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CNS: Cerebrovascular disease
Global cerebral ischemia (aka hypoxic ischemic encephalopathy)
-

-
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Introduction
o Defined as cerebral dysfunction due to a generalized decrease in perfusion of the
brain due to hypotension or respiratory failure
 Occurs at BP < 70 mmHg (note that shock is BP < 90 mmHg)
 Occurs with PaO2 < 40 mmHg (note that respiratory failure is PaO2 < 60 mmHg)
o Histotoxic hypoxia is caused by direct impairment of the electron transfer chain due
to poisons such as cyanide or carbon monoxide.
o Hypoxia (i.e. decrease in oxygen) is better tolerated that ischemia (i.e. decreased
blood flow) as ischemia also has a loss of nutrients and decreased clearance of
wastes.
Clinical-pathologic correlation
o There is a progressive spectrum of clinical sequelae associated with an increasing
duration of hypoxia.
o Complete recovery: hypoxia lasts < 5-10 minutes
o Individual neuron loss
 Pyramidal layer of hippocampus, especially CA1 (referred to as Sommer area)
has the most sensitive neurons of the brain. Damage is associated with loss of
memory.
 Laminar necrosis is seen in the grey matter due to loss of metabolically active
cortical layers 3 and 5. Necrosis can also be caused by increased demand such
as status epilepticus. It is best identified by MRI, which identifies the
associated edema. Clinical sequelae are variable, depending upon reversibility
and area affected.
o Regional pathology: the watershed regions
 Border zones at the end circulation of the anterior-middle cerebral arteries and
middle-posterior cerebral arteries.
 There are sickle-shaped bands of necrosis
 Neurologic defects are variable
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o Generalized impairment
 As damage extends beyond the watershed regions, there are patchy losses and
residual defects that range from mild dementia to spasticity.
o Vegetative state
 Defined as a state of wakefulness (e.g. sleep cycles, arousable, open eyes) but
no awareness.
 After 3 months, it is considered permanent (i.e. there is no recovery)
• Day 3 is key: a lack of corneal or pupillary response and/or (+) Babinski are
poor prognostic signs
 Caused by damage to the reticular activating system or widespread cortical
damage with preservation of the brain stem.
o Coma
 A state of pathologic unconsciousness it which the patient is neither aware nor
arousable.
 The natural history can be recovery, persistent vegetative state or death,
typically within 2 weeks.
 Progressive loss of mental function in acute pathology is measured with the
Glasgow coma scale. This was developed for trauma, but now has widespread
application.
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The Glasgow Coma Scale
Typically used in head trauma, but it has widespread application for other CNS diseases. It keys on the
assessment of 3 major functions: eye opening, verbal response and motor response.
Eyes open spontaneously
Eyes open to sound
Eyes open to pain
No response
Oriented
Confused response
Inappropriate response
Incomprehensible
No response
Obeys (“make a fist”)
Localizes to pain
Withdraws to pain
Decorticate posture
Decerebrate posture
No response

4 points
3
2
1
5 points
4
3
2
1
6
5
4
3
2
1

Glasgow score 15…………..fully conscious
Glasgow score 3…………….coma

Acute ischemic stroke (AIS)
-
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Introduction:
o Stroke is defined as a focal necrosis of brain tissue due to acute vascular pathology.
By comparison, a transient ischemic attack (TIA) is temporary neurologic dysfunction
due to focal ischemia without necrosis.
o There are about 700,000 new acute ischemic strokes /year in the US, with 140,000
deaths (#3 cause of death after heart disease and cancer)
o Ischemic strokes account for 85% of strokes; hemorrhagic strokes for 15%
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Pathophysiology:
o Etiology:
 Ischemia
• Thrombus: usually atherosclerosis
• Embolus: from the heart or a proximal artery
• Hypoperfusion: decreased blood pressure (see above: Global ischemic
hypoxia)
 Spontaneous hemorrhage (i.e. non-traumatic, see also: CNS: Traumatic brain
injury and bleeds)
• Intracranial
• Subarachnoid
o Pathology:
 The brain has a unique form of necrosis called liquefactive necrosis that forms
clear, watery pseudocysts after ischemia. It is thought to be due to the
activation of the inflammasome in the macrophages by the high cholesterol
content from ingested myelin. This induces a second wave of macrophages
with release of MMPs that cause the liquefaction (for more information, see:
CNS: General pathology (1) cell responses and death).
 There are 2 major zones of injury:
• Core zone with severe ischemia <10-20% of normal flow, Neurons are
necrotic.
• Ischemic penumbra: surrounding tissue with moderate ischemia due to
some collateral circulation. Cell may live several hours. Revascularization is
focused on these cells.
 Gross pathology:
• First 48 hours: edema and loss of grey-white matter junction.
• 2-10 days: tissue becomes gelatinous and friable, necrotic area has a
distinct border
• 2-3 weeks: liquefaction and cyst formation
 Microscopic pathology:
• 24 hours: “red” neurons
• Day 3: peak neutrophils
• By 2-3 weeks: gliosis by astrocytes starts in weeks 1-2, microglia cells
predominate by weeks 2-3
• Months: cyst cavity with gliotic lining
 Hemorrhagic conversion:
• Within the first week, with the breakdown of tissue and acute
inflammation, 5-10% of ischemic strokes will hemorrhage into the necrotic
area, causing further damage. The stroke is still considered ischemic in
type.
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Thought to be due to recanalization of restoration of lumen patency.
The blood not only causes mass effect, but it induces vasospasm in
adjacent arteries as well as ischemia-reperfusion injury.

Liquefactive versus coagulative necrosis
Stroke and myocardial infarction are model diseases in the general pathology review
of necrosis. Knowing how the two compare and contrast is a foundational idea in
medicine.

-
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Presentation (acute ischemic stroke):
o Symptoms:
 A sudden loss of focal neurologic function over <5-10 minutes
 Other symptoms are not specific enough to establish an ischemic origin.
o Signs:
 Loss of neurologic function conforms to the distribution of an artery.
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The commonest stroke syndromes are seen in the table below.

Localization
MCA
ACA
PCA
Internal capsule & striatum
Thalamus
Lateral medullary
syndrome



Cerebral regions with specific presentations:

Region
Global
Frontal
R parietal-temporal
L parietal-temporal
Wernicke
Broca area
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Presentation
Dominant- Hemiparesis (face & arm >> leg),
sensory loss, aphasia, hemianopsia
Non-dominant (in addition)- neglect, anosognosia
٠Lower limb weakness and sensory loss
٠Incontinence
٠Homonymous hemianopsia
٠Sensory loss
Pure motor loss
Pure sensory loss
٠Ataxia
٠Horner syndrome
٠Ipsilateral face loss of touch
٠Contralateral loss body pain and temperature

Presentation
↓mental function
Judgement
Contralateral agnosia
Agraphia, finger agnosia,
acalculia, L-R dissociation
Aphasia, receptive
Aphasia, expressive

Pathology
ALZ1, vascular dementia, LBD2
FTD3, Huntington disease
Stroke
Stroke (Gerstman syndrome)
Stroke
Stroke
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1. Alzheimer disease, 2. Lewy body dementia, 3. Frontotemporal dementia

o Testing
 History and physical exam should be used to rule out the other diseases in the
differential diagnosis, which includes:
• Epilepsy: post-ictal confusion, incontinence
• Syncope: spontaneous complete recovery
• Migraine: aura, recurrent
• Hypoglycemia: history of treated diabetes, insulin use
 Imaging
• Differentiation of ischemic from hemorrhagic stroke
• Is the patient a candidate for reperfusion?
• Is ischemic stroke due to thrombus or embolus?
o Natural history
 Prognosis:
• Depends on clinical status (age and blood pressure), size of infarct and
location of infarct
 Treatment:
• “Time is neurons”. Treatment centers on trying to preserve the neurons in
the ischemic penumbra.
• Blood pressure is elevated in stroke but should not be treated unless
extreme, as it is necessary to sustain the collateral perfusion to the
penumbra.
• Plasminogen activator (e.g. alteplase) for reperfusion.
o Mechanical thrombectomy can be used for large vessel
thrombi in specialized centers.
• Anticoagulation for emboli from atrial fibrillation unless the stroke is large
(i.e. >1/3 the area supplied by the MCA), hypertension is severe or there is
hemorrhagic conversion of the stroke.
Transient ischemic attack (TIA)
-

-

-
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TIA is defined as a focal loss of neurologic function due to ischemia without tissue
necrosis. This can be identified
o Clinically: symptoms last <24 hours
o Imaging: no evidence of necrosis
Each method of diagnosis has limitations. Symptoms can be transient even with
necrosis. Different imaging modalities have different sensitivity. CT is less sensitive than
diffusion-weighted MRI.
Pathophysiology:
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o Embolic: from heart (e.g. atrial fibrillation) or atherosclerotic plaque in a proximal
large vessel.
o Penetrating small vessel: occlusive hyaline arteriolosclerosis results in a small infarct,
(i.e. lacunar infarct) in the thalamus, internal capsule or pons.
o Large artery stenosis: atherosclerosis in carotid artery or other large artery like the
MCA.
Presentation:
o Symptoms and signs depend upon the vessel involved and are highly variable.
o Testing: neuroimaging of the brain for evidence of necrosis (i.e. stroke) and
evaluation of heart and proximal arteries for source of emboli
Natural history
o Prognosis: TIA is a medical emergency as there is a 5-10% risk of stroke over the next
few hours (10-15% over the next few days)
o Treatment:
 Larger artery with atherosclerosis: revascularization, and risk reduction drugs
(i.e. statins, antihypertensive, antiplatelet)
 Small vessel hyaline arteriolosclerosis: risk reduction drugs (i.e. statins,
antihypertensive, antiplatelet)
 Embolic TIA (atrial fibrillation): warfarin and antiplatelet medication

Hemorrhagic stroke (aka spontaneous intracranial hemorrhage)
-

-
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Introduction
o Spontaneous intracranial bleeding is not difficult to differentiate from traumatic
hemorrhage with its antecedent history of contusion or the coup-contrecoup
pattern on the frontal and temporal lobe surfaces. Similarly, the traumatic
hemorrhage of epidural, subdural and subarachnoid bleeds has a history of trauma
and characteristic imaging findings (For more information, see: CNS: Traumatic brain
injury and bleeds)
o Hemorrhagic stroke is the second commonest type of stroke after ischemic stroke,
accounting for 15% of cases.
o Hypertension and anticoagulation are the major risk factors
Pathophysiology:
o Hypertensive vasculopathy:
 Most common cause of intracranial hemorrhage (ICH)
 Involves the penetrator arteries that arise at 90° from the main arteries
(regions B-E in image below).
• These are the same arteries that occlude in ischemic stroke resulting in
lacunar infarcts.
• Most common are the lenticulostriate arteries (50-60%), the first branches
off the MCA. The bleed is into the basal ganglia.

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org






9

Hyaline arteriolosclerosis creates a weakness in the wall, first forming
aneurysms which are prone to leaking. These go by the historic name of
Charcot-Bouchard aneurysms. Rupture of an aneurysm leads to hemorrhage.
Presentation:
• Symptoms: usual onset is during routine activities with headache and
vomiting that progresses over minutes to hours with dropping levels of
consciousness.
• Physical exam: findings depend upon the site of hemorrhage (see table,
below).
• Testing: neuroimaging
Natural history:
• Prognosis: depends on the size and expansion of the bleed
• Treatment:
o Reversal of any anticoagulation
o Reduction of blood pressure to <140 mmHg.
o Supportive care
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o Amyloid vasculopathy:
 Most common cause of lobar bleeds (i.e. in the superficial cortex and
subcortical white matter)
 Pathophysiology:
• The same amyloid found in Alzheimer disease (i.e. β-amyloid from amyloid
precursor protein accumulates in the arterial walls.
• Buildup of amyloid in arterial walls leads to weakness and rupture.
 Presentation:
• Larger bleeds present as sudden loss of neurologic function like any other
stroke and findings depend on size and location of the bleed.
• Microbleeds (i.e. <1 cm) are often subclinical. They manifest as a step-wise
progressive loss of mental function called vascular dementia.
• Testing: diagnosis can be made if there are 2 or more hemorrhages in the
superficial cortex.
 Treatment is supportive.
Vascular dementia
Vascular dementia refers to any dementia caused be cerebrovascular disease, including
dementia following ischemic or hemorrhagic stroke. It can also occur over years after
multiple subclinical strokes when they occur in the cortex. These patients show short
periods of decline after each small stroke, with periods of stability in between. This
pattern is called a “step-wise” progression.
Vascular dementia is the second commonest cause of dementia after Alzheimer disease.

o Arteriovenous malformations:
 Most common cause of ICH in children
 Defined as direct connection of arteries to veins, without capillaries
 Commonest hereditary cause is hereditary hemorrhagic telangiectasia (WeberRendu-Osler disease).
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Treatment is surgery.

Sturge-Weber Syndrome
The presence of a capillary vascular malformation on the face, called a “port
wine stain” is associated in 10-20% of cases with a capillary-venous
malformation of the underlying leptomeninges. The risk is higher for those
skin abnormalities that are non-linear and extend to the midline.
These children are at risk for epilepsy and the leptomeningeal vascular
malformations may bleed.

Port wine stain
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CNS: Cerebrovascular disease
Do You Know It?
1. Ischemia of the entire brain occurs at what blood pressure or PaO2?

2. What is the difference between a vegetative state and coma?

3. Classify acute ischemic strokes.

4. Fill in the table:
Pathology of infarction Brain (liquefactive)
Substrate
Time from infarction
0-24 hours
3 days
8-10 days
4-8 weeks

Heart (coagulative)

5. Fill in the table:
Localization
Presentation
MCA
ACA
PCA
Internal capsule
Thalamus
Lat medullary
syndrome
6. When imaging for a stroke, what are the key pieces of information looked for?

7. What are the principles of treating an ischemic stroke?

8. Describe the treatment of these types of TIAs:
a. Carotid artery with stenosis >75%
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b. Pure motor loss
c. Patient with atrial fibrillation
9. What are the types of hemorrhagic stroke?

10. What is the possible complication in this disease?

11. Name the vessel and location of the neuropathology:

Weakness
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C

B

A

Weakness

Weakness
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D

E

Sensory loss

F

Sensory loss

Sensory loss

Answer 11A. Superior branch MCA (look for matching sensory loss, expressive aphasia), B.
Lenticulostriate arteries (internal capsule, lacunar or hemorrhagic stroke), C. ACA (Upper motor
neuron); spine and PNS (LMN), D. same as “A”, E. Branch of PCA, (thalamus, lacunar or
hemorrhagic stroke), F. vertebral artery > PICA (lateral medullary syndrome).
For complete discussion of the neuroanatomy, see: CNC: Clinical Pathologic Correlation
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