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DISORDERS OF HEMOSTASIS
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Physiology of Hemostasis
Hemostasis is the process which arrests bleeding from an injured blood vessel and is due to constriction of the vessel wall followed by closure of the injury by a hemostatic plug consisting of platelets and fibrin.  Normally, the mechanisms promoting clot formation are in balance with those inhibiting clotting and promoting clot dissolution.  When the hemostatic process is stimulated, the uncontrolled growth of the hemostatic plug is prevented by blood flow, plasma inhibitors and fibrinolysis and the latter finally removes the fibrin strands when tissue repair is complete.  In small blood vessels, platelets play the crucial role in hemostasis  but, in large vessels, coagulation of blood is the most important factor.

Vessels
Damage to the vessel wall, with disruption of the endothelial surface, stimulates vasoconstriction.  Exposed subendothelial tissues attract platelets and activate platelets and the coagulation cascade.

Platelets
Platelets are small disc‑like fragments of megakaryocyte cytoplasm, which are present in the peripheral blood.  They possess properties of adhesion and aggregation.  Platelets rapidly adhere to foreign surfaces, particularly collagen which is exposed when a vessel wall is injured.  They also possess receptors for thrombin, collagen, ADP, adrenalin and serotonin, and aggregate in response to exposure to these substances.  Following aggregation, if the stimulus is sufficiently great, a release phenomenon occurs, where various endogenous substances including ADP, serotonin, calcium, platelet factor 4 and lysosomal enzymes are released.  ADP causes further platelet aggregation and release, serotonin is a vasoconstrictor and platelet factor 4 neutralizes trace amounts of endogenous heparin, which may otherwise inhibit the coagulation process.  Activation of platelets exposes "coagulation active" phospholipids, which function to support and focus the coagulation process.

Coagulation
The coagulation sequence is a chain of reactions with amplification at each step which eventually leads to the formation of an insoluble fibrin clot from the soluble precursor fibrinogen.  Coagulation factors can be divided into 3 categories.  Most are proenzymes, which are activated to enzymes during the coagulation process.  Factors V, VIIIc and tissue factor are cofactors.  Fibrinogen is the substrate.  Coagulation factors, platelet factors, including phospholipid, and ionized calcium are necessary for blood to clot.  Two major pathways exist, the intrinsic and extrinsic systems.

Intrinsic Pathway
Exposure to foreign surfaces, notably collagen, activates factor XI and factor XII which, in the presence of factor VIII, activates factors IX, X and eventually fibrinogen.  This is a slow process requiring 5‑10 minutes.  It should be noted that the factor VIII (anti‑hemophiliac factor) molecule is composed of several parts (Figure 1), one of which (factor VIII pro‑coagulant activity) is missing in hemophilia Type A and one of the other portions (von Willebrand's factor, a factor that promotes platelet function and helps maintain vascular integrity) is deficient in von Willebrand's disease.

Extrinsic Pathway
This pathway involves the activation of factor VII which, in turn, activates factor X and thereby fibrinogen.  The sequence is rapid and is triggered by exposure to various tissue factors.  The extrinsic pathology may also cross activate intrinsic pathway factors.  This latter step is particularly important in factor IX and XII deficiency states.

Final Common Pathway
Activated factor X, in conjunction with factor V and platelet phospholipid, converts prothrombin into thrombin and thrombin, in turn, converts fibrinogen into fibrin.  The fibrin clot is stabilized by factor XIII (fibrin stabilizing factor).

Inhibitors of Coagulation
Obviously, uncontrolled activation of coagulation would lead to complete intravascular coagulation, therefore, there are several inbuilt protective mechanisms.  These mechanisms involve a variety of proteolytic enzymes, viz alpha‑2 macroglobulin, antithrombin 3, Protein C, Protein S, alpha‑1 antitrypsin and C1 esterase inactivator.  Antithrombin 3 (also called heparin cofactor) is probably the most important of these and inhibits all the serine proteases* in the clotting pathway, particularly activated factor X, thrombin, activated factor IX and activated factor XI.  Protein C, in the presence of Protein S, inhibits activated Factor VIII and V.  Both proteins C and S are vitamin K dependent.  Defective Factor V (so called Factor V Leiden) renders activated factor V (Va) insensitive to the inactivating action of activated Protein C.  Persons with Factor V Leiden may have an inherited  thrombotic tendency.

(*  serine proteases are those coagulation factors having serine at their active site).
Fibrinolysis
The dissolution of fibrin is called fibrinolysis and it is brought about by a proteolytic enzyme, plasmin.  Plasmin is formed from the inactive precursor plasminogen, by the action of a group of substances called plasminogen activators.  Plasminogen is synthesized in the liver and possibly in eosinophils and is activated by various enzymes present in plasma and endothelial cells.  The activity of plasminogen activators is controlled by protein C and protein S.  In the absence of protein C or protein S, fibrinolytic activity is markedly reduced and a thrombotic tendency exists.  

A peptide, produced by hemolytic streptococci ‑ streptokinase ‑ can also stimulate plasminogen and has therapeutic value in dissolving clots..  Plasmin opens peptide linkages in both fibrinogen and fibrin and produces various fragments which, when present in large amounts, themselves have anticoagulant properties due to interference with fibrin polymerization;  these fragments, called fibrin/fibrinogen degradation products (F.D.P'S), are labelled sequentially X, Y, D and E.  Fragments D and E, including dimers of fragment D (so‑called D‑dimer) are found in large amounts in the plasma of patients with disseminated intravascular coagulation (see below).  Fibrin degradation products are normally cleared by the reticuloendothelial system and by the liver.

LABORATORY TESTING OF HEMOSTASIS
1.
Vascular function
Vascular function and platelet function can be tested in vivo using the bleeding time.  The technique currently used involves the use of a commercially available device, which ejects small sterile blades into the skin of the forearm.  This test requires inflation of the sphygmomanometer cuff to 40 mmHg.  Incisions are made to predetermined depth and the time taken for bleeding to stop is measured.  The normal bleeding time using this technique is 3‑9 minutes.  The bleeding time detects disorders of platelet function but does not detect abnormalities of coagulation proteins, except von Willebrand factor.  A platelet count should be done before the bleeding time is undertaken. 
2.
Tests of Platelet Function
It should be remembered that a decrease in platelet count can cause hemorrhagic problems and a platelet count is part of a hemostasis profile.  The normal platelet count is 140‑350 x 109/L.  Spontaneous bleeding, due to a lack of platelets, is unusual unless the count is below 20 x 109/L.

As mentioned above, the bleeding time is an in vivo test of platelet function;  various in vitro techniques also exist and these measure platelet aggregation in response to the addition of aggregating agents such as collagen, arachidonic acid and ADP.  Abnormal patterns are found in patients with inherited abnormalities of platelet function, such as storage pool disease and thrombasthenia, or acquired defects of platelet function as occur with myeloproliferative diseases and in response to aspirin and other anti‑inflammatory agents.

3.
Tests of Blood Coagulation
Tests on the Patient's Plasma
Since calcium is required for coagulation, blood samples collected for coagulation procedures are collected into sodium citrate; the citrate chelates the calcium and coagulation is effectively inhibited until such time that an extrinsic source of calcium, usually in the form of calcium chloride, is added.  The tests described below are all performed on citrated plasma.  Prolongation of these tests can result from a deficiency of factors, the presence of factors that function abnormally or an inhibitor of the pathway.

One‑Stage Prothrombin Time (PT)
‑
This test is a means of examining the extrinsic clotting pathway.  Citrated plasma is mixed with a tissue thromboplastin and calcium;  normal plasma clots in 10‑12 seconds, although the normal range can vary widely depending on the thromboplastin used.  This test is sensitive to reduced levels of factors V, VII and X, prothrombin and fibrinogen.  It is insensitive to defects in the intrinsic pathway and is used mainly for the control of patients on oral anticoagulant therapy. (i.e. vitamin K antagonists)


Activated Partial Thromboplastin Time (PTT)
‑
This test is carried out by mixing plasma with kaolin (or another surface active agent) a brain extract, and calcium and allowing it to clot.  The normal range is usually between 25 and 40 seconds.  The PTT is a test of the intrinsic clotting pathway and will give an abnormal result with deficiencies of factor XII, XI, IX, VIII, X, V  prothrombin, and fibrinogen.  This test is used extensively for screening of intrinsic pathway function and can also be used to control patients on heparin therapy.

Thrombin Time
‑
This test is carried out by adding a mixture of diluted bovine thrombin to the patient's plasma.  Depending on the concentration of the thrombin, the plasma should clot within 10‑20 seconds.  The test is abnormal when the fibrinogen levels are reduced, when the fibrinogen molecule is abnormal and when FDP's or heparin are present.

Other Coagulation Tests
‑
If a defect is identified in the screening tests ,the specific part of the pathway involved can be examined in detail by assaying the individual coagulation factors.  The details of these coagulation factor assays are not described herein

DISORDERS OF PLATELETS
Platelet disorders are characterized by prolonged bleeding and petechial hemorrhages into the skin and mucous membranes.  The bleeding tends to start immediately after injury and once it stops, does not tend to recur in the absence of further injury.  The disorders result from either decreased numbers of platelets (thrombocytopenia) or abnormalities of platelet function.

Thrombocytopenia
Thrombocytopenia can result from failure of production of platelets, such as occurs in aplastic anemia, leukemia and megaloblastic anemia, or from accelerated destruction of platelets, as occurs in immune thrombocytopenia, which may be "idiopathic", a complication of auto‑immune diseases, or an immune complication of drug therapy.  Consumption of platelets can also occur in disseminated intravascular coagulation, extracorporeal perfusion, or in hypersplenism.

The diagnosis rests in establishing that the patient is thrombocytopenic and then performing a bone marrow aspiration to further classify the exact cause of the thrombocytopenia.  Management varies, with platelet replacement being given for symptomatic disorders of platelet production and usually steroids, or splenectomy, being used for the immune thrombocytopenias.

Qualitative Disorders of Platelets
These can be broken down into congenital or acquired disorders.  Patients suffering from the congenital disorders of platelet function have a lifelong history of bleeding from the skin and mucous membranes, easy bruising and menorrhagia.  This group of disorders includes conditions, such as 

Glanzmann's thrombasthenia, platelet storage pool disease and the Bernard‑Soulier syndrome.  Glanzmann's disease is due to a defect in the platelet membrane, so that the patient's platelets fail to aggregate in the presence of ADP and other agents.  In storage pool disease, no release occurs after platelet activation and the second wave of aggregation does not occur.  A similar type of lesion is produced by aspirin.

Acquired disorders of platelets occur with various medications, e.g. aspirin, carbenicillin and anti‑inflammatory drugs, in myeloproliferative disorders and in uremia.  In the latter case, metabolites, which interfere with platelet function, accumulate in the plasma.

The disorders of platelet function require detailed studies of the platelet aggregation profile to establish the diagnosis, but the bleeding time is abnormal in all these disorders.

DISORDERS OF BLOOD COAGULATION
Congenital Abnormalities of Blood Coagulation
These are rare;  over 90% are due to abnormalities of factor VIII (hemophilia A and von Willebrand's disease) and factor IX deficiency (hemophilia B or Christmas disease).  All these are characterized by bleeding following injury.  There may be prolonged bleeding after tooth extraction and after surgery.  In hemophilia, there may be painful bleeding into joints and deep tissues.  Although bleeding is often manifest immediately after injury in hemophiliacs, it may be delayed after trauma.  In addition, in hemophilia, the bleeding may stop, only to recur hours later.

The history often gives the clue to the presence of an inherited disorder of coagulation.  If the patient has a long history of hemorrhage affecting different parts of the body and a similar abnormality in a relative, an inherited coagulation abnormality should be sought.  The extent of bleeding after tooth extraction or minor operation is another useful clue.  Normal people may ooze from a tooth socket for up to 24 hours, but bleeding persisting for more than 24 hours in the absence of an infection is abnormal.

Patients who have undergone major surgery, particularly tonsillectomy, without undue hemorrhage, are probably not suffering from a significant inherited defect.  The family history is important and the possibility of consanguinity should be explored.

Abnormalities of Factor VIll
Classical Hemophilia: This is an X-linked recessive disorder.  Males are affected and females carry the abnormal gene, therefore the sons of hemophiliacs are normal, but all their daughters are carriers.  Sons of female carriers have a 50% chance of inheriting the disease and daughters have a 50% chance of being carriers.  However, approximately 30% of patients with hemophilia do not have a family history and some of these are assumed to be new mutations.  The degree of severity of this disease varies with the level of Factor VIII.  Patients with less than 1% factor VIII have spontaneous bleeding into muscles and joints and have a crippling disease.  Patients with between 1-5% bleed after minor trauma, patients with more than 5% bleed only after operations or trauma and patients with more than 25% factor VIII bleed after major trauma only.

The diagnosis is suggested by the history and confirmed by laboratory tests.  With severe hemophilia, the bleeding time is normal, the prothrombin time is normal, the partial thromboplastin time is markedly prolonged, the thrombin time is normal, and the factor VIII assay, which is the definitive diagnostic test, shows a reduced level of factor VIII activity.

The management of this disease requires elevation of the patient's factor VIII level.  DDAVP (Deamino-D-arginine vasopressin), a drug, can be used to temporarily increase the level of factor VIII complex in mild and moderate hemophiliacs.  Factor VIII levels can also be increased by transfusing factor VIII concentrates, but this is associated with the risk of transfusing human products.  Fibrinolytic activity can be reduced using epsilon aminocaproic acid, and this is of particular value in dental extraction.  5-10% of patients with hemophilia develop antibodies to factor VIII following treatment; this severely impairs subsequent management.  HIV infection hepatitis and carriers of the hepatitis antigen are more common in hemophiliacs than normal people and appropriate precautions should be taken when doing blood tests or procedures on this type of patient.  The hemophiliacs have developed these unfortunate viral complications as a consequence of pooled blood product transfusion,

von Willebrand's Disease (VWD)

This disease results from a deficiency of von Willebrand's factor, which is required for the normal functioning of the factor VIII molecule and also for the normal functioning of platelets.  The bleeding manifestations are usually mild and typically include epistaxis, menorrhagia and bruising.

The disease is inherited as an autosomal dominant with varying expression and penetrance and affects both sexes equally.  It is the most common inherited disorder of coagulation.  The diagnosis depends upon the demonstration of prolonged bleeding time, reduced factor VIII levels (therefore the PTT is prolonged) and decreased levels of von Willebrand's factor.  The patients also show abnormalities of platelet aggregation in that ristocetin, an antibiotic which causes aggregation of normal platelets, does not cause aggregation in the absence of von Willebrand's factor.  As a diagnostic test, however, platelet aggregation is not sensitive.  Assays for factor VIII related antigen and ristocetin co-factor are usually required to confirm the diagnosis.  Complex studies of factor VIII antigenic multimers are required to subtype patients with VWD.  This is important in that some patients can be treated with DDAVP, a synthetic hormone, and thereby avoid the dangers of blood product infusion; some subtypes, however, do not respond favourably to DDAVP. von Willebrand's factor can be supplied by transfusing cryoprecipitate or special factor VIII concentrates.

Christmas Disease - Factor IX Deficiency
This is a X-linked recessive disorder affecting males and is similar to, but less common than, factor VIII deficiency [hemophilia A).  Clinical presentation and history ARE similar and the laboratory  tests show normal platelet function, but a prolonged partial thromboplastin time, with normal factor VIII assay, but reduced levels of factor IX activity.

Other Disorders
Many other inherited disorders of coagulation exist but all are very rare.

ACQUIRED DISORDERS OF COAGULATION
A common acquired "disorder" of coagulation is drug induced.  Oral anticoagulants are vitamin K antagonists and are derivatives of coumadin or indanedione.  They interfere with the synthesis and functioning of the vitamin K dependent coagulation factors [factors II, VII, IX and X].  This therapeutic anticoagulant effect is used in the management of patients with venous thrombosis and following heart valve replacement.  The drugs cause diminished levels of factors II, VII, IX and X and produce prolongation of the prothrombin time and the partial thromboplastin time.  Heparin is another therapeutically useful anticoagulant; it is a naturally occurring mucopolysaccharide and is obtained commercially from bovine or porcine lung or intestine; it is administered intravenously and augments the action of antithrombin 3 and produces prolongation of the thrombin time and the partial thromboplastin time.

Vitamin K Deficiency
Reduced levels of Vitamin K produce serious depletion in the levels of the vitamin K dependent clotting factors [II, VII, IX, X, protein C, protein S).  Spontaneous hemorrhage may result.  Vitamin K deficiency occurs in malabsorption syndromes, in the newborn and in the malnourished ICU patient, treated with broad-spectrum antibiotics.  Marked prolongation of PT and PTT occur, but the TT and fibrinogen are normal.

Disseminated lntravascular Coagulation (DIC)
This is a widespread disorder, reflecting intravascular activation and consumption of clotting factors.  This consumption of the coagulation factors and platelets produces intravascular fibrin deposition and activates secondary fibrinolysis.  DIC is always secondary to other disorders and may occur as an acute disorder, or as a more chronic condition.  Acute DIC is associated with shock, septicemia, abruptio placentae, acute liver failure, burns, major surgery (especially thoracic) and snake bite.  Chronic DIC occurs in patients with disseminated malignancy and retained dead fetus.  The diagnosis depends on laboratory demonstration of reduced fibrinogen levels and the presence of fibrin degradation products, such as D-dimer, in the blood.  Patients typically have a prolonged PT, PTT and thrombin time, together with thrombocytopenia and hypofibrinogenemia.

Circulating Anti-Coagulants
Acquired inhibitors of blood coagulation occur infrequently.  They may develop in response to factor VIII therapy in severe hemophilia A.  Auto-antibodies to factor VIII can appear after childbirth and in patients with rheumatoid arthritis, asthma and severe penicillin allergy.  Patients with factor VIII antibodies often have severe life threatening hemorrhage which is extremely difficult to treat.  Inhibitors against other clotting factors are described.  An auto-antibody to von Willebrand factor is seen occasionally in patients with lymphoproliferative disorders.  A much more common, but less specific, inhibitor is the Lupus Anticoagulant, which occurs in patients with, or without, SLE, or as a complication of various medications (chlorpromazine).  This anticoagulant is usually IgG, more rarely IgM, which binds to negatively charged phospholipids and slows down the clotting process in vitro, prolonging the PTT, and less commonly the PT.  Paradoxically, this inhibitor is rarely associated with bleeding, but has a significant association with both venous and arterial thrombosis.  It also seems to result in increased fetal wastage, probably as a consequence of repeated placental infarction.  There is no precise diagnostic test for the lupus anticoagulant, but the platelet neutralization procedure (PNP) and anti-cardiolipin antibodies are the most useful.

Bleeding Disorders with Liver Disease
Patients with advanced liver disease have difficulty manufacturing the coagulation factors and have prolonged PTT and PT results; these patients are also susceptible to DIC.

Bleeding After Massive Transfusion
Patients who receive large amounts of transfused blood, usually greater than one blood volume replacement, are susceptible to an acquired coagulopathy, which consists of thrombocytopenia, together with decreased levels of the labile clotting factors (V and VIII);  this disorder reflects utilization of the patients factors, together with replacement using blood products which have low levels of these hemostatic components.

Thrombotic Disorder
Arterial
These are discussed elsewhere in this course.  It should be remembered, however, that hemostasis and atherosclerosis are closely intertwined and platelets are central in the evolution of an atherosclerotic lesion.  Similarly, circulating aggregates of platelets can cause transient ischemic episodes.  As mentioned above, the lupus anticoagulant can also cause spontaneous arterial thrombosis.

Venous
These disorders are discussed elsewhere.  It should be remembered that disorders of hemostatic regulation are associated with an increased thrombotic risk.  Inherited deficiency of these regulating factors, called thrombophilia, are a rare cause of thrombosis.  Affected patients are bothered by recurrent venous thrombotic, often in unusual sites, and pulmonary embolic episodes from childhood onwards.  A positive family history is very suggestive.  Patients with these types of problems should be investigated to exclude an inherited abnormality of protein C, protein S, antithrombin III, plasminogen or fibrinogen.

COAGULATION CASE HISTORIES - I
1 
24-year old female, gravida 2, para 2, is admitted for gynecological surgery.  She describes herself as being a "free bleeder".  After a tonsillectomy, as a child, she had returned to hospital more than one time, because of repeated bleeding from the surgical site.  She has had dental extractions, but has not had excessive bleeding from them.  She bruises easily, sometimes with minimal trauma, getting a bruise the size of an orange.  In childhood, she remembers having frequent nosebleeds.

Her brother and father are reported to have increased bruising, but have never been investigated.  The coagulation results are shown below:

PROTHROMBIN TIME
11.0
(N = 10-12)

AP-FT

35
(N = 25-35)

IVY BLEEDING TIME
1 9 min.
(N = less than 8)

PLATELET COUNT
241
(N = 150-350)

CLOT RETRACTION
Normal

FACTOR VIII-C
40%
(N = 50-150%)

FACTOR Vill RELATED ANTIGEN
20%

PLATELET AGGREGATION STUDIES
Normal

RISTOCETIN GO-FACTOR
18%

COAGULATION CASE HISTORIES - II
2.
Mr. S.W., 26-year old male.  He had 6 teeth extracted, two months ago (including 2 wisdom teeth), and bled for 5 weeks afterwards.  The bleeding was not immediate, but became a problem the day after extraction.  The patient had required hospitalization at another hospital and had been treated with fresh frozen plasma and Amicar.  The tooth sockets had required suturing and cauterizing.

The patient mentions that he bled excessively when aged 2, after he fell and cut his tongue.  No diagnosis was made on the basis of the studies performed then.  After that, he had no problems until the tooth extractions.  The patient's brother has also experienced increased bleeding after an extraction, but has not been investigated.  There is no other family history.  Coagulations studies were as follows:

PROTHROMBIN TIME
11.9
(N = 10-12)

APTT

41 secs.
(N = 25-35)

BLEEDING TIME
32 mi n.

PLATELET COUNT
156

FIBRINOGEN
2.05 g/L
(N = 1.5-4.5)

FACTOR VIII
19%

FACTOR IX
87%

PLATELET AGGREGATION
Normal

RISTOCETIN COFACTOR
100%

COAGULATION CASE HISTORIES - Ill
3.
J.C., 12-month old baby boy, admitted to hospital.  He is bleeding from his tongue and has been bleeding for several days.  A note from the referring hospital shows that they found his PTT to be greater than 80 seconds.  The baby's maternal grandfather died in a country hospital, 30 years ago, with uncontrollable hemorrhage following surgery.  The mother and father of the baby have no bleeding tendency.  Coagulation results:

PROTHROMBIN TIME
11.2
APTT

74.6

1:1 MIX PTT
31 secs.

THROMBIN TIME
Normal

BLEEDING TIME
5 mins.

PLATELET COUNT
300

FIBRINOGEN
3.0 g/L

FACTOR VIIIC
1%

FACTOR IX
90%

FACTOR XI
75%

RISTOCETIN COFACTOR
150%

FACTOR Ill ANTIGEN
120%

TEST FOR FACTOR VII INHIBITOR
None detected
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