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Learning Objectives
1. Discuss Stats on TBI 
2. Work-up of TBI, including BIG guidelines 
3. Identify the different types of traumatic brain injury 
4. TBI pathophysiology 
5. Management strategies for TBI 
6. Indications for ICP monitoring and Craniectomy 
7. Anticoagulation after TBI 
8. Prognostication



Definition of TBI 

• “an alteration in brain function, or other evidence of brain 
pathology, caused by an external force”



EPIDEMIOLOGY OF TBI



Epidemiology of TBI 

• Leading cause of death in trauma patients in US
– 30% of ALL deaths from trauma

• Major cause of death and disability worldwide
– 70 million people/year

• Socioeconomic burden 
– $$$$ ($76Billion/year) 
– 1% of US population lives with TBI



TBI –  US fatalities/month 

2023 = 68,666 deaths

2018 = 60,565 deaths



TBI Stats (US)

• 214,110 TBI-related hospitalizations in 2020
• 586 TBI-related hospitalizations per day(2020)
• 190 TBI-related deaths per day (2020)

– Does not include TBIs that are not admitted or treated in 
outpatient settings 



TBI Stats (US)

• A leading COD/disability in children/teens
– Age 0-4 2nd highest TBI diagnoses and hospitalization rates

• >75 years highest rates of TBI diagnoses, hospitalizations, and 
deaths
– With increasing age/ falls--> increase mortality

• M >>> F 



Epidemiology of TBI 

• MVC > Falls > Suicide > Homicide cause of TBI  
– (some quote falls now #1) 
– Suicide/firearms most common cause of TBI related death

• Highest rates in patients > 75 years 



Risk factors for TBI

• Low socio-economic status 
• Substance abuse
• Psychiatric/cognitive disorders



PATHOPHYSIOLOGY OF TBI



Primary vs Secondary TBI

• Two distinct phases
– Primary

• Injury that occurs at the time of the trauma
– Secondary 

• Cascade of injury that starts at the time of the trauma and 
continues 

• Treatment goal to prevent elevated ICP and herniation



Primary vs Secondary TBI



Types of TBI

• Extra-axial 
– SDH
– EDH
– SAH

• Intra-axial
– IPH

• Shearing
– DAI



SDH

• Blood between the dura and the 
arachnoid space

• “contre coup”
• More common than EDH
• Injury to bridging veins
• Can cross suture lines
• “Crescent” shaped 
• acute, acute on chronic, or chronic 



EDH

• Blood between skull and the dura
• “coup” side
• Commonly associated with skull fx
• Arterial injury >>> venous injury

– Middle meningeal a.  
• Do not cross suture lines
• “Lentiform” shaped 
• + LOC à Lucid interval à decline



SAH

• Traumatic or non-traumatic
– Most commonly aneurysmal 

rupture



IPH

• Multiple etiologies
– AVM
– HTN 
– Tumor
– Aneurysm rupture
– Trauma 



DAI

• Neuronal injury à Shearing force
• MRI >>> CT



Work-up of suspected TBI

• Primary Survey
– A,B,C, E
– D

• GCS, Pupils 
• Secondary Survey
• Imaging

– Who should get it?  



GCS

• Systematic method to 
assess the severity of 
neurotrauma

• Motor component has 
prognostic value 

• Mild/Mod/Severe



Work-up of suspected TBI
Nexus Head CT instrument



CT findings

• Type of bleed
• Skull fracture 
• Size of bleed

– Diameter, volume
• Midline shift 
• Edema 
• Herniation 



Brain Injury 
Guidelines (BIG) 
• 2014, single institution 
• AAST validated (2022)
• Risk of progression

– BIG 1= 0% (0%)
– BIG 2= 2.6% (0%)

• Reduced CT, admission, 
And NES consultation 



Intracranial pressure (ICP)



Intracranial Pressure

• Pressure inside the skull =  
CSF Pressure

• Pulsatile signal, driven by 
cardiac cycle  (3 peaks)

• ICP = 7-15 mm HG 
– normal adults

• Goals in ICU < 22 mm HG



ICP 

• 3 components of intra-cranial 
space = CSF, Blood, and Brain

• Enclosed in a rigid skull/closed 
system

• Pressure/Volume are related
– Any change in volume à 

increases your pressure 



ICP 



ICP 

• Autoregulation
– Vasodilation of arterioles 

(decrease CVR)
– Increase arterial blood pressure

* All work to increase CBF à 
ultimately increase ICP too

CBF= Cerebral blood flow
MAP= Mean arterial Pressure
ICP= Intracranial Pressure
CVR= Cerebrovascular resistance



ICP 
• Simplified 

• Goal CPP 60-70

• Elevated ICP à Decreased CPP à Ischemia/Herniation à 
Disability or Death

• Elevated ICP à Increase mortality and poor outcomes

CPP = MAP - ICP 



Ways to monitor ICP 
• EVD

– Catheter placed into the 
ventricle

– Monitor and drain CSF
– Gold standard *

• Fiberoptic probe = bolt 
– Varying locations
– Only monitors ICP
– Lower risk that EVD 





Special populations
Elderly patients 
• Increased comorbidities
• Anticoagulation
• Poly-pharmacy à Increases falls
• Less brain reserve 
• Baseline neurocognitive issues 
• Increased risk of SDH
• Low velocity injuries ( differ from younger patients)
• Poorer outcomes – higher mortality 



GOALS OF TREATMENT



Guidelines for TBI Management

• Brain Trauma Foundation 
• Western Trauma Association 

Many recommendations low-quality evidence 



Goals of TBI Management



Goals of TBI Management
Supportive Care

Standard trauma 
care

Control of 
hemorrhage

Correction of 
coagulopathy

Resuscitation, 
electrolyte 

management

Elevate HOB Normotension Sats > 90% Normo-carbia 

Avoid 
hyperpyrexia

Prevention of 
hyponatremia

Prevent 
hypoglycemia 

and treat 
hyperglycemia

Early nutrition

Prevention of 
infections

Sedation/Pain 
control

Seizure 
prophylaxis



TBI management algorithm
Tier 1

Additional 
sedation 

Drainage 
of CSF 



TBI management algorithm
Tier 2

Hyperosmolar 
therapy Paralysis 



TBI management algorithm
Tier 3

Barbituates? 



TBI management algorithm
Rescue Strategies

Decompressive 
Craniectomy 

Experimental 
therapy



Additional therapies

Propranolol TXA



ICP monitors – who? 

• Current guidelines- BTF (level 2 evidence) 
– GCS < 8
– Abnormal head CT
– Two of more: age >40 years, posturing, SBP < 90



ICP monitors – who? 

• Current guidelines- BTF (level 3 evidence) 
– Progression on repeat CT scan
– Brain swelling or absence of basal cisterns
– Bifrontal contusions
– Unable to follow neuro exam (pause sedation)



ICP monitors – complications

• Bleeding
• Infection 
• Technical 
• Over-drainage 
• False readings



ICP monitors – Do we need them? 

• What we know--  Elevated ICPs à lead to worse outcomes 
– We can treat elevated ICPs

• What we need to know -- Does treating elevated ICPs improve 
outcomes? 

* Some Experts equate ICP monitors to PA catheters 



ICP monitors – Do we need them? 

• BEST-TRIP (S. American trial) 
– RCT
– No difference in outcomes if ICP monitors were used versus 

clinical exam/repeat CT scans
– No change in rates of craniectomy
– Increased vent strategies, hyperosmolar therapy, and 

barbituates



ICP monitors – the FUTURE 

• Noninvasive methods



Craniectomy – who? 
• Considered for refractory elevated ICPs
• SDH

– Diameter > 10 mm, Shift > 5mm (any GCS)
– Diameter > 10 mm, Shift < 5mm,  AND Worsening GCS

• EDH
– > 30 cm^3 (any GCS)

• IPH
– GCS 6-8, midline shift > 5mm and > 20 cm^3
– Controversial *

• Rarely – SAH, DAI



Craniectomy – who? 
• RESCUE-ICP

– MCT, RCT
– Severe TBI, refractory elevated ICP
– Decreased mortality
– Increased survival to vegetative state
– No difference in time to death or discharge between groups



Craniectomy – who? 
• DECRA

– MCT, RCT
– Similar mortality
– Increased “unfavorable outcomes”
– Decreased ICU LOS 
– No difference in HLOS 
– Decrease elevated ICP



Craniectomy – who? 

• Sometimes we have good outcomes

• Patients who get craniectomy for refractory ICPs – may not have 
good outcomes 



When to anti-coagulate?
Parkland 



Anticoagulation – reversal 
OUH Trauma Clinical guideline 

• All patients on therapeutic anticoagulation should be considered 
for reversal in the setting of life-threatening bleeding



Anticoagulation – reversal 
OUH Trauma Clinical guideline 



Anticoagulation – reversal 
OUH Trauma Clinical guideline 



Anticoagulation – reversal 
OUH Trauma Clinical guideline 



Anticoagulation – reversal 
OUH Trauma Clinical guideline 



Anticoagulation – reversal 
OUH Trauma Clinical guideline 



Prognostication
• TRACK-TBI
• Largest prospective observational study
• GCS/DRS assessed @ 2 weeks, 3/6/12 months

• Careful making early, definitive statements 



Prognostication

• Careful making early, definitive statements 



Take Home Points
• TBI - most common cause of death/disability following injury
• Standard approach to assessing patients in ED
• Consider BIG guidelines
• Algorithm for TBI management (vary and institutional)
• Communication between ICU and NES team critical 
• ICP monitors/Craniectomy remains controversial 
• Anti-coagulate per Parkland 
• Reverse anticoagulation for life threatening bleeding 
• Careful with early prognostication 



QUESTIONS?


