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This Presentation will Review:
The Epidemiology of Traumatic Brain Injury

Review of Anatomy and Physiology of the Brain

The Mechanism and Sequelae of Concussion

Description & Imaging of Subdural Hematoma, 
Sub-Arachnoid Bleeds, and Epidural Hematoma

Reversal of Anticoagulant Therapy in TBI



 2.5 million Americans experience TBI annually

 275,000 Hospitalized each year

 52,000 Die from Injuries 

 80,000-90,000Result in Permanent Disability

 Estimated cost of TBI $76.5billion, per year for 
medical care rehab and loss of work annually.

 At least 4 TBIs occur every minute
 CDC website: TBI

 2013





Mortality Rates for TBI by Age & Mechanism

Motor 
Vehicle 
Traffic

Falls Assault Struck 
By/Against

Self-
Inflicted

All Other 
Causes

0–4 278 37 408 32 196

5–14 488 21 131 19 58 158

15–24 3,670 139 1,515 28 1,834 551

25–44 4,310 548 2,151 88 4,587 1,186

45–64 3,230 2,077 1,142 126 5,601 1,710

≥65 1,651 9,444 357 79 3,362 2,483





Over the past decade (2001–2010), while rates 
of TBI-related ED visits increased by 70%, 

hospitalization rates only increased by 11% 
and death rates decreased by 7%.

Incidence of TBI







SCORING

First, Declare 
A Numeric 
Value for 

Each Content 
Area-

Then Give 
Total Number 

Score for 
Optimal 
Clarity



 Primary Survey-
◦ Airway, Breathing, Circulation
 Intubation if GCS <8
 Breath Sounds/Assess Vital Signs
 Identify any source of blood loss
◦ Rapid Focused Neurological Exam-If possible
 Basic Cranial Nerve Review:  
 Eye opening/movement
 Facial expression, Speech clarity
 Movement of extremities
 Orientation/Level of Consciousness
◦ Assessment of Traumatic Injuries



Minor GCS SCORE 13-15

MODERATE GCS SCORE 9-12

SEVERE GCS SCORE 3-8





GCS 9-12

Confused and may have focal 
Neurological deficits

Prognosis is good, but 12% will progress 
to severe TBI

Mortality Rate is 5%



GCS of < 8

Generally, the accepted definition of coma

Mortality is approximately 20%  (improved over the 40% in past years)

Early airway control is essential, “GCS of 8-Intubate”

Most survivors have significant disabilities

Require Intensive Care Monitoring

Elevated ICP is common cause of death and neurologic disability.



 Grade I (confusion, no amnesia, no LOC)
◦ Remove from activity (may return when asymptomatic)
◦ 3 concussions in 3 months: no activity that risks head trauma 

for 3 months

 Grade II (confusion and amnesia)
◦ Remove from activity for day
◦ Recheck in 24 hours
◦ No activity for 1 week
◦ Two grade II concussions in 3 months, no activity for 3 months

 Grade III (LOC)
◦ To ED for CT
◦ Symptom free for 2 weeks, then another 30 days
◦ Two grade III concussions, no activity for 3 months

 http://www.youtube.com/watch?v=Sno_0Jd8GuA

http://www.youtube.com/watch?v=Sno_0Jd8GuA


 In 2009, an estimated 
248,418 children (age 
20 or 

 In 2009, an 
estimated 
248,418 children 
(age 20 or 
younger) were 
treated in U.S. 
EDs for sports 
and recreation-
related injuries 
that included a 
diagnosis of 
concussion or 
TBI.



 From 2001 to 2009, 
the rate of ED visits 
for sports and 
recreation-related 
injuries with a 
diagnosis of 
concussion or TBI, 
alone or in 
combination with 
other injuries, rose 
57% among children 
(age 20 or younger).



 Somatic symptoms: headache, 
sleep disturbance, dizziness, 
vertigo, nausea, fatigue, 
sensitivity to light or noise

Cognitive: attention, 
concentration, memory problems

Affective: irritability, depression, 
anxiety, emotional lability



 Coup: direct 
skull impact

 Contrecoup: 
opposite side 
of impact

 Due to negative 
pressure forces 
causing both 
vascular and 
tissue damage



GCS<15 or Declining 
GCS

 Intoxicated/Impaired

 Age > 60yr or <4yr

 Amnestic to events

Witnessed LOC (>15 
minutes)



 Seizure or Vomiting

 Evidence of Skull 
Fracture

 Coagulopathy

 Penetrating Head 
Injury

High Risk Mechanism





Primary Traumatic Injuries, such as 
Intracranial Hemorrhage, can trigger 
secondary insults by raising the Intracranial 
pressure.

 Normal ICP Intracranial Pressure in resting 
state is 10mmHg

 Pressures greater than 20mmHg can indicate 
poor outcomes.



 The volume of the intracranial contents must 
remain constant.

 If swelling or hematoma occur, then an equal 
volume of CSF and intravascular venous 
blood is compressed out-providing a buffer 
for a while.

 The ICP remains normal until equilibrium is 
surpassed. 

 Once the limit of fluid displacement is 
reached, decompensation takes over and the 
ICP will rapidly increase causing brain 
swelling



 Mean Arterial Pressure is self 
regulated in the brain. 

 A MAP of 50 to 150mmHg is auto-
regulated to perfuse the brain

 In the presence of TBI this can be 
disrupted and ischemia and infarct 
can occur



 Given as a bolus dose and/or 
continuous infusion to treat or 
prevent elevated ICPs

 Needs to be given into a Central 
Line (infiltration can cause tissue 
necrosis)

 Rate of infusion must be closely 
monitored to avoid Central Pontine 
Herniation

 Concentration of 3% commonly 
given

 Monitor Serum Sodium every 6hrs-
maintain  145-155

 Monitor Serum Osmols every 12hr



Sub-Dural Hemorrhage

Epidural Hemorrhage

Sub-Arachnoid 
Hemorrhage





Occurs in approximately 30% of patients with 
severe TBI

A result of shearing injury to the superficial 
bridging veins cerebral cortex, causing a bleed 
between the meningeal layer of the dura and 
arachnoid.

On CT scan, appears as crescent shape and does 
not cross the midline, but can cross suture lines.







 This patient had a CT scan 1 
week prior that 
demonstrated a chronic 
subdural hematoma 
(represented by the low 
density fluid on this study). 
Over the next week, his 
clinical condition 
progressively declined, The 
gray blood represents sub-
acute hemorrhage, whereas 
the white blood represents 
acute bleed.



 Time Sensitive traumatic intra-cranial lesions

 70% of the time they are located in Temporo-Parietal 
area

 Associated with skull fracture 90% of the time

 Often result from tear of the middle meningeal artery

 Biconvex in shape as cerebral dura pushes away from 
inner table of skull

 Only 20% of epidural hematomas present with classic 
brief LOC and then become alert-followed by rapid 
decline to herniation



Classic presentation of Epidural Bleed is a biconvex 
or lenticular appearance on CT scan



Epidural Hematoma Epidural Hematoma



Hang in There- We’re Almost 
Done!



 Occurs in 40% of patients with moderate to 
severe head injury. Often associated with other 
intracranial bleeds.

 Result from direct laceration of the small 
cortical vessels which lie in the subarachnoid 
space between the pia and arachnoid 
membranes. 

 It most commonly results from head trauma. 
However, can occur from ruptured cerebral 
aneurysm or arterio-venous malformation







Denotes the presence of blood within the 
ventricular system of the brain, can lead to 
morbidity due to the potential development 
of obstructive hydrocephalus

Usually a secondary bleed from primary injury 
source.



 Intraventricular
Hemorrhage
◦ Very severe TBI
◦ Poor prognosis

 Intracerebral
Hemorrhage
◦ Parenchymal injuries from 

lacerations or contusions
◦ Large deep cerebral 

vessel injury



 Aspirin/Plavix
◦ In patients with TBI AND Known history of aspirin 

and/or clopidogrel (Plavix) use: 

◦ Check baseline PFA ASPIRIN and/or Plavix AND 
Administer 1 unit of pheresis platelets (1 unit = 

6-10 pack) IV x 1 STAT 

◦ Check an agent-specific PFA 1 hour after platelet 
transfusion complete 

◦ In patients with TBI AND Unknown history of 
aspirin or clopidogrel (Plavix): 

◦ Assess risk for administration of aspirin or 
clopidogrel (See Algorithm) 

◦ High Risk = treat the same as known history of 
aspirin and/or clopidogrel

Reversal 
of Aspirin 

& Plavix 
Guidelines



Reversal of 
Aspirin & Plavix 

Guidelines

◦ Low Risk: 
◦ Check STAT PFA ASPIRIN & PFA PLAVIX assays 
◦ Administer 1 unit of pheresis platelets if either assay is 

positive 
◦ Repeat the positive PFA 1 hour after platelet transfusion 

complete 
◦ Minimal Risk: No further action 
◦ Consider the addition of one of the following options in 

patients with renal dysfunction 
◦ (i.e. BUN > 20 and/or SCr >2) and active bleeding: 
◦ Desmopressin injection (dDAVP) 0.3 mcg/kg IV in 50mL 

NS x 1 



RECOMMENDATIONS 
• Level 1 
Fresh Frozen Plasma (FFP) should be used for emergent reversal of elevated INRs. 

• Level 2 
Dosing of phytonadione (Vitamin K) should be based on the patient’s 

current INR, risk of bleeding, and future need for anticoagulation

Reversal of warfarin with Vitamin K should be reserved only for the most 
serious bleeding events or patients who will not be restarted on 
warfarin. 

Vitamin K should be administered either orally or intravenously (IV) only. 
(Oral Vitamin K is the safest and most reliable route.)

IV Vitamin K should be reserved for rapid reversal in serious bleeding events only. 

Subcutaneous and intramuscular administration of Vitamin 
K should be avoided 



• Level 3 
Initial dose of FFP based on risk of bleeding: 
Low to moderate risk – FFP 2 units 
High risk or active bleeding – FFP 4 units

INR should be rechecked 1 hour after administration of FFP. 
Prothrombin Complex Concentrate (PCC) should be administered 

to patients on warfarin with an INR >2 AND evidence of 
intracranial hemorrhage on CT scan.

FEIBA NF 1000 units (one vial) IV push over 5 minutes 
Check INR 30 minutes after administration 
Vitamin K should not be administered to patients with prosthetic 

heart valves, only low doses (1mg) should be used if absolutely 
necessary. 



 Comprised of Factors II, VII, IX, X, Anti-thrombin 
Proteins C and S

 Indicated for urgent reversal of Vitamin K 
agonists such as Warfarin

 Individualized dosing based on patient’s current 
pre-dose INR value and body weight

 Administer Vitamin K concurrently to maintain K 
dependent clotting factor levels once the effect 
of prothrombin complex concentrate has 
diminished





 A viscoelastic hemostatic assay that measures the 
global visco-elastic properties of whole blood clot 
formation under low shear stress

 Thromboelastography is a method of testing the 
efficiency of blood coagulation.

 TEG also can assess platelet function, clot strength, 
and fibrinolysis 

 Routine plasma-based tests such as prothrombin time 
and activated partial thromboplastin time are 
inadequate in diagnosing hemorrhagic coagulopathy.





In this presentation we have reviewed the epidemiological 
incidence of TBI with a review of basic NeuroAnatomy and 
Function

We have discussed Concussion and several common types of 
Traumatic Intra-cerebral Bleeds and their Imaging

Reversal of common anticoagulant therapy in those with Acute 
Traumatic Brain Injury.
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