PHYSIOPATHOLOGY OF FLUIDO-COAGULANT BALANCE
Hemostasis and thrombosis

               Normal hemostasis is a consequence of tightly regulated processes that maintain blood in a fluid state in normal vessels, yet also permit the rapid formation of a hemostatic clot at the site of a vascular injury. The pathologic counterpart of hemostasis is thrombosis; it involves blood clot (thrombus) formation within intact vessels. Both hemostasis and thrombosis involve three components: the vascular wall (particularly the endothelium), platelets, and the coagulation cascade. 

NORMAL HEMOSTASIS

      • After initial injury there is a brief period of arteriolar vasoconstriction mediated by reflex neurogenic mechanisms and augmented by the local secretion of factors such as endothelin (a potent endothelium-derived vasoconstrictor). The effect is transient, however, and bleeding would resume if not for activation of the platelet and coagulation systems.

       • Endothelial injury exposes highly thrombogenic subendothelial extracellular matrix (ECM), facilitating platelet adherence and activation. Activation of platelets results in a dramatic shape change (from small rounded discs to flat plates with markedly increased surface area), as well as the release of secretory granules. Within minutes the secreted products recruit additional platelets (aggregation) to form a hemostatic plug; this process is referred to as primary hemostasis.

      • Tissue factor is also exposed at the site of injury. Also known as factor III and thromboplastin, tissue factor is a membrane-bound procoagulant glycoprotein synthesized by endothelial cells. It acts in conjunction with factor VII (see below) as the major in vivo initiator of the coagulation cascade, eventually culminating in thrombin generation. Thrombin cleaves circulating fibrinogen into insoluble fibrin, creating a fibrin meshwork, and also induces additional platelet recruitment and activation. This sequence, secondary hemostasis, consolidates the initial platelet plug.

        • Polymerized fibrin and platelet aggregates form a solid, permanent plug to prevent any further hemorrhage. At this stage, counter-regulatory mechanisms (e.g., tissue plasminogen activator, t-PA) are set into motion to limit the hemostatic plug to the site of injury.
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Normal hemostasis. A, After vascular injury local neurohumoral factors induce a transient vasoconstriction. B, Platelets bind via glycoprotein Ib (GpIb) receptors to von Willebrand factor (vWF) on exposed extracellular matrix (ECM) and are activated, undergoing a shape change and granule release. Released adenosine diphosphate (ADP) and thromboxane A2 (TxA2) induce additional platelet aggregation through platelet GpIIb-IIIa receptor binding to fibrinogen, and form the primary hemostatic plug. C, Local activation of the coagulation cascade (involving tissue factor and platelet phospholipids) results in fibrin polymerization, “cementing” the platelets into a definitive secondary hemostatic plug. D, Counter-regulatory mechanisms, mediated by tissue plasminogen activator (t-PA, a fibrinolytic product) and thrombomodulin, confine the hemostatic process to the site of injury. (From Robbins-Cotran; Pathological basis of disease)
           Endothelium. Endothelial cells are key players in the regulation of homeostasis, as the balance between the anti- and prothrombotic activities of endothelium determines whether thrombus formation, propagation, or dissolution occurs. Normally, endothelial cells exhibit antiplatelet, anticoagulant, and fibrinolytic properties; however, after injury or activation they acquire numerous procoagulant activities. Besides trauma, endothelium can be activated by infectious agents, hemodynamic forces, plasma mediators, and cytokines.
Antithrombotic properties 

 Under normal circumstances endothelial cells actively prevent thrombosis by producing factors that variously block platelet adhesion and aggregation, inhibit coagulation, and lyse clots.

     • Antiplatelet effects. Intact endothelium prevents platelets (and plasma coagulation factors) from engaging the highly thrombogenic subendothelial ECM. Nonactivated platelets do not adhere to endothelial cells, and even if platelets are activated, prostacyclin (PGI2) and nitric oxide produced by the endothelial cells impede platelet adhesion. Both of these mediators are potent vasodilators and inhibitors of platelet aggregation; their synthesis by the endothelium is stimulated by several factors produced during coagulation (e.g., thrombin and cytokines). Endothelial cells also elaborate adenosine diphosphatase, which degrades adenosine diphosphate (ADP) and further inhibits platelet aggregation.

     • Anticoagulant effects. These effects are mediated by endothelial membrane-associated heparin-like molecules, thrombomodulin, and tissue factor pathway inhibitor (see Fig. 4-6 ). The heparin-like molecules act indirectly; they are cofactors that greatly enhance the inactivation of thrombin and several other coagulation factors by the plasma protein antithrombin III (see later). Thrombomodulin binds to thrombin and converts it from a procoagulant into an anticoagulant via its ability to activate protein C, which inhibits clotting by inactivating factors Va and VIIIa. Endothelium also produces protein S, a co-factor for protein C, and tissue factor pathway inhibitor (TFPI), a cell surface protein that directly inhibits tissue factor–factor VIIa and factor Xa activities.

         • Fibrinolytic effects. Endothelial cells synthesize tissue-type plasminogen activator (t-PA), a protease that cleaves plasminogen to form plasmin; plasmin, in turn, cleaves fibrin to degrade thrombi.

      Prothrombotic properties 

      While normal endothelial cells limit clotting, trauma and inflammation of endothelial cells induce a prothrombotic state that alters the activities of platelets, coagulation proteins, and the fibrinolytic system. 

   • Platelet effects. Endothelial injury allows platelets to contact the underlying extracellular matrix; subsequent adhesion occurs through interactions with von Willebrand factor (vWF), which is a product of normal endothelial cells and an essential cofactor for platelet binding to matrix elements.

   •  Procoagulant effects. In response to cytokines (e.g., tumor necrosis factor [TNF] or interleukin-1 [IL-1]) or bacterial endotoxin, endothelial cells synthesize tissue factor, the major activator of the extrinsic clotting cascade. In addition, activated endothelial cells augment the catalytic function of activated coagulation factors IXa and Xa.

  • Antifibrinolytic effects. Endothelial cells secrete inhibitors of plasminogen activator (PAIs), which limit fibrinolysis and tend to favor thrombosis.
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Platelet adhesion and aggregation. Von Willebrand factor functions as an adhesion bridge between subendothelial collagen and the glycoprotein Ib (GpIb) platelet receptor. Aggregation is accomplished by fibrinogen bridging GpIIb-IIIa receptors on different platelets. Congenital deficiencies in the various receptors or bridging molecules lead to the diseases indicated in the colored boxes. ADP, adenosine diphosphate. (From Robbins-Cotran; Pathological basis of disease)
             In summary, intact, nonactivated endothelial cells inhibit platelet adhesion and blood clotting. Endothelial injury or activation, however, results in a procoagulant phenotype that enhances thrombus formation.

           Platelets 

        Platelets are disc-shaped, anucleate cell fragments that are shed from megakaryocytes in the bone marrow into the blood stream. They play a critical role in normal hemostasis, by forming the hemostatic plug that initially seals vascular defects, and by providing a surface that recruits and concentrates activated coagulation factors. Their function depends on several glycoprotein receptors, a contractile cytoskeleton, and two types of cytoplasmic granules. α-Granules have the adhesion molecule P-selectin on their membranes and contain fibrinogen, fibronectin, factors V and VIII, platelet factor 4 (a heparin-binding chemokine), platelet-derived growth factor (PDGF), and transforming growth factor-β (TGF-β). Dense (or δ) granules contain ADP and ATP, ionized calcium, histamine, serotonin, and epinephrine.

After vascular injury, platelets encounter ECM constituents such as collagen and the adhesive glycoprotein vWF. On contact with these proteins, platelets undergo: (1) adhesion and shape change, (2) secretion (release reaction), and (3) aggregation. 

     • Platelet adhesion to ECM is mediated largely via interactions with vWF, which acts as a bridge between platelet surface receptors (e.g., glycoprotein Ib [GpIb]) and exposed collagen. Although platelets can also adhere to other components of the ECM (e.g., fibronectin), vWF-GpIb associations are necessary to overcome the high shear forces of flowing blood. Reflecting the importance of these interactions, genetic deficiencies of vWF (von Willebrand disease; or its receptor (Bernard-Soulier syndrome) result in bleeding disorders.
  
 • Secretion (release reaction) of both granule types occurs soon after adhesion. Various agonists can bind platelet surface receptors and initiate an intracellular protein phosphorylation cascade ultimately leading to degranulation. Release of the contents of dense-bodies is especially important, since calcium is required in the coagulation cascade, and ADP is a potent activator of platelet aggregation. ADP also begets additional ADP release, amplifying the aggregation process. Finally, platelet activation leads to the appearance of negatively charged phospholipids (particularly phosphatidylserine) on their surfaces. These phospholipids bind calcium and serve as critical nucleation sites for the assembly of complexes containing the various coagulation factors.

  • Platelet aggregation follows adhesion and granule release. In addition to ADP, the vasoconstrictor thromboxane A2 (TxA2; is an important platelet-derived stimulus that amplifies platelet aggregation, which leads to the formation of the primary hemostatic plug. Although this initial wave of aggregation is reversible, concurrent activation of the coagulation cascade generates thrombin, which stabilizes the platelet plug via two mechanisms. First, thrombin binds to a protease-activated receptor (PAR) on the platelet membrane and in concert with ADP and TxA2 causes further platelet aggregation. This is followed by platelet contraction, an event that is dependent on the platelet cytoskeleton that creates an irreversibly fused mass of platelets, which constitutes the definitive secondary hemostatic plug. Second, thrombin converts fibrinogen to fibrin in the vicinity of the platelet plug, functionally cementing the platelets in place.
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The coagulation cascade. Factor IX can be activated either by factor XIa or factor VIIa; in lab tests, activation is predominantly dependent on factor XIa of the intrinsic pathway. Factors in red boxes represent inactive molecules; activated factors are indicated with a lower case “a” and a green box. Note also the multiple points where thrombin (factor IIa; light blue boxes) contributes to coagulation through positive feedback loops. The red “X”s denote points of action of tissue factor pathway inhibitor (TFPI), which inhibits the activation of factors X and IX by factor VIIa. PL, phospholipid; HMWK, high-molecular-weight kininogen. (From Robbins-Cotran; Pathological basis of disease)

                Noncleaved fibrinogen is also an important component of platelet aggregation. Platelet activation by ADP triggers a conformational change in the platelet GpIIb-IIIa receptors that induces binding to fibrinogen, a large protein that forms bridging interactions between platelets that promote platelet aggregation Predictably, inherited deficiency of GpIIb-IIIa results in a bleeding disorder (Glanzmann thrombasthenia). The recognition of the central role of the various receptors and mediators in platelet cross-linking has led to the development of therapeutic agents that block platelet aggregation—for example, by interfering with thrombin activity, by blocking ADP binding (clopidogrel), or by binding to the GpIIb-IIIa receptors (synthetic antagonists or monoclonal antibodies).[18] Antibodies against GpIb are on the horizon.

Red cells and leukocytes are also found in hemostatic plugs. Leukocytes adhere to platelets via P-selectin and to endothelium using several adhesion receptors; they contribute to the inflammation that accompanies thrombosis. Thrombin also drives thrombus-associated inflammation by directly stimulating neutrophil and monocyte adhesion and by generating chemotactic fibrin split products during fibrinogen cleavage.

           Platelet-endothelial cell interactions
        The interplay of platelets and endothelium has a profound impact on clot formation. The endothelial cell-derived prostaglandin PGI2 (prostacyclin) inhibits platelet aggregation and is a potent vasodilator; conversely, the platelet-derived prostaglandin TxA2 activates platelet aggregation and is a vasoconstrictor. Effects mediated by PGI2 and TxA2 are exquisitely balanced to effectively modulate platelet and vascular wall function: at baseline, platelet aggregation is prevented, whereas endothelial injury promotes hemostatic plug formation. The clinical utility of aspirin (an irreversible cyclooxygenase inhibitor) in persons at risk for coronary thrombosis resides in its ability to permanently block platelet TxA2 synthesis. Although endothelial PGI2 production is also inhibited by aspirin, endothelial cells can resynthesize active cyclooxygenase and thereby overcome the blockade. In a manner similar to PGI2, endothelial-derived nitric oxide also acts as a vasodilator and inhibitor of platelet aggregation.

       Coagulation cascade 

      The coagulation cascade is the third arm of the hemostatic process.The coagulation cascade is essentially an amplifying series of enzymatic conversions; each step proteolytically cleaves an inactive proenzyme into an activated enzyme, culminating in thrombin formation. Thrombin is the most important coagulation factor, and indeed can act at numerous stages in the process. At the conclusion of the proteolytic cascade, thrombin converts the soluble plasma protein fibrinogen into fibrin monomers that polymerize into an insoluble gel. The fibrin gel encases platelets and other circulating cells in the definitive secondary hemostatic plug, and the fibrin polymers are covalently cross-linked and stabilized by factor XIIIa (which itself is activated by thrombin).

       Each reaction in the pathway results from the assembly of a complex composed of an enzyme (activated coagulation factor), a substrate (proenzyme form of coagulation factor), and a cofactor (reaction accelerator). These components are typically assembled on a phospholipid surface and held together by calcium ions (as an aside, the clotting of blood is prevented by the presence of calcium chelators). The requirement that coagulation factors be brought close together ensures that clotting is normally localized to the surface of activated platelets or endothelium; it can be likened to a “dance” of complexes, in which coagulation factors are passed successfully from one partner to the next. Parenthetically, the binding of coagulation factors II, XII, IX, and X to calcium depends on the addition of γ-carboxyl groups to certain glutamic acid residues on these proteins. This reaction uses vitamin K as a cofactor and is antagonized by drugs such as coumadin, which is a widely used anticoagulant. 

              Blood coagulation is traditionally classified into extrinsic and intrinsic pathways that converge on the activation of factor X. The extrinsic pathway was so designated because it required the addition of an exogenous trigger (originally provided by tissue extracts); the intrinsic pathway only required exposing factor XII (Hageman factor) to thrombogenic surfaces (even glass would suffice). However, such a division is largely an artifact of in vitro testing; there are, in fact, several interconnections between the two pathways. Moreover, the extrinsic pathway is the most physiologically relevant pathway for coagulation occurring when vascular damage has occurred; it is activated by tissue factor (also known as thromboplastin or factor III), a membrane-bound lipoprotein expressed at sites of injury.

            Clinical laboratories assess the function of the two arms of the coagulation pathway through two standard assays: prothrombin time (PT) and partial thromboplastin time (PTT). The PT assay assesses the function of the proteins in the extrinsic pathway (factors VII, X, II, V, and fibrinogen). This is accomplished by adding tissue factor and phospholipids to citrated plasma (sodium citrate chelates calcium and prevents spontaneous clotting). Coagulation is initiated by the addition of exogenous calcium and the time for a fibrin clot to form is recorded. The partial thromboplastin time (PTT) screens for the function of the proteins in the intrinsic pathway (factors XII, XI, IX, VIII, X, V, II, and fibrinogen). In this assay, clotting is initiated through the addition of negative charged particles (e.g., ground glass), which you will recall activates factor XII (Hageman factor), phospholipids, and calcium, and the time to fibrin clot formation is recorded.

             In addition to catalyzing the final steps in the coagulation cascade, thrombin exerts a wide variety of proinflammatery effect. Most of these effects of thrombin occur through its activation of a family of protease activated receptors (PARs) that belong to the seven-transmembrane G protein–coupled receptor family. PARs are expressed on endothelium, monocytes, dendritic cells, T lymphocytes, and other cell types. Receptor activation is initiated by cleavage of the extracellular end of the PAR; this generates a tethered peptide that binds to the “clipped” receptor, causing a conformational change that triggers signaling.
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    Role of thrombin in hemostasis and cellular activation. Thrombin plays a critical role in generating cross-linked fibrin (by cleaving fibrinogen to fibrin, and by activating factor XIII), as well as activating several other coagulation factors. Through protease-activated receptors (PARs, see text), thrombin also modulates several cellular activities. It directly induces platelet aggregation and TxA2 production, and activates ECs to express adhesion molecules, and a variety of fibrinolytic (t-PA), vasoactive (NO, PGI2), and cytokine mediators (e.g., PDGF). Thrombin also directly activates leukocytes. ECM, extracellular matrix; NO, nitric oxide; PDGF, platelet-derived growth factor; PGI2, prostacyclin; TxA2, thromboxane A2; t-PA, tissue plasminogen activator. See figure for additional anticoagulant activities mediated by thrombin, including via thrombomodulin. (From Robbins-Cotran; Pathological basis of disease).

           Once activated, the coagulation cascade must be restricted to the site of vascular injury to prevent runaway clotting of the entire vascular tree. Besides restricting factor activation to sites of exposed phospholipids, three categories of endogenous anticoagulants also control clotting. (1) Antithrombins (e.g., antithrombin III) inhibit the activity of thrombin and other serine proteases, including factors IXa, Xa, XIa, and XIIa. Antithrombin III is activated by binding to heparin-like molecules on endothelial cells; hence the clinical usefulness of administering heparin to minimize thrombosis. (2) Proteins C and S are vitamin K–dependent proteins that act in a complex that proteolytically inactivates factors Va and VIIIa. Protein C activation by thrombomodulin was described earlier. (3) TFPI is a protein produced by endothelium (and other cell types) that inactivates tissue factor–factor VIIa complexes.

              Activation of the coagulation cascade also sets into motion a fibrinolytic cascade that moderates the size of the ultimate clot. Fibrinolysis is largely accomplished through the enzymatic activity of plasmin, which breaks down fibrin and interferes with its polymerization. The resulting fibrin split products (FSPs or fibrin degradation products) can also act as weak anticoagulants. Elevated levels of FSPs (most notably fibrin-derived D-dimers) can be used in diagnosing abnormal thrombotic states including disseminated intravascular coagulation (DIC), deep venous thrombosis, or pulmonary embolism (described later). Plasmin is generated by enzymatic catabolism of the inactive circulating precursor plasminogen, either by a factor XII–dependent pathway or by plasminogen activators (PAs). The most important of the PAs is t-PA; it is synthesized principally by endothelium and is most active when bound to fibrin. The affinity for fibrin makes t-PA a useful therapeutic agent, since it largely confines fibrinolytic activity to sites of recent thrombosis. Urokinase-like PA (u-PA) is another PA present in plasma and in various tissues; it can activate plasmin in the fluid phase. Finally, plasminogen can be cleaved to plasmin by the bacterial enzyme streptokinase, an activity that may be clinically significant in certain bacterial infections. As with any potent regulator, plasmin activity is tightly restricted. To prevent excess plasmin from lysing thrombi indiscriminately elsewhere in the body, free plasmin is rapidly inactivated by α2-plasmin inhibitor. 
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The fibrinolytic system, illustrating various plasminogen activators and inhibitors.   Endothelial cells also fine-tune the coagulation/anticoagulation balance by releasing plasminogen activator inhibitor (PAI); it blocks fibrinolysis by inhibiting t-PA binding to fibrin and confers an overall procoagulant effect. PAI production is increased by thrombin as well as certain cytokines, and probably plays a role in the intravascular thrombosis accompanying severe inflammation. (From Robbins-Cotran; Pathological basis of disease).
 In physiological conditions there is equilibrium between hemostatic system by one hand and fibrinolytic and anticoagulant system by other hand. Disequilibrium in these processes leads to development of hypercoagulation (thrombosis, thrombotic syndrome) or hypocoagulation (hemorrhagic syndromes). Before discussing specific bleeding disorders, it is helpful to review the common laboratory tests used in the evaluation of these.

• Prothrombin time (PT). This test assesses the extrinsic and common coagulation pathways. The clotting of plasma after addition of an exogenous source of tissue thromboplastin (e.g., brain extract) and Ca[2]+ ions is measured in seconds. A prolonged PT can result from deficiency or dysfunction of factor V, factor VII, factor X, prothrombin, or fibrinogen. 

 • Partial thromboplastin time (PTT). This test assesses the intrinsic and common clotting pathways. The clotting of plasma after addition of kaolin, cephalin, and Ca[2]+ ions is measured in seconds. Kaolin activates the contact dependent factor XII, and cephalin substitutes for platelet phospholipids. Prolongation of the PTT can be due to deficiency or dysfunction of factors V, VIII, IX, X, XI, or XII, prothrombin, or fibrinogen, or to interfering antibodies to phospholipid. 

   • Platelet counts. These are obtained on anticoagulated blood using an electronic particle counter. The reference range is 150 × 103 to 300 × 103 platelets/μL. Counts well outside this range should be confirmed by a visual inspection of a peripheral blood smear, since clumping of platelets can cause spurious “thrombocytopenia” during automated counting, and high counts may be indicative of a myeloproliferative disorder, such as essential thrombocythemia. 

   •Tests of platelet function. At present, no single test provides an adequate assessment of the complex functions of platelets. One older test, the bleeding time, which measures the time taken for a standardized skin puncture to stop bleeding, has some value but is time-consuming, difficult to perform well, and not a good predictor of bleeding during hemostatic stresses such as surgery. As a result of these limitations, the use of the bleeding time has declined considerably in recent years. Newer instrument-based assays designed to measure platelet function under conditions of high shear stress show promise but at present are also less than ideal screening tests. Other specialized tests that can be useful in particular clinical settings include tests of platelet aggregation, which measure the ability of platelets to aggregate in response to agonists like thrombin; and quantitative and qualitative tests of von Willebrand factor, which play an important role in platelet adhesion to the extracellular matrix. 
More specialized tests are available to measure the levels of specific clotting factors, fibrinogen, fibrin split products, and the presence of circulating anticoagulants.
Hepercoagulation

Hypercoagulation state is induced by many mechanisms:

·   Increased amount of pro-coagulant substances in the blood (ex. catecholamine, glucocorticoids) which can lead to increased synthesis of fibrinogen and prothrombin. This can be found in septicemia, massive burns with abundant release of tissular thromboplastin, or in disorders which are associated with hemoconcentration and increased thrombocytes count which release thrombocyte coagulation factors;
· Increased concentration of clotting factor activators which can be found in shock, septicemia, burns;
· Reduced concentration or blocked activity of anticlotting substances (ex. deficiency of antithrombin III which can be detected in liver failure, deficiency of heparin in hyperlipoproteinemias, etc..);
· Reduced concentration or decreased activity of fibrinolytic  factors (ex. deficiency of plasminogen or surplus of anti-plasmin which inhibits the fibrinolytic process);
Thrombosis represents a physiological process which happens in the alive body, characterized by formation at the level of blood vessels or heart walls of hard conglomerate formed from blood cells and stable fibrin which is oriented to stop the bleeding.  In situation when this clot obstructs the blood vessels in the respective area, thrombosis becomes a pathological process. 

Causal factors of thrombosis were described in the last century and represents so-called – Virhow triade:

1. Injury of the vascular endothelium under the influence of physical factors (mechanic trauma, electrical current), chemical factors (iron, sodium) or biological factors (endotoxins of microorganisms which lead to inflammatory or metabolic injury); injury of vascular endothelium trigger local activation of “contact factors”, increases platelet adhesion, aggregation and agglutination; 

2. Decreased blood flow (venous stasis) – a secondary factor for thrombogenesis;

3. Activation of plasmatic and cellular clotting factors - high concentration of these in the blood leads to hypercoagulation state.
[image: image6.png]Hypercholesterolemia
Inflammation

ENDOTHELIAL INJURY

THROMBOSIS

HYPERCOAGULABILITY |

Inherited

ABNORMAL
BLOOD FLOW

Stasis .g., factor V Leiden)t
i(e.g., atrial fibrilation, bed rest) ©g. Acqluireg‘
Turbulence )

i (e.g., disseminated cancer),
{&.g.

vessel narrowing)




Virchow's triad in thrombosis. Endothelial integrity is the most important factor. Injury to endothelial cells can alter local blood flow and affect coagulability. Abnormal blood flow (stasis or turbulence), in turn, can cause endothelial injury. The factors promote thrombosis independently or in combination. (From Robbins-Cotran; Pathological basis of disease).
   Endothelial injury

               Endothelial injury is particularly important for thrombus formation in the heart or the arterial circulation, where the normally high flow rates might otherwise impede clotting by preventing platelet adhesion and washing out activated coagulation factors. Thus, thrombus formation within cardiac chambers (e.g., after endocardial injury due to myocardial infarction), over ulcerated plaques in atherosclerotic arteries, or at sites of traumatic or inflammatory vascular injury (vasculitis) is largely a consequence of endothelial cell injury. Clearly, physical loss of endothelium can lead to exposure of the subendothelial ECM, adhesion of platelets, release of tissue factor, and local depletion of PGI2 and plasminogen activators. However, it should be emphasized that endothelium need not be denuded or physically disrupted to contribute to the development of thrombosis; any perturbation in the dynamic balance of the prothombotic and antithrombotic activities of endothelium can influence local clotting events. Thus, dysfunctional endothelial cells can produce more procoagulant factors (e.g., platelet adhesion molecules, tissue factor, PAIs) or may synthesize less anticoagulant effectors (e.g., thrombomodulin, PGI2, t-PA). Endothelial dysfunction can be induced by a wide variety of insults, including hypertension, turbulent blood flow, bacterial endotoxins, radiation injury, metabolic abnormalities such as homocystinemia or hypercholesterolemia, and toxins absorbed from cigarette smoke.

        Alterations in normal blood flow

 Turbulence contributes to arterial and cardiac thrombosis by causing endothelial injury or dysfunction, as well as by forming countercurrents and local pockets of stasis; stasis is a major contributor in the development of venous thrombi. Normal blood flow is laminar such that the platelets (and other blood cellular elements) flow centrally in the vessel lumen, separated from endothelium by a slower moving layer of plasma. Stasis and turbulence therefore: 

     • Promote endothelial activation, enhancing procoagulant activity, leukocyte adhesion, etc., in part through flow-induced changes in endothelial cell gene expression.

     •   Disrupt laminar flow and bring platelets into contact with the endothelium

     •   Prevent washout and dilution of activated clotting factors by fresh flowing blood and the inflow of clotting factor inhibitors

  Turbulence and stasis contribute to thrombosis in several clinical settings. Ulcerated atherosclerotic plaques not only expose subendothelial ECM but also cause turbulence. Aortic and arterial dilations called aneurysms result in local stasis and are therefore fertile sites for thrombosis. Acute myocardial infarctions result in areas of noncontractile myocardium and sometimes cardiac aneurysms; both are associated with stasis and flow abnormalities that promote the formation of cardiac mural thrombi. Rheumatic mitral valve stenosis results in left atrial dilation; in conjunction with atrial fibrillation, a dilated atrium is a site of profound stasis and a prime location for developing thrombi. Hyperviscosity (such as is seen with polycythemia vera; increases resistance to flow and causes small vessel stasis; the deformed red cells in sickle cell anemia cause vascular occlusions, with the resulting stasis also predisposing to thrombosis.
There can be distinguished white, red and mixt thrombus.

Parietal white thrombus is formed in the result of platelet and leucocytes adhesion and aggregation process. This thrombus can be found at the level of arteries, has a low concentration of fibrin and has no erythrocytes.Red thrombus is composed of erythrocytes trapped in a fibrin mesh, most frequently this is found in vena.Mixt thrombus results from alternation of primary and secondary hemostasis, being built from white and red layers.
Fate of the thrombus.
If a patient survives the initial thrombosis, in the ensuing days to weeks thrombi undergo some combination of the following four events: 
  • Propagation. Thrombi accumulate additional platelets and fibrin. This process was discussed earlier. 

   • Embolization. Thrombi dislodge and travel to other sites in the vasculature. This process is described below. 

   • Dissolution. Dissolution is the result of fibrinolysis, which can lead to the rapid shrinkage and total disappearance of recent thrombi. In contrast, the extensive fibrin deposition and crosslinking in older thrombi renders them more resistant to lysis. This distinction explains why therapeutic administration of fibrinolytic agents such as t-PA (e.g., in the setting of acute coronary thrombosis) is generally effective only when given in the first few hours of a thrombotic episode. 

   • Organization and recanalization. Older thrombi become organized by the ingrowth of endothelial cells, smooth muscle cells, and fibroblasts. Capillary channels eventually form that re-establish the continuity of the original lumen, albeit to a variable degree. 
Other forms of hypercoagulable states

PRIMARY (GENETIC) 

Common 

    Factor V mutation (G1691A mutation; factor V Leiden) 

    Prothrombin mutation 
    Increased levels of factors VIII, IX, XI, or fibrinogen 
Rare 

    Antithrombin III deficiency 

    Protein C deficiency 

    Protein S deficiency 
Very Rare 

    Fibrinolysis defects 

    Homozygous homocystinuria (deficiency of cystathione β-synthetase) 
SECONDARY (ACQUIRED) 

High Risk for Thrombosis 

    Prolonged bedrest or immobilization 

    Myocardial infarction 

    Atrial fibrillation 

    Tissue injury (surgery, fracture, burn) 

    Cancer 

    Prosthetic cardiac valves 

    Disseminated intravascular coagulation 

    Heparin-induced thrombocytopenia 

    Antiphospholipid antibody syndrome 
Lower Risk for Thrombosis 

    Cardiomyopathy 

    Nephrotic syndrome 

    Hyperestrogenic states (pregnancy and postpartum) 

    Oral contraceptive use 

    Sickle cell anemia 

    Smoking 
Hypercoagulability (also called thrombophilia) is a less frequent contributor to thrombotic states but is nevertheless an important component in the equation, and in some situations can predominate. It is loosely defined as any alteration of the coagulation pathways that predisposes to thrombosis; it can be divided into primary (genetic) and secondary (acquired) disorders. Of the inherited causes of hypercoagulability, point mutations in the factor V gene and prothrombin gene are the most common.      Among individuals with recurrent deep venous thrombosis the frequency of this mutation is considerably higher, approaching 60%. The mutation results in a glutamine to arginine substitution at position 506 that renders factor V resistant to cleavage by protein C. As a result, an important antithrombotic counter-regulatory pathway is lost. 

 •     A single nucleotide change in the 3′-untranslated region of the prothrombin gene is another fairly common mutation in individuals with hypercoagulability (1% to 2% of the population); it is associated with elevated prothrombin levels and an almost threefold increased risk of venous thromboses.
•     Elevated levels of homocysteine contribute to arterial and venous thrombosis, as well as the development of atherosclerosis. The prothrombotic effects of homocysteine may be due to thioester linkages formed between homocysteine metabolites and a variety of proteins, including fibrinogen. Marked elevations of homocysteine may be caused by an inherited deficiency of cystathione β-synthetase. Much more common is a variant form of the enzyme 5,10-methylenetetrahydrofolate reductase that causes mild homocysteinemia in 5% to 15% of Caucasian and eastern Asian populations. However, while folic acid, pyridoxine, and/or vitamin B12 supplements can reduce plasma homocysteine concentrations (by stimulating its metabolism), they fail to lower the risk of thromboses, raising questions about the significance of modest homocysteinemia.
   •     Rare inherited causes of primary hypercoagulability include deficiencies of anticoagulants such as antithrombin III, protein C, or protein S; affected individuals typically present with venous thrombosis and recurrent thromboembolism beginning in adolescence or early adulthood. Various polymorphisms in coagulant factor genes can result in increased synthesis and impart an elevated risk of venous thrombosis.
Unlike hereditary disorders, the pathogenesis of acquired thrombophilia is frequently multifactorial. In some cases (e.g., cardiac failure or trauma), stasis or vascular injury may be most important. Hypercoagulability due to oral contraceptive use or the hyperestrogenic state of pregnancy is probably caused by increased hepatic synthesis of coagulation factors and reduced anticoagulant synthesis. In disseminated cancers, release of procoagulant tumor products predisposes to thrombosis. The hypercoagulability seen with advancing age may be due to reduced endothelial PGI2. Smoking and obesity promote hypercoagulability by unknown mechanisms.

Among the acquired thrombophilic states, two that are particularly important clinical problems deserve special mention.

Heparin-induced thrombocytopenia (HIT) syndrome. HIT occurs following the administration of unfractionated heparin, which may induce the appearance of antibodies that recognize complexes of heparin and platelet factor 4 on the surface of platelets, as well as complexes of heparin-like molecules and platelet factor 4-like proteins on endothelial cells. Binding of these antibodies to platelets results in their activation, aggregation, and consumption (hence the thrombocytopenia in the syndrome name). This effect on platelets and endothelial damage combine to produce a prothrombotic state, even in the face of heparin administration and low platelet counts. Newer low-molecular weight heparin preparations induce antibody formation less frequently, but still cause thrombosis if antibodies have already formed. Other anticoagulants such as fondaparinux (a pentasaccharide inhibitor of factor X) also cause a HIT-like syndrome on rare occasions.
Antiphospholipid antibody syndrome (previously called the lupus anticoagulant syndrome). This syndrome has protean clinical manifestations, including recurrent thromboses, repeated miscarriages, cardiac valve vegetations, and thrombocytopenia. The name antiphospholipid antibody syndrome is a bit of a misnomer, as it is believed that the most important pathologic effects are mediated through binding of the antibodies to epitopes on plasma proteins (e.g., prothrombin) that are somehow induced or “unveiled” by phospholipids. In vivo, these autoantibodies induce a hypercoagulable state by causing endothelial injury, by activating platelets and complement directly, and through interaction with the catalytic domains of certain coagulation factors. However, in vitro (in the absence of platelets and endothelial cells), the autoantibodies interfere with phospholipids and thus inhibit coagulation. 
Hypocoagulation 

Hypocoagulation represents reduced ability of the blood to coagulate with bleeding consequences. Hypocoagulation manifests by tendency to repeated bleeding even in the result of small injuries (pins, hurts), the phenomenon being called hemorrhagic syndrome. In situations when these bleeding repeat frequently is a phenomenon called – hemorrhagic diatheses. Excessive bleeding can result from (1) increased fragility of vessels, (2) platelet deficiency or dysfunction, and (3) derangement of coagulation, alone or in combination.
In function of main stages of hemostasis process, hemorrhagic syndromes can be grouped into several big groups:
BLEEDING DISORDERS CAUSED BY VESSEL WALL ABNORMALITIES
Disorders within this category, sometimes called non-thrombocytopenic purpuras, are relatively common but do not usually cause serious bleeding problems. Most often, they induce small hemorrhages (petechiae and purpura) in the skin or mucous membranes, particularly the gingivae. On occasion, however, more significant hemorrhages can occur into joints, muscles, and subperiosteal locations, or take the form of menorrhagia, nosebleeds, gastrointestinal bleeding, or hematuria. The platelet count, the bleeding time, and tests of coagulation (PT, PTT) usually yield normal results. The varied clinical conditions in which abnormalities in the vessel wall cause bleeding include the following:  
 • Many infections induce petechial and purpuric hemorrhages, particularly meningococcemia, other forms of septicemia, infective endocarditis, and several of the rickettsioses. The involved mechanisms include microbial damage to the microvasculature (vasculitis) and disseminated intravascular coagulation (DIC). Failure to recognize meningococcemia as a cause of petechiae and purpura can be catastrophic for the patient. 

   • Drug reactions sometimes induce cutaneous petechiae and purpura without causing thrombocytopenia. In many instances the vascular injury is mediated by the deposition of drug-induced immune complexes in vessel walls, which leads to hypersensitivity (leukocytoclastic) vasculitis. 

   •   Scurvy and the Ehlers-Danlos syndrome are associated with microvascular bleeding, which results from defects in collagen that weakens vessel walls. The same mechanism may account for the spontaneous purpura that are commonly seen in the elderly and the skin hemorrhages that are seen with Cushing syndrome, in which the protein-wasting effects of excessive corticosteroid production cause loss of perivascular supporting tissue. 

   • Henoch-Schönlein purpura is a systemic hypersensitivity disease of unknown cause that is characterized by a purpuric rash, colicky abdominal pain, polyarthralgia, and acute glomerulonephritis. All these changes result from the deposition of circulating immune complexes within vessels throughout the body and within the glomerular mesangial regions. 

   • Hereditary hemorrhagic telangiectasia (also known as Weber-Osler-Rendu syndrome) is an autosomal dominant disorder characterized by dilated, tortuous blood vessels with thin walls that bleed readily. Bleeding can occur anywhere, but it is most common under the mucous membranes of the nose (epistaxis), tongue, mouth, and eyes, and throughout the gastrointestinal tract. 

   • Perivascular amyloidosis can weaken blood vessel walls and cause bleeding. This complication is most common with amyloid light-chain (AL) amyloidosis and often manifests as mucocutaneous petechiae. 

BLEEDING RELATED TO REDUCED PLATELET NUMBER: THROMBOCYTOPENIA
Reduction in platelet number constitutes an important cause of generalized bleeding. A count below 100,000 platelets/μL is generally considered to constitute thrombocytopenia. However, spontaneous bleeding does not become evident until platelet counts fall below 20,000 platelets/μL. Platelet counts in the range of 20,000 to 50,000 platelets/μL can aggravate post-traumatic bleeding. Bleeding resulting from thrombocytopenia is associated with a normal PT and PTT.
It hardly needs reiteration that platelets are critical for hemostasis, since they form temporary plugs that stop bleeding and promote key reactions in the coagulation cascade. Spontaneous bleeding associated with thrombocytopenia most often involves small vessels. Common sites for such hemorrhages are the skin and the mucous membranes of the gastrointestinal and genitourinary tracts. Most feared, however, is intracranial bleeding, which is a threat to any patient with a markedly depressed platelet count.
The many causes of thrombocytopenia can be classified into four major categories.
Causes of thrombocytopenia

DECREASED PRODUCTION OF PLATELETS 

· Selective impairment of platelet production   

                    Drug-induced: alcohol, thiazides, cytotoxic drugs 

                    Infections: measles, human immunodeficiency virus (HIV)
· Nutritional deficiencies   

                    B12, folate deficiency (megaloblastic leukemia) 
· Bone marrow failure    

                   Aplastic anemia 
· Bone marrow replacement 

                   Leukemia, 
                   Disseminated cancer, 

                   Granulomatous disease 
· Ineffective hematopoiesis    
    Myelodysplastic syndromes 

DECREASED PLATELET SURVIVAL 

· Immunologic destruction  
                      Primary autoimmune    
                             Chromic immune thrombocytopenic purpura 

                             Acute immune thrombocytopenic purpura 
                  Secondary autoimmune  

                            Systemic lupus erythematosus, 
                             B-cell lymphoid neoplasms 
                 Alloimmune: post-transfusion and neonatal 

                 Drug-associated: quinidine, heparin, sulfa compounds 

                  Infections: HIV, infectious mononucleosis (transient, mild), dengue fever 
· Nonimmunologic destruction    
    Disseminated intravascular coagulation 

                   Thrombotic microangiopathies 
· Sequestration  

                  Hypersplenism 

· Dilution
                Transfusions
   • Decreased platelet production. This can result from conditions that depress marrow output generally (such as aplastic anemia and leukemia) or affect megakaryocytes somewhat selectively. Examples of the latter include certain drugs and alcohol, which may suppress platelet production through uncertain mechanisms when taken in large amounts; HIV, which may infect megakaryocytes and inhibit platelet production; and myelodysplastic syndromes, which may occasionally present with isolated thrombocytopenia. 

   • Decreased platelet survival. This important mechanism of thrombocytopenia can have an immunological or non-immunological basis. In immune thrombocytopenia platelet destruction is caused by antibodies to platelets or, less often, immune complexes that deposit on platelets. Antibodies to platelets can recognize self-antigens (autoantibodies) or non-selfantigens (alloantibodies). Alloantibodies can arise when platelets are transfused or cross the placenta from the fetus into the pregnant mother. In the latter case, IgG antibodies made in the mother can cause clinically significant thrombocytopenia in the fetus. This is reminiscent of hemolytic disease of the newborn, in which red cells are the target. The most important nonimmunological causes are disseminated intravascular coagulation (DIC) and the thrombotic microangiopathies, in which unbridled, often systemic, platelet activation reduces platelet life span. Nonimmunological destruction of platelets may also be caused by mechanical injury, such as in individuals with prosthetic heart valves. 

   • Sequestration. The spleen normally sequesters 30% to 35% of the body's platelets, but this can rise to 80% to 90% when the spleen is enlarged, producing moderate degrees of thrombocytopenia. 

   • Dilution. Massive transfusions can produce a dilutional thrombocytopenia. With prolonged blood storage the number of viable platelets decreases; thus, plasma volume and red cell mass are reconstituted by transfusion, but the number of circulating platelets is relatively reduced. 

BLEEDING DISORDERS RELATED TO DEFECTIVE PLATELET FUNCTIONS
Qualitative defects of platelet function can be inherited or acquired. Several inherited disorders characterized by abnormal platelet function and normal platelet count have been described. A brief discussion of these rare diseases is warranted because they provide excellent models for investigating the molecular mechanisms of platelet function.
Inherited disorders of platelet function can be classified into three pathogenically distinct groups: (1) defects of adhesion, (2) defects of aggregation, and (3) disorders of platelet secretion (release reaction).   
     • Bleeding resulting from defective adhesion of platelets to subendothelial matrix is best illustrated by the autosomal recessive disorder Bernard-Soulier syndrome, which is caused by an inherited deficiency of the platelet membrane glycoprotein complex Ib-IX. This glycoprotein is a receptor for vWF and is essential for normal platelet adhesion to the subendothelial extracellular matrix. 

   • Bleeding due to defective platelet aggregation is exemplified by Glanzmann thrombasthenia, which is also transmitted as an autosomal recessive trait. Thrombasthenic platelets fail to aggregate in response to adenosine diphosphate (ADP), collagen, epinephrine, or thrombin because of deficiency or dysfunction of glycoprotein IIb-IIIa, an integrin that participates in “bridge formation” between platelets by binding fibrinogen. 

   • Disorders of platelet secretion are characterized by the defective release of certain mediators of platelet activation, such as thromboxanes and granule-bound ADP. The biochemical defects underlying these so-called storage pool disorders are varied, complex, and beyond the scope of our discussion. 
Among the acquired defects of platelet function, two are clinically significant. The first is caused by ingestion of aspirin and other nonsteroidal anti-inflammatory drugs. Aspirin is a potent, irreversible inhibitor of the enzyme cyclooxygenase, which is required for the synthesis of thromboxane A2 and prostaglandins. These mediators play important roles in platelet aggregation and subsequent release reactions. The antiplatelet effects of aspirin form the basis for its use in the prophylaxis of coronary thrombosis. Uremia is the second condition exemplifying an acquired defect in platelet function. The pathogenesis of platelet dysfunction in uremia is complex and involves defects in adhesion, granule secretion, and aggregation
HEMORRHAGIC DIATHESES RELATED TO ABNORMALITIES IN CLOTTING FACTORS
Inherited or acquired deficiencies of virtually every coagulation factor have been reported as causes of bleeding diatheses. Unlike the petechial bleeding seen with thrombocytopenia, bleeding due to isolated coagulation factor deficiencies most commonly manifests as large post-traumatic ecchymoses or hematomas, or prolonged bleeding after a laceration or any form of surgical procedure. Bleeding into the gastrointestinal and urinary tracts, and particularly into weight-bearing joints (hemarthrosis), is common. Typical stories include the patient who oozes blood for days after a tooth extraction or who develops a hemarthrosis after minor stress on a knee joint.
Hereditary deficiencies typically affect a single clotting factor. The most common and important inherited deficiencies of coagulation factors affect factor VIII (hemophilia A), and factor IX (hemophilia B). Rare inherited deficiencies of each of the other coagulation factors have also been described. All cause bleeding except for factor XII deficiency; presumably, in vivo the extrinsic pathway and thrombin-mediated activation of factors XI and IX compensate for the absence of factor XII.
Acquired deficiencies usually involve multiple coagulation factors simultaneously and can be based on decreased protein synthesis or a shortened half-life. Vitamin K deficiency results in the impaired synthesis of factors II, VII, IX, and X and protein C. Many of these factors are made in the liver and are therefore deficient in severe parenchymal liver disease. Alternatively, in DIC, multiple coagulation factors are consumed and are therefore deficient. Acquired deficiencies of single factors occur, but they are rare. These are usually caused by inhibitory autoantibodies.

Hemophilia A is the most common hereditary disease associated with life-threatening bleeding. It is caused by mutations in factor VIII, which is an essential cofactor for factor IX in the coagulation cascade. Hemophilia A is inherited as an X-linked recessive trait and thus affects mainly males and homozygous females. About 30% of patients have no family history; their disease is caused by new mutations.
Hemophilia A exhibits a wide range of clinical severity that correlates well with the level of factor VIII activity. Those with less than 1% of normal levels have severe disease; those with 2% to 5% of normal levels have moderately severe disease; and those with 6% to 50% of normal levels have mild disease. The varying degrees of factor VIII deficiency are largely explained by heterogeneity in the causative mutations. 

In all symptomatic cases there is a tendency toward easy bruising and massive hemorrhage after trauma or operative procedures. In addition, “spontaneous” hemorrhages frequently occur in regions of the body normally subject to trauma, particularly the joints, where they are known as hemarthroses. Recurrent bleeding into the joints leads to progressive deformities that can be crippling. Petechiae are characteristically absent.
Patients with hemophilia A typically have a prolonged PTT and a normal PT. These tests point to an abnormality of the intrinsic coagulation pathway. Factor VIII–specific assays are required for diagnosis. Hemophilia A is treated with infusions of recombinant factor VIII. About 15% of patients with severe hemophilia A develop antibodies that bind and inhibit factor VIII, probably because the protein is perceived as foreign, having never been “seen” by the immune system. These antibody inhibitors can be a very difficult therapeutic challenge. Before the development of recombinant factor VIII therapy, thousands of hemophiliacs received plasma-derived factor VIII concentrates containing HIV, and many developed AIDS. The risk of HIV transmission has been eliminated but tragically too late for an entire generation of hemophiliacs. Efforts to develop somatic gene therapy for hemophilia are continuing.

Hemophilia B (Christmas Disease, Factor IX Deficiency). Severe factor IX deficiency produces a disorder clinically indistinguishable from factor VIII deficiency (hemophilia A). This should not be surprising, given that factors VIII and IX function together to activate factor X. A wide spectrum of mutations involving the gene that encodes factor IX is found in hemophilia B. Like hemophilia A it is inherited as an X-linked recessive trait and shows variable clinical severity. In about 15% of these patients, factor IX is present but nonfunctional. As with hemophilia A, the PTT is prolonged and the PT is normal. Diagnosis of Christmas disease (named after the first patient identified with this condition, and not the holiday) is possible only by assay of the factor levels. The disease is treated with infusions of recombinant factor IX.
Other causes of hypocoagulation are:

· Coagulopathies which develop in the result of disorders in the stage of thrombin formation. These can develop in liver diseases, which are accompanied by disorders in synthesis of prothrombin (II factor) and plasmatic factors (VII, IX, X) which synthesis is dependent of K vitamin, which has a co-ferment role for a hepatic carboxylant enzyme;
· Coagulopathies which develop in the result of disorders in the stage of fibrin formation – hypo-fibrinogenemia and afibrinogenemia;
· Hemorrhagic syndromes induced by exaggerated activation of anticoagulant system. There are hemorrhagic syndromes which are induced by surplus of anticoagulant factors in the circulation (ex. exaggerated activation of anticoagulant system can be found in leucosis, actinic disease, anaphylactic shock, autoimmune disorders which are associated with increased synthesis of heparin, in disorders of protein metabolic processes with formation of qualitative changed proteins which can have marked anticoagulation activity).
· Hemorrhagic syndromes induced by exaggerated activation of fibrinolytic system (fibrinolytic syndromes). Main cause which leads to excessive fibrinolysis is disequilibrium between coagulation process and fibrinolytic process with predomination of the latter. Fibrinolytic syndrome is characterized by excessive release of tissular and vascular activators of plasminogen with excessive plasmin formation, such leading not only to fibrin breakdown but breakdown of plasmatic factors V, VII etc. Exaggerate activation of fibrinolytic system results from release of fibrinolysis activator from directly or indirectly injured tissues or by deficiency of fibrinolysis inhibitors.

DISSEMINATED INTRAVASCULAR COAGULATION (DIC) DIC is an acute, subacute, or chronic thrombohemorrhagic disorder characterized by the excessive activation of coagulation, which leads to the formation of thrombi in the microvasculature of the body. It occurs as a secondary complication of many different disorders. Sometimes the coagulopathy is localized to a specific organ or tissue. As a consequence of the thrombotic diathesis there is consumption of platelets, fibrin, and coagulation factors and, secondarily, activation of fibrinolysis. DIC can present with signs and symptoms relating to the tissue hypoxia and infarction caused by the myriad microthrombi; with hemorrhage caused by the depletion of factors required for hemostasis and the activation of fibrinolytic mechanisms; or both. It must be emphasized that DIC is not a primary disease. It is a coagulopathy that occurs in the course of a variety of clinical conditions.
Manifestations of hemorrhagic syndromes in the organs of the mouth

There is considered that hemostasis disorders in patients with odontogen inflammation represent a risk factor, which can induce even lethal end. In 3-10% of cases odontogen osteomyelitis and necrotic facial flegmons are associated with thrombosis and vascular peripheral bleedings.

A characteristic features of soft tissue inflammation at the level of orofacial area is considered diffuse edema, which becomes more pronounced after opening the purulent focus, being induced by releasing in the vascular bed of thromboplastin, endotoxins and fibrin depositions which activate the coagulant system. Ex. gingival bleeding represents a typical symptom for paradontitis. Surgical treatment of foci with chronic inflammation in the apical as well as marginal area of the paradentium frequently is associated with bleedings. 

Bleeding represents a early sysmptom of paradentium trauma. If the bleeding last more than 1-3 days, there this is consider a complication of the trauma. Bleeding accompanies the fractures of the facial bones. One of characteristic manifestation in patients with tumors at the level of neck and head is development of vascular thrombosis and bleedings which can lead to lethal end. 

Coagulopathies in stomatological patients can develop not only in pathological processes but can accompany as well surgical maneuvers in the mouth. So, in tooth extraction, bleeding can be found in 0,8-2,9% cases and represent a fourth from total cases of complication caused by trauma of tissues in the mouth.

A part of bleedings which can complicate evolution of flegmon, malign tumors are caused by vessel erosion. Surgical debridement of abscesses, flegmons, secvestrnecrectomy can activate the clotting system, meantime inhibiting the fibrinolytic system. Surgical treatment, as well as conservative treatment of facial bone fractures can be associated with hypercoagulation, hyperfibrinogenemia and fibrinolytic depression. 

Other category of factors which lead to bleedings are hormonal disturbances (pregnancy endocrine uterine bleeding).

The third category of factors is represented by associated disorders (arterial hypertension, diabetes mellitus, blood diseases, liver disorders) as well as usage of substances which influence hemostasis (hormones, adrenaline, anticoagulants), narcotics. 

Odontogen sepsis, abscesses, flegmons, orofacial osteomyelitis all can lead to intravascular dissiminated coagulation, characterized by hypercoagulation, fibrinolytic depression, increased, in some cases decreased fibrinogen content in the blood. 

Local thrombosis and subsequent micro-bleedings represent a part of clinical picture of paradontitis, although the hemocoagulant status in this disorder is equivocal (in some situation there is found hypercoagulation, in other – hypocoagulation). Equivocal as well are information referring to fibrinolytic process in parodontitis. There is considered that hemostatic changes in parodontitis are due to microcirculatory disorders (vasculitis, vascular obliteration, changes in vascular tonus, these leading to vascular entry of many thromboplastic agents which have a trigger function in intravascular coagulation). Concomitantly, on hypercoagulation status in patient is activated fibrinolytic process and there is accumulation of fibrinogen and fibrin split products. Correlation between pro-coagulant, anti-coagulant and fibrinolytic activity determine finally hemostatic changes in parodontitis. There should be mentioned that changes in concentration of clotting factors in the gingival liquid and parotid glands qualitatively repeat the changes which are present in the blood.

In the inflammation of marginal paradentium there can be found fibrinogen, fibrinolytic substances in saliva and gingival secrete. These substances can be attested in epithelial cells, leucocytes which migrated in the focus, mucosa of the mouth and microflora of dentogingival fissure. 
