Hematology—Coagulation

To diagnose a bleeding disorder, a family history is crucial.  The amount, length, and time of bleeding should all be documented.  Most bleeds are local and can be due to traumatic causes or spontaneous bleeding.  Coagulation disorders are characterized by joint and soft tissue bleeding and organ bleeding.  Platelet disorders are characterized by purpura or petechiae.

Hemostasis

Coagulation is the process the body has to stop the flow of blood through a wound, minimizing blood loss.  Hemostasis literally means “arrest of bleeding”.  It is the process by which the body spontaneously stops bleeding.  It also maintains the blood in a liquid state.  


Hemostasis is made up of four component parts: vessels, platelets, coagulation proteins, and fibrinolysis/inhibitors.  All four of these components are working together simultaneously.  The mechanism must be kept in balance—a shift in either direction can cause excessive bleeding or clotting.  The four components all work together toward thrombus formation in a balanced process.  Platelets are the center of clot formation.  Excessive fibrinolysis will result in bleeding.  Excessive clotting will result in pathologic clotting.


Once the blood vessel is damaged, the lower layers become exposed, activating the platelets.  The blood vessels themselves will first begin to constrict.  This slows down the flow of blood, allowing the platelets and coagulation factors to come together.  Once platelets become activated, they form a plug.  The platelet surface then becomes available for coagulation activities, forming a platelet-fibrin clot formation.  This is a plug that seals the injury to the blood vessel.  


Coagulation then occurs.  There are two pathways: collagen exposure activates the intrinsic coagulation pathway.  Tissue thromboplastin release activates the extrinsic coagulation pathway.  Together they form the common pathway.  Eventually, a stable fibrin clot is formed.

Fibrinolysis is the final step.  Tissue plasminogen activator release will activate plasminogen, which then turns into its active form plasmin.  Eventually, this leads to clot dissolution as the vessel heals.  This cleans any of the debris in the area and helps maintain the blood in a fluid state.
Vascular Disorders


Vascular disorders can be hereditary and acquired.  The most common clinical and diagnostic findings in vascular disorders are bruising and petechiae, as well as some purpura.  Vitamin C (ascorbic acid) plays an important role in the structure of the blood vessels.  Insufficient intake of vitamin C leads to decreased collagen.  Without collagen, there is weakening of the capillary walls, which can lead to problems.


Inherited disorders include decreased content of elastic fibers.  The blood vessels are not structurally stable.  The collagen that supports the blood vessels is weak; therefore more prone to injury.


Acquired disorders somehow affect the blood vessels and cause bruising, petechiae, and purpura.  Autoimmune conditions, infections, drugs, and allergic purpura.  In these conditions, the blood vessels are inflamed and prone to leakage.  These conditions can be acute or chronic.

The aging process leads to degeneration of fibrin, collagen, and elastic fibers in the blood vessels.  The skin has lead integrity; therefore leading to easy bruising.  

Laboratory Tests
Tourniquet Test


The tourniquet test is a.k.a. the capillary fragility test.  One of the first of the screening tests used for the vascular system.  A BP cuff is applied to upper arm and placed about 70mmHg and kept on for about 5 minute.  After 5 minutes, the presence is relieved and the skin is examined for the presence of petechiae.  Normal findings are <2 petechiae.  This test evaluates capillary integrity and platelet number and function.


The types of petechiae were important.  If they were large, it is usually indicative of thrombocytopenia.  Smaller petechiae were associated with increased capillary fragility.  The microvessels rupture and bleed into the skin.


Not usually utilized anymore because it is more useful to get a platelet count.

Bleeding Time Test


Bleeding time test is performed to evaluate the vascular and platelet function associated with hemostasis.  Commonly performed on pre-operative patients.


A small incision was made on the forearm.  The drops of blood were blotted with a piece of filter paper every 30 seconds.  In a normal person, the drops of blood would get progressively smaller until there is only a pinpoint drop left (1-9 minutes).  >15 minutes of prolonged bleeding on repeated evaluations would indicate critical values.  If platelet count were low, capillary fragility, and anti-coagulants were present, there would be prolonged bleeding time.


The sensitivity and specificity are limited.  Not a good indicator of bleeding risk when used alone.  

Platelets


Platelets are disk-shaped cell fragments produced in the megakaryocytes of the bone marrow.  They do not contain a nucleus.  Very active metabolically.  Megakaryocytes develop without cytoplasmic division.


Normal platelet count is about 200,000-400,000.  Lifespan is about 7-10 days.  Platelets break off from the megakaryocyte.  67% of the platelets are in circulation, while the remaining 33% are pooled in the spleen.  


Platelets play an important role in coagulation.  Once the platelets arrive at the area of injury and become activated, they adhere to that area.  Aggregation then takes place.  The platelets stick together and form clumps.  This forms a plug and the bleeding begins to stop.  Platelets then release their clotting factors, leading to coagulation.  Coagulation takes place when the extrinsic and intrinsic pathways come together and fibrin is formed.  Fibrin strains form around the platelet plug, stopping the flow of blood in the injured vessel.  The fibrin strains then undergo dissolution through fibrinolysis.

Platelets are very complex cells.  Microtubules in the platelets are able to contract, squeezing its contents out.  There are many granules and dense bodies in the cell.  There are also invaginations in the cell membrane.  This is the canalicular system.  It allows substances to enter the platelet.  When the platelet is activated, the contents of the granules are able to leave the platelets through the canalicular system.


The blood vessels themselves have anti-coagulant activity.  Prostacyclin prevents the adhesion of platelets.
Platelet Disorders
Inherited Qualitative Disorders
1) Disorders of adhesion – inherited disorders in which the platelets are unable to adhere to the area of injury; therefore, blood will continue to flow.  Include Bernard-Soulier and Von Willebrand syndrome.  
2) Disorders of aggregation – platelets are unable to come together and form the platelet plug.  Include Glanzmann’s syndrome
3) Disorders of secretion – the granular contents are not secreted.  Referred to as storage pool deficiencies or release defects.  Largest group of platelet disorders

Acquired Qualitative Disorders


Renal uremia disease is characterized by many platelet abnormalities.  Causes more bleeding.  


Certain types of malignancies cause elevation of proteins, coating the platelets.  This makes the platelets largely ineffective.


Acute leukemia can present with hemorrhaging due to low platelet count.  Since the bone marrow is affected, the megakaryocytes can not produce adequate numbers of platelets.

Drugs can inhibit platelet function, such as heparin and coumadin.  Both are used as anti-coagulants.  Aspirin is also used as an anti-coagulant.


Platelet antibodies coat the platelets, leading to destruction of the platelets.  This may lead to thrombocytopenia.
Quantitative Platelet Disorders

Thrombocytopenia is caused by a decrease in platelet production.  Anything that interferes with the production of the megakaryocyte can cause thrombocytopenia.  Can be associated with acquired or inherited disorders.  Causes include leukemia, lymphomas, aplastic anemia, chemotherapy, viral infections, drugs, and chemical exposure.  All of these conditions attack the bone marrow.  Patients with many blood transfusions also have platelet disorders.  When blood is stored, the platelet deteriorates.  Transfused platelets are usually taken from fresh blood.  Increased destruction of platelets can occur.  Can be due to viral, parasitic, or bacterial infections.  HIV infections or any autoimmune disease where antibodies coat the platelets can lead to destruction of platelets.


Thrombocytosis is an elevated level of platelets.  Can be caused by increase platelet production or proliferation of megakaryocytes.  Characterized by proliferation of stem cells.  Polycythemia Vera, exposures to chemical substances, acute blood loss, iron-deficient anemia, and chemotherapeutic agents can also increase platelets.

Laboratory Tests for Platelets

Platelet Count


Platelet count is used to monitor course of disease and therapy.  A lavender tube is used for the platelet count.  It contains an anti-coagulant, so the specimen must be inverted.  A clotted specimen cannot be used for tests.


Aspirin inhibits the cyclooxygenase cycle.  This prevents the platelets from sticking together.  Any aspirin ingestion should be discontinued prior to specimen collection to achieve accurate results
Normal Findings

1) Adult/Elderly – 150,000-400,000/mm3 or 150-400 x 109/L (SI units)

2) Child – 150,000-400,000/mm3
3) Infant – 200,000-475,000/mm3
4) Premature Infant – 100,000-300,000/mm3
5) Newborn – 150,000-300,000/mm3
Critical Values

1) <50,000 or >1 million/mm3
Platelet Aggregation Test


Platelet aggregation test tests the platelets ability to form clumps.  The platelets must interact with other platelets when stimulated by various aggregating agents.


A light source is placed on platelet-rich plasma (turbid solution).  Since the solution is turbid, light transmission is limited.  A substance is then added, such as EPI and collagen.  The reaction of the plasma is then studied.  This changes the shape of the platelets.  The platelet aggregation is then observed.

SEE HANDOUT FOR DIFFERENT AGGREGATION CURVES!


Uremia, dialysis, and CV disorders can all present with decreased aggregation.

Platelet Antibody Test


Platelet antibody test is used to monitor thrombocytopenia.  This test is performed in any autoimmune diseases.  Any immune disorder may produce antibodies that can destroy the platelet.

Platelet Function Analyzer


Platelet function analyzer is an automated method.  Used to screen pre-operative patients and evaluate recurrent bleeding.  Abnormal results can indicate acquired platelet disorders and higher risk of excessive bleeding.  Greatly replaced the bleeding time test.
Coagulation Factors

Coagulation factors are a group of coagulation proteins.  There are 12 principle coagulation factors:

Factor I - Fibrinogen
Factor II – Prothrombin 
Factor III – Tissue Thromboplastin
Factor IV - Calcium
Factor V – Labile Factor (Proaccelerin) 
Factor VII – Stable Factor (Proconvertin)
Factor VIII – Anti-hemophilic factor
Factor IX – Christmas factor
Factor X – Stuart-Prower Factor
Factor XI – Plasma Thromboplastin Antecedent
Factor XII – Hageman Factor
Factor XIII – Fibrin Stabilizing Factor


The numbers were assigned in order of discovery, not in importance or order in the coagulation cascade.  It is referred to as a cascade because one factor usually leads to the activation of the next factor.  

Prothrombin Time


Prothrombin time was developed by Dr. Quick.  Blue top tube is used for PT.  The blue top tube should be inverted 3-4 times to mix it with the anticoagulant.  Used to measure the extrinsic system and the common pathway.  Thromboplastin is added to the patient’s plasma.  A reaction then takes place.  A fibrin clot should then develop.  Instruments detect the presence of the fibrin clot.  If all of the factors in the extrinsic system are present in adequate concentrations, a fibrin clot should develop normally.  The longer the clot takes to form, the less factors that are present in the patient’s plasma.  The administration of an anticoagulant will affect the clotting times by prolonging them.  These tests are also used to monitor drug efficacy.  Prothrombin time cannot distinguish between which factors are deficient.  Liver disease can give a prolonged prothrombin time.  Very useful in monitoring coumadin therapy.
International Normalized Ratio (INR)


International normalized ratio (INR) is used in combination with prothrombin time to monitor anticoagulant therapy.  This provides a uniform prothrombin result worldwide.  The prothrombin time results should include the INR.  It is determined as the patient’s PT/mean of the normal range.  When coumadin therapy is monitored through the INR, it is therapeutic 2-3.  If it is greater than 3, the patient can be given vitamin K.  If bleeding is present, fresh frozen plasma can be given to provide some of the clotting factors.

Partial Thromboplastin Time (PTT)


Partial thromboplastin time (PTT) is used to assess the intrinsic and the common pathways.  PTT is used to monitor heparin therapy.  PTT should be performed 30-60 minutes before the next heparin dose.  If the PTT is less than 70 seconds, anticoagulation has not been achieved, so the heparin dose should be increased.  If PTT is over 120 seconds, there is too much anticoagulation, so the heparin dose should be decreased.  Vitamin K deficiency can result in a prolonged PTT.

By utilizing the PT and PTT, you can figure out the causes of some problems:

1) PT and PTT are normal – hemostatic abnormalities can be due to a platelet deficiency, a vascular defect, or a factor XIII abnormality
2) PT or PTT are prolonged – most common cause of prolonged test is that the patient is taking oral anticoagulation medication.  The goal of this therapy is to prevent the formation of a thrombus

3) PT is prolonged and PTT is normal – The PT test is exclusive for factor VII.  This abnormality usually indicates a factor VII deficiency

4) PT is normal and PTT is prolonged – indicates a problem within the intrinsic pathway and suggests a deficiency of pre-kallikrein, HMWK, or factor VIII, IX, XI, or XII

5) PT and PTT are prolonged – indicates an abnormality of the common pathway, that is, factors I, II, V, and X, or a possibility of multiple factor deficiencies.  

Thrombin Time


Thrombin time is used to evaluate the fibrinogen portion of the cascade.  Thrombin is added to the patient’s plasma and within 8-12 seconds a clot should form.  Using this test along with the other two allows us to localize exactly where the deficiency is.

Fibrinolysis


Fibrinolysis is the fourth component of the coagulation system.  It maintains the balance of coagulation.  It prevents uncontrolled clot formation.  The deposition of fibrin in the body is carefully regulated by this mechanism.  Fibrinolysis involves the dissolution of the fibrin clot.


Fibrinolysis is a physiological process that removes insoluble fibrin through enzymatic digestion of the fibrin.  The debris of the fibrin is then eaten up by plasmin.  Plasminogen must be converted to plasmin.  There are various plasminogen activators.  If these activators are deficient, clot formation occurs.  
Fibrin Degradation Product


Fibrin degradation product measurement is part of the evaluation of disseminated intravascular coagulation (DIC).  It is a direct quantitative measurement of FDPs.  Normally, FDPs are cleared by macrophages.  If found in excess, they can cause bleeding because fibrinogen is not being converted to fibrin.  
D-Dimer


 D-Dimer is a very specific confirmatory test for disseminated intravascular coagulation (DIC).  It is a measurement of fibrin degradation.  Normally, no D-Dimer should be present.  D-Dimer can be increased whenever fibrin clots are lysed by thrombolytic therapy, DVT, or pulmonary embolism.
Disseminated Intravascular Coagulation (DIC)


Disseminated intravascular coagulation (DIC) is characterized by overproduction of fibrin and concurrent fibrinolysis.  Results in bleeding and clot formation.  Can be seen in patients with infections and vascular disorders.  Chronic DIC can be acquired through other disorders.  By treating the underlying disorder, you can fix chronic DIC.
