87. Brain blood circulation disorders, break of blood - brain barrier

Cerebral blood flow = constant throughout mean arterial pressure of 60 - 160 mmHg
(= autoregulation - local influence of O2, CO2, H)

Cerebrovascular accident
- Transient – Transient ischemic attack (TIA)
- Complete ”Stroke” - Cerebrovascular ”accident” (CVA) 
			85% - ischemic stroke 
			15% - hemorrhage

Etiology of cerebrovascular accident
● Occlusion (50%)
- thrombotic
- non-thrombotic  - disease of vessel walls
	- collagen d. - systemic Lupus erythematosus
	- vasculitis - polyarteritis nodosa, temporal arteritis
● Embolisation (20%)
- from extra- or intracranial arteries, heart - fat, air, tumor emboli
● Hemorrhage (15%) - Rupture of vessel wall - Aneurysm, Hypertension, AV malformation, trauma, tu
● Disturbance of normal properties of blood (5%)
- polycythemia, hyperfibrinogenemia  ischemia, DIC, Haemophilia, thrombocytopenia  hemorrhage

Cerebral ischemia
Transient ischemic attack (TIA)
= episode of focal neurological symptoms due to inadequate blood supply to brain
- sudden, lasts less than 24 hours, leaves no residual deficit
- micro emboli (80%) - (from heart, aorta, extracranial arteries)
- reduced flow - (e.g. fall of perfusion pressure)

Cerebral infarction
sudden onset, with irreversible functional changes

Ischemic cascade
Ischemia = imbalance between cerebral blood flow and metabolic needs → ATP shortage → ion channel disorder – inhibition of Na/K ATPase (K outflux, Na influx), swelling, electrical properties disorder + Ca influx → Glutamate ECF excess → Ca influx → activation of intracellular enzymes –  NOS + xanthine oxidase → Free radicals → cell death!!!
Anaerobic metabolism → hypercapnia, lactacidosis

Therapeutic implications
- in both brain infarction and brain haemorrhage vasoconstrictors are recommended - cause decrease in bleeding, and in infarction improve perfusion via increased blood pressure (the theoretical conclusion that vasodilators could improve blood flow is not correct!!! - vasodilation takes place onlyat the periphery of the infarction, whereas in the hypoxic center the vessels do not react - thus  perfusion in the peripheral vessels increases, but at the expense of perfusion in the infarction zone, which decreases = "steal effect")
- Ca antagonists - block of Ca influx
- Glutamate antagonists 
- free radical scavengers
- Barbiturates -  cerebral metabolism

Clinical syndromes
According to the part of brain affected
Lacunar necrosis = occlusion of penetrating arterioles
can cause multi-infarction dementia

Intracerebral hemorrage
- clinically difficult to distinguish from infarction according to the initial symptomatology at the beginning 
- usually accompanied by headache, vomiting
- x-ray positive
Etiology:
- aneurysm
- arterial hypertension
- blood clotting (due to medicaments)

Blood-Brain barrier 
Blood-cerebrospinal fluid barrier and the blood-brain barrier (BBB) represent substantial protection for the brain against undesirable blood substances. 
These barriers are very permeable to water, O2, CO2 and small lipid-soluble substances, somewhat permeable to small electrolytes - and special transport systems exist for some other specific molecules such as essential amino acids. The barriers are the result of endothelial cells which line capillary walls - and glial cells called astrocytes which wrap the capillaries with fibers. 
The blood-brain barrier creates a protected chemical environment for the brain wherein certain molecules can perform functions independent of the functions those molecules perform in the rest of the body. This is particularly important for the neurotransmitters serotonin (which is highly concentrated in platelets & the intestine) and norepinephrine (which affects blood pressure & metabolism).

Development after birth - bile pigments released due to severe hemolysis in newborns can enter basal ganglia → ”Kern-icterus” 

Parts without hematoencephalic barrier:
- fenestrated capillaries, high permeability - no barrier
- release of hormones
neurohypophysis (neurosecretion)
adenohypophysis releases hormones to blood
epiphysis
- chemoreceptive zones
- area postrema (chemoreceptive area for vomiting)
- organum vasculosum laminae terminalis (osmoreception for ADH control)
- subfornical organ - chemoreception for angiotensin II - fluid intake regulation 

Disruption of blood-brain barrier
 vasogenic edema 
Etiology:
- hyposmolarity, decreased oncotic pressure
- acidosis (increases permeability)
- inflammation (histamine, serotonin, bradykinin)
- hepatic, uremic encephalopathy
- brain injury, neuro-surgery, tumors
- ischemia, hypoxia
- heat stroke; hypethermia, fever (especially in children!!!)
- tricyclic antidepressants (e.g. chlorpromazine)
- Multiple sclerosis





