Cerebrovascular Diseases – 26-04-04
Cerebrovascular disease refers to any abnormality in brain 2nd to a pathological process of blood vessels. 
Hypoxia, Ischaemia, and Infarction (Robbins pp 1307)

There are two types of acute ischaemic injury to the brain:

1. Global cerebral ischaemia: Generalised reduction in cerebral perfusion due to low flow states
2. Focal cerebral ischaemia: Cessation of blood flow to a localised area in brain due to large vessel disease (atheroma, emboli, thrombus) or small vessel disease (vasculitis). 

Global cerebral ischaemia – hypotension, hypoperfusion, and low flow states (Robbins pp 1307)

Global cerebral ischaemia = diffuse hypoxia encephalopathy. There is a range of situations where blood flow can be affected ( therefore affecting the CNS tissue in different ways. Selective vulnerability occurs: this means in a state of global ischaemia period, the neurons are the most vulnerable cells, followed by the glial cells. Also, neurons in different areas are more vulnerable to other neurons in other areas. 
Clinical features: Patients can express a range of symptoms. If there is mild ischaemia ( pts are confused transiently followed by complete recovery. If there is prolonged ischaemia ( widespread brain infarction ( “complete vegetative state” ( diffuse cortical and brain stem injury, absent reflexes and respiratory drive etc. 
Morphology: Macroscopy: 1) swollen: widened gyri, loss of sulci, 2) poor demarcation between white/grey matter on cut surface. Microscopy: 3 stages: 1 (early stage): red neurons: micro vacuolisation, cytoplasmic eosinophilia, nuclear pyknosis/karyorrhexis, 2 (subacute stage): macrophage influx, vascular proliferation, reactive gliosis, 3 (repair stage): gliosis, eventually there is uneven destruction of cortex ( termed pseudo laminar necrosis. Border zone infarcts (“watershed”): These are wedge shaped infarcts that lie at the edge of arterial irrigation and usually occur after hypotensive episodes. The border zone between ACA & MCA are most vulnerable to damage. 

Focal cerebral ischaemia – infarction from obstruction of local blood supply (Robbins pp 1308, Fig 30-13)

The majority of focal occlusions are due to atherosclerosis. This is associated with risk factors such as: hypertension and diabetes. The most common sites for this are: carotid bifurcation, origin of MCA, basilar artery. What usually happens is that there is an atheroma ( whose fibrous capsule breaks ( causes’ platelet aggregation ( vessel occlusion ( infarction. 
Arteritis of vessels is another cause of focal ischaemia. Infectious vasculitis occurs in immunosuppressed patients (i.e.: CMV, toxoplasmosis, aspergillus). Collagen vascular diseases cause polyarteritis ( leading to multiple ischaemic foci. GANS – granulomatous angiitis of the nervous system is characterised by chronic inflammation, multinucleated giant cells, and wall destruction. 
Embolism to the brain can cause occlusive disease. In order of most common causes are: 1) Cardiac causes are most common (i.e.: AF, MI, valvular disease), 2) Arterial thromboemboli (atheromatous plaques), 3) Paradoxical emboli (patent atrial septum ( emboli travels to L heart ( brain), 4) Other emboli: fat, air, tumour. Embolic infarction most commonly occurs in the territory of MCA, and emboli tend to lodge in areas of branching. 

Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is a rare but intriguing cause of stroke. It involves chromosome 19q12. Histopathology: concentric thickening of media & adventitia, EM shows PAS-positive granules within smooth muscle cells. 
Types of Infarcts
There are two main types of infarcts: 1) Haemorrhagic (red) infarction (embolic infarcts: petechial haemorrhages are associated with reperfusion of damaged vessels or dissolving of embolic material), 2) Non-haemorrhagic (pale, bland, anaemic) infarcts (thrombotic infarcts). 
Morphology: Nonhaemorrhagic infarct: Macroscopy: initially pale, soft, swollen ( then gelatinous, friable ( to fluid filled cavity (liquefies) lined by dark tissue. Microscopy: initially red neurons, oedema ( then neutrophilic emigration: microglia, histiocytes become predominate & monocytes migrate to tissue ( then macrophages are stuffed with cellular debris (process of liquefactive necrosis) ( astrocytes develop protoplasmic extensions ( then astrocyte processes form a network of glial fibres + connective tissue becoming wall of cavity. (I doubt you need to learn all of the above!)
Haemorrhagic infarct: Exactly the same as above with added blood extravasation + resorption (whatever this means!). 
Intracranial haemorrhage (Robbins pp 1310)

Intracerebral haemorrhage (Robbins pp 1310)
Intracerebral haemorrhages occur spontaneously without any trauma. The most common risk factor for this is hypertension. Hypertension causes accelerated atherosclerosis of walls, hyaline arteriosclerosis, frank necrosis of walls, Charcot-Bouchard microaneurysms. Other risk factors are: open heart surgery, neoplasms, amyloid angiopathy, vasculitis, vascular malformations. 
Morphology: There are two types of intracerebral haemorrhage: lobar (cerebral cortex), ganglionic (basal ganglia). Microscopy: central core of clotted blood surrounded by anoxic neuronal & glial changes. Eventually, reactive astrocytes come in. 
Subarachnoid haemorrhage and ruptured Berry aneurysms (Robbins 1310, Fig 30-16)

The most common cause of a subarachnoid haemorrhage is a berry aneurysm. 
Pathogenesis of berry aneurysms: Risk factors: hypertension, smoking. The exact aetiology is unknown although genetic risk factors so exist: polycystic kidney disease, Ehlers-Danlos syndrome Type IV, neurofibromatosis Type I, Marfans). These aneurysms commonly occur at areas of bifurcation. Fig 30-16 gives a great diagram. 

Morpology: Microscopy: Outpouching at arterial branch with possible: atheromatous plaques, calcification, thrombotic occlusion of sac. Sac has thickened hyalinized intima, media is thinner at neck, and adventitia is continuous. 
Clinical features: excruciating headache, neck stiffness, and loss of consciousness. 

Vascular malformations (Robbins pp 1313) 
There are three main ones: arteriovenous malformation, cavernous haemangiomas, capillary telangiectasias. 
Morphology: AVM: tangled network of vascular channels, enlarged BVs separated by gliotic tissue, Cavernous haemangiomas: greatly distended, loosely organised vascular channels without any intervening nervous tissue, Capillary telangiectasias: dilated, thin-walled vascular channels separated by normal brain parenchyma. 

Hypertensive cerebrovascular disease (Robbins pp 1313, Fig 30-18)

Lacunar infarcts

Deep vessels supply the basal ganglia, and these vessels undergo arteriolar sclerosis ( some of them become occluded. This develops a single, multiple, small cavitary infarcts (lacunes) – lakelike spaces. Microscopy: cavities of tissue loss with fat laden macrophages + surrounding gliosis. 
