reduce cerebral edema, and modulate the inflammatory response that 

contributes to neuronal injury, and thus may benefit resuscitation of these patients. 
ñOut-of-Hospital Hypertonic Resuscitation Following Severe Traumatic Brain Injury: A Randomized 

Controlled Trialò Bulger EM, May S, Brasel KJ, et al JAMA. 2010;304:1455-1464 - largest 

randomized clinical trial of hypertonic fluid resuscitation following TBI - conclusion: initial 

fluid resuscitation of patients with severe TBI with either 7.5% saline + 6% dextran 70 or 7.5% 

saline alone is not superior to NS with respect to 6-month neurologic outcome or survival. 

 

 

 

GENERAL MEASURES 

REGIMEN , ACTIVITY  

General measures for COMATOSE PATIENTS - see p. S30 >> 

¶ neurochecks every 60 mins for 6 hrs, then every hour until stable. 

¶ mobilize after 24 hrs; avoid direct sunlight. 

Do not overemphasize severity of injury - unnecessarily prolongs period of invalidism! 

¶ after severe TBI, return to active work should be deferred for 2-3 months. 

 

 

NUTRITIONAL SUPPORT 

¶ early nutritional support  can directly affect TBI outcome. 

Level II A recommendation: ñFeeding patients to attain basal caloric replacement at 

least by the 5th day and, at most, by the 7th day post-injury is recommended to decrease 

mortalityò. 

Level II B recommendation: ñTransgastric jejunal*  feeding is recommended to reduce 

the incidence of ventilator-associated pneumoniaò 

*vs. intragastric (e.g. PEG) feeding 

ï waiting 5 days to start enteral nutrition doubles risk of death at 2 weeks (waiting 7 days 

quadruples risk). 

¶ severe TBI gives 100-500-fold catecholamine surge Ÿ stress ulcers (H: PPI), MI. 

 

 

DVT  PROPHYLAXIS  

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

 

Level III 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 considered if the brain injury is stable and the 

benefit is considered to outweigh the risk of increased intracranial hemorrhage. There is 
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insufficient evidence to support recommendations regarding the preferred agent, dose, 

or timing of pharmacologic prophylaxis for DVT. 

¶ Knudson et al. found that head injury with an Abbreviated Injury Score of Ó 3, among other 

factors, was an independent predictor of VTE in trauma patients. 

¶ TBI has been associated with up to 54% incidence of deep venous thrombosis without prophylactic 

treatment and a 25% incidence in patients with isolated TBI treated with sequential compression 

devices. 

¶ Ekeh found that DVT occurred in 1/3 of moderate and severe TBI patients with isolated head 

injuries, having a lower incidence than those patients with concomitant extracranial injuries. Age, 

subarachnoid hemorrhage, Injury Severity Score >15, and extremity injury were predictors of 

DVT. 

¶ Reiff et al. demonstrated a 3-4-fold increase in the DVT risk in TBI despite use of mechanical and 

chemoprophylaxis; VTE risk increases with TBI severity. 

¶ early (< 24 h) initiation of VTE chemoprophylaxis in 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 the 

early cohort (prophylaxis within 24 hrs after bleed) compared to 17% in the 

delayed cohort (> 48 hrs) (P = 0.83). 

 

 

HEMOGLOBIN  

Maintain Hb > 7 g/dL 
Robertson CS ñEffect of erythropoietin and transfusion threshold on neurological recovery after 

traumatic brain injury: a randomized clinical trial.ò JAMA. 2014 Jul 2;312(1):36-47 

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 with a ŷincidence of thromboembolic events. 

 

COAGULOPATHY  

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

¶ coagulopathy at presentation Ÿ 9-fold risk increase in mortality, 30-fold risk increase for poor 

outcome. 

¶ nature of hemostatic disruptions after TBI remains elusive but current evidence suggests the presence 

of both a hyper- and hypocoagulable state with possible overlap between phases and states ï best to 

use ñglobalò hemostatic assays (TEG, ROTEM). 

 

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

first peak until age 18 (driverôs license); ñtestosterone effectò > ñyoung risk-takersò; 

male > female. 

second peak mid-50s (ñolder risk-takersò; work accidents); male > female 

third peak  late 70s (mainly falls); incidence in 2 sexes is nearly equal. 

 
 

 

 

 

NEUROLOGICAL MEASURES  

ICP management 

- central to intensive care of critically brain injured patient! 

N.B. in absence of any obvious signs of increased ICP, no prophylactic treatment 

should be initiated! 

MONITORING  

Level II B recommendation: management of severe TBI patients using information from 

ICP monitoring is recommended to reduce in-hospital and 2-week post-injury mortality. 

Options (class III) for penetrating TBI : early ICP monitoring is recommended if:  unable 

to assess the neurologic examination accurately / the need to evacuate a mass lesion is 

unclear / imaging studies (e.g. CT) suggest elevated ICP. 

 

Indications:        other indications Ÿ see p. S50 >> 

A. GCS > 8 + significant mass lesions on CT scan (but often such patients need to go to OR) 

B. Salvageable patient with GCS 3-8 (after resuscitation) plus: 

a) abnormal CT scan - mass lesions (contusions, hematomas) when patient is not taken to 

operating room for evacuation OR diffuse cerebral edema (esp. with obliteration of 

perimesencephalic cisterns ï limited residual compliance). 

b) normal CT scan + any two of the following (on 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 to operating room frequently have ICP monitors placed at end of operation - later 

brain swelling may still be a problem even after successful mass evacuation (and even after 

craniectomy). 

¶ ICP monitor is zeroed at midbrain level. 

¶ if GCS is < 6, EVD is recommended over intraparenchymal monitor to drain CSF for first 12 hours 

postinjury (level III recommendation). 

¶ Chinese prospective randomized observational study (Hua Liu, Wenming Wang, et al. 

2015) of 122 patients (Ó 13 yo) ï randomized to EVD or intraparenchymal monitor ï 

found that EVD use improved outcomes and decreased need for decompressive 

craniectomies: 
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¶ there are studies that do not support ICP monitoring; but from practical standpoint, the ICU staff pays 

much less attention to brain if ICP monitor is absent. 

 
Qiang Yuan ñImpact of intracranial pressure monitoring on mortality in patients with traumatic 

brain injury: a systematic review and meta-analysisò J Neurosurg 122:574ï587, 2015 

- systematic review and meta-analysis of ICP monitoring studies including 

24,792 patients. 

- current clinical 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 

patients who underwent ICP monitoring. 

 
Chesnut RM, Temkin N, Carney N, et al. A trial of intracranial-pressure monitoring in traumatic 

brain injury. N Engl J Med. Dec 2012;367(26):2471-2481 

- high-quality multi-center (South and Central America), Class 1 RCT (N=324)  

- ICP monitor vs. close clinical assessment for ICP management. 

- outcomes for patients managed with information from clinical assessment do 

not differ from those for patients managed with information from the ICP 

monitor ï no recommendation to use either method preferentially. 

- ICP monitoring alone is not sufficient to improve outcomes. 

 

 

Association Between Early EVD Insertion and Functional Outcome 
Jonathon D. Taylor et al. Association Between Early External Ventricular Drain Insertion and 

Functional Outcomes 6 Months Following Moderate-to-Severe Traumatic Brain Injury. Journal 

of Neurotrauma. ahead of printhttp://doi.org/10.1089/neu.2023.0493 Online Ahead of Print: 

February 16, 2024 

- moderate-to-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 a late EVD had higher odds of death or severe disability 

(GOSE 1-4) at 6 months follow-up (2.14 odds ratio; 95% confidence interval 

1.22-3.76; p = 0.008).  

 

 

Association between ICP monitoring and mortality in patients with TBI stratified by randomization or 

not (shown as log [Odds Ratio] with SE). IV = inverse variance. 

 
 

 

Association between ICP monitoring and mortality in patients with TBI stratified by publication date 

(shown as log [Odds Ratio] with SE): 

http://www.neurosurgeryresident.net/
https://doi.org/10.1089/neu.2023.0493


 HEAD INJURY (GENERAL ) TrH1 (30) 

 
 

¶ when ICP remains < 20 mmHg for 24-48 hours without treatment, ICP monitoring is discontinued. 

 

 

TREATMENT  

¶ ICP > 22* (formerly 25) mmHg for > 15 mins within 1 hour must be treated ASAP (to keep CPP > 

70 mmHg) Ÿ see p. S50 >> 

*> 15 mmHg after decompressive craniectomy (some 

would also treat > 18 mmHg for patients > 55 yrs or 

women of any age), > 20 mmHg in European 

neurointensive care practice 

N.B. during periods of autoregulatory loss, no safe ICP limit can be identified! 

 

Level II B recommendation: Treating ICP above 22 mm Hg is recommended because 

values above this level are associated with increased mortality. 

 

Level III recommendation: A combination of ICP values and clinical and brain CT 

findings may be used to make management decisions. 

 

N.B. donôt guide management by ICP alone; correlate with 

clinical exam and CT findings! 

 

Guidelines for the Acute Treatment of Cerebral Edema in Neurocritical Care 

Patients (2020): 

See p. S52 >> 

 

 

Pressure and time dose (PTD) - ICP increase & duration correlate with outcomes: 
Åkerlund CAI et al. (2020) Impact of duration and magnitude of raised intracranial pressure on 

outcome after severe traumatic brain injury: A CENTER-TBI high resolution group study. PLoS 

ONE 15(12): e0243427. https://doi.org/10.1371/journal. pone.0243427 

 
 

 

ICP tolerability / vulnerability appear highly dependent on cerebrovascular reactivity, and there 

appears to be no threshold for tolerable ICP during periods of disrupted autoregulation: 

 
 

 

 

VENTILATION  

¶ in the absence of cerebral herniation, normal ventilation is the goal (PaCO2 goal 35-45 mm Hg). 
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ï if hyperventilation is used, jugular venous oxygen saturation (SjO2) or brain tissue O2 

partial pressure (BtpO2) measurements are recommended to monitor oxygen delivery. 

 

PPrroopphhyyllaaccttiicc  hhyyppeerrvveennttii llaattiioonn  vvss..  nnoorrmmoovveennttii llaattiioonn  iinn  sseevveerree  TTBBII  

In the normoventilation group, PaCO2 was kept 30ï35 mmHg for 5 days. 

In the hyperventilation groups, PaCO2 was kept 24ï28 mmHg for 5 days. 

Subgroup of hyperventilation received (bolus Ÿ sustained IV infusion for 5 days) 

TROMETHAMINE to examine the effect of loss of CSF buffer during hyperventilation. 

 
There were no differences at 12 months follow-up. 

Prolonged prophylactic hyperventilation is deleterious in TBI. 

Deleterious effect of sustained hyperventilation could be overcome by THAM. 
Muizelaar JP , Marmarou A , Ward JD , Kontos HA , Choi SC , Becker DP , Gruemer H , Young 

HF . Adverse effects of prolonged hyperventilation in patients with severe traumatic brain 

injury. J Neurosurg 1991; 75 : 731 ï 739 

 

EVD 

¶ two regimens of EVD: 

a) continuously monitor ICP and only intermittently drain for ICP elevations (ñ20 pop down to 

10ò protocol) ï allows closer ICP monitoring; TBI is not hydrocephalus ï why to dry 

continuously? 

b) continuous drainage of CSF with intermittent ICP measurements ï prevalent among pediatric 

experts and may be more effective in lowering ICP. 

 

 

HYPEROSMOLAR FLUIDS 

¶ restrict MMAANNNNIITTOOLL use prior to ICP monitoring to patients with signs of transtentorial herniation or 

progressive neurological deterioration not attributable to extracranial causes. 

 

MMaannnnii ttooll ::  II CCPP--gguuiiddeedd  vvss..  eemmppii rr iiccaall   
Smith HP et al. Comparison of mannitol regimens in patients with severe head injury 

undergoing intracranial pressure monitoring. J Neurosurg 1986; 6 5: 820 ï 824 

Mean ICP was 5.5 mmHg lower in the empirically treated group compared to the ICP-

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

 
 

 

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 that hypertonic saline is better for underresuscitated patient than mannitol! 

 

HHyyppeerr ttoonniicc  SSaall iinnee  vvss..  MM aannnnii ttooll   
Mangat HS et al. Hypertonic Saline is Superior to Mannitol for the Combined Effect on 

Intracranial Pressure and Cerebral Perfusion Pressure Burdens in Patients With Severe 

Traumatic Brain Injury. Neurosurgery 86:221ï230, 2020 

¶ prospectively collected data from the New York State TBI-trac database. 

¶ patients received only 1 hyperosmotic agent - either mannitol (20%) or HTS (3% bolus) for raised 

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

conclusions). 

¶ patients were matched (1:1 and 1:2) for factors associated with 2-wk mortality: age, GCS score, 

pupillary reactivity, hypotension, abnormal CT, and craniotomy (extra-axial surgical lesions) Ÿ 25 

matched pairs for 1:1 comparison and 24 HTS patients matched to 48 mannitol patients in 1:2 

comparisons. 

¶ cumulative median osmolar doses in the 2 groups were similar. 

¶ primary endpoint - combined burden of ICP high (> 25 mm Hg) and CPP low (< 60 mm Hg): 

 

Combined burden HTS Mannitol  p 

total number of days (n) 0.6 ± 0.8 2.4 ± 2.3 < .01 

percentage of days vs. total 

days of ICP monitoring (%) 

8.8 ± 10.6% 28.1 ± 26.9% < .01 

total duration (hrs) 11.12 ± 14.11 30.56 ± 31.89 < .01 

 
 

HTS bolus therapy appears to be superior to mannitol 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 

administration; sometimes the patientôs ICP responds better to mannitol than to HTS (mannitol 

is not naturally found ï may have better osmotic gradient). 

 

¶ Mangat et al. 2014 study (class 2 evidence) indicated that HHYYPPEERRTTOONNIICC  SSAALLIINNEE may be more 

effective than mannitol in lowering ICP but no difference was found in short-term mortality. 

 

http://www.neurosurgeryresident.net/
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22  mmLL//kkgg  ooff   2200  %%  mmaannnnii ttooll   vvss..  22  mmLL//kkgg  ooff   77..55  %%  hhyyppeerr ttoonniicc  ssaall iinnee given when either ICP > 25 

mmHg or CPP < 70 mmHg for > 5 min 
Vialet R et al. Isovolume hypertonic solutes (sodium chloride or mannitol) in the treatment of 

refractory posttraumatic intracranial hypertension: 2 mgL/kg 7.5 % saline is more effective than 

2 ml/kg 20 % mannitol. Critical Care Medicine 2003; 3 1 : 1683 ï 1687 

 

There was no significant difference in mortality or GOS between the two treatment arms. 

N.B. mannitol dose was 0.4 g/kg ï lower than we use routinely (1 g/kg) 

 

 

¶ pooled data analysis from 3 trials showed continuous HTS therapy was associated with improved 

survival over bolus HTS therapy. 
Asehnoune K, Lasocki S, Seguin P, et al. Association between continuous hyperosmolar therapy 

and survival in patients with traumatic brain injury - a multicentre prospective cohort study and 

systematic review. Crit Care. 2017;21(1): 328. 

 

 

SEDATION 

¶ PPRROOPPOOFFOOLL is recommended for the control of ICP, but it is not recommended for improvement in 

mortality or 6-month outcomes (N.B. high-dose propofol can produce significant morbidity) 

¶ high-dose BBAARRBBIITTUURRAATTEE is recommended to control elevated ICP refractory to maximum standard 

medical and surgical treatment. protocol ï see p. S50 >> 

BCT (best conservative treatment) vs. BCT + pentobarbital ï for refractory ICP. 

Significant positive treatment effect of pentobarbital (p = 0.04) 

 
Eisenberg HM, Frankowski RF, Contant CF, Marshall LF, Walker MD. High-dose barbiturates 

control elevated intracranial pressure in patients with severe head injury. J Neurosurg 1988; 6 

9 : 15 ï 23. 

Cochrane 2012: ñThere is no evidence that barbiturate therapy in patients with acute severe 

head injury improves outcome. Barbiturate therapy results in a fall in blood pressure in one of 

four patients. The hypotensive effect will offset any ICP lowering effect on cerebral perfusion 

pressure.ò 

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

 

 

HYPOTHERMIA (PROPHYLACTIC) 

Level II B recommendation: early (within 2.5 hours), short-term (48 hours post-injury) 

prophylactic hypothermia is not recommended to improve outcomes in diffuse TBI 

 

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

 
Clifton GL et al. Lack of effect of induction of hypothermia after acute brain injury. N Engl J 

Med 2001 ; 3 44 : 556 ï 563 

 

ï robust clinical trials have shown a trend toward worse outcomes with hypothermia!!!!  - 

hypothermia should be used as a last resort!!! 

NNAABBII SS::  HH  II II   tt rr iiaall   ((NNaatt iioonnaall   AAccuuttee  BBrr aaiinn  II nnjj uurr yy  SSttuuddyy  HHyyppootthheerr mmiiaa  II II ))  
http://www.medscape.com/viewarticle/735302?src=mpnews&spon=26 

ï two high-quality pediatric trials failed to show benefit and additionally suggested harm 

related to PROPHYLACTIC hypothermia for TBI. see p. TrH20 >> 

 

 

HYPOTHERMIA (THERAPEUTIC) 

¶ THERAPEUTIC hypothermia (to treat elevated ICP) in severe TBI is effective in decreasing elevated 

ICP but does not improve neurological outcome and may increase mortality! 

ï hypothermia bears risks of coagulopathy, immunosuppression, and cardiac 

dysrhythmia. 

ï it is suggested that gradual rewarming can mitigate the inherent risk of rebound 

intracranial pressure elevation. 

ï there has been interest in localized cerebral cooling in 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 (CVP) is also calibrated to the level of the right atrium of the heart; but in TBI 

ICP is higher than CVP. 

CPP = MAP ï ICP 

 

Level II B recommendation: recommended target CPP value for survival and favorable 

outcomes is between 60 and 70 mm Hg. Whether 60 or 70 mmHg is the minimum optimal 

CPP threshold is unclear and may depend upon the patientôs autoregulatory status. 

Level III recommendation: avoid aggressive attempts to maintain CPP > 70 mm Hg with 

fluids and pressors because of the risk of adult respiratory failure (ARDS). 

Level III recommendation: CPP below 50 should be avoided. 

 

 

¶ Rosner and Daughton (1990) tried CPP augmentation on their patients. 
Rosner MJ, Daughton S. Cerebral perfusion pressure management in head injury. J Trauma. 

1990;30(8):933-940; discussion 940-931 

 

 

PRESSURE REACTIVITY INDEX (PRX) 

- moving Pearson correlation between ICP and arterial blood pressure - reflects cerebral vasculature 

autoregulatory status. 

¶ in patients with intact autoregulation (PRx < 0.3), increasing MAP (CPP) causes 

vasoconstriction Ÿ decreased intracranial blood volume Ÿ ICPŹ 

¶ in patients with injured autoregulation (PRx > 0.3), increasing MAP causes passive 

vasodilation Ÿ increased intracranial blood volume Ÿ ICPŷ 

N.B. optimal CPP value may need to be tailored to individual patients! 

http://www.neurosurgeryresident.net/
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ADVANCED BRAIN OXYGENATION  / METABOLIC STATUS  MONITORING  

The goal of the medical management is to ensure that nutrient delivery to the brain is optimized 

through the period of abnormal physiology and brain swelling - the only way to be assured that this is 

being achieved is to measure brain metabolites (reassurance that the needs of oxidative metabolism are 

being met). 

 

OXIMETERS  

ï monitor brain oxygenation; rationale ï sometimes even if ICP is slightly elevated, brain oxygenation 

remains normal so no need to treat. 

 

Jugular venous oxygen saturation (SjO2) goal > 50% 

Brain tissue oxygenation (pbO2) goal > 20 mmHg 

normal brain tissue O2 partial 

pressure PtiO2 = 25-45 mmHg 

 

 

1. Global ï jugular venous oxygen saturation (SjO2); avoid SjO2 < 50% 

 

Level III recommendation: Jugular bulb monitoring of arteriovenous oxygen content 

difference (AVDO2), as a source of information for management decisions, may be 

considered to reduce mortality and improve outcomes at 3 and 6 months post-injury. 

 

Level III recommendation: Jugular venous saturation (SjO2) of < 50% may be a threshold 

to avoid in order to reduce mortality and improve outcomes 

 

 

 

2. Regional ï brain tissue O2 partial pressure s. oxygenation (BtpO2 = PbrO2 = pBtO2 = PbtO2 = 

PtiO2) ï indicated for severe TBI. see below for algorithm >> 

 

¶ TBI experts worldwide strongly support brain tissue oxygen (PbtO2) monitoring as their first 

choice for the second parameter (after ICP monitor). 

¶ where to place? ï into penumbra; no need to monitor noninjured brain or dead brain areas. 
 

First measure if brain oxygenation falls ï increase FiO2; 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):1345-1349. PMID: 22673264 

Threshold of BtpO2 most predictive of mortality was 29 mmHg 
 

Chang JJ, Youn TS, Benson D, et al. Physiologic and functional outcome correlates of brain 

tissue hypoxia in traumatic brain injury. Crit Care Med. Jan 2009;37(1):283-290. PMID: 

19050612 

Threshold of BtpO2 to avoid was 20 mmHg 

 

Although patients with desaturations identified with advanced cerebral monitoring have 

poorer outcomes, Level II evidence showed no improvement in outcomes for monitored 

patients. 

 

 

BBOOOOSSTT--22  ttrr iiaall ï ICP monitor alone*  vs. ICP monitor plus BtpO2 

*brain oxygenation monitor was still placed but the monitor and 

numbers were hidden from treating staff 

o having brain oxygenation data available reduced the duration of brain hypoxia: 

 
 

o condition at discharge was better in ICP monitor plus BtpO2 group: 

 
 

 

Brands 

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

(FDA approved in 2000) ï measures oxygenation in mm3 around its tip 

http://www.neurosurgeryresident.net/
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Eurovent-PTO (Raumedic) - one catheter provides information about three parameters: ICP, 

temperature, and oxygen partial pressure. 

 
 

 

Neurotrend (Codman, Johnson & Johnson, Raynham, MA) - production has been discontinued! 

 

 

TCD 

- cerebral autoregulation monitoring. 

 
Sanchez-Porras R, Santos E, Czosnyka M, Zheng Z, Unterberg AW, Sakowitz OW. 'Long' 

pressure reactivity index (L-PRx) as a measure of autoregulation correlates with outcome in 

traumatic brain injury patients. Acta Neurochir (Wien). Sep 2012;154(9):1575-1581. PMID: 

22743796 

There is an association between mortality and L-PRx > 0.2. 

 

 

M ICRODIALYSIS  

ï monitors cerebral metabolism (e.g. lactate, glutamate) 

 

 

SEDATION & ANALGESIA  

Sedative drugs should be avoided if possible (difficult to monitor level of consciousness 

+ depress respiration) but useful for ICP control. 

¶ restlessness may be combated with small doses of short-acting sedatives (e.g. PPRROOPPOOFFOOLL, 

PPRREECCEEDDEEXX!!!; historical drug - PPAARRAALLDDEEHHYYDDEE) 

¶ for agitation aanntt iippssyycchhoott iiccss are useful when used sparingly. 

¶ periodic withholding of sedation (ñshort sedation vacationsò) - to allow periodic neurologic 

assessment. 

¶ for analgesia ï PPAARRAACCEETTAAMMOOLL, FFIIOORRIICCEETT,,  IIBBUUPPRROOFFEENN, FFEENNTTAANNYYLL. 

 

 

SEIZURE PROPHYLAXIS  

- it is prophylaxis of EARLY post-traumatic seizures - anticonvulsant drug is administered routinely in 

severe TBI and/or cortical irritation but only for 7 days see p. E9 >> 

N.B. norepinephrine is seizure suppressant. 

 

 

http://www.neurosurgeryresident.net/
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ANTIBIOTICS  

- prophylactically indicated for: 

a) complicated scalp lacerations 

b) open skull fractures (includes penetrating head injury) ï 5 days of triple antibiotics 

c) CSF leak persisting > 7 days 

 

 

 

MEDICATIONS NEEDING FURTHER TESTING  

BBEETTAA--BBLLOOCCKKEERRSS 

¶ observational studies reveal a significant mortality advantage with ɓ-blockers; however, quality of 

evidence is very low. 
Aziz S. Alali et al. Beta-Blockers and Traumatic Brain Injury. A Systematic Review, Meta-

Analysis, and Eastern Association for the Surgery of Trauma Guideline. Annals of Surgery. 

2017;266(6):952-961. 

 

 

MEDICATIONS WITH FAVORABLE EFFECT  

TTRRAANNEEXXAAMMIICC  AACCIIDD  ((TTXXAA))  

  
  

CCRRAASSHH--33  ttrr iiaall   
Effects of tranexamic acid on death, disability, vascular occlusive events and other morbidities 

in patients with acute traumatic brain injury (CRASH-3): a randomised, placebo-controlled 

trial . The CRASH-3 trial collaborators. Lancet, Vol 394 November 9, 2019 

¶ randomised, placebo-controlled trial. 

¶ 175 hospitals in 29 countries ï 9202 patients. 

¶ inclusion: within 3 h of TBI, GCS 4-12 or any intracranial bleeding on CT 

+ no major extracranial bleeding, no fixed dilated pupils. 

¶ TXA protocol: loading dose 1 g over 10 min then infusion of 1 g over 8 h. 

¶ risk of vascular occlusive events, seizures was similar in the tranexamic acid and placebo groups. 

¶ primary outcome was head injury-related death in hospital within 28 days of injury: 12.5% in TXA 

group vs 14.0% in placebo group (RR 0·89 [95% CI 0·80ï1·00]). 

ï in mild-to-moderate TBI (RR 0·78 [95% CI 0·64ï0·95]) but not in severe TBI (0·99 

[95% CI 0·91ï1·07]) 

ï early treatment was more effective than was later treatment in mild and moderate TBI 

(p=0·005) but time to treatment had no obvious effect in severe TBI (p=0·73). 

ï no difference in disability among survivors. 

 

[CCRRAASSHH--22  ttrriiaall - in patients with trauma with major extracranial bleeding (isolated TBI was 

specifically excluded), early TXA (within 3 h of injury) reduces bleeding deaths by a third] 

 

 

AAMMAANNTTAADDIINNEE ï for early rehab. see below >> 

 

 

 

FAILED MEDICATIONS  

PPRROOGGEESSTTEERROONNEE ï failed in PPrr ooTTEECCTT  II II II   tt rr iiaall 

 

TTIIRRIILLAAZZAADD ï no overall benefit on outcome was detected, except in post hoc sub group analysis: men 

with traumatic SAH had lower mortality. 

 

MMAAGGNNEESSIIUUMM - given within 8 h of moderate to severe TBI does not improve outcome and may even 

have a detrimental effect: 

 
Temkin NR et al. Magnesium sulfate for neuroprotection after traumatic brain injury: a 

randomised controlled trial. Lancet Neurol 2007; 6 : 29 ï 38 . 

 

MM IINNOOCCYYCCLLIINNEE - a broad-spectrum antibiotic of the tetracycline family that was found to inhibit 

cytochrome c, thereby inhibiting caspase-mediated apoptosis. 

¶ drug is neuroprotective in different animal models of acute and chronic neurodegeneration, 

including TBI. 

¶ most human trials showed either small neurological improvements or deleterious neurotoxic 

effects. 

 

 

NOT RECOMMENDED MEDICATIONS  

1. Steroids ï increased ICP is due to vasodilation and cytotoxic edema (not due to vasogenic edema); 

no human studies demonstrated benefit! (Maxwell et al. showed that glucocorticoids could reduce 

cerebral edema in an animal model of TBI by reducing abnormal vascular permeability >>) 

  

CCoorr tt iiccoosstteerr ooiidd  RRaannddoommiizzaatt iioonn  AAfftteerr   SSiiggnnii ff iiccaanntt  HHeeaadd  II nnjj uurr yy  TTrr iiaall   ((MM RRCC  CCRRAASSHH))  tt rr iiaall  
CRASH trial collaborators. Final results of MRC CRASH, a randomised placebo-controlled 

trial of intravenous corticosteroid in adults with head injury - outcomes at 6 months. Lancet 

2005; 3 65 : 1957 ï 1959. 

¶ Level I recommendation (multicenter randomised placebo-controlled trial - 10,008 adult 

patients, 239 centers in 49 countries worldwide). 

¶ randomized within 8 hours if TBI, GCS Ò 14 

¶ 48 hours of methylprednisolone (2 gm loading Ÿ 0.4 gm/hr) vs placebo. 

ñSteroids are not recommended for improving outcome or reducing ICP. In 

patients with severe TBI, high-dose methylprednisolone was associated with increased 

mortality*  (RR 1.18, 95%CI 1.09-1.27) and is contraindicatedò. 

*cause unclear but not due to infections or GI bleeding; RR for death 1.15 (p=0.0001). 

http://www.neurosurgeryresident.net/
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Death within 2 weeks: 

 

 
 

 

2. Vasodilators (aminophylline, pentoxifylline) ï decrease seizure threshold, may worsen edema, 

ŷrisk of rebleeds. 

3. Hemostatic agents (VIT . C, VIT . K, CaCl2) 

4. Hypotonic fluids IVI (e.g. D5W) ï may worsen edema. 

 

 

SURGERY 

See p. Op320 >> 

INDICATIONS FOR SURGERY  

1. Scalp lacerations. see p. Op320 >> 

 

2. Certain open skull fractures. see p. TrH5 >> 

 

3. Certain depressed skull fractures. see p. TrH5 >> 

 

4. Extra-axial (epidural / subdural) or intra-axial hematoma / hemorrhagic contusion: 

see p. TrH11 >> , p. TrH13 >> 

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

b) volume > 30 mL (EDH, SDH) or > 50 mL (IPH)*  (esp. in temporal or posterior fossa**  

locations - these regions do not tolerate additional mass and > 30 mL is a threshold 

here).     *  more details for IPH >> 

**more details for posterior fossa mass lesions >> 

c) midline shift > 5 mm (shift > 20 mm ï mortality approaches 100%). 

d) neurodeficits (e.g. GCS < 9, GCS decrease by Ó 2 points, focal neurologic signs. 

e) refractory ICP > 22 mmHg, effaced / compressed basal cisterns, heterogenous clot on 

CT [indicates active bleeding]. 

N.B. in general, any neurodeficit due to extra-axial hematoma is indication for surgery! 

These hematomas must be evacuated immediately - patients go immediately to OR! 

Other hematomas / contusions are managed nonoperatively with serial CT and close 

neurological observation in a neurosurgical ICU. 

N.B. early surgery (by CT criteria) has better morbidity*  and mortality outcomes vs. 

delayed surgery (by clinical deterioration criteria)! 

*e.g. ischemic effect of prolonged cortical compression by hematoma 

 

5. Symptomatic chronic subdural hematoma. see p. TrH13 >> 

 

6. Penetrating injuries (esp. with retained foreign bodies). see p. Op320 >> 

 

7. (Anticipated) medically refractory intracranial hypertension Ÿ decompressive 

craniectomy. see p. Op320 >> 

 

¶ surgical intervention is not beneficial in most patients with GCS 3-5 (unless pupils are reactive and 

CT shows no bihemispheric/multilobar dominant hemispheric injuries). 

¶ historical / mass casualty (ñno OR availableò) paradigm: rapid patient deterioration in ED 

(consciousnessŹ + asymmetric findings) Ÿ think of brain compression* Ÿ emergency blind 

(exploratory) BURR HOLES.  see p. TrH11 >> , p. TrH13 >> 

*esp. if skull fracture is present ï most commonly epidural hematoma. 

 

Notes on hematoma size: 

¶ patients with severe cerebral atrophy (e.g. elderly) may accommodate large intracranial mass, 

whereas young individuals experience neurological deficits with relatively small intracranial 

hemorrhages. 

¶ dynamic nature: some intracranial hemorrhages may be actively bleeding during initial CT - what 

may appear as relatively small on initial CT scan may actually become quite significant in short 

period of time!!! ï rationale for scheduled repeat head CT (e.g. in 6 hours) 

DDTTII CCHH  ((ddeellaayyeedd  ttrr aauummaatt iicc  II CCHH)) ï see below >> 
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METHOD TO MEASURE HEMATOMA VOLUME  

V = ABC / 2 

¶ identify the CT slice with the largest area of hemorrhage (Slice 1) 

¶ measure the largest diameter, A 

¶ measure the largest diameter 90° to A on the same slice, B. 

¶ count the number of 10-mm 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 hemorrhage is less than 25%, do not count the slice. 

Add up the total C. 

 

 

 
 

 

 

SEATTLE INTERNATIONAL SEVERE TBI  

CONSENSUS CONFERENCE (SIBICC) ï severe TBI 

management algorithm (2019) 

Chesnut R, Aguilera S, Buki A, Bulger E, Citerio G, Cooper DJ, et al. A management algorithm 

for adult patients with both brain oxygen and intracranial pressure monitoring: the Seattle 

International Severe Traumatic Brain Injury Consensus Conference (SIBICC). Intensive Care 

Med. 2020. May;46(5):919ï929. 

 

¶ management algorithms for adult severe traumatic brain injury (sTBI) were omitted in later 

editions of the Brain Trauma Foundationôs sTBI Management Guidelines, as they were not 

evidence-based. 

¶ 42 experienced, clinically active sTBI specialists from 6 continents comprised the panel (April 5-7, 

2019) ï to provide consensus-based (class III evidence with > 80% expert agreement) management 

algorithms with tiered 18 interventions (use of tiers balances benefits and efficacy of intervention 

against inherent risks). 

 

 

 

Adapted thresholds: ICP - 22 mmHg, CPP - 60 mmHg 

 

TIER-ZERO 

 
 

¶ goal of Tier-zero 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). 

 

 

TIERS 1-3 WHEN ONLY ICP MONITOR IS PRESENT  

http://www.neurosurgeryresident.net/
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Tier 1: 

2) analgesia & sedation 

3) osmotherapy 

ï no recommendation for one hypertonic solution over the other. 

ï recommendation for using same upper limits for serum sodium and osmolality for 

both agents 

4) CSF drainage 

5) normocarbia (35-38) 

 

Tier 2: 

1) neuromuscular blockade 

2) mild hypocarbia (32-35) - caution with even mild hyperventilation when brain 

oxygenation monitoring is not employed! 

3) MAP challenge ï test if static pressure autoregulation (sPAR) is intact* vs disrupted: 

*then use pharmacological MAP augmentation 

ï no other active changes in care during challenge. 

ï use vasopressor to increase the MAP by 10 mmHg for up to 20 min. 

ï observe the MAP, CPP, ICP (and PtbO2) during the challenge. 

ï disrupted sPAR will present as a sustained increase in ICP with MAP elevation. 

ï adjust the target MAP back to baseline (disrupted sPAR) or to the chosen new, 

elevated target (intact sPAR). 

 

Tier 3:  Greatest associated risks! 

1) mild hypothermia  (35ï36 °C) 

2) high-dose barbiturate - based on ICP and EEG response to a test dose. 

ï do not increase dose if burst suppression occurs, as further reduction in ICP is not 

anticipated and toxicity increases (esp. hypotension);  

ï endpoint of barbiturate treatment is ICP control not serum levels or EEG response. 

3) decompressive craniectomy 

 

 

 

TIERS 1-3 WITH  BOTH ICP AND BRAIN OXYGEN MONITORS  

 
 

 

Type B (elevated ICP, normal PbtO2) 

Tiers 1-3 same as with ICP monitor only, except Tier 3 allows hyperventilation to hypocarbia 30-32 
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