Pathology – Thrombosis

Thrombogenesis (Dorlands)

Thrombosis and Thrombus

Thrombosis describes the presence of formation of a thrombus. A thrombus is the aggregation of blood factors, primarily platelets and fibrin and entrapment of cellular elements. Usually a thrombus formed via thrombosis, causes obstruction to one or more vascular supply. 

Coagulum vs Thrombus

A thrombus describes the aggregation of blood factors such as platelets and fibrin along with cellular elements being entrapped. It usually occludes an artery therefore affecting vascular supply to the area of supply by the artery. A coagulum (i.e.: embryologically is the clot formed after blastocyst implantation) is simply a blot clot involving the coagulation sequence. Thrombosis is a pathological process resulting in a thrombus.

Haemostasis (Robbins Pg 119)

Haemostasis is the normal process of keeping blood in a fluid, clot free state in normal vessels and the induction of a rapid and localised haemstatic plug at the site of vascular injury. Thrombosis is the pathological opposite to this, whereby in appropriate activation of normal haemostatic processes occur. Three general components are important in haemostasis: 

· Vascular wall

· Platelets

· Coagulation cascade

In the event of an injury the general sequence of haemostasis is as described below:

· There is a brief period of vasoconstriction (i.e.: when you draw a line in your arm, the white line appearing is the brief period of vasoconstriction – part of the acute inflammatory response), mainly because of two factors:

· A reflex neuogenic mechanism where the sympathetic nervous system is involved

· Also the injured endothelial cells secreted a potent endothelium derived vasoconstrictor called endothelin. Both of these effects is only for a short time and bleeding would result if the coagulation and platelet systems are not activated. 

· The injured endothelium means, subendothelial extracellular matrix is exposed. This is highly thrombogenic, meaning it serves to augment thrombus formation. This matrix allows platelets to become activated and hence they aggregate (i.e.: undergo a shape change) and secrete granules. The secreted granules recruit more platelets to aggregate and form the ‘haemostatic plug’. This is called primary haemostasis.

· Tissue factor is a membrane bound pro-coagulant. It is made by endothelium soon after injury, and acts in conjunction with secreted platelet factors (see above) to activate the coagulation cascade. Ultimately, thrombin is activated. Activated thrombin coverts circulating fibrinogen to insoluble fibrin, so fibrin forms part of the thrombus. Thrombin also induces further activation of platelets and granule release. This is called secondary haemostasis. 

· The endothelial cells can modulate the opposing effects of haemostasis. Normally the endothelium possess antiplatelet, antifibrinolytic and anticoagulant properties, this is when endothelium is not damaged( to prevent thrombosis. But they can also induce coagulation. The endothelium can be activated, which in turn activates the coagulation cascade – by infectious agents (injury to vessel walls), haemodynamic factors, cytokines and plasma mediators. 

Platelets Role (Robbins Pg 120)

Platelets play a central role in normal haemostasis. Some key points are outlined below:

· They are membrane bound smooth disc like cells expressing a number of glycoprotein receptors of the integrin family

· Contain two specific granules: 

· Granules (: express adhesion molecule P – selectin on their membrane surface and contain: fibrinogen, fibronectin, factor V and vWF (Von Willebrand’s factor), platelet factor 4 (heparin binding chemokine), PDGF, TGF-(. 

· Granules (: dense bodies, contain – ADP & ATP, Ca2+, histamine, serotonin, and epinephrine. 

· There are a number of steps that occur in between platelet activation and coagulation cascade activation. The summary is that, when endothelial injury occurs, the subendothelial extracellular matrix binds the platelets, activating the platelets. Then the platelets start secreting granules products (described above) and synthesise TXA2. Then they expose phospholipid complexes on their cell surface and this is important in the activation of the intrinsic clotting pathway. The injured endothelial cells expose tissue factor which triggers the extrinsic clotting pathway. The ADP releases as part of the granules, stimulates formation of primary haemostasis, and this is converted eventually into a more definitive haemostatic plug. Activation of the coagulation cascade along the way produces thrombin, which not only produces further platelet aggregation but also produces fibrin formation, which stabilises and anchors the aggregated platelets. 

Coagulation Cascade (Robbins pg 122)

Main points are outlined below:

· The coagulation cascade is essentially a series of conversions of inactive proenzymes to activated enzymes ( ultimately forming thrombin. Thrombin then converts the soluble fibrinogen ( fibrin which forms the meshwork and stabilises the platelet aggregation. 

· Once activated, it is important that the cascade is restricted to local areas so whole vasculature does not form clot. This is done by:

· Factor activation (e.g.: factors like V, VI, VII) is restricted to injured areas by exposed phospholipids in that area

· Natural anticoagulants allow restriction to occur:

· Antithrombins inhibit the activity of thrombin and other serum proteases such as: factors Ixa, Xa, Xia, XIIa. Antithrombins are activated by binding to molecules on endothelial cells. These molecules are heparin like in structure. 

· Proteins C and S are two vitamin K-dependent proteins characterised by their ability to inactivate factors Va and VIIIa. 

· Plasmin, derived from activation of plasminogen, breaks down fibrin and interferes with its polymerisation. The resulting fibrin break products can act as anticoagulants. 

· Further balance of coagulation/anti-coagulation occurs when endothelial cells produce and release plasminogen activator inhibitors – and these block fibrinolysis and therefore have procoagulant effects

Thrombosis – predisposing factors (Robbins Pg 124)

Virchow described three patterns that predispose to thrombus formation:

· Endothelial injury: If there is direct injury to the endothelium then it is a main factor. Following injury, the subendothelial extracellular matrix is exposed, and this has highly thrombogenic effects. Eventually platelets adhere, tissue factor is exposed, and depletion of prostacyclin and plasminogen activator. Endothelial injury may occur due to the following factors:

· Endocardial injury ( arising from MI or valvulitis. 

· Atherosclerosis of aorta or coronary arteries

· Inflammatory vascular injury ( vasculitis

· Haemodynamic stress ( hypertension, bacterial endotoxins. 

· Cigarette smoking ( products absorbed may cause endothelial injury

· Alterations in blood flow: This may occur because of turbulence of stasis of blood due to pocket formation within the vascular tree. Normal blood flow is laminar, cellular elements flow centrally and plasma components flow peripherally. Stasis and turbulence therefore disturb this laminar flow. Altered blood flow may occur due to the following factors:

· Atherosclerotic plaques expose subendothelial extracellular matrix and also are sources of local turbulence. 

· Aortic aneuryms: form dilatations in the blood vessel wall therefore potential pockets of blood stasis is formed. 

· Myocardial infarction: due to death of parts of myocardium, this part is non-contractile and therefore projection of blood does not occur in this segment ( leads to stasis.

· Mitral valve stenosis: leads to left atrial dilatation and therefore is a primary site of blood stasis ( and therefore thrombus formation. 

· Hypercoagulability: Changes in blood constituents can alter the coagulation cascade and therefore predispose to thrombosis. 

· Mutated factor V gene is one of the most common factors associated with hypercoagulability. The gene coding for factor V is mutated and hence causing an alteration in the coagulation pathway. 

· Inherited lack of anticoagulants such as: antithrombin III, protein C, protein S. These people will have recurrent venous thrombosis and thromboembolism in adolescence and early adult life. 

Morphology (Robbins Pg 126)

Some general points about the morphology of a thrombus:

· Can occur anywhere in the cardiovascular system, e.g.: cardiac chambers, valve cusps, arteries, veins, capillaries. Are of different size and shape depending on the site of origin. 

· Arterial thrombi tend to grow against the blood flow, whilst venous thrombi then to grow with the blood flow. But venous thrombi don’t have good attachment between head and tail therefore more likely to break off forming an embolus. 

· Lines of Zahn: this is produced by alternating layers of pale platelets mixed with fibrin and darker layers with red blood cells. Lines of Zahn are only found in places of blood flow. 

· Mural Thrombi: These are thrombi that occur within the heart chambers or in the aortic lumen and usually adhere to the wall. These exhibit lines of zahn. Mural thrombi may result from abnormal myocardial contraction due to arrhythmias or myocardial infarction leading to more chances of blood stasis within the heart chambers. In the aorta, atherosclerotic plaques tend to be precursors to aortic thrombus formation.  

· Arterial Thrombi: These are normally occlusive type of thrombi occurring within arterial vasculature. The main reason may be atherosclerotic plaque which tends to obstruct the vessel. Usually the thrombus is overlapping this plaque. The thrombus appears grey white colour, appears friable and is firmly adherent to the arterial wall. It is composed of a tangled mesh of platelets, fibrin, erythrocytes and degenerating leukocytes. Lines of zahn are evident. Most common sites: coronary, cerebral, and femoral. 

· Venous Thrombi: These are also mostly occlusive. Commonly affected sites are veins of inferior limbs. They occur most commonly in static environments, and since the thrombus progreses in the same direction of blood flow – we find the thrombus forming a cast in the vessel lumen of the vessel itself. 

Outcomes of thrombosis (Robbins Pg 127)

The main points are described below:

· The following events may occur if the patient survives:

· Propagation:  the thrombus may accumulate more platelets and fibrin to become bigger eventually occluding the vessel

· Embolisation: thrombus may dislodge/fragment and become lodged in other parts of the vasculature causing systemic outcomes. 

· Dissolution: Of course, the thrombus may be removed by fibrinolysis

· Organisation and recanalisation: Thrombi may cause inflammation and fibrosis and eventually may be incorporated into the blood vessel wall itself. Recanalisation may occur in which the occlusion establishes vascular flow. 

Pathophysiological correlations (Robbins Pg 129)

Main points are outlined below:

· Arterial thrombi may in fact cause ischamia damage and eventually lead to infarction of the tissue they are supplying. 

· Venous thrombosis rarely leads to infarction of tissues because collateral vessels take over the role and become dilated. Sometimes collateral circulation is not present or is not adequate in maintaining the metabolic needs of the tissues involved. Such a case is when occlusion occurs within ovarian vessels. 

· Venous thrombi may cause swelling, pain and tenderness along the course of the involved vein, rarely will embolise. The swelling and impaired venous drainage predisposes overlying skin to infections from slight trauma and to the development of varicose ulcers. 

Disseminated Intra-vascular coagulation – DIC (Robbins Pg 129)

This is when there is a sudden onset of widespread insoluble fibrin formation in the microcirculation. Although they may not be visible with the naked eye, they are easily recognised microscopically and thus will cause circulatory insufficiency within the lungs, brain, heart and kidneys as these organs require high levels of blood supply and are relatively intolerant to ischaemia. In this condition, platelets, prothrombin and fibrinogen, factors V/VIII/X are rapidly recruited and then fibrinolysis (activation of plasminogen-plasmin system) occurs as well, thus what starts off as a serious thrombogenic event may lead to severe bleeding. It is not a disease in itself but is a potential complication to any activation of widespread thrombin. 

It is normally associated with the following conditions:

· Infections: septicaemia (presence of microorganisms in the blood – toxic) and malaria.

· Obstetric: Amniotic fluid embolism – basically amniotic fluid escapes the foetus into the maternal circulation, abruptio placentae – premature detachment of the placenta, intrauterine death – death of foetus within uterus before delivery. 

· Shock: may types present. Basically defined as the low perfusion of organs such that metabolic needs are not met, tissue goes under ischaemic damage due to underperfusion. 

· Malignancy: Cancer and leukaemia (uncontrolled WBC production)

· Local consumption: Giant haemangioma: benign tumour made up of newly formed blood vessels and usually results from malformation of angioblastic tissue of fetal life (Dorland’s), aortic aneurysm: dilatation of the aorta

· Snake bite: venomous toxins are released. 

· Mismatched A B O blood transfusions. 

