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Hypoxic/Ischemic changes

• General Terms

– Infarction = morphological entity:

• a large, localised area of tissue necrosis caused by 
reduced blood flow

– Ischemia = perfusion below the metabolic needs of the 
tissue (lack of oxygen and substrates/glucose)

– Hypoxia = reduced oxygen content in blood (lack of 
oxygen)



Incomplete necrosis

• Transient ischemia 

• Necrosis of neurons (→ selective)

– Cell body: condensation and lateralization of Nissl
substance, hydropic swelling, eosinophilia – red neurons, 
homogenization

– Nucleus: lateralization, pycnosis, karyolysis or karyorrhexis

• Pericellular edema

• Scavenging by microglia (macrophages)



Complete necrosis - infarction

• Severe and prolonged ischemia

• Necrosis of neurons and glia (vessels often survive)

• Macro- and microscopically pale area (HE)

• Perifocal edema zone

• Petechial, perivascular bleedings may occur

• NB hemorrhagic infarction = macroscopically visible 
hemorrhage



Timing of changes 











Selective vulnerability

• Hippocampus‐ sector CA1 is most vulnerable, sector CA2 least 
affected.

• Cerebral cortex‐ neurones of layers 3, 5 and 6 are most vulnerable. 
Damage is most pronounced within the depths of sulci and 
posteriorly within the cerebral hemispheres (triple watershed 
zone).

• Basal ganglia (including thalamus)‐ variable.

• Cerebellum‐ Purkinje cells and neurons in the dentate nucleus

• Brainstem‐ Brainstem nuclei tend to be relatively preserved in 
adults, but when they are affected, sensory nuclei are more 
susceptible than motor nuclei.





Vascular problems of the Brain

• Occlusion of a vessel = infarction

• Hypoperfusion = watershed infarcts

• Cardiac arrest = selective vulnerability and global ischaemic 
injury



Vasculature of the brain

• Two vertebral arteries
– Begins in the root of the neck
– 1st branch of the subclavian

arteries
– Passes through the foramina of 

the fist six cervical vertebrae
– Pierces dura in suboccipital region 

and passes through foramen 
magnum
– Unite at the caudal part of the 

pons to form the basilar artery



Vasculature of the brain

• Two internal carotid arteries

– Arises from common carotid artery

– Ascends vertically from the neck to base of skull

– Enters cranial cavity through carotid canals (temporal 
bone)

– Passes through sinus cavernosus

– Splits into:  

• Anterior cerebral artery

• Middle cerebral artery



Vasculature of the brain









Border zone infarcts; occur at the boundary between two arterial
territories. Usually caused by a drop in blood pressure (ischemia)

Watershed areas



Borderzone infarct



Ischemic infarct
• Incidence

– Rare between ages 45-55 years; more common in elderly

– 800,000 cases per year in USA

– Major cause of adult disability in USA

– 3rd leading cause of mortality

– Increasing incidence in developing world

• Presentation

• Sudden onset of neurological deficit

– Large vessel infarct in middle cerebral artery may cause 
hemiparesis, hemisensory loss, homonymous hemianopsia
contralateral to vessel occlusion

– Small vessel infarct (e.g., lacunar infarction) yields more isolated 
motor or sensory deficit



Ischemic infarct - macroscopic

• Acute
– 1st feature: Blurring of gray-white matter junction, congested 

vessels, tissue softening, 1-2 days
– Cracking of gray from white matter due to advanced tissue 

necrosis, 3-4 days
– Progressive softening and cavitation during subacute resolving 

stage
– Bland ischemic infarct: Little or no blood or blood pigments
– Hemorrhagic, often embolic or venous: Blood or blood 

pigments, especially in gray matter
– No definite gross changes until 6-8 hours

• Remote
– Cavity with variable degree of collapse
– In territory of supply of occluded vessel



ACUTE INFARCT



Acute / chronic hemorrhagic infarct



Ischemic infarct -microscopic

• Acute, 8-12 hours

– Neurons can be histologically almost normal

– Edema and pallor of infarcted areas

• Acute, 12-24 hours

– "Red-dead," acutely ischemic neurons

• Shrunken, sometimes extremely 

• Hypereosinophilic cytoplasm

• Karyolysis

• Background vacuolization of neuropil

• Occluded vessel, some cases



Acute infarcts are pale and often vacuolized, especially at the 
perimeter near the junction with intact brain (black solid arrow).



Vascular cells in the early infarct are hypertrophic and sometimes in 
mitotic division 
A "red-dead" neuron helps in the diagnosis.



Ischemic infarct - microscopic

• Subacute
– Progressive influx of macrophages and activation and migration 

of microglia.
– Vessels usually spared

• Unlike diffuse coagulation necrosis in malignant glioma
• Hypertrophy and hyperplasia of capillary vascular cells

– Scattered mitoses
• Plump reactive astrocytes at perimeter

• Chronic: Weeks to months, progressive removal of necrotic debris 
by macrophages, cavitation, strands of residual glial tissue, and 
traversing blood vessels



• Early Macrophage Influx

– Proliferating capillaries facilitate 
the entry of blood monocytes, 
which become phagocytic 
macrophages with bubbly 
cytoplasm and small dark nuclei 



Prominent Macrophage Influx

• By the end of the 1st week, the 
macrophage influx is well underway 
as these cells move beyond the 
immediate perivascular areas toward 
the center of the necrotic zone. The 
phagocytes persist for as long as 
necrotic debris remains, usually 
months in the case of a large lesion.



1-Week Infarction

• During the 1st week after tissue 
infarction, neurons are progressively 
removed and "red-dead" neurons 
become barely discernible . The 
basophilia of the proliferative 
vasculature reflects the high 
metabolic rate of these cells, but can 
be worrisome to the surgical 
pathologist.



Plump Endothelial Cells

• When macrophages are 
abundant in an infarct, they may 
give the impression of a glioma
due to the hypercellularity. This is 
especially true when they occur 
along with plump endothelial 
cells 



Early Cavitation

• Progressive removal of necrotic 
debris over weeks to months 
leads to early cavitation .



Progressive Cavitation

• Progressive cavitation of an 
infarct appears over weeks to 
months.



Chronic cavitated infarction

• Macrophages in a subacute or chronic evolving infarct are interspersed with strands of 
glial tissue and delicate blood vessels.



Spontaneuos hemorrhagic brain lesions



Causes of spontaneous intracerebral haemorrhage

• Hypertension

• Cerebral amyloid angiopathy

• Vascular malformation

• Neoplasia

• Trauma

• Iatrogenic 



Small vessels disease of the white matter

• Mostly associated with aging and hypertension

• The terms lipohyalinosis and arteriolosclerosis are the most 
commonly used terms



Small vessel atherosclerosis

• Related to hypertension



Arteriolosclerosis

• Concentric hyaline wall thickening of small arteries and
arterioles



Lipohyalinosis

• Degenerative process initiated 
by fibrinoid necrosis.

• Segmental arteriole 
disorganisation



Predilection places for hypertensive haemorrhage

1. Basal ganglia (putamen and pallidum)

2. Thalamus

3. Pons

4. Cerebellum







Amyloid angiopathy

• Sporadic Cerebral amyloid angiopathy (CAA)

• Hereditary amyloid angiopathies

– Non-stroke: Danish, British

– Stroke: Dutch, Flemish, Italian, Icelandic



Amyloid angiopathy

• Most common cause of lobar (often superficial and 
multifocal) spontaneous intracerebral haemorrhage in elderly, 
normotensive patients

• Sometimes associated with subarachnoidal haemorrhage



Amyloid angiopathy

Immunohistochemistry for Beta-amyloid



Vascular malformations

• ruptured aneurysms or 
trauma can lead to
intacerebral and
subarachnoid hemorrhage





Subarachnoid haemorrhage due to ruptured
aneurysm

• Aneurysm present in 2-3% 
of normal population

• Incidence of SAH : 10-
12/100,000

• Increase with the age 40s-
60s

• 25% of stroke related 
mortality before the age 
of 65 y

• 30% died within 72 hours 
but massive bleeding can 
lead to coma and death 
within minutes



Cerebral aneurysm practical points

• Blood vessels should be gently dissected before the brain 
fixation at time of autopsy and before fixation

• The aneurysm is most likely present where most concentrated 
site of SAH

• Examine the junction of the major arteries

• Ruptured aneurysm are commonly above 5 mm.

• Consider for multiple aneurysms.

• In about 5% no aneurysm is found so should consider other 
DD of SAH

• Aneurysm can rupture due to head trauma



Neoplasia

• Due to primary brain tumors or brain metastasis



Other causes…

• Illegal drugs can induce haemorrhage within 6 hours of application

– Bleeding usually occurs in the white matter and may be fatal

– Vessel wall changes characterized by fibrinoïd necrosis of the media 
and intima with perivascular infiltrates:

– “toxic speed vasculitis”

• Other non-amyloid genetic angiopathies

– CADASIL, CARASIL, COL4A1 mutations

• Vasculitis

– Secondary to systemic connective tissue disease (SLE), primary CNS 
angiitis, Wegener’s, Henoch-Schonlein purpura etc

• Others

– radionecrosis
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