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Do we need thrombin generation assays for monitoring
anticoagulation?
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Protamine sulphate neutralizes the anticoagulant effect of
unfractionated heparin (UFH), and this effect can easily be
demonstrated by a variety of assay systems, including the

traditional activated partial thromboplastin time (aPTT), as well
as anti-factor Xa assays, or thrombin generation tests such as the
Calibrated Automated Thrombogram (CAT) (1). Protamine also
neutralizes the anticoagulant effect of low-molecular-weight he-
parins (LMWH), but to a lesser and variable extent (2). In this
issue of Thrombosis and Haemostasis Gatt et al. (3) compared
the effect of protamin sulphate and other drugs on the effect of
UFH, LMWH, danaparoid and fondaparinux on aPTT, anti-fac-
tor Xa-level, and a thrombin generation test. Reversal of anti-
coagulation is an interesting model for testing the performance
of monitoring assays for anticoagulant drugs.

One important finding of the present paper by Gatt et al. is
that protamine has little effect on apparent anti-factor Xa-activ-
ity levels of LMWH, but a considerable effect on the CAT re-
sults. This suggests that the success of protamine administration
cannot be monitored by measuring anti-factor Xa activity.This is
in some contrast to other investigations showing that anti-factor
Xa activity of LMWH is affected by protamine (4, 5). Finally,
protamine has no effect on the anticoagulant effect of danaparoid
and fondaparinux, and this was evident in both anti-factor Xa-ac-
tivity and CAT assays.

Reversal of danaparoid and fondaparinux, and the conven-
tional LMWH is seldom necessary, but these drugs display a
considerably prolonged half-life in patients with impaired renal
function and severe bleeding may occur if the dose is not ad-
justed appropriately (6). Monitoring of the anticoagulant effect
in patients with impaired renal function and in critically ill pa-
tients in general is essential for prevention of bleeding compli-
cations, and an assay system that gives a more global image of
haemostatic function than an anti-factor Xa assay might be ad-
vantageous (7).

Recombinant factor VIIa (rFVIIa, NovoSeven®) has been
suggested for treatment of patients with severe anticoagulant-in-
duced bleeding (8), and several case reports have been published
on the use of rFVIIa in bleeding fondaparinux-treated patients

(9, 10). As shown by Gatt et al. (3), the anti-factor Xa levels are
not influenced by rFVIIa, whereas the CAT results reflect the
procoagulant effect of rFVIIa. FEIBA® is an alternative to
rFVIIa in the treatment of haemophilia patients with inhibitors,
and may also be helpful in anticoagulant-induced bleeding. In
the present experiments of Gatt et al., FEIBA acted quite similar
to rFVIIa, although rFVIIa seemed to be more efficient.

Another interesting result is that fresh frozen plasma reduces
the anti-factor Xa-activity of UFH, LMWH, danaparoid, and
fondaparinux, but has little effect on the anticoagulant effect
measured by CAT. The main effect of fresh frozen plasma is di-
lution, and it might be that the threshold concentration of the
anticoagulants for an effect on the assay systems is different. Ad-
ditional experiments might be needed to determine the threshold
concentration of LMWH, danaparoid and fondaparinux for the
CAT. From the present results, and experiments by other investi-
gators it seems that thrombin generation tests more reliably re-
flect the anticoagulant effect of these drugs (11).

Anticoagulant drugs delay clot formation and traditional
methods for the monitoring of anticoagulation are based pre-
cisely on this effect.After addition of an activator, clot formation
occurs when only about 5% of the prothrombin has been acti-
vated to form thrombin. There are many theories why additional
thrombin is formed after clot formation.The additional thrombin
may not only improve clot stability by activating factor XIII and
TAFI, induce cellular invasion or activation of endothelial cells
adjacent to the clot in vivo, but also serves to induce the anti-
coagulant protein C-dependent feedback control of thrombin
generation. Thrombin generation assays not only detect delayed
thrombin generation (leading to a prolonged clotting time), but
also reduced thrombin activity (leading to changes in structural
and functional properties of the clot). Both may be relevant for
the therapeutic effect of anticoagulant drugs.

The results of Gatt et al. (3) indicate that the CAT may be a
prototype for global coagulation assays used for monitoring of
anticoagulant therapy. New anticoagulants are entering the scene
and one of the major advantages of these drugs is the reliable
anticoagulant effect with little intra- and inter-individual varia-
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bility. Monitoring of the anticoagulant effect, which is indispens-
able in vitamin K-antagonist treatment, is only necessary at few
occasions. In case of bleeding, it is helpful to know if the reason
is overdose. Impaired renal or hepatic function may have an in-
fluence on pharmacokinetics as well. Before surgery, having an
estimate of residual anticoagulant activity of the drugs may pre-
vent unnecessary bleeding complications. Finally, if reversal of
the anticoagulant effect becomes necessary in case of severe
bleeding or urgent surgery, the influence of the reversing agents
needs to be closely monitored.

An assay system for anticoagulation monitoring should accu-
rately reflect the effect of any anticoagulant therapy, including
sum effects of combinations of anticoagulants, and possibly also
the effect of combinations of anticoagulants and platelet func-

tion inhibitors. The CAT may be such an assay, but additional
data are needed to prove this. Also, it remains to be established,
which parameter of the CAT is most relevant concerning the anti-
coagulant effect, as the CAT appears to underestimate the con-
tribution of factor Xa inhibition (12, 13). Factor Xa inhibitors
delay thrombin generation and reduce the total amount of throm-
bin formed (14), whereas direct thrombin inhibitors mainly act
as scavengers of active thrombin, thereby delaying the thrombin
burst without reducing the final amount of thrombin formed.

In the future thrombin generation tests may replace the tradi-
tional assays for monitoring of anticoagulant drugs. Still, sub-
stance-specific assays will be needed in addition to the sum func-
tion provided by the thrombin generation tests, for monitoring of
transitions from one anticoagulant to another.
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