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Disclosures 

• About me… 

• Full-time academic neurosurgeon with a 

research interest in TBI (concussion) 

• Interested in neuroimaging markers of 

concussion 

• Not getting paid for this talk 
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Objectives 

• Define the various classifications of  head injuries 

• Discuss the differences between  
– Traumatic Brain injury (TBI) 

– Closed Head Injury (CHI) 

– Concussion (subtypes) 

– Post Concussion Syndrome 

• Describe the diagnosis and management recommendations for 

various head injuries 

• Discuss the prognosis of  the head injured patient 

• Discuss differences in outcomes of  litigated vs non-litigated 

head injury patients 
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Traumatic Brain Injury (TBI) 
Requires traumatic contact with the skull  
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Penetrating Injury 
Violation of skin, skull, and dura 

with damage to the brain matter 

Closed Head Injury (CHI) 
e.g. Non-Penetrating Injuries 

Any trauma that does NOT result in violation of 

skull or dura 

Concussion 
Requires an alteration in consciousness 

Requires LACK of any anatomical damage  

“MRI negative” 

Contusion  

Intracerebral hemorrhage 

Cerebral edema 

Hematomas (SDH, EDH) 
“MRI/CT positive” 

 

Diffuse Axonal 

Injury 
“MRI unique” 



Traumatic Brain Injury (TBI) 

• Brain damage resulting from 

external forces, as a consequence of  

direct impact, rapid acceleration or 

deceleration, a penetrating object or 

blast waves from an explosion. The 

nature, intensity, direction and 

duration of  these forces determine 

the pattern and extent of  damage.  

• Accounts for 35% of  all brain 

damage deaths 

 

5 MD, H. R. W. Youmans Neurological Surgery,6e. (Saunders, 2011) 



Clinical Severity 

• TBI can be classified based on clinical presentation 
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GCS = Glasgow coma scale, PTA = post traumatic amnesia, LOC = loss of 

consciousness 

Department of Defense and Department of Veterans Affairs (2008). "Traumatic Brain Injury Task Force". 



Penetrating Injuries 
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Closed Head Injury 

• A mechanistic classification of  

TBI in which the skull and dura 

mater remain intact.  

 

• Can be high or low impact 

mechanism of  injury leading to 

mild, moderate or severe TBI  

• It can result from rapid 

acceleration/deceleration or 

direct impact of  brain against 

skull 
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CHI – Contusion & ICH 

• Often as a result of fall or 

altercation 

• Contusion - Bruising of the brain 

• ICH – Bleeding in the brain 

• Most common location frontal 

and temporal lobes 

• Long-term sequela: 

– Personality  

– Judgement 

– Impulse control 

– Location specific 
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SDH / EDH 

• SDH 

– Subdural hematoma 

– Tear in bridging vein 

– Prognosis guarded 

 

 

• EDH 

– Epidural hematoma 

– Tear of MMA 

– High mortality 

– If you survive prognosis “ok” 
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Diffuse Axonal Injury (DAI) 

• A primary lesion secondary to 

traumatic rotational 

acceleration/deceleration injury 

• A common cause of  persistent 

vegetative state and morbidity in 

TBI patients 

• Diagnosed clinically when when 

LOC > 6 hours (or significant 

neurological decline) in absence 

of  intracranial mass lesion or 

ischemia on CT 

11 Wasserman J. and Koenigsberg R.A. (2007).  

http://www.emedicine.com/radio/topic216.htm


DAI Severity Scale 

12 Bay E, McLean SA: J Neurosci Nurs 2007 Feb;39:43–51 



Concussion 

• A form of  mild TBI or CHI 

• There is alteration of  consciousness even if  momentary 

immediately following the trauma 

• Often with post-traumatic amnesia (PTA) 

• Initial diagnosis made in ED 

• Over & Under diagnosed 

• NOTE: MRI and CT will be “normal” 

 

 
13 Greenberg MS: Handbook of Neurosurgery. 7 edition Tampa, Fla, Thieme, 2010. 



Concussion Signs/Symptoms 

14 MD, H. R. W. Youmans Neurological Surgery,6e. (Saunders, 2011) 



Acute Concussion Evaluation 

 

15 



Concussion Diagnosis 

• Diagnosis is subjective and based on: 
– Mechanism of injury 

– LOC, alteration, and duration 

– Amnesia and duration 

– Signs 

– Symptoms 
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Concussion Grading Scales 

17 Cantu RC. J Athl Train 2001;36:244–248. 



• Cognitive 

– Impaired reaction time; speed of processing/performance; working memory; new learning; memory storage; memory  

retrieval; organization of thoughts. Demonstrated deficits in performance testing; cognitive symptoms ratings that are 

significantly greater than baseline levels;  

• Ocular-Motor 

– Screen time, reading, driving; eye strain and eye fatigue; problems with visual focus including changing focus from 

near to far and back; photophobia; blurred vision or double vision; frontal headaches or eye pain/pressure behind the 

eyes; vision-derived nausea; difficulty judging distances; difficulty tolerating complex visual environments 

– Impairments may be detected by saccades, smooth pursuit, conjugate gaze, convergence, accommodation, and fixation 

assessments 

• Headache/Migraine 

– Pre-existing headache types place individuals at greater risk for headache following a concussion or may be worsened 

following concussion with increasing frequency or severity. Patients with the headache/migraine subtype of concussion 

have self-reported history of headaches that differs from their pre-existing history  

• Vestibular 

– Patients with the vestibular subtype have the following: at least 1 symptom of dizziness, fogginess, lightheadedness, 

nausea, vertigo, or disequilibrium; dysfunction in vestibuloocular or vestibulo-spinal tracts affecting gait and/or 

balance 

• Anxiety/Mood 

– nervousness, feeling more emotional, hypervigilance, ruminative thoughts, feelings of being overwhelmed; depressed 

mood with sadness, feeling more emotional, anger, hostility/irritability, loss of energy, fatigue, and feelings of 

hopelessness 

Associated 

•  Sleep disturbance 

•  Cervical Strain 
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Treatment of Acute Concussion 
Grade I 
• CT scan usually not indicated 

• May be managed with observation at home if meet the following criteria 
– Initial GCS > 14 

– Presently neurologically intact 

– A responsible adult is able to observe patient 

– Patient has reasonable access to return to ED 

– No suspicion of “complicating” circumstances (e.g. domestic or child abuse) 

– Resolves in 24-48 hours 

Grade II 
• Non-contrast head CT indicated 

• If head CT negative, patient may be observed at home if meets criteria for Grade I 

• Usually resolves within 24-48 hours 

Grade III 
• STAT non-contrast head CT 

• If head CT negative, patient observed for extended duration in ED or admitted for 

24hr observation 

• Re-evaluation by physician in 24 to 48 hours 

• If no progression of symptoms, complete resolution is seen within 7 days in 

majority of cases 19 



Concussion Prognosis 

• The great majority of patients recover fully within 7 days 

• If multiple symptoms persist greater than (7 days, 1 month, 3 

months) the patient is diagnosed with post-concussion 

syndrome (PCS) 

• Various studies site 5-30% of concussion patients developing 

PCS 

• Significant difference between litigation and non-litigation 

patients 

• Interestingly, the likelihood and severity of PCS is irrelevant 

of initial concussion severity 

• NB: Difference between single and multiple concussions 
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Concussion Prognosis 

• Best predictor of  outcomes after TBI is : 

• DURATION OF PTA  

– The longer the duration of  PTA, the worse outcomes 
generally are.  

– Clinically, resolution of  PTA occurs when patients are able to 
incorporate daily events into working memory.  

– Patients with PTA of  less than 24 hours generally have a 
quick and full recovery with few exceptions, and patients with 
PTA of  more than 4 weeks generally have permanent deficits.  

– Severe disability is unlikely with PTA of  less than 2 months, 
and good recovery is unlikely when PTA is more than 3 
months.  

 

 
21 MD, H. R. W. Youmans Neurological Surgery,6e. (Saunders, 2011) 
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Effect of Financial Incentive  

on Recovery after CHI 

Meta-analysis based on 18 studies and 2353 subjects: 

 

• Significant association between financial incentive and more 
disability after CHI 

• Late onset symptoms were disproportionate among patients 
seeking compensation 

• Patient seeking compensation had shorter duration of PTA. 

• Patients who failed to return to work within 18 months were 
more likely to have short Pta (less than 1 Hr) than patients 
who had longer PTA. 
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Post Concussion Syndrome (PCS) 

• Persistence of three or more symptoms of concussion after 7 

days from original injury 

• Most common 

– Headache 

– Fatigue 

– Vertigo 

• Risk factors 

– Age > 40 

– Female 

– Pre-existing psychiatric diagnosis (depression, anxiety) 

– Psychosocial, secondary gain 
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Post Concussion Syndrome (PCS) 

 Cognitive symptoms  
 Impaired concentration, short term memory and/or 

judgement 

 Can be objectively tested  

 Somatic symptoms 
 Dizziness, blurred vision, balance difficulties, tinnitus 

 Can be objectively tested  

 Psychosocial symptoms 
 Emotional lability, “feeling” depressed, personality 

changes, loss of  libido, early fatigue  

 Subjective, cannot be tested 

25 Greenberg MS: Handbook of Neurosurgery. 7 edition Tampa, Fla, Thieme, 2010. 



PCS Treatment and Prognosis 

• Treatment is symptom related as there is no catch all treatment 

for PCS.  However: 

– EARLY neuropsychological assessment with testing is essential 

– MRI imaging to evaluate for organic cause 

– EARLY specialist referral (e.g. vestibular, cognitive, and physical 

rehabilitation for each symptom) is key 

• Prognosis remains excellent – for “single” traumatic event 

(excludes sports with repeat injury) 

• Full recovery within 3 months, sometimes as long as one year 

• If symptoms persist or change, consideration should be given 

to alternative diagnosis 

• Litigation and migraines independent risk factors for 

prolongation of recovery 26 



Illustrative Case 

• 60-year old male tripled over a rock and fell on concrete. 

– Landed on his knees, fell forward striking forehead 

– Dazed, had PTA for ~30min 

– In ER, no photophobia, nausea, vomiting, was coherent with GCS 15 

– 24 hour later – nausea, vomiting, headache, dizziness, insomnia, 

“dazed”, “seeing patterns” 

– Concussion clinic evaluation (no personality or reliability measures)  

• RPQ-13   41 (Rivermead post-concussion symptoms questionnaire) 

• SAC        19 (Standardized Assessment of Concussion) 

• GAD       11 (Generalized Anxiety Disorder) 

• CES-D    23 (Center for Epidemiological Studies Depression) 

– Initial Vestibular assessment. Visual assessment   
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Illustrative Case Cont’d 

– Cognitive/behavioral rest. 

– Vestibular therapy – Objective measures 

– Vestibular symptoms, nausea, vomiting, insomnia was 60-80% 

improved by four weeks 

– Continued cognitive/behavioral rest. 

– Six months persistent subjective STM memory loss and dizziness, 

headaches, and subjective cognitive slowing  

– As such, formal neuropsychological assessment: 
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Neuropsychological Assessment 

• Objective scores and subjective observations 

• Looks for patterns and consistencies 

• Good for detecting malingering, secondary gain 

• Includes 
– Intellectual Functioning 

– Academic achievement 

– Visual processing and Motor Functioning 

– Attention and Excecutive Functioning 

– Social and Emotional 

– Memory 

– Effort 

• Must provide guidance and direction on what you are looking 

for 
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Thank You! 
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