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Anticoagulation by a standard dosage of an inhibitor of thrombin generation presupposes predictable pharmaco-
kinetics and pharmacodynamics of the anticoagulant. We determined the inter-individual variation of the effect
on thrombin generation of a fixed concentration of direct and antithrombin-mediated inhibitors of thrombin and
factor Xa. Thrombin generation was determined by calibrated automated thrombinography in platelet-poor plas-
ma from 44 apparently healthy subjects which was spiked with fixed concentrations of otamixaban, melagatran,
unfractionated heparin, dermatan sulfate and pentasaccharide. The variability of the inhibitory effect of the differ-
ent anticoagulants within the population was determined using the coefficient of variation, i.e. the standard devi-
ation expressed as a percentage of the mean. The inter-individual coefficients of variation of the endogenous
thrombin potential and peak height before inhibition were 18% and 16%, respectively and became 20%-24% and
24%-43% after inhibition. The average inhibition of endogenous thrombin potential and peak height (ETP, peak)
brought about by the anticoagulants was respectively: otamixaban (27%, 83%), melagatran (56%, 63%), unfrac-
tionated heparin (43%, 58%), dermatan sulfate (68%, 57%) and pentasaccharide (25%, 67%). This study demon-
strates that the addition of a fixed concentration of any type of anticoagulant tested causes an inhibition that is
highly variable from one individual to another. In this respect there is no difference between direct inhibitors of
thrombin and factor Xa and heparin(-like) inhibitors acting on the same factors.
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ABSTRACT

Introduction 

Selective inhibitors of factor Xa and thrombin are in clinical
development for the prevention and treatment of thrombosis.1

There would be many practical advantages from an antithrom-
botic that could be taken at a fixed dosage and that would not
require its effect to be controlled. Trials showing that direct
inhibitors of thrombin or factor Xa (FXa), when given in fixed
doses, are not inferior to adjusted dose treatment with vitamin
K antagonists are, therefore, hailed with enthusiasm.2-5

Bleeding and thrombosis in patients receiving anticoagulant
treatment have a local cause but are influenced by the coagula-
bility of the blood, i.e. by the systematic component that deter-
mines the response to the local cause. There is a large body of
evidence indicating that the thrombin-generating capacity of
plasma is an important element in this systematic component
and that it is the function that is diminished by antithrom-
botics.6,7 The effect of antithrombotic treatment is, therefore,
likely due to its effect on the thrombin-generating capacity of
blood. This determines the therapeutic results of the treat-
ment, which are measured as the rates of thrombosis and
bleeding in the treated group in comparison to a reference
group. 
The anticoagulant effect itself is a combination of how much

of the drug reaches the target organ, i.e. the plasma (pharma-
cokinetics) and how the function of the target organ, i.e. the
coagulability of plasma, is influenced by the drug (pharmaco-
dynamics). 
The pharmacokinetics of the new drugs have been reported

to be predictable and stable.8-10 For a fixed-dose treatment to be
safe and effective one would like the pharmacodynamic
response to be predictable and stable within the population as
well. We, therefore, measured the response of thrombin gener-
ation to a fixed concentration of different anticoagulants in a
series of individual normal plasmas (n=44). We tested unfrac-
tionated heparin (UFH), known to enhance the anti-thrombin
and anti-factor Xa activities of plasma antithrombin;11 der-
matan sulfate, which enhances the anti-thrombin activity of
heparin cofactor II;12 pentasaccharide, which specifically
enhances the anti-factor Xa action of plasma antithrombin;13

otamixaban, a direct and reversible inhibitor of FXa;14 and
melagatran, a direct and reversible inhibitor of thrombin.15 Of
each of these drugs we used a concentration that inhibits
around 50% of either the thrombin generation peak or the
endogenous thrombin potential (ETP: area under the thrombin
generation curve).

Design and Methods

Preparation of platelet-poor plasma
Blood was acquired from apparently healthy subjects by antecubital

venipuncture and was collected into BD vacutainer tubes (1 volume of
trisodium citrate 0.105 M to 9 volumes of blood) in the absence of corn
trypsin inhibitor (BD Vacutainer System, Roborough, Plymouth, UK).
Platelet-poor plasma was obtained by centrifuging the blood at 2,900
g for 10 min at room temperature. Plasma was aspirated and the pro-
cedure was repeated. Aliquots of 2 mL were prepared and stored at -
80°C until use. 



The platelet-poor plasma from the 44 individual donors was
pooled (equal volumes from each donor) and is referred to as the
‘pool’ in this article. Normal pooled plasma (NPP) was prepared,
previously, as described above, from at least 24 apparently healthy
donors, different from those already mentioned and was used as a
reference plasma. All enrolled volunteers gave their full informed
consent according to the Helsinki Declaration and its amendments;
the study fulfilled all institutional ethical requirements and was
approved by the Medical Ethical Committee of Maastricht
University Medical Center.

Reagents
Synthetic procoagulant phospholipids were obtained from

Avanti Polar Lipids Inc. (Alabaster, AL, USA) and added in the form
of vesicles consisting of phosphatidylserine, phosphatidy -
lethanolamine and phosphatidylcholine (1:1:3, mol:mol). The
recombinant tissue factor used was Innovin (Dade-Behring,
Marburg, Germany). The fluorogenic substrate Z-Gly-Gly-Arg-
aminomethylcoumarine (ZGGR-AMC) was purchased from
Bachem (Basel, Switzerland). A calibrator was prepared as
described by Hemker et al.16 Hepes buffers containing 5 mg/mL or
60 mg/mL bovine serum albumin (BSA5 and BSA60, respectively)
were prepared as described previously.17

The anticoagulants were obtained from different sources:
otamixaban (a direct FXa inhibitor) was a gift from Sanofi-Aventis
(Frankfurt, Germany), melagatran (a direct thrombin inhibitor) was
provided by AstraZeneca (Zoetermeer, the Netherlands), UFH
(Liquemin® N) was from Hoffman-La Roche AG (Basel,
Switzerland), dermatan sulfate (Mistral) was a gift from
Mediolanum Farmaceutici S.p.A. (Milan, Italy) and the synthetic
pentasaccharide (Org31540/SR90107A, currently known as fonda-
parinux) was a gift from Dr. Petitou (Sanofi-Recherche, Toulouse,
France).

Calibrated automated thrombinography
Calibrated automated thrombinography (CAT) was performed

as described previously by Hemker et al.16 Ten microliters of tissue
factor/phospholipid mixture in BSA5 buffer was added to a well
with 10 mL of BSA5 buffer with or without the anticoagulant (anti-
coagulants were not added to calibrator wells). The final concen-
trations of recombinant tissue factor and phospholipids were 5 pM
and 4 mM, respectively. Thrombin generation was initiated by
adding 20 mL of ZGGR-AMC (2.5 mM) and CaCl2 (100 mM) in
BSA60 buffer. NPP served as a control in each measurement. All
experiments were performed in triplicate and the pre-warmed
plate was placed in the fluorometer at 37°C for 10 min before ini-
tializing the measurement. 
Experiments were constructed in such a manner as to measure

the effect of all the different anticoagulants on the platelet-poor
plasma of one (or more) donor(s) in one run. The experimental
error in thrombin generation without any addition, as determined
in NPP under these conditions, was 6.5% for the ETP and 4.7% for
the peak (n = 37). The experimental error after addition of an anti-
coagulant to NPP was calculated with data of 14 measurements.
The thrombin generation curves and their parameters were

derived from the fluorescence curves using the dedicated software
provided with the CAT method (Thrombinoscope BV, Maastricht,
the Netherlands).

Anticoagulant concentrations
Dose-response curves were constructed in order to select the

IC50 concentrations for each anticoagulant. However, the parame-
ters of the CAT assay (ETP, peak height, time to peak and lag time)
were affected diversely, which made it impossible to compare the
effects of the different agents by considering only one parameter.

Since the ETP and peak height were the most informative param-
eters, we chose a fixed concentration of the anticoagulants at
which  the sum of the inhibitions of ETP and peak was between
80 and 120%. Consequently, the following concentrations were
utilized: otamixaban 200 nM, melagatran 400 nM, dermatan sul-
fate 20 mg/mL, pentasaccharide 0.9 mg/mL, and UFH 0.08 U/mL
(with around 30% high-affinity material18). The concentrations of
the new anticoagulants used here are comparable to plasma con-
centrations effective in-vivo. A study in healthy male subjects used
predicted target concentrations of otamixaban of 100 ng/mL; i.e.
about 210 nM (200 nM used here).19 For melagatran, the proposed
therapeutic plasma concentration is <500 nM, (400 nM used
here).15 Therapeutic doses of fondaparinux lead to a concentration
of approximately 1.4 mg/mL.20 The concentration of pentasaccha-
ride in the present study is deliberately lower, because the aim was
not to measure within the plateau region, which would obscure
inter-individual differences. 

Data analysis
To quantify the variability of the inhibitory effect of the different

antithrombotics within the 44 normal plasma samples we used the
coefficient of variation (CV), i.e. the standard deviation expressed as
a percentage of the average. The total CV is caused by random
experimental error (CVerror) and by inter-individual variation (CVii).
The experimental error was derived from the measurements in
NPP, which served as a reference plasma during each run. 
The coefficient of inter-individual variation was calculated as: 

CVii = square root (CVtotal
2-CVerror

2).21

The same formula was used to calculate the variation in suscep-
tibility to inhibition (CVsusc, i.e. how much extra variation is
induced by adding an anticoagulant) from the total CV of ETP and
peak found in the absolute values of the inhibited (CVinh) plasmas
and in the uninhibited plasmas (CVuninh): 

CVsusc = square root (CVinh
2 – CVuninh

2).
The inhibition of thrombin-generating capacity was calculated

as follows: 100-[(ETP after addition of an anticoagulant/ETP before
addition of an anticoagulant) x 100].

Results

Inhibition of normal pooled plasma
Important qualitative differences in the type of inhibition

were observed (Figure 1). The direct inhibitors (otamixaban,
melagatran) had a stronger effect on the lag time than the
heparin(-like) inhibitors. Inhibition of factor Xa (otamixa-
ban, pentasaccharide) primarily affected the peak and tend-
ed to protract thrombin generation so that the ETP was
much less affected than the peak. In order to find concen-
trations that caused around 50% inhibition, we constructed
dose-response curves in NPP (Figure 2). Inhibition of factor
Xa systematically inhibited the peak more than the ETP,
inhibition of thrombin affected both to a similar extent,
UFH produced an intermediate position. Because of these
differences an unequivocal IC50 could not be defined, as
mentioned before, and arbitrarily we chose that concentra-
tion at which the sum of the inhibitions of ETP and peak
was between 80 and 120%. 
In order to determine the inter-assay CV of thrombin gen-

eration, we tested the effect of the above-mentioned con-
centrations in NPP in 14 fold. The inter-assay CV of the
inhibition of the peak was 2-5%, except for UFH (8.5%).
The CV of the inhibition of the ETP varied between 2-6%,
while otamixaban and pentasaccharide had a higher CV of
16% and 15%, respectively.
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Inhibition of individual plasma specimens
The qualitative differences that were observed in NPP

were also seen in the individual plasma samples. Table 1
shows that the direct inhibitors had a strong effect on the
lag time whereas the effect of the inhibitors requiring plas-
ma cofactors was much less. The variation between indi-
vidual samples was between 18-30% after correction for
experimental errors. Similar effects on time-to-peak were
seen, with variations between 13 and 37% in inhibited plas-
ma samples and a CV of 14% in uninhibited plasma after
correction for the CV from experimental errors. 
Table 2 summarizes the effect of the antithrombotics on

ETP and peak at fixed concentrations in the 44 individual
plasma samples. The CV have been corrected for the exper-
imental error. It can be seen that addition of the anticoagu-
lant induced an extra variation superimposed on the inter-
individual variation of the uninhibited values. The uninhib-
ited peak variation was 16.0% and the CV values became
larger after adding antithrombotic agents (24.0 to 43.3%).
The variation in ETP without addition of an antithrombotic
was 18.4% which increased to between 20.2 and 24.3%
after addition of anticoagulants.

Susceptibility to inhibition
The larger CV after inhibition compared to before sug-

gests that the plasma of some individuals is more suscepti-
ble to inhibition than that of others. It is possible that this
susceptibility is dependent on the activity of thrombin gen-
eration in the uninhibited plasma. We, therefore, investigat-
ed whether the degree of inhibition is dependent on the
value of uninhibited (“basal”) thrombin generation, i.e.

New anticoagulants: large inter-individual variation
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Figure 1. Effect of anticoagulants on thrombin generation in normal
pooled plasma. Thin black line: no anticoagulant added; line of Xs:
200 nM otamixaban; closed dots: 400 nM melagatran; thin gray
line: 0.08 U/mL unfractionated heparin; bold black line: 20 mg/mL
dermatan sulfate; open dots: 0.9 mg/mL pentasaccharide.

Figure 2. Dose-response curves of ETP and peak height in
normal pooled plasma. Open triangles: % inhibition of
peak height; closed dots: % inhibition of endogenous
thrombin potential (with 5% error bars). (A) otamixaban (B)
melagatran, (C) unfractionated heparin, (D) dermatan sul-
fate, (E) pentasaccharide.
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whether individuals with a high basal thrombin generation
would be more prone to inhibition than those with a lower
one. Plots of the degree of inhibition against the basal ETP
or peak did not show any consistent correlation (data not
shown). It can, therefore, be assumed that the variation in
inhibition superimposes independently upon the variation
of the basal values.
The variation in the susceptibility to the anticoagulants

(i.e. how much extra variation is induced by the addition of
the anticoagulant) was calculated from the variation in the
absolute values obtained before and after inhibition. These
values varied between 17.0 and 39.3% for peak height and
between 2.3% and 16.2% for the ETP, without apparent
differences between direct and heparin(-like) inhibitors
(Table 2). The variation in susceptibility was also calculated
for the lag time, as indicated in Table 1.
The average inhibition by the anticoagulants was 25-

68% for the ETP and 57-83% for peak height (Table 3). The
level of inhibition was also determined in the pool prepared
from the 44 individual plasmas. It was comparable to the
mean inhibition obtained from the 44 individual plasma
samples (within a range of 5%) for all anticoagulants, with
the exception of pentasaccharide.

Discussion

In clinical trials, direct inhibitors of thrombin or of FXa are
not inferior to prophylaxis with traditional vitamin K antag-
onists.2-5 It has been surmised, however, that certain
patients could benefit from dose adaptation.22,23 This raises
the question of whether dose adaptation should be restrict-
ed to certain categories or whether it could improve the
results with direct inhibitors so that these become better

than the – admittedly not ideal - results of prophylaxis with
vitamin K antagonists. This article deals with a partial prob-
lem pertaining to this question, viz. will the plasma of dif-
ferent individuals react similarly to a fixed dose of
antithrombotic? 
We start from the a priori assumption - supported by a

wealth of literature16,20,24-30 - that thrombin generation is a
sensitive surrogate variable for bleeding or, conversely,
thrombotic tendency. All known drugs that diminish
thrombin generation have an antithrombotic action, inde-
pendently of their mode of action. It is, therefore, a reason-
able assumption that antithrombotic drugs, such as those
tested in this study, act because they diminish thrombin
generation and that their action can be quantified by meas-
uring to what degree they diminish it. In contrast, clotting
times (activated partial thromboplastin time, prothombin
time, lag time of thrombin generation) may or may not be
prolonged, depending on the nature of the antithrombotic
agent and/or the condition of the assay24,31,32 (Figure 1 and
Table 1).
It is known that the capacity to form thrombin varies

widely between individuals. In a normal adult population
the coefficient of variation is ~15%.16 Our results show that
adding a fixed amount of any anticoagulant causes a vari-
able inhibitory effect with a CV of 6-48% for ETP and 3-
23% for peak height, which adds to the variation already
present in the population. The variability of effect of the
modern antithrombotics, otamixaban, melagatran and pen-
tasaccharide, is just the same as that of UFH or dermatan
sulfate. From the literature it is known that low molecular
weight heparins do no better either.20
There must be a range of thrombin generation values that

minimizes the risk of thrombosis without causing undue
bleeding risk. What this “prophylactic window” is, cannot
be determined with any accuracy at the moment. It has
only been defined for vitamin K antagonist treatment,
which however affects the protein C system as well as the
procoagulant system33 and is not, therefore, directly compa-
rable to the materials tested here. After a first idiopathic
venous thrombosis people with above average thrombin
generation have a four times higher risk of recurrence than
those with below average thrombin generation.34 This
would mean that moderate anticoagulation resulting in
below average thrombin generation would already have a
beneficial effect. 
The evident limit is set by the risk of bleeding. Thrombin

generation below ~20% of normal, i.e. an ETP of below
~350 nM.min in congenital factor deficiencies, is associated
with a definite bleeding risk,35 as is an international normal-
ized ratio >4,36 which corresponds to an ETP of ~300
nM.min. From this it follows that treatment which keeps a
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Table 1. Influence of anticoagulants on lag time. 
Lag time (min)

Mean SD CVerror (%) CVii (%) CVsusc (%)

No anticoagulant added 2.2 0.5 11.0 21.7 -
Otamixaban 7.1 1.4 8.1 18.1 /
Melagatran 7.9 2.2 12.8 25.5 13.5
UFH 3.2 0.8 7.4 23.2 8.2
Dermatan sulfate 2.8 0.7 7.0 22.9 7.5
Pentasaccharide 4.1 1.3 6.1 30.2 21.0

n=44; for CVerror (without and with addition of anticoagulant): n = 37 and 14, respective-
ly. Experimental error was calculated by means of measurements in NPP.  SD, standard
deviation; CVerror, experimental error; CVii, inter-individual coefficient of variation (correct-
ed for CVerror); CVsusc, coefficient of variation in susceptibility to inhibition. Since the CVii

after addition of otamixaban is lower than before, the CVsusc cannot be calculated.

Table 2. Variation in inhibition by anticoagulants in individual plasma samples.
ETP (nM.min) Peak (nM)

Mean SD CVerror (%) CVii (%) CVsusc (%) Mean SD CVerror (%) CVii (%) CVsusc (%)

No anticoagulant added 1555 303 6.5 18.4 - 330 55 4.7 16.0 -
Otamixaban 1149 247 8.2 20.5 7.6 61 17 15.1 27.4 17.0
Melagatran 685 164 6.7 23.0 13.7 126 55 9.8 43.3 39.3
UFH 920 232 5.9 24.3 16.2 145 56 15.2 38.7 32.1
Dermatan sulfate 497 107 3.8 20.4 10.3 144 35 5.1 24.0 17.8
Pentasaccharide 1153 244 10.3 20.2 2.3 118 45 16.2 37.6 30.3

ETP,  endogenous thrombin potential; other abbreviations and details are as stated in Table 1.



trial population under the average ETP of a normal popula-
tion, i.e. 1800 nM.min,16 and above the threshold limit for
bleeding, i.e. an ETP >300 nM.min, will show a beneficial
effect. This is a very large window, which explains the pos-
itive outcome of clinical trials despite the large inter-individ-
ual variation. An optimal beneficial effect, however, is to be
expected within a significantly narrower range. An interna-
tional normalized ratio of 2-3, which has been proven to be
adequate in oral anticoagulation, corresponds roughly to an
ETP in the range of 500-700 nM.min.37 Due to the effect of
vitamin K antagonists on proteins S and C the optimal
range for other antithrombotics may be at higher levels of
the ETP, but there is no reason to assume that it would
cover a wider range. The large variation of the susceptibility
of the target organ to inhibition, together with the variation
in individual properties that influence the pharmacokinetics
(e.g. weight) will, in all probability, not allow a (trial) popu-
lation to be kept within narrow limits of optimal prophy-
laxis unless the dose is tuned to the needs of the individuals. 
Previous studies have shown that variations in blood

coagulation proteins vary from 50% to 150% of the mean
values and can be associated with thrombotic events.
However, the most important factors affecting thrombin
generation are prothrombin and antithrombin.38-40
Our results are in accordance with previous work by

Hacquard et al. on low molecular weight heparins (LMWH)
that also showed inter-individual variances of around 20%
for the inhibition of ETP.20 In an earlier study by our group
on thrombin generation in healthy subjects who received
fixed doses of UFH and LMWH, variances in the inhibitory
effect were found to be 32% and 13-21%, respectively.41
Freyburger et al. concluded that there is also a high inter-
individual variability in response to dabigatran and rivarox-
aban.42 Pharmacokinetic variation played a role in both
these latter two studies.  
Some interesting considerations can be made from a

more detailed examination of the results.
• Inhibition of FXa by otamixaban causes a strong inhibi-

tion of the peak but a significant protraction of the throm-
bin generation process, so that the ETP is much less inhib-
ited than the peak. We surmise that this is due to inhibition
of the direct positive feedback action of FXa on FVII,43
which will cause a prolongation of the lag time and a slow
start of prothrombinase formation, together with inhibition
of the negative feedback on the tissue factor-FVIIa complex
by the tissue factor pathway inhibitor-FXa complex which
prevents shutting off of the extrinsic pathway. 
• The inhibition by dermatan sulfate appears to reach a

plateau rather than tending to complete inhibition. This
may be due to the fact that there is less heparin cofactor II
in the plasma (~ 1 mM) than prothrombin (~ 2 mM) so that
even complete activation of heparin cofactor II by dermatan
sulfate would not lead to complete inhibition of thrombin
generation. This implies that dermatan sulfate would be an
antithrombotic that cannot be overdosed!
• The fact that dermatan sulfate and UFH only slightly

prolong the lag time, in contrast to melagatran, indicates
that the positive feedback mechanism of factor V activation
by thrombin is only accessible to a direct inhibitor, probably
because it is membrane-bound and involves meizothrom-
bin rather than thrombin. A similar difference is seen
between otamixaban and pentasaccharide. Probably, the
feedback activation of FVII by FXa is membrane-bound and
therefore inaccessible to inhibition by the pentasaccharide-
antithrombin complex.44,45

These two examples together show that the relation
between lag time (≈ clotting time) and thrombin generation
is mechanism-dependent, so that clotting time measure-
ments cannot be used as a universal indicator of the effect
of antithrombotics on thrombin generation. Effects of mela-
gatran on thrombin generation were previously studied by
Beilfuss et al. and this group also found a strong effect on the
lag time as well as a dose-dependent decrease in ETP.25
Samama et al. who investigated the effect of rivaroxaban
and fondaparinux (indirect FXa inhibitor) observed qualita-
tive differences between the two, similar to those reported
here.46,47
Our results suggest that the results of direct inhibitors

could be improved by tuning the dose to the needs of the
individual patient. However, due to the large ‘prophylactic
window’, fine tuning is probably not required; differentia-
tion between high, middle and low responders might suf-
fice. However, further in vivo investigation of this facet is
warranted.
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Table 3. Inhibition (%) of the individual plasmas samples (with the
variation) and their pool after addition of anticoagulants.

Inhibition (%)
ETP Peak

Otamixaban Pool 29.2 84.3
Mean 26.5 83.0
SD 9.1 3.5
CVerror (%) 16.0 2.3
CVii (%) 30.2 3.5

Melagatran Pool 52.7 58.2
Mean 56.2 63.3
SD 4.8 12.3
CVerror (%) 5.8 5.5
CVii (%) 6.2 18.6

UFH Pool 42.1 55.2
Mean 43.2 57.6
SD 5.3 13.9
CVerror (%) 4.7 8.5
CVii (%) 11.4 22.7

Dermatan sulfate Pool 69.6 55.3
Mean 67.6 56.9
SD 6.3 6.4
CVerror(%) 2.1 4.8
CVii (%) 9.1 10.1

Pentasaccharide Pool 36.4 76.0
Mean 25.4 67.0
SD 12.8 11.3
CVerror (%) 15.0 4.6
CVii (%) 48.0 16.3

Abbreviations and details are as stated in Tables 1 & 2.
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