Pathology – Ischaemia and Infarct

Ischaemia (Dorland’s)

Ischaemia results from reduced perfusion due to vasoconstriction or obstructed blood supply to tissues. This causes not enough nutrients and oxygen delivery to tissues such that glycolysis can occur and ATP for cellular mechanisms can occur. Although hypoxia has a similar meaning, the two terms are not synonyms. Hypoxia refers to the reduction in oxygen supply to the tissues inspite for adequate perfusion. There are various forms of hypoxia described below:

· Anaemic hypoxia:  This is hypoxia resulting from low oxygen carrying capacity in the blood resulting from reduction in haemoglobin levels in the blood or alteration of haemoglobin constituents therefore reducing the ability to carry oxygen. 

· Hypoxic hypoxia: Results from the low oxygen levels entering the blood. Usually results from inadequate gas exchange in the lungs. 

· Ischaemic/Stagnant: This is hypoxia due to inadequate blood flow so oxygen deliverance to the tissues in below normal levels. 

· Histotoxic hypoxia: This is because of impaired usage of oxygen by the cells leading to hypoxic damage. 

For anaerobic respiration of cells to occur, glycolysis is the only step occurring producing 2 ATP molecules per cycle. Eventually, the substrates for this will be exhausted and this is the point when anaerobic respiration stops. Or, metabolic products will build up in the glycolytic cycle therefore inhibiting this process. The build up of metabolic products may be attributed to altered perfusion of the tissues (i.e.: normal perfusion may have taken the metabolic waste products away from tissues ( CO2). For this reason, ischaemic injury may occur before hypoxic injury. 

Causes of ischaemia

Keeping in mind ischaemia results from low perfusion of tissues due to vasoconstriction or obstructed blood supply the causes can be simplified to:

· Thrombosis caused by Virchow’s Triad:

· Venous thrombosis: This means right heart filling is impaired and if the clot if big enough, cardiac output is impaired therefore delivery of blood to tissues is impaired therefore reduction of blood flow to tissues occurs ( ultimately causing ischaemic hypoxia
· Arterial thrombosis: A clot in the systemic circulation will mean blood perfusion to organs and tissues is dramatically reduced so delivery of nutrients and oxygen is impaired ( ultimately causing ischaemic hypoxia
· Embolism

· In this case a thrombus fragments and this lodges in another area which obstructs blood supply to tissue supplied by the obstructed vessel. Rarely, a PE will cause an infarction if the collateral blood supply and bronchial circulation is not intact. Sometimes an embolus from DVT may travel to the cerebral or cardiac circulation in which case you will have severe ischaemic damage and therefore possibly cause death

· Vascular spasm

· Cellular injury leading to decrease in nitric oxide. This means the vasodilatatory effect is lost and as a result vasoconstriction results, per say. Therefore decreased blood supply will cause ( ischaemic hypoxia. 

· Atheroma

· An atheroma is a mass of degenerated thickened arterial intima occurring during atherosclerosis. This will cause obstruction of blood supply or predispose to thrombus formation according to Virchow’s triad. 

· Compression

· Veins are more susceptible as they exhibit thin walls so easily compressed. Compression results in completely/partially obliterating the blood supply causing injury

· Vasculitis

· Inflammation of a vessel will cause swelling in the area, narrowing the vessel lumen and as a result may obstruct blood flow ( even cause thrombus formation ( will cause more problems in terms of blood supply

· ‘Steal’ syndromes

· Some tissues are more vascularized than others. Thus, more blood supply recruited by the ‘other’ tissues will further compromise blood supply to already diminished tissues therefore making them more susceptible to ischaemic injury. 

· Hyperviscosity

· Viscosity described the resistance to flow. Hence hyperviscosity describes excessive resistance to the flow of blood therefore may cause ischaemic injury because of slow/inadequate deliverance of nutrients and oxygen to the tissues. Comes under impaired blood flow (  ischaemic hypoxia. 
It is important to know that tissues under hypoxic conditions may be able to adaptable to these changes but tissues undergoing ischaemia will cause damage that may lead to necrosis. 

Ischaemic effects (Robbins Pg 11)

The ischaemic effects can be reversible upon restoration of blood supply, or sometimes the injury to too great and is termed irreversible. The reason why irreversible injury occurs is because organelles like: mitochondria need oxygen themselves to survive, so if this is depleted for long enough then these primary organelles begin to shut down hence die. Even giving them oxygen afterwards will not help therefore cell will die. The effects of ischaemia are therefore dependent on:

· Time of ischaemic period (i.e.: brain, heart and kidney cells cannot tolerate ischaemia well whilst skeletal muscle is able to). 

· Metabolic needs of tissue (i.e.: brain, heart, kidney has high metabolic needs whilst other structures may require less energy fn). 

Infarction (Robbins Pg 132)

An infarct is defined as the death of cells/tissue due to ischaemic injury either because of obstructed arterial supply or venous drainage of the tissue in question. Nearly 99% of all infarcts occur as a result of thrombotic or embolic events, and almost all result from arterial occlusion. 

Morphology (Robbins Pg 132)

Infarction is classified on the basis of their colour and the presence or absence of microbial infection. The various types are:

· Red infarcts: Haemorrhage is evident. This is because obstructed arterial blood supply means blood tends to pile up and cause haemorrhage of the vessel, escaping blood into the extravascular tissues. 

· White infarcts: Haemorrhage is also evident but not to that extent.

· Septic: described as infected

· Bland: described as sterile

Fundamental Histological changes in infarction

The fundamental histological change occurring is ischaemic coagulative necrosis. Refer to earlier lectures for a complete understanding of this. If the occlusion has just occurred within minutes to hours of the death of patient, then no histologic characteristics may be evidence. If the patient lasts for about 12-18 hours, then haemorrhage is only evident. Other characteristic changes include:

· Inflammatory response is recognised initially – along the margins of the infracted area. 

· Macrophages and neutrophils infiltrate the area

· The inflammatory response is triggered by necrotic tissue so phagocytosis occurs because this as well. 

· In preserved margins a reparative process occurs ( for stable tissues some regeneration occurs along the peripheries if the underlying stromal structure has not be affected, but most infarcts are replaced by scar tissue. The reparative process occurs along the margins first and then towards the centre. 

· The only exception to scar tissue formation is liquefactive necrosis and cysts are formed. Remember for people in my pathology tutorial we saw abscesses of the brain, this is liquefactive necrosis. 

Major determinants for infarct development

· Nature of the vascular supply: Collateral circulation will help reduce the chance of infarction. For example the lungs have dual blood supply, so as long as the bronchial circulation if intact in case of a PE, the lung parenchyma will not be affected. The same way, the liver has dual hepatic arteries and venous drainage therefore susceptibility is reduced. 

· Rate of development of occlusion: When rate of occlusion is sudden, infarct is most susceptible. When rate of occlusion is slow and is over a period of time, then infarction is less likely. This is because of alternate blood pathways being able to be formed in the given space of time. The more time the better this pathway is established and as a result the less likely the infarction process is to occur. For example, interarteriole connections between the three major coronary arteries serve no particular function normally, in case of a slow occlusion of one of the vessels, blood flow will be redirected along these connections therefore preventing the chances of in an infarct. 

