
Introduction

Synthetic pentasaccharide (fondaparinux-Arixtra®), a methoxy
form of the natural pentasaccharide sequence is a selective 
AT-dependent factor Xa inhibitor, but has no effect on thrombin
inhibition (1, 2). However, fondaparinux significantly inhibits
thrombin generation and prothrombin activation (3-5).

Recent phase III clinical trials for the prevention of venous
thromboembolism in major orthopaedic surgery and a meta-

analysis, showed that one daily subcutaneous injection of 
2.5 mg of fondaparinux is superior to 40 mg of enoxaparin
administered subcutaneously once daily, resulting in a 55.2%
reduction of the incidence of asymptomatic DVT. Overall,
major bleedings occurred significantly more often in patients
treated with fondaparinux (2.7%) as compared to enoxaparin
(1.7%; p=0.0085), (6-10). In addition, the Matisse trial showed
that fondaparinux is as effective and safe as unfractionated 
heparin in the treatment of pulmonary embolism. In the Matisse
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or greater than 0.5 µg/ml prolonged the initiation phase of
thrombin generation, and reduced the velocity of prothrombin
activation. It also decreased by 60% the endogenous throm-
bin potential. In the presence of fondaparinux (0.5 µg/ml to 
1 µg/ml) rFVIIa accelerated the initiation phase of thrombin
generation, but it did not significantly increase the endogenous
thrombin potential. However, rFVIIa did not completely reverse
the inhibitory effect of fondaparinux on the parameters of
thrombin generation and prothrombin activation. This study
shows that rFVIIa accelerates thrombin generation, but does
not completely reverse the inhibitory effect of fondaparinux 
on thrombin generation. The potential clinical use of rFVIIa 
as haemostatic treatment of major bleedings related to fonda-
parinux has to be evaluated.
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Summary
Fondaparinux (Arixtra®), a specific AT-dependent FXa inhibitor,
is effective and safe in the prevention and treatment of venous
thromboembolism, but some major hemorrhagic events may
occur. No specific antidote to fondaparinux has been proposed.
Recombinant FVIIa (Novoseven®) could be used as an haemo-
static treatment, but this option has not been well documented.
We studied the effect of rFVIIa (1 µg/ml) on the inhibition of
thrombin generation induced by fondaparinux (0.1µg/ml to 1
µg/ml). Coagulation was triggered in platelet rich plasma (PRP)
or in whole blood by recalcification in the presence of diluted
thromboplastin. In PRP thrombin generation was assessed using
the thrombinoscope assay. In whole blood, prothrombin activa-
tion was assessed by measuring the kinetics of F1+2 formation
using an ELISA assay. Fondaparinux at concentrations equal 

Blood Coagulation, Fibrinolysis and Cellular Haemostasis

Correspondence to:
Grigoris T. Gerotziafas, MD, PhD
Service d’Hématologie Biologique
Hôpital Hôtel-Dieu de Paris
1 Place du Parvis Notre Dame
75181, Paris, Cedex 04, France 
E-mail: gerotziafasgrigoris@hotmail.com

Received July 24, 2003
Accepted after revision December 5, 2003

Prepublished online February 4, 2004 DOI: 10.1160/TH03-07-0483

Parts of this study have been presented as plenary lecture during the 
17th International Congress on Thrombosis (Bologna, 26-30/10/2002)

and as a poster presentation during the 44th American Society of Hematology
Annual Meeting 2002.

531

D
ow

nl
oa

de
d 

by
: I

ow
a 

S
ta

te
 U

ni
ve

rs
ity

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



Gerotziafas,et al.: rFVIIa as a potential antidote to fondaparinux

pulmonary embolism trial, the frequency of major, or life threat-
ening bleedings was similar between fondaparinux and unfrac-
tionated heparin treated patients. It is worthy of note that some
rare severe bleeding episodes occurred in both groups (11).
Moreover, in the Pentalyse trial, rare major bleeding complica-
tions occurred while fondaparinux or unfractionated heparin were
administered in connection with fibrinolytic drugs (12). These
clinical trials proved that fondaparinux is an effective antithrom-
botic agent, which also induces a non-negligible bleeding risk.
For fondaparinux, as for almost all of the emerging new anti-
thrombotic agents, no specific antidote is available. An attractive
haemostatic treatment could be the use of recombinant factor
VIIa (rFVIIa, Novoseven®). Recombinant FVIIa has been shown
to be an effective and safe haemostatic agent in a variety of clin-
ical conditions (13). The potential use of rFVIIa as a haemostatic
treatment of major hemorrhages, which occur during anticoagu-
lant treatment, has been studied in three recent trials (14-16). 

In the present study we investigated the effect of rFVIIa on
the inhibition of thrombin generation and prothrombin acti-
vation induced by fondaparinux at concentrations ranging 
from 0.1 �g/ml to 1 �g/ml, which are achieved in prophylaxis
and treatment of venous thromboembolism (2). In platelet rich
plasma, we studied the effect of rFVIIa on fondaparinux-
induced inhibition of thrombin generation after tissue factor
pathway activation by employing the endogenous thrombin
potential (ETP) assay (17). We also used a method, that we
developed in our laboratory, to investigate the effect of fonda-
parinux on the kinetics of prothrombin activation during 
clotting of normal whole blood in the presence of minimal
amounts of tissue factor (TF). 

Materials and methods

Reagents and normal human plasma
Synthetic pentasaccharide (Fondaparinux – Arixtra®) was kindly
offered by the Greek branch of Sanofi-Synthelabo (Athens,
Greece). Recombinant factor VIIa (Novoseven®) was from Novo
Nordisk (Bagsvaerd, Denmark). Bovine serum albumin (BSA),
EDTA, Tris-HCl were obtained from Sigma laboratories (St.
Louis U.S.A.). Relipidated recombinant tissue factor (Hemo-
liance® RecombiPlasTin) was from Instrumentation Laboratory
(Milan, Italy). The Hemoliance® RecombiPlasTin reagent was
reconstituted by addition of 5 ml of NaCl 0.9% (the concentra-
tion of TF is unknown), and subsequently diluted either in NaCl
0.9% for the experiments of prothrombin activation in whole
blood, or in Hepes buffer (containing 20 mM Hepes, 140 mM
NaCl and 5 mg/ml BSA; pH 7.35) for the experiments with the
Thrombogram-Thrombinoscope™ assay (Synapse b.v., Maas-
tricht, The Netherlands). The ELISA assay for the measurement
of F1+2, (Enzygnost F1+2 micro) was obtained from Dade Beh-
ring (Marburg, Germany). The fluorogenic substrate Z-Gly-Gly-
Arg-AMC was obtained from Bachem (Bubendorf, Switzerland).

Venous blood was obtained from 14 healthy volunteers, who
work in our laboratory, and were not taking any medication.
Blood was collected with atraumatic antecubital veinipuncture,
into siliconized vacutainer tubes (Becton Dickinson, Meylan,
France) containing buffered trisodium citrate (0.13 mol/l, nine
parts of blood and one part of citrate solution). The kinetics of
F1+2 formation was studied in fresh normal citrated whole blood
from 7 volunteers. Thrombogram-Thrombinoscope™ assay
was performed in platelet rich plasma (PRP) from 7 other 
volunteers. The platelet rich plasma was prepared after centrif-
ugation of citrated whole blood for 10 min at 150 g at room 
temperature. The supernatant PRP was removed and the platelet
count was adjusted to 3x105/�l by dilution with autologous PPP
obtained after a further centrifugation of the remaining blood
for 15 min at 2,000 g. Fondaparinux and rFVIIa were added in
vitro to the PRP or whole blood.

Thrombin generation test (TGT):
Thrombogram-Thrombinoscope™ assay
Thrombin generation (TG) was studied according to the assay
described by Hemker et al (18). In each well of a micro-plate,
80 �l of the studied PRP supplemented with saline (control) or
with the indicated concentrations of the studied compounds
were mixed with 20 �l of diluted Hemoliance® Recombi-
PlasTin. The employed dilution of thromboplastin (1:1000 final
dilution in plasma) was selected because it induced about a 
3-minute lag-time of thrombin generation in normal PRP.
Thrombin generation was initiated by adding the triggering
solution containing CaCl2 (16.7 mM final concentration) and
the fluorogenic substrate (417 �M final concentration). A plate
reader fluorometer (Fluoroskan Ascent, ThermoLabsystems,
Helsinki, Finland) and the appropriate software (Synapse,
Maastricht, The Netherlands) were used for the assessment of
thrombin generation. The total amount of thrombin activity was
assessed as the area under the curve (i.e. the endogenous throm-
bin potential) (17). The following parameters were analyzed
and the intra-assay and inter-assay coefficients of variation 
for each parameter are given in parenthesis: a) the lag time of
thrombin generation (12% and 13%), b) the time to reach the
maximum concentration (Tmax) of thrombin (12% and 11%), c)
the maximum concentration (Cmax) of thrombin (5% and 10%)
and d) the endogenous thrombin potential (ETP; 10% and 12%).

Kinetics of prothrombin activation
To study the kinetics of prothrombin activation after tissue 
factor pathway activation in whole blood, we developed the 
following method: 100 �l normal citrated whole blood, supple-
mented with 10 �l of saline (control) or with the indicated 
concentrations of the studied compounds, were mixed with 
25 �l of diluted Hemoliance® RecombiPlasTin. The final con-
centrations of fondaparinux and rFVIIa were corrected accord-
ing to the hematocrit, and are expressed as �g/ml or ng/ml in
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plasma, respectively. The final dilution of thromboplastin in
plasma was 1:3,200. In preliminary experiments, a variety of
thromboplastin dilutions was examined (data not shown). The
employed dilution of thromboplastin was selected, because it
induced clotting of whole blood within about 3 minutes. After
the addition of thromboplastin, 25 �l of CaCl2 (0.1M) were
added to each sample. The procedure was performed in plastic
(polystyrene) tubes at 37oC. For each studied interval, a 
separate tube was used. Before (t0) and at various intervals after
CaCl2 addition (1 min, 2 min, 3 min, 5 min, 7 min, 10 min, 
15 min and 20 min) 50 �l of serum were mixed with 200 �l of
buffer containing 0.1 M NaCl, 0.05 M Tris, 1% (w/v) BSA and
100 mM EDTA (pH 7.4). After quenching, samples were centri-
fuged for 15 min at 2,500 g and the serum was frozen at –70oC
until analysis. Prothrombin F1+2 were measured in sera using a
commercial ELISA assay (Enzygnost F1+2 micro, Dade Behring
Marburg, Germany). The intra-assay and inter-assay coeffi-
cients of variation for prothrombin F1+2 measurements were 3%
and 7%, respectively. The following parameters were analyzed:
a) the lag-time for prothrombin F1+2 formation corresponding to
the time point after CaCl2 addition, of a 10% increase of F1+2

levels in serum as compared to the baseline (in one experiment
the lag-time of prothrombin activation was estimated with a
curve fit and calculation of the time derivative), b) the maximal

velocity of prothrombin F1+2 formation (∆nM/min) and c) the
maximum levels of prothrombin F1+2 (nM) in the serum. 

Statistical analysis
Paired Student’s t-test was used for the comparison of the 
variables, before and after the addition of each studied concen-
tration of fondaparinux. Paired Student’s t-test was also used for
the comparison between the values obtained before and after the
addition of rFVIIa in the presence of the indicated concentra-
tions of fondaparinux. P<0.05 was considered as statistically
significant. The Statistical Package for Social Sciences (SPSS)
software was used for  statistical analysis.

Results

Effect of fondaparinux on thrombin generation 
After TF pathway activation in PRP, the lag-time and the Tmax
of thrombin generation were 3.3±1.7 min and 9.9±3.3 min,
respectively. Each studied concentration of fondaparinux 
significantly prolonged the lag-time and the Tmax of thrombin
generation as compared to the control. Fondaparinux at the
lower studied concentration (0.1 �g/ml) increased the lag-time
to 4.8±2 min and the Tmax to11±2 min. In the presence of 
fondaparinux 0.8 �g/ml and 1 �g/ml the lag-time was 

Figure 1: Effect of
increasing concentra-
tions of fondaparinux
(black cycles) on the
parameters of throm-
bin generation in 
PRP and influence of
rFVIIa (1 µg/ml) on
the effect of fondapar-
inux (open cycles).
Values are means of 
7 experiments; the
standard deviations
are given in the
Results section.
*p<0.05 as compared
to the respective 
values in the presence
of rFVIIa.
‡p<0.05 as compared
to the control experi-
ment.
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7.2±3 min and 7.7±3 min and the Tmax was 12±4 min 
and 12.3±4 min respectively (Fig. 1 frames A and B). 

In the control experiment the Cmax of thrombin and the 
ETP were 142±50 nM and 1426±323 nM x min respectively.
Fondaparinux concentrations achieved in prophylaxis (0.1
�g/ml and 0.25 �g/ml)  reduced the Cmax of thrombin and the
ETP by about 30% and 27%, respectively, but this reduction did
not reach statistical significance as compared to the control
(p>0.05). In the presence of fondaparinux 0.5 �g/ml, the Cmax
and the ETP were 61±19 nM and 848±300 nM x min, respec-
tively; being significantly reduced as compared to the control
experiment (142±50 nM and 1426±323 nM x min respectively;
p<0.05). In the presence of fondaparinux 0.8 �g/ml and 1 �g/ml,
the Cmax was 47±15 nM and 41±15 nM, respectively; being 
significantly reduced as compared to the Cmax observed in the
presence of fondaparinux 0.5 �g/ml (61±19 nM; p<0.05). The
ETP in the presence of fondaparinux 0.8 �g/ml and 1 �g/ml was
657±330 nM x min and 580±288 nM x min respectively; being
significantly reduced as compared to ETP observed in the pres-
ence of fondaparinux 0.5 �g/ml (848±300 nM x min; p<0.05).
The maximum reduction of throm-bin Cmax and ETP was 66% 
and 59%, respectively, and it was observed in the presence of 
fondaparinux 0.8�g/ml. A further increase in fondaparinux con-
centration did not result in an additional reduction of thrombin
generation (Fig. 1 frames C and D). 

Effect of rFVIIa on thrombin generation 
After TF pathway activation in PRP in the presence of rFVIIa,
the lag-time and the Tmax of thrombin generation were 
3.7±2 min and 9.4±4min, being similar to those observed in the
control experiment. Moreover, rFVIIa did not significantly

modify the Cmax (141±37 nM) and the ETP (1426±323 nM x
min) as compared to the control (Fig. 1).

Influence of rFVIIa on the inhibitory effect 
of fondaparinux on thrombin generation
Recombinant FVIIa did not modify the inhibitory effect of 
fondaparinux at the concentrations of 0.1 �g/ml  and 0.25 �g/
ml on the lag-time and the Tmax. In the presence of fondapari-
nux 0.5 �g/ml rFVIIa reduced by 1 min both the lag-time and
the Tmax. In contrast, when clotting of PRP was triggered in the
presence of 0.8 �g/ml or 1 �g/ml of fondaparinux, the addition
of rFVIIa decreased the lag time by 3±1.5 min and the Tmax of
thrombin generation decreased by 4±2 min. The decrease of 
the lag-time and the Tmax induced by rFVIIa was significant 
as compared to the respective values observed in the presence
of the same concentrations of fondaparinux without addition 
of rFVIIa. However, in the presence of rFVIIa and fondapar-
inux both the lag-time and the Tmax remained significantly pro-
longed as compared to the control (Fig. 1, frames A and B).

The addition of rFVIIa in PRP supplemented with fonda-
parinux concentrations equal to or lower than 0.5 �g/ml did not
modify the Cmax and the ETP as compared to the values
observed in the presence of the same concentrations of fonda-
parinux alone (Fig. 1 frames B and C). Interestingly, in the pres-
ence of rFVIIa and fondaparinux 0.8 �g/ml the Cmax
(63±15nM) as well as the ETP (840±330 nM x min) were 
slightly, but not significantly, increased as compared to the
Cmax, and ETP obtained when clotting was triggered in the
presence of fondaparinux alone (47±15 nM and 657±330 nM x
min; p>0.05). Similarly, in the presence of fondaparinux 1
�g/ml, rFVIIa slightly but not significantly increased the Cmax
(62±15 nM) and the ETP (825±296 nM x min) as compared to
the Cmax and ETP values obtained when clotting was triggered
in the presence of fondaparinux alone (41±15 nM and 580±288
nM x min; p>0.05, Fig. 1, frames C and D). A representative
experiment of the effect of rFVIIa on the fondaparinux induced
inhibition of thrombin generation is shown in Figure 2. 

Effect of fondaparinux on prothrombin 
activation during clotting of whole blood
An intermediate concentration of fondaparinux (0.5 �g/ml) 
significantly prolonged the lag-time of prothrombin activation
(5 min) as compared to the control (3 min) and reduced the
velocity of F1+2 formation (60±10 nM/min) versus the control
(160±40 nM; p<0.05). In addition, fondaparinux reduced by
35% the maximal concentration of F1+2 as compared to the con-
trol (500 ± 50 nM versus 760±60 respectively; p<0.05, Fig. 3). 

Effect of rFVIIa on prothrombin activation
during clotting of whole blood
After TF-pathway activation in whole blood in the presence of
rFVIIa (1 �g/ml) the lag time (3 min), and the velocity of 

Figure 2: Effect of rFVIIa and fondaparinux on thrombin genera-
tion in PRP. Representative curves of thrombin generation 
from one out of 7 experiments: a: control, b: control + rFVIIa 
(1 µg/ml), c: fondaparinux (0.5 µg/ml), d: fondaparinux (0.5 µg/ml)
+ rFVIIa (1 µg/ml), e: fondaparinux (1 µg/ml), f: fondaparinux 
(1 µg/ml) + rFVIIa (1 µg/ml).
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prothrombin activation (113±20 nM/min), as well as the maxi-
mal concentration of F1+2 (666±60) were similar with those
observed in the control experiment (Fig. 3). 

Influence of rFVIIa on the inhibitory effect 
of fondaparinux on prothrombin activation
during clotting of whole blood
As shown above, the lag-time of prothrombin activation was 
5 min in the presence of fondaparinux 0.5 �g/ml. At this time-
point the concentration of prothrombin F1+2 was 2.8±0.5 nM.
Five minutes after clotting activation in whole blood, spiked
with both rFVIIa (1 �g/ml) and fondaparinux (0.5 �g/ml), the
levels of F1+2 were 40.4±3 nM,  but they were significantly
lower as compared to those observed in the control experiment
(130±20 nM) in the same time-point (Fig. 3). Thus, when 
both rFVIIa and fondaparinux were present, the lag-time of 
prothrombin activation was calculated to be about 4 min. In 
the presence of rFVIIa and fondaparinux the velocity of F1+2

formation was 70±8 nM/min, being slightly but not signifi-
cantly increased as compared to that observed in the presence 
of fondaparinux alone (60±10 nM/min p>0.05). The maximal
concentration of F1+2 in the presence of rFVIIa and fonda-
parinux was similar to that observed in the presence of fonda-
parinux alone (554±50 nM versus 500±50 nM respectively;
p>0.05). 

Discussion

Fondaparinux, at concentrations achieved in prophylaxis (equal
to or lower than 0.5 �g/ml), significantly prolonged the initia-
tion phase and reduced the velocity of the propagation phase of
thrombin generation, but it did not significantly reduce either
the maximum amount of generated thrombin, nor the endo-
genous thrombin potential. Fondaparinux concentrations higher
than 0.5 �g/ml were required to decrease the Cmax of thrombin
and the ETP. It is noteworthy, that fondaparinux, even at the
highest studied concentration (1 �g/ml) as well as in suprather-
apeutic concentrations (5 �g/ml; data not shown), did not
induce more than a 60% reduction in the ETP. Our obser-
vations are in accordance with a study conducted by Walenga et
al in animal models, which showed that supratherapeutic con-
centrations of fondaparinux completely abrogated in vivo
thrombus formation, but did not suppress the ex vivo generation
of thrombin by more than 60% (19). In addition, in a study 
conducted in healthy volunteers, Lormeau et al showed that 
fondaparinux concentrations as high as 5 �g/ml did not reduce
the ex vivo thrombin generation by more than 60% (3).
According to the pharmacokinetics profile of fondaparinux, the
highest plasma concentration obtained after the third day of 
prophylaxis in subjects with normal renal function is about 
0.5 �g/ml (20). 

Recent clinical trials showed that fondaparinux is effective
and safe in the prophylaxis and treatment of venous throm-
boembolism and as adjunctive drug in thrombolysis, but it is
potentially associated with a non negligible risk of major hem-
orrhage (6-12). Therefore, an effective and safe haemostatic
treatment for potential major bleedings is necessary. It has
already been shown by our group and others, that when haemo-
stasis is defective, rFVIIa in the presence of TF, accelerates the
initiation phase of thrombin generation and of prothrombin 
activation, without any significant increase in the amount of
generated thrombin (21-23). These findings prompted the
present study of the effect of rFVIIa on the fondaparinux
induced inhibition of thrombin generation. 

The assessment of thrombin generation after minimal TF
pathway activation in PRP was done using the classical throm-
binoscope assay. However, this assay cannot be performed in
whole blood, which is considered to be a more physiologically
relevant experimental system. Prothrombin activation is closely
related to thrombin generation. The formation of prothrombin
F1+2 directly reflects the activation of prothrombin by the 
prothrombinase complex (FXa/FVa/phosphospholipids) since
FXa is the only plasma enzyme known to efficiently convert
prothrombin to thrombin and prothrombin F1+2 (24, 25).
Therefore, we assessed the kinetics of prothrombin activation
using a method developed in our laboratory.

The present study shows that a clinically relevant concentra-
tion of rFVIIa (1 �g/ml) did not significantly modify the kinet-
ics of thrombin generation, and the ETP as well as the kinetics

Figure 3: The effect of rFVIIa (1 µg/ml) on the inhibition of 
prothrombin activation by fondaparinux (0.5 µg/ml) after TF
pathway activation in whole blood as described in Materials 
and Methods. Black diamonds: control, open diamonds: control +
rFVIIa, black cycles: fondaparinux (0.5 µg/ml), open cycles:
fondaparinux (0.5 µg/ml) + rFVIIa (1 µg/ml).Values are means 
of 7 experiments.The standard deviations of the velocity of 
prothrombin F1+2 formation and the maximal concentration of
prothrombin F1+2 are given in the Results section.
* p<0.05 as compared to the respective control.
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of prothrombin activation after TF pathway activation in normal
PRP or whole blood. In addition, rFVIIa did not significantly
modify the moderate inhibitory effect of low concentrations of
fondaparinux on the kinetics of thrombin generation. In
contrast, in the presence of fondaparinux concentrations equal
to or higher than 0.5 �g/ml, the addition of rFVIIa accelerated
the generation of thrombin and the activation of prothrombin.
To our knowledge, a clear explanation for this distinct effect of
rFVIIa is not yet available. Recent  experimental evidence
shows that rFVIIa has a minimal effect on platelet function and
clot structure after clotting of normal whole blood (26). In the
presence of TF, rfVIIa accelerates the initiation and the 
propagation phase of thrombin generation resulting in thrombin
dependent enhancement of platelet activation when the haemos-
tatic balance is significantly disturbed towards hypocoagula-
tion, i.e. in severe thrombocytopenia (submitted). The present
study shows that rFVIIa manifests its effect when the thrombin
generation process is significantly impaired, i.e. in the presence
of fondaparinux concentrations higher than 0.5 �g/ml. More
detailed studies on the mechanism of action of rFVIIa have to
be done in order to clarify this issue.

Interestingly, rFVIIa had a partial effect on the reversal 
of fondaparinux activity since it did not normalize the lag-time
and the Tmax of thrombin generation nor the lag time or the
velocity of prothrombin activation. In the beginning of the 
initiation phase of thrombin generation, FVIIa/TF complex 
activates factor IX and factor X leading to initial generation of
picomolar amounts of thrombin, which induce initial platelet
activation. The propagation phase of thrombin generation is
characterized by further activation of platelets by thrombin,
which also activates factors VIII, V and XI. During the propa-
gation phase the formation of the enzymatic complexes (intrin-
sic tenase and prothrombinase) occurs, resulting in a burst of
thrombin generation (27, 28). Fondaparinux inhibits free FXa
but not the FXa included into the prothrombinase complex 
(29-31). During the initiation phase, the activation of FX 
precedes the generation of FVa, so that picomolar amounts of
free FXa are present (32). Thus, free FXa is accessible to the
inhibition by AT/pentasaccharide complex (31). We hypothesize

that in the presence of tiny amounts of TF, the employed con-
centration of rFVIIa accelerates, and increases the generation of
some free FXa which overcomes the inhibitory effect of fonda-
parinux. It is probable that, higher concentrations of FXa need
to be produced in order to completely overcome the inhibitory
effect of fondaparinux, and to normalize thrombin generation.
However, this hypothesis has to be controlled in appropriate
experiments.

In neither of the two experimental systems did the addition
of rFVIIa induce a significant increase of the maximal amount
of generated thrombin expressed, either as Cmax of thrombin or
as ETP. This finding is consistent with recent studies, which
showed that rFVIIa does not induce an increase in the total
amount of generated thrombin in patients with severe thrombo-
cytopenia and in a reconstituted thrombocytopenia-like system
(21, 23).

Our study supports the concept that rFVIIa could be a safe
and effective haemostatic therapy by achieving localised TF
dependent haemostasis. Recombinant FVIIa seems to fulfill
some requirements of safety in order to be used as antidote to
fondaparinux. In vitro it partially reverses the attenuation of
thrombin generation induced by fondaparinux at the concentra-
tions of 0.5 �g/ml to 1 �g/ml, but it does not increase signifi-
cantly the total amount of generated thrombin, that could be
associate to an hypercoagulable state. Our findings are further
supported by a recent study conducted in healthy volunteers
receiving fondaparinux in conjunction to a single dose of 
90 �g/ml of rFVIIa. In that study, in accordance with our
results, the administration of rFVIIa significantly reduced the
thrombin generation time ex vivo and induced a slight, but not
significant increase of the ETP (33). The clinical relevance of
these data has to be evaluated in clinical practice. Nevertheless,
these results might encourage future research on the potential
clinical use of rFVIIa as antidote to fondaparinux if a major or
life-threatening bleedings occurs. 
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