Hemostasis and the Coagulation of Blood

Induced or spontaneous hemorrhage is halted by the process of hemostasis.  Three principal factors are involved in hemostasis.

1. Vascular factors eg. Integrity of blood vessels walls

2. Thrombocytes

3. Clotting mechanism

Vascular Factors:

The vascular component of hemostasis depends on blood vessels that are functioning and structurally normal.  Unfortunately, procedures to evaluate the integrity of blood vessels are not well known in veterinary medicine.  Vascular abnormalities are often suspected when there is clinical evidence of a bleeding tendency, but all laboratory measurements are with normal ranges.

Restoration of vascular integrity is obviously a requirement in traumatic wounds resulting in lacerations of major vessels.  Coagulation of blood is effective only after the defect has been repaired.  When a blood vessel is injured or severed, vasoconstriction occurs almost immediately and it may be sufficient to reduce the escape of blood if the injury is minor.  In addition to producing vasoconstriction, injury may also damage the vessel wall, exposing collagen fibers.  Thrombocytes adhere to these fibers, initiating hemostasis.

Thrombocytes:

Thrombocytes (platelets) are small fragments found in circulating blood.  Thrombocytes are produced principally from megakaryocytes in the bone marrow.  The lung and spleen are also sites of megakaryocyte development.  In spite of the seemingly simple morphology, the platelet has a number of important physiologic activities related to hemostasis.  In addition to its role forming a hemostatic plug, it also serves as a catalyst to assist in initiating the coagulation cascade.

As platelets adhere to an injured vessel wall and to each other, active substances are released.  These include serotonin, histamines and ADP.  The release of ADP causes adherence of additional platelets that, along with fibrinogen and calcium, assist in forming the plug in a damaged vessel.

Serotonin and histamines released by the disintegrating thrombocytes act as a vasoconstrictor.  Platelets are also active in the synthesis of proteins, carbohydrates, nucleotides and lipids.  Platelets have the ability to phagocytized some small particles..

Platelets also play an important role in clot retraction.  If whole blood is allowed to clot and is observed over a period of time, the clot decreases in size and serum is expressed..  Clot retraction is dependant on thrombocytes but it also may be affected by the nature of the surface on which the clot has formed.

The Clotting Mechanism:

Blood Coagulation appears as a simple action, the conversion of a liquid into a solid.  However, behind the clot that forms after a cut or scratch lies a highly complex mechanism.  Complicated reactions of various factors functioning in a normal sequence are required to produce clotting.  The clotting mechanism can be compared to the foundation of a building, if the foundation is weak, eventually a situation that creates additional weight or pressure could cause the entire structure to collapse.

The coagulation system, which culminates in a clot, must also be reversed and the clot removed.  This is accomplished by a fibrinolytic enzyme system.

Coagulation Time:

The whole blood clotting time can be determined by several techniques

The easiest technique is called the capillary tube method.

The skin is punctured and the first drop of blood is wiped away.  The capillary tube is then filled with blood. It is important to note the time when blood first appears in the capillary tube.  Unfortunately, it is very difficult to collect blood in this fashion without also contaminating the specimen with tissue juices.  When this occurs, the blood with coagulate rapidly.  Such contamination can be avoided by filling the tube with blood from a venipuncture site.

Holding the tube between the thumb and index finger, gently break off small pieces every 30 seconds until a strand of fibrin extends across the gap between the two broken ends of the tube.  The interval of time between the first appearance of blood in the tube and the appearance of fibrin is the clotting time.  Variations may occur in response to differences in temperature and technique.

Lee-White Coagulation Time:

A vacutainer tube containing diatomaceous earth is prewarmed in a 37 degree Celsius water bath.  Venapuncture is preformed and 2 ml of whole blood is collected directly into the tube.  A timer is started as soon as the blood enters the tube.  The tube is mixed once by gentle inversion and placed back into the 37 degree water bath.  The tube should be observed at 60 seconds and then at 5 second intervals for the presence of a clot.

 Coagulation Defects

Bleeding disorders may be caused by either congenital or acquired defects.  Most bleeding disorders in the veterinary field are secondary to some other disease.  Clinical signs associated with bleeding disorders include superficial petechial formation ecchymotic hemorrhage, epistaxis, melena and prolonged bleeding from injection sites.

Hemophilia :

In hemophilia there is a distinct abnormality in the system of blood coagulation.  Clotting time is prolonged although the platelet count is within normal range.  Hemophilia is an X chromosome linked recessive trait.

Hemophilia B :

Differentiated from Hemophilia A by the lack of a different clotting factor.  This condition is also called Christmas Disease.

Von Willebrand’s Disease:

This disease is the result of a decreased or deficient production of von Willebrand’s factor which prolongs bleeding time.

Acquired Coagulation Defects.

Liver Disease:  

Liver deficiencies may result in the development of a hemorrhagic tendency.  These hemostatic defects result from diminished synthesis of proteins, metabolic abnormalities and diminished clearance mechanisms.  The liver is the major site of many plasma coagulation factors.  With very advanced, severe liver disease, fibrinogen decreases may occur.

Chemicals:

Chemicals must be considered when dealing with any animal suffering from hemostatic problems.  Poisons for rodents contain substances that interfere with vitamin K metabolism and therefore will prevent synthesis of those coagulation factors dependant on vitamin K.

Disseminated Intravascular Coagulopathy (DIC):

DIC occurs as a secondary condition following such conditions as liver disease, heat stroke, burns, trauma, heartworm disease.  There is marked reduction in the coagulation factors and platelets,  Petichiae, epistaxis, hematuria.

As there is a deposit of fibrin in the microvasculature, ischemia may occur particularly the kidneys and the lungs.  

