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For years, clinicians have sought to employ blood tests to predict thrombotic
eventsin high-risk patients. Advances in our knowledge of the biochemistry of
coagulation in the last two decades have facilitated the development of sensitive and
specific assays that are able to detect the generation of coagulation enzymesin vivo. It has
thus far not been possible to measure directly the levels of most hemostatic enzymesin
vivo. Many of the enzymes are not available for quantification in blood as they are
neutralized rapidly by naturally occurring protease inhibitors or bound to cellular
receptors in the locale in which they are generated. Faced with these obstacles,
investigators have resorted to devel oping immunochemical assays for peptides that are
liberated with the activation of coagulation enzymes.

To establish arelationship between the levels of activation markers of coagulation
and thromboembolic disease, aclinical study must be carefully designed and executed.
First, the selected assays should be specific for the activation products of interest, possess
sufficient sensitivity, and be properly standardized to perform in areproducible manner.
Second, care must be taken to ensure that technical factors do not introduce in vitro
artifacts that can significantly alter results. These include the quality of the venipuncture
procedures, the choice of anticoagulant cocktail for blood specimens, the sample
processing procedure, and the plasma storage conditions. Third, objective endpoints must
be used to establish a diagnosis of thrombosis. Fourth, bias in patient selection should be
avoided and an appropriate control group of patients must be chosen for comparison with
thrombosis cases. Prospectively designed studies must have sufficient power to detect
significant differences between cases and controls.

Assays for Coagulation Activation

It is now appreciated that the factor V1I-tissue factor mechanism isimportant in
the physiologic activation of factor 1X, which can be monitored by measuring the levels
of the factor 1X activation peptide (t1/2 in the circulation ~15 min).(- 2 This assay also
reflects the action of factor Xlaupon factor IX. Factor X activation mediated by the
extrinsic or intrinsic pathways can be monitored by measuring the factor X activation
peptide (t1/2 in the circulation ~30 min).®

Thrombin generation takes place at an appreciable rate under physiologic
conditions only in the presence of factor Xa, factor Va, calcium ions, and activated
platelets. During this process, the amino terminus of the prothrombin moleculeis released
astheinactive Fy,, fragment (t1/2 in the circulation ~90 min). Immunoassays have been
developed for this fragment,® which serves as a measure of prothrombin activation in
vivo, and several are now available commercially in kit form.9 Once evolved, thrombin
converts fibrinogen into fibrin releasing fibrinopeptide A (t/2 in the circulation ~3B5
min), which can also be measured by immunoassay.(1%-13)



Alternatively, thrombin can also rapidly activate protein C by binding to
thrombomodulin on vascular endothelial cells, and an immunoassay has been devel oped
for the activation peptide liberated from the zymogen during this transformation. (14

Coagulation Factor Deficiencies

The investigation of patients with hereditary coagulation factor deficiencies using
activation peptide assays has generated information regarding the pathways responsible
for coagulation activation in vivo under basal conditions (i.e., the absence of thrombosis
or provocative stimuli). Patients with factor VII deficiency but not factor XI deficiency
have reduced levels of factor IX activation,(Y) whereas patients with deficiencies of factor
V111 or factor IX have normal levels of factor X and prothrombin activation.®® The
infusion of relatively small doses of recombinant factor VIla (10B20 :g/kg of body
weight) in factor VII-deficient patients results in substantial elevationsin the plasma
concentrations of the factor | X activation peptide, factor X activation peptide, and
prothrombin fragment Fy.,.® Thus these data demonstrate that the factor V11-tissue
factor pathway islargely responsible for the activation of factor IX aswell asfactor X in
the basal state.(3 19

It has also been shown that administration of a monoclonal antibody-purified
factor IX concentrate to individuals with hemophilia B increases plasma factor | X
activation peptide levelsthat are initially greatly decreased, but does not change factor X
activation peptide or F;., measurements.(® Infusion of highly purified factor VIII
concentrates in hemophilia A patients results in no significant change in the plasma
concentrations of factor X activation peptide and F,.,.(1> These observations indicate that
the factor | Xa-factor Vllla-cell surface complex is unable to activate factor X under basal
conditions. In response to vascular injury or thrombotic stimuli, it is surmised that
increased formation of free thrombin or factor Xa viathe action of the factor VII-tissue
factor pathway generates factor Vlla or anatural surface (e.g., activated platelets) on
which assembly of the factor | Xa-factor VIllacomplex takes place. This hypothesisis
consistent with the severe bleeding tendency of most patients with factor VIII or factor 1X
deficiency, and the insensitivity of the factor X activation peptide and F,., assays to
deficiencies of these two proteins.

The above mechanistic findings derived from studies of patients with coagulation
factor deficiencies have significant potential implications with regard to the utility of
basal coagulation system markersin diagnosing prethrombotic patients.*® It follows that
the conversion of a prethrombotic state to athrombotic event occurs due to small
increases in the generation rates of hemostatic enzymes that exceed the inhibitory
threshold of an individual=s endogenous anticoagulant mechanisms as well asthe
sequestration of these proteases on specialized cell surfaces. It remains to be determined
whether persons with elevated basal levels of coagulation system markers are more likely
to respond in a hypersensitive fashion to environmental stimuli. Because the activity of
the blood coagulation mechanism in such individualsis closer to the threshold of normal
inhibitory processes, such individuals may generate dlightly more thrombin via the factor
VI-tissue factor mechanism viathe extrinsic pathway. This thrombin could then be used



to ignite the dormant intrinsic cascade, which could ultimately result in the generation of
large amounts of free thrombin and the development of arterial or venous thrombosis.

Deficiencies of Natural Anticoagulants

Hereditary deficiencies of protein C, protein S, and resistance to activated protein
C have all been associated with hypercoagulable states, and coagulation activation has
been investigated in patients with deficiencies of each of these critical anticoagulant
proteins. In asymptomatic people with heterozygous deficiencies of protein C, protein S,
and resistance to activated protein C, the mean F., concentration is significantly
increased as compared to age-matched controls.(1-18) Approximately one-third of patients
have levels greater than the upper normal limit of normal controls (defined as the mean +
2 standard deviations).(® 1) The elevationsin F;,, measurements are not due to
diminished clearance of the fragment.(® Fibrinopeptide A levels were elevated in
approximately 20% of subjects.(16.17)

In asymptomatic persons with heterozygous protein C deficiency, protein C
activation as measured by the protein C activation peptide assay is reduced to about 50%
of normal.® In two adult patients with homozygous protein C deficiency, it has been
shown that protein C activation aswell as ., can be normalized by administration of a
monoclonal antibody purified protein C concentrate.(*®) Thus it has been shown that the
protein C anticoagulant pathway can inhibit prothrombin activation in vivo, and that the
activation of protein C by the thrombin-thrombomodulin complex isatonically active
mechanism in the regulation of coagulation system activation.

Coronary Artery Disease

Elevated levels of fibrinopeptide A have been reported early after the onset of
acute transmural myocardial infarction,®24 and the val ues then decrease over the
subsequent 24 hours.?? The increased fibrinopeptide A levels rapidly return to normal
after the administration of heparin,?> 23 suggesting that the generated thrombin is readily
inactivated by heparin-antithrombin 11 complexes.

Using assays for F,., and fibrinopeptide A, the extent of hemostatic mechanism
hyperactivity has been quantitated in patients presenting with unstable angina or acute
myocardial infarction and compared to control patients with stable angina or normal
individuals matched for age and sex.(?® At the onset of acute coronary syndromes,
patients with unstable angina or acute myocardial infarction have significantly elevated
concentrations of Fy,, and fibrinopeptide A, which reflects the presence of ongoing
intracoronary thrombosis. At six months, patients who did not experience additional
cardiac events, including silent ischemia, were reinvestigated and found to manifest
increased concentrations of F.,, with virtually normal plasma levels of fibrinopeptide A.

The virtual normalization of fibrinopeptide valuesin most patients has been
widely interpreted as demonstrating that coagulation system hyperactivity in these
disordersisrestricted to the time period during which the coronary thrombus is generated.
However, the aforementioned investigation, using the ., assay that monitors an earlier
point in the coagulation cascade, supports the view that abnormalities of the hemostatic



mechanism frequently occur in patients with acute coronary syndromes long after clinical
stabilization. The occurrence of a persistent hypercoagulable state in patients with
unstable angina or myocardial infarction(?® as well as stable angina appears to be
independent of the severity of coronary artery atherosclerosis.(?® The above findings raise
the interesting possibility that increased activity of the hemostatic mechanism may
predate the onset of acute coronary syndromes, and this hypothesisis currently under
examination in alarge prospective trial (Northwick Park Heart Study 11).(27-28)

Conclusion

Studies employing activation peptide assays indicate that a biochemical imbalance
between procoagulant and anticoagulant mechanisms can be detected in the blood of
patients prior to developing thrombosis and that coagulation activation is suppressed by
oral anticoagulant therapy.(?%-32 Properly designed prospective studies will be required to
evaluate whether these assays will improve our ability to identify individuals destined to
develop aclinically relevant hypercoagulable state. It also remains to be determined
whether such assays can pinpoint patients most likely to benefit from prolonged
anticoagulant therapy or provide a better means for determining the optimal amount of
drug to administer.
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