CLINICAL ASPECTS OF THROMBOSIS AND THROMBOLYSIS

Dr. Cedric J. Carter

Department of Pathology and Laboratory Medicine

Tel: 822-7275

E-mail: cjcarter@interchange.ubc.ca
Introduction


The coagulation pathway is critical to normal life.  It has to serve competing functions.  In the interest of preventing haemorrhage it has pro-haemorrhage functions.  The demand made by this function is to prevent blood loss and hence lack of perfusion of essential organs.  The converse function is the maintenance of vessel patency to facilitate organ perfusion.  Simple single gene diseases such as haemophilia have permitted a detailed investigation of pro-haemostatic function and the older textbooks deal almost exclusively with these aspects.  Charles Best of insulin fame queried the emphasis on pro-haemostatic function and asked the key question, “The interest is not why does blood clot, but how does it manage to remain liquid for 99.9% of its existence?”  (I may have paraphrased this a bit but vessel patency is the key to life – the reader is most likely to die of arterial thrombosis in the heart or head!)  As can be seen from the above discussion the coagulation system has to maintain a very fine balance between thrombosis and haemorrhage.  Indeed one of the main evolutionary adaptations used by snakes to kill their prey is to perturb this balance.  The purpose of this article is to introduce you to the concept of hypercoagulability – the tendency of blood to clot more than normal.

Hypercoagulability

Virchow’s Triad remains the cornerstone of our understanding of hypercoagulability.  There are three components to the triad, the concept of normal blood flow, the requirement of an intact normal vascular endothelium, and the lack of excessive pro-coagulant changes in the blood.  In clinical terms these factors translate into normal rheology-blood flowing at the right rate and with a normal flow pattern, an uninjured endothelial surface, and the correct balance between pro-coagulant, anticoagulant, and fibrinolytic aspects of the blood.

The definition of a hypercoagulable state is essentially a clinical one.  We may not be able to demonstrate a laboratory correlate and hypercoagulability at the clinical level is defined as blood clotting occurring in the wrong place at the wrong time.  This generates the concept of “honourable” clots versus ‘dishonourable” clots.  There are clearly circumstances where a blood clot can almost be anticipated.  A prime example would be knee replacement where, in the absence of anti thrombotic prophylaxis, 60% of patients will develop venous thrombosis in the leg.  The same patient in the absence of a strong transient thrombotic stimulus would be most unlikely to develop a venous thrombosis.  This is an “honourable” clot.  The converse would be an athletic healthy young student, with no trauma to the lower limb, no immobilization, and no hormonal preparations, who arrives at an emergency room with a spontaneous venous thrombosis.  Given the absence of the tradtional recognized risk factor such as age, immobilization, trauma, malignancy, and immune disorders, this is a most unusual occurrence and suggests some kind of intrinsic underlying hypercoagulability.  This incorporates the concept of a longitudinal risk.  This realization of longitudinal risk is the origin of a variety of articles discussing venous thrombosis as a “chronic disease” and controversy about duration of anticoagulation therapy.  The same logic applies to arterial disease, it is just the concepts and biochemical methodologies are more evolved in the venous area.

The concept of hypercoagulability can be further refined.  The factors may be congenital or acquired and specific congenital examples will be discussed in details following.  Acquired disorders can also cause a chronic longitudinal risk.  The most obvious examples are immunopathies that would include lupus erythematosus, with or without the lupus anticoagulant – antiphospholipid antibody syndrome, and malignancy.  Adenocarcinomata will induce thrombosis and follow up studies on cases of “idiopathic” thrombosis with no apparent cancer will have a high percentage of cancers diagnosed during a 12-month follow up.  As often occurs in medicine the concept of congenital or acquired is sometimes not clear cut.  Raised homocysteine (see below) can occur both on a congenital and an acquired basis, but also concomitantly.

Screening tests can only be justified for very high frequency abnormalities.  With a few exceptions screening for hypercoagulability on a population basis is not justified.  What is used is a case finding technique.  One identifies an unusual case of thrombosis, as outlined earlier, and then applies a series of biochemical tests plus some immunologic tests to determine a biologically cogent association.  All of the congenital hypercoagulable states are inherited autosomally and often express themselves in heterozygotes so testing of first degree relatives is usually indicated.  The one proviso of engaging in this exercise is a clear understanding of what do with any of the acquired knowledge.  There are several aspects to this.  One issue is whether the information is of immediate use to the patient.  For example, will the demonstration of a hypercoagulability marker determine length or intensity of anticoagulation, or modification of life style?  At this stage of identifying family members in order to minimize their risk of thrombosis or to permit the marker free family members to be exposed to thrombotic medications such as the oral contraceptive.  At present an immediate family member with idiopathic thrombosis will preclude the use of oestrogen containing oral contraceptive for a patient unless the affected family member can be identified as having a hypercoagulability factor that is not present in the prospective oral contraceptive recipient.  In other words the knowledge can be used in both a positive and negative fashion.

With this as a background it is reasonable to briefly discuss venous and arterial hypercoagulability factors with, given this weeks’ case, an emphasis of venous factors.

VENOUS HYPERCOAGULABILITY MARKERS

For a young case of idiopathic thrombosis the following would be a suitable panel of tests.  They are classified under congenital and acquired and include an estimate of the heterozygous gene frequency rate.

Congenital

· Antithrombin deficiency (1:500 – 1, 000)

· Protein C deficiency (1:500)

· Protein S deficiency (1:500)

· Factor V Leiden presence (1:20 for Caucasians)

· Prothrombin mutation G20210A presence (1:50)

· Homocysteine* (mutant MTHFR 1:3)

Hyper-homocysteinemia can result from a variety of genetic defects plus folate and cobalamin deficiency.  It is usually defined in biochemical terms by calling the upper 5% abnormal.

Acquired

· ANA/anti DNA (for lupus erythematosus)

· Lupus anticoagulant

· Antiphospholipid antibodies (measure as anti-cardiolipin levels)

· Cancer (in general if not present clinically then not worth screening for)

· Estrogens

With respect to the congenital conditions antithrombin deficiency does not occur as a true homozygote.  Antithrombin, Protein C and S all have considerable clinical penetration but are relatively low frequency genes.  In contrast FV Leiden and prothrombin G20210A have low penetrance but high frequency and can summate with the rarer risk factors.

Abnormalities of fibrinolysis have proved to be disappointing venous hypercoagulability markers.

ARTERIAL HYPERCOAGULABILITY

As indicated earlier this area is much less developed than the venous area.  In general the outstanding feature of arterial disease is the role of atheroma.  This will determine blood flow abnormalities.  In arterial disease disturbed flow as opposed to stasis in venous situation is a major determinant of arterial thrombosis with plaque rupture in coronary arteries as a specific additional feature.

Congenital





 Acquired

>   Hyper-homocysteinemia (see above) 

>   Lupus erythematosus

>   Hypercholesterolemia 



>   Lupus anticoagulant

>   PAI-1 increase




>   Increased anti-cardiolipin antibodies

>   Fibrinogen increase



>   Diabetes, especially Type II

>   Factor VII mutations

PAI-1 is the natural inhibitor of TPA and raised levels will decrease endogenous fibrinolysis.  Fibrinogen levels are as predictive of premature arterial disease as high cholesterol levels.  The high fibrinogen is often due to mutant forms as in the case of the factor VIII abnormalities.  In general the arterial markers are not simply autosomal and family screening may be less effective.  Intuitively one might expect deficiencies of the modulators of the forward progression of the coagulation cascade i.e. antithrombin, protein C etc. would be important for arterial disease.  In practice this is not the case, emphasizing the different pathophysiology of these two conditions.

To summarize if one encounters unexpected and unusual thrombosis then laboratory studies are indicated.  Approximately half the cases of young idiopathic venous thrombosis cases will have a defined abnormality and the majority will be in the congenital group.  After this the pick up rate is somewhat lower.  This is a relatively new area of investigation and the plan is to set up a Provincial database to avoid duplication and to facilitate the recall of clinical cases when new diagnostic technologies evolve.
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This article discusses the interplay between congenital and acquired coagulation abnormalities and their association with venous thrombosis.

