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CNS: Traumatic brain injury (TBI) and intracranial bleeds
Introduction
-

Physical forces applied to the head may result in injury to the skull, brain parenchyma
and cause vascular bleeding, significant in a closed space Often all 3 occur together.
Clinical pathological correlation of TBI:

Condition
Concussion

Contusion
Coup injury
Contrecoup
injury
Diffuse axonal
injury
Postconcussion
neuropsychiatric
syndrome
-

Definition
Often used interchangeably with mild TBI, but it more correctly refers to
the clinical finding and TBI to the trauma. It is considered to be a
functional or metabolic event, without abnormalities on CT scan.
Characterized by confusion and memory loss.
Injury to the brain, equivalent to a “bruise”. There is usually associated
subarachnoid and parenchymal blood
Cerebral injury beneath the point of contact.
Damage to the brain on the side opposite to the direct contact in a
deceleration with sudden stoppage injury on a surface. Typically, a
coup/contrecoup injury.
Injury to the white matter. Seen in whiplash injury where there is rapid
acceleration/deceleration with contact with a surface.
Constellation of headaches, mood changes and cognitive symptoms that
can last for years after TBI. CT scan may show no abnormality.

Epidemiology:
o Etiology (US):
 Motor vehicle accidents……………
 Falls…………………………………………..
 Work-related…………………………….
 Recreational……………………………...
o Gender: male : female = 2:1

33%
33%
10%
10%

Skull fractures
-

-
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All skull fractures are caused by trauma.
o Most of the skull’s protection is from the scalp
o The skull is thickest over the frontal and occipital lobes.
Classification:
o Linear skull fracture:
 Low energy force over a large surface area
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Vault fractures: defined as any fracture that does not involve the base.
The fracture pieces are held in place by scalp and most patients have an
uncomplicated recovery.
Basilar fracture: often associated with a dural tear that bleeds. Patients
commonly have a protracted recovery, typically with headaches s the
blood is irritating. Basilar fractures are most commonly due to a
backwards fall. The fracture is often recognized several days later when
there is fluid or blood leakage (see image).

Basilar fractures and symptoms
o Depressed skull fracture:
 High energy force over a small area.
 Most are open fractures (i.e. there is laceration of the skin), and must be
closed to prevent direct infection
 Treatment is expectant; surgery is indicated if the fracture fragment is
depressed more than 5 mm.
Traumatic brain injury (TBI)
Concussion
-

2

A term often used interchangeably with mild TBI, concussion more precisely refers to
the clinical features caused by the trauma.
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It can be caused by a direct blow to the head or sudden deceleration when the moving
head strikes a hard surface.
It is considered a functional or metabolic pathology, with a normal CT scan
o A common pathophysiologic description is that of a metabolic cascade caused by
indiscriminate glutamate release which causes an influx of calcium into neurons.
o The large expenditure of ATP required to clear the Ca+2 leads to a metabolic crisis
that can last for days.
Presentation
o Symptoms: confusion and amnesia
 Loss of consciousness is not necessary, but it is diagnostic.
 Amnesia for the actual traumatic event is a reliable diagnostic finding
 Headache
o Physical exam:
 Balance disturbance
 Tonic posturing with the blow (i.e. “en garde” positioning of arm)
 Balance disturbance
 Vomiting
Natural history
o A rest period of 7-10 days is necessary, with re-examination
o Postconcussive neuropsychiatric syndromes occur with repetitive injury.

Direct parenchymal injury
-

-

-
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Contusions are the equivalent of bruising and are caused by any trauma that leads to
tissue necrosis
Lacerations have tearing of brain tissue
Coup injury is seen when an object hits a stationary
head causing necrosis (i.e. bruising).
o Damage is from the outside in, with a wedgeshaped configuration and streaks of bleeding.
o There is accompanying subarachnoid
hemorrhage
Coup-contrecoup injury is seen when the moving head
hits a stationary object.
o The brain gets a coup injury at the point of
contact when the skull stops but the brain
continues into the skull.
o The contrecoup injury occurs at 180° to the
coup injury when the brain bounces back from
the point of contact with the skull.
Diffuse axonal injury occurs when the brain accelerates and decelerates without hitting
an object. Examples include whiplash in a car accident or shaken baby syndrome.
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o The parasagittal cerebral hemispheres are anchored to the arachnoid
granulations, but the lateral cerebrum moves more freely. This, together with
the different density of white and grey matter allows for shearing forces,
especially at the grey matter : white matter junction. The disruption of the long
axons causes diffuse axonal injury. The axonal dysfunction and retraction occurs
over hour to days.
o Patients typically present with coma.
o Imaging studies show lesions at the grey: white matter junction and in the white
matter. MRI is more sensitive as it shows edema
Traumatic vascular injury

A. Epidural hematoma
o Pathophysiology: Fracture and displacement of the temporal bone lacerates the
middle meningeal artery, which arises off the external carotid artery.
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o Presentation: There is often a lucid period before the onset of neurologic
symptoms as it takes time for the mass of blood to accumulate. As the blood is
under arterial pressure, impairment usually occurs within hours (unlike subdural
hematomas which have venous pressure and a time frame of days to weeks).
o Imaging (see MRI image below):
• “lens shaped” accumulation of blood (i.e. the blood has a convex
curve on the brain side)
• Blood does not cross suture lines (typically the coronal and
metopic suture lines)
o Treatment requires drainage of larger bleeds
B. Subdural hematoma
o Pathophysiology:
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Bridging veins traverse the space between the brain and the dura to empty
into the superior sagittal sinus. The veins are vulnerable to tearing as they
insert into the dura.
The cerebral atrophy of aging stretches the veins making them vulnerable
to tearing with even the smallest of trauma.
Anticoagulation makes subdural hemorrhage more likely.

o Presentation: depends on location and rate of hemorrhage, but symptoms take
longer than epidural bleeding as bleeding is at venous pressures.
 Acute:
• Occurs in <72 hours
• Usually associated with parenchymal injury from moderate to severe
blunt trauma (e.g. a drunk person in a fight)
• Fresh blood leads to ↑ICP
 Chronic
• Develops over weeks
Treatable causes of dementia
• Antecedent injury may not be identified,
especially in old people
• ↑ICP arises from clot
• Presents as headache and confusion
• One of the treatable causes of dementia
o Imaging (see MRI image below):
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1. Depression
2. Alcohol
3. Normal pressure hydrocephalus
4. Chronic subdural hematoma
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Crescent-shaped blood (i.e. concave on brain side)
Crosses suture lines
Appearance of blood can be used to date the age of the bleed
• Acute subdural bleed (i.e. < 1 week) is hyperdense
• Chronic subdural bleed (i.e. > 2-3 weeks) is hypodense
C. Subarachnoid bleed (SAH)
 Pathophysiology: Due to extension from intraparenchymal bleed from a
• Contusion
• Hypertensive intracerebral hemorrhage
• Or rupture of a berry (aka saccular) aneurysm.
 Berry aneurysms
• Epidemiology: seen in 2% of population
• Pathophysiology: arise over years in a congenital defect in the artery
wall due to lack of internal elastic membrane and smooth muscle
cells.
o Acquired risk factors: hypertension, smoking
o Hereditary:
 Autosomal dominant polycystic kidney disease
 Marfan syndrome
 Ehlers-Danlos syndrome
 Fibromuscular dysplasia
o Sites of occurrence:
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Presentation (berry aneurysm)
• Symptoms: acute onset severe headache (“worst headache of my
life”)
• Physical exam: papilledema, ↓mental function
• Imaging (see MRI image below): bleeding conforms to the shape of
the gyri in the subarachnoid space
Natural history
• 1 cm aneurysms have a bleeding risk of 50% /year
• 25-50% of patients die with first rupture
• Complications”
o Secondary ischemia in first few days post-bleed due to
vasospasm from irritation of blood on arteries
o Re-bleeding
o Communicating hydrocephalus from obstruction of
arachnoid granulations in response to blood

The Imaging of Intracranial Hemorrhages
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Location
Epidural

Pathology
Fracture of temporal
bone, laceration MMA

Subdural

Tearing of bridging veins
(age, anticoagulation)

Imaging
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Subarachnoid Trauma, berry aneurysm

Intraparenchymal

Trauma, hemorrhagic
stroke (especially
hypertension)

Images from Heit, Jeremy. J of Stroke 2017;19(1):11-27. Creative Commons license
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CNS: Traumatic brain injury (TBI) and intracranial bleeds
Do You Know It?
1. How can a basilar skull fracture be recognized clinically?

2. What is a coup-contrecoup injury?

3. What artery does the middle meningeal artery arise from?

4. Subdural hematomas arise from a torn “bridging” vein. Draw a figure with the layers of the head
showing where this occurs.

5. What are the risk factors associated with a berry (aka saccular) aneurysm?

6. For each image, what is the diagnosis, presentation and pathopathology?

a.

c.
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b.

d.
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