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Background. The treatment options in severe thrombocytopenia (platelet count <20x10%/L) are
limited. The aim of this study was to investigate ways of improving blood clotting and stability in
reconstituted thrombocytopenia.

Materials and methods. Thrombocytopenia (platelets [ 16+4]%10%L) was created by differential
centrifugation of normal blood followed by reconstitution of whole blood which was subjected to
clotting in a rotation thromboelastometer by CaCl, and tissue factor, and to fibrinolysis by tissue
plasminogen activator (tPA). In separate experiments, blood was diluted by 40% with TRIS/saline
solution. Blood was treated with fibrinogen (fib), factor XIII (FXIII), and thrombin-activatable
fibrinolysis inhibitor (TAFI).

Results. The maximum clot firmness of thrombocytopenic blood was approximately 2-fold less
than that of intact blood. Supplementation of blood with fib and FXIII improved clot formation. In
the presence of tPA, among fib, FXIII and TAFI, only fib stimulated clot propagation whereas each
of these agents increased clot strength. There was a synergistic effect when fib was added together
with FXIII or TAFI. Fibrinolysis was inhibited by TAFI and to a greater extent by TAFI + FXIII.
Fourty percent dilution of blood reduced clot strength and increased susceptibility to tPA. Clot
strength was increased by the treatments in the following order: fib/FXIII/TAFI > fib/TAFI > fib
> TAFI > FXIII. In the presence of tPA, TAFI and FXIII lysed the clots significantly more slowly.
This effect was stronger when blood was treated with the combination of fib/FXIII/TAFI. Doubling
the fib concentration, alone or together with other agents, did not improve clot strength or stability.

Discussion. Augmentation of clot formation and anti-fibrinolysis by combining fib, FXIII and
TAFI may be beneficial for the treatment of patients with severe thrombocytopenia especially when
complicated by haemodilution following introduction of fluids to compensate for massive blood loss.
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Introduction

Thrombocytopenia is a common disorder mostly
presenting as primary immune thrombocytopenia
(ITP), which is characterised by a low platelet count
due to accelerated platelet destruction and reduction
of platelet production as a result of auto-antibodies
against platelet surface antigens, as well as T-cell
toxicity'%. The consequence of elimination of platelets
from the circulating blood is complex because platelets
are important not only in building up the primary
haemostatic plug but also in thrombin generation, clot
formation and clot retraction®*. Bleeding symptoms in
severe thrombocytopenia are variable, ranging from
mild to severe, and occasionally may even be life-
threatening. The risk of bleeding becomes much higher
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when the thrombocytopenic patient undergoes severe
trauma or surgery due to haemodilution caused by the
introduction of fluids to counteract a reduction of blood
pressure, followed by decreases of coagulation and anti-
fibrinolytic factors. In addition, fibrinolytic agents are
released from the endothelium?®*.

For many years, the treatments for ITP have targeted
the immune and reticulo-endothelial systems and
include corticosteroids, intravenous immunoglobulin,
anti-RhD immunoglobulin, immunosuppressive drugs
and splenectomy; thrombopoietic agents have also
been used?’. All these interventions are, however, more
suitable for long-term therapy, while the possibilities
for controlling acute bleeds are limited and mainly
limited to platelet transfusion which was found to be



useful in the emergency treatment of ITP®. However,
some patients are refractory to platelet transfusions and
there can be complications following these transfusions.
Recombinant factor VIla (rFVIla) was demonstrated to
stop bleeding in severe thrombocytopenia, promoting
thrombin generation through an interaction with tissue
factor and direct activation of factor X on the surface
of activated platelets®!?. In conclusion of a systemic
review of studies assessing the efficacy of rFVIla
in ITP patients, Salama et al. indicated that rFVIla
may help in the emergency treatment of such patients
who do not respond to other therapies!'. However,
diminished response to rFVIla was observed in patients
with very low platelet counts'?. Furthermore, there are
some limitations to using rFVIIa in the treatment of
thrombocytopenia including its high cost, depletion of
coagulation factors, possible production of antibody to
the factor and the risk of thrombosis. Thus, there is a
need for additional effective agents to control bleeding
in patients with severe thrombocytopenia. In this study
we evaluated the haemostatic effect of fibrinogen, factor
XIIT (FXIII), and thrombin activatable fibrinolysis
inhibitor (TAFI) in vitro using a model of severe
thrombocytopenia based on reconstituted blood.

Among clotting factors fibrinogen has been found
to be the most important limiting factor in massive
haemorrhage. High fibrinogen concentrations increase
clot stiffness through the production of greater
fibers!'®. Fibrinogen concentrate has been widely
used in experimental and clinical settings including
thrombocytopenia!#!”.

FXIlIIa increases both fibrin polymer strength and
resistance to proteolysis catalysing the formation of
covalent bonds between glutamine and lysine residues
in fibrin molecules'. There is evidence that FXIII
incorporates o,-antiplasmin into fibrinogen and fibrin'.
In vitro supplementation of blood with FXIII slightly
increased clot strength and moderately decreased the
susceptibility to tissue plasminogen activator (tPA)-
induced fibrinolysis in Glanzmann's thrombasthenia
and a haemodilution model?*?!. However, although
FXIII is known to produce mechanical clot stability, it
appears to be suboptimal in conferring full resistance
to fibrinolysis?.

TAFI is a non-active zymogen which is converted
to the active form (TAFIa) by thrombin and, even more
so, by the thrombin/thrombomodulin complex?. TAFIa
intensifies the antifibrinolytic system by decreasing
plasminogen binding to fibrin and increasing plasmin
inhibition by o,-antiplasmin*?*. A part of TAFI is
synthesised in megakaryocytes, expressed by platelets
and secreted on platelet activation?’. This could be
significant in areas of vascular damage, where activated
platelets are known to accumulate?®.

Over the last decade, thromboelastography
emerged as a valuable tool for monitoring haemostasis
in coagulopathy, blood transfusion and clotting factor
replacement therapy?’?%. A new approach involves
evaluating clot susceptibility to fibrinolysis (ex vivo
and in vitro) after the addition of tPA?%3°, In this
respect, thromboelastography has been used in different
experimental models and clinical settings including
thrombocytopenia to evaluate clot formation and lysis
in whole blood.

The aims of this study were to: (i) characterise
the coagulopathy in reconstituted blood with severe
thrombocytopenia (platelet count [16+4]x10°/L); (ii)
evaluate the role of haemodilution, which is usually
caused by the administration of massive amounts of
fluid in order to support blood pressure in patients with
severe bleeding®; and (iii) investigate the haemostatic
responses of severely thrombocytopenic blood to
spiking with fibrinogen, FXIII and TAFI separately and
in combinations.

Material and methods
Preparation of native blood, reconstitution of
thrombocytopenic blood and haemodilution

This study was approved by the Human Subjects
Ethics Committee of the Sheba Medical Centre and
all participants signed informed consent. Peripheral
venous blood was drawn from 42 healthy volunteers
without any history of coagulation or platelet disorders
and who had not taken any medication known to affect
haemostasis for at least 10 days prior to the blood
sampling. Blood samples were considered suitable for
the study when the haematocrit was within the range
of 36-48% and the fibrinogen concentration in plasma
was between 2.5 and 4.0 g/L. Blood was collected in
polypropylene tubes using a 21-gauge butterfly needle
and a Vacutainer system. The first tube was discarded to
exclude coagulation activation during the vein puncture.
The second portion was drawn into tubes containing
EDTA for blood counts. The third and the forth portions
were drawn into tubes containing sodium citrate solution
(0.106 M) which was mixed with the blood in a ratio of
1:9. Prothrombin time, activated partial thromboplastin
time, thrombin time, and fibrinogen clotting studies were
performed using standard laboratory methods in plasma
prepared by centrifugation of whole blood at 1,600 g
for 15 minutes. Prothrombin, thrombin and fibrinogen
for these assays were from Instrumental Laboratory
(Milan, Italy).

To produce thrombocytopenia, native blood was
centrifuged at 160 g for 12 minutes. Platelet-rich plasma
was removed and subjected to high speed centrifugation
(10,000 rpm for 3 minutes). The upper part of packed cells
(10% of their volume) was discarded and the remaining
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packed cells mixed with plasma in the same ratio as it was
after the first centrifugation of whole blood. The platelet
count in the reconstituted whole blood was (16+4)x10°/L.
Fourty percent haemodilution was achieved by adding
TRIS/saline solution. Products for spiking whole blood
were fibrinogen essentially free of plasminogen (Sigma
Aldrich), FXIII (Fibrogammin) and TAFI (CSL Behring
GmbH, Marburg, Germany). tPA (Actilyse) was from
Boehringer-Ingelheim (Paris, France). Fibrinogen
was used at a concentration of 3 g/L, approximately
doubling its normal concentration in blood. The chosen
FXIII concentration (2.0 U/mL) was based on titration
experiments and an observation of others showing
that in vitro spiking of blood taken from intensive
care patients with supraphysiological concentrations
of FXIII increased clot strength®'. tPA was used at a
relatively high concentration (160 ng/mL) to reveal the
possible anti-fibrinolytic potential of the haemostatic
agents.

Rotation thromboelastometry

Before the assay, whole blood samples were
rested for 40 minutes at room temperature. Rotation
thromboelastometry (ROTEM) measurements were
conducted by a ROTEM™ device (Pentapharm, Munich,
Germany) using 300 pL of native or reconstituted whole
blood placed into cups following the introduction of
CaCl, (20 mM) and a low concentration of tissue factor
(EXTEM reagent diluted 1:1,700). ROTEM tests were

performed according to the manufacturer's instructions
at 37 °C and ran for a minimum of 60 minutes. The
following variables were used: alpha-angle (a-angle
in degrees) reflecting clot propagation, maximum clot
firmness (MCF), clot strength in mm, and lysis onset
time (LOT), time in minutes from the beginning of clot
formation to a fall in the clot amplitude by 15% from
MCEF. To ensure uniform methodology, all rotation
thromboelastometry tests were performed by the same
researcher.

Statistics

The data are expressed as mean + standard deviation
and analysed using one-way ANOVA followed by
Tukey's post hoc test. The differences between groups
were considered to be statistically significant when the
probability of a type I error was less than 0.05.

Results
Clot formation in normal and thrombocytopenic
blood

Normal and reconstituted thrombocytopenic blood
samples were supplemented with fibrinogen, FXIII or
both coagulation factors together.

The results of the experiments presented in Figure 1
show that the a-angle was not changed while the MCF
value was two times shorter in thrombocytopenic blood
than in normal blood (33.1£5.3 versus 58.3+4.5 mm,
respectively). In normal blood samples, the a-angle
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Figure 1 - Effect of fibrinogen and factor XIII on clot formation.

FXIII: factor XIII. Native and reconstituted thrombocytopenic (platelet count [ 164 4]x10°mL"")
whole blood samples were treated with fibrinogen (3 g/L), factor XIII (2 U/mL) or the both
agents. Blood samples were subjected to clotting by CaCl, (20 mM) and EXTEM-reagent
(final dilution 1:1,700) and assayed in a rotation thromboelastometry device. The a-angle and
maximum clot firmness (MCF) were measured. The data are expressed as means =+ standard
deviation (SD). **p<0.01, ***p<0.001 statistically significant differences between treated
and non-treated whole blood. ##p<0.01, ###p<0.001 statistically significant differences
between treatment with both and single agents (n=8). The data were analysed using one-way
repeated measures ANOVA followed by Tukey's post hoc test.
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and MCF were not changed by addition of either
fibrinogen or FXIII although their values were higher
when both agents were added in combination (74.5+2.6
versus 68.8+£3.6 degrees and 67.4+3.3 versus 58.3+4.5
mm). In thrombocytopenic blood, the a-angle was not
affected by the introduction of fibrinogen and FXIII. In
contrast, the MCF was augmented by both fibrinogen
and FXIII and to a greater extent by both agents together
(44.84£4.9,42.6+3.7 and 51.1+4.1 versus 33.1+5.3 mm,
respectively).

Clot formation and resistance to fibrinolysis in
thrombocytopenia blood

In these experiments we assayed the effect of
fibrinogen, FXIII and TAFI on clot formation in the
presence of tPA and susceptibility to tPA-induced
fibrinolysis. In the presence of tPA, all ROTEM variables
were lower in thrombocytopenic blood than in normal
blood (a-angle and MCEF, both p<0.001 and LOT p<0.01;
Table I). Reduction of the LOT value means higher
sensitivity of the clot to tPA-induced fibrinolysis.

Alpha-angle

Augmentation of the a-angle was documented by
spiking thrombocytopenic blood with fibrinogen and
FXIII comparing the results with those at baseline
(p<0.001, p<0.05, respectively). The combination of
fibrinogen with FXIII led to a further increase of this
variable which became significantly higher than with
fibrinogen (p<0.05) or FXIII alone (p<0.001). TAFI
did not affect the a-angle even in combinations with
fibrinogen or FXIII. It is important to note that the
introduction of fibrinogen by itself to thrombocytopenic
blood was enough to overcome the level of the a-angle in
normal blood. Thus, clotting propagation was stimulated
by fibrinogen and FXIII and this effect was strengthened
by combining the agents.

Maximum clot firmness

The MCF value was markedly higher in
thrombocytopenic blood spiked with either fibrinogen,
FXIII or TAFI compared to the baseline condition
(p<0.001, p<0.05 and p<0.001, respectively). The
MCEF further increased when fibrinogen was added
together with TAFI or FXIII. Of note, addition of each
of the agents to thrombocytopenic blood was enough to
achieve the MCF level in normal blood.

Lysis onset time

The onset of fibrinolysis was not affected by
fibrinogen, FXIII or spiking with both agents together.
In contrast, fibrinolysis was substantially inhibited by
TAFI (p<0.001) but remained at the same level when
TAFI was combined with fibrinogen or with FXIII.

Thus, among the three agents, only TAFI increased the
anti-fibrinolytic potential.

Clot formation and resistance to fibrinolysis in
diluted thrombocytopenia blood

Thrombocytopenic blood was diluted by 40% with
TRIS/saline buffer. There were substantial reductions in
the a-angle (38.443.7 versus 55.1+2.4 degrees), MCF
(4.0+4.1 versus 28.5+£3.4 mm) and LOT (11.5+£2.7
versus 17.6+£5.2 min) values in diluted and non-
diluted thrombocytopenic blood, i.e. decreases of clot
propagation, clot strength and stability (see Tables 1
and II).

Alpha-angle

Neither fibrinogen, FXIII nor TAFI altered the
a-angle variable compared to that of non-treated
thrombocytopenic blood. In contrast, combining
fibrinogen with either FXIII or TAFI augmented the
a-angle values (p<0.01 and p<0.001, Table II). The
triple combination of fibrinogen, FXIII and TAFI
produced a further increase of the a-angle, although this
improvement did not reach statistical significance. Thus,
clot propagation was not affected by fibrinogen, FXIII
or TAFI but was stimulated by combining these agents.

Maximum clot firmness

Spiking blood with fibrinogen, FXIII and TAFT led
to enlargement of clot strength (all p<0.001) reaching
the value of MCF in normal diluted blood. Furthermore,
fibrinogen and TAFI had a synergistic effect on MCF and
the triple combination of all agents was followed by a
greater augmentation of the MCF value which overcame
the level of MCF in normal diluted blood.

Lysis onset time

Fourty percent dilution of both normal and
thrombocytopenic blood led to increased susceptibility
to tPA (shortening the LOT value) compared to that of
non-diluted blood. Spiking thrombocytopenic blood
with FXIII or TAFI led to prolongation of LOT compared
to that of non-treated blood (both p<0.001) with TAFI
exerting a stronger effect than FXIII. Fibrinogen did
not change the LOT value. No synergistic effect was
documented using TAFI in combination with FXIII
or with fibrinogen and only a slight increase of LOT
was observed when all three agents were used together
(p<0.05 compared to TAFI alone).

Discussion

In thrombocytopenia patients, massive or even fatal
bleeding usually occurs at platelets counts from 5x10%/L
to 20x10%L although in some studies a significant
predictor of bleeding was thought to be a history of
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Table I - Parameters of clot formation and fibrinolysis in thrombocytopenia.

Normal Thrombocytopenia
Buffer Buffer Fib FXIII TAFI Fib+FXIIT Fib+TAFI FXIII+TAFI Fib+FXIIT+TAFI
o-angle  Mean 66.1 55.1 73.4 61 56.8 79.3 75.4 62.8 70.5
SD 6.7 2.4 2.4 42 3.0 3.4 4.9 2.7 43
MCF Mean 45.6 28.5 41.6 36.6 42.4 479 52.1 44.4 50.5
SD 6.8 3.4 4.2 2.3 3.7 4.6 3.6 7.0 2.9
LOT Mean 25.6 17.6 17.8 22.4 31.4 245 354 39.2 37.1
SD 52 52 6.9 6.4 4.2 7.8 8.3 9.7 4.1

Fib: fibrinogen; FXIII: factor XIII; TAFI: thrombin-activatable fibrinolysis inhibitor. Reconstituted thrombocytopenic whole blood (platelet count
[16+4]x10%/L) was treated with fibrinogen (3 g/L), factor XIII (3 U/mL), or thrombin activatable fibrinolysis inhibitor (0.25 U/mL) as well as with these
agents in combinations. Blood samples were subjected to clotting by CaCl, (20 mM) and EXTEM-reagent (final dilution 1:1,700) in the presence of tPA
(160 ng/mL) and assayed in a rotation thromboelastometry device. Alpha-angle (a-angle in degrees), maximum clot firmness (MCF, mm), and lysis onset
time (LOT, min) were measured (n=8). The data were analysed using one-way repeated measures ANOVA followed by Tukey's post hoc test.

Table II - Parameters of clot formation and fibrinolysis in 40% diluted thrombocytopenia.

Normal (diluted) Thrombocytopenia (diluted)
Buffer Buffer Fib FXIII TAFI Fib+FXIII Fibr+TAFI FXIII+TAFI Fib+FXIII+TAFI

a-angle  Mean 58.3 384 448 41.4 39.4 46.4 52.3 44 57.9

SD 7.1 3.7 4.4 2.9 2.9 49 5.1 3 44
MCF Mean 19.3 4 24.9 18.1 20.9 26.5 32 24 44.5

SD 6.3 4.1 39 5.4 5 3.4 29 4 6
LOT Mean 20.5 11.5 13.7 19.4 25.3 20.8 27.5 26.1 31.1

SD 2.9 2.7 2.1 1.9 7.5 22 4.8 5.1 32

Fib: fibrinogen; FXIIIL: factor XIII; TAFI: thrombin-activatable fibrinolysis inhibitor. Reconstituted thrombocytopenic whole blood [platelet count
(16+ 4)x10°/L] was diluted by 40% with TRIS/saline solution. The blood samples were treated with fibrinogen (3 g/L), factor XIII (2 U/mL), or thrombin
activatable fibrinolysis inhibitor (0.25 U/mL) as well as with these agents in combinations. Blood samples were subjected to clotting by CaCl, (20 mM) and
EXTEM-reagent (final dilution 1:1,700) in the presence of tPA (160 ng/mL) and assayed in a rotation thromboelastometry device. Alpha-angle (a-angle
in degrees), maximum clot firmness (MCF, mm) and lysis onset time (LOT, min) were measured (n=8). The data were analysed using one-way repeated

measures ANOVA followed by Tukey's post hoc test.

bleeding in the preceding several days®>*. The treatment
options for patients with severe thrombocytopenia
are limited and mainly restricted to blood or platelet
transfusions. The intention of this study was to
evaluate, in vitro, alternative therapeutic options for
improving clot formation and stability in reconstituted
thrombocytopenia (platelet count: [16+4]x10°L). For
this purpose we used thromboelastometry based on the
findings that this method is superior to other haemostatic
tests in predicting bleeding in thrombocytopenia patients
and that it offers the possibility of evaluating both clot
formation and resistance to fibrinolysis?®*,
Thrombocytopenia was characterised by no change
of clotting propagation (a-angle) and about a two-fold
reduction of MCF compared to intact blood. Spiking
the severely thrombocytopenic blood with fibrinogen
(3 g/L) improved clot strength. This effect of fibrinogen
has been found in other studies in both in vitro and
ex vivo conditions'*!'7. However, in our experiments,
supplementation of blood with fibrinogen was not
enough to compensate the impaired blood clotting.
Administration of FXIIT (2 U/mL) stimulated blood
clotting to a similar extent whereas a synergistic effect
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was observed when fibrinogen and FXIII were used in
combination.

There are limited and conflicting data regarding the
effect of FXIII on clot formation in thrombocytopenia
and massive bleeding. It was recently shown that
increasing concentrations of FXIII added to whole blood
of healthy individuals and thrombocytopenic patients did
not affect clot development but moderately increased
the maximum amplitude value®. In contrast, FXIII had
a slight or even no effect on clot formation in 30% and
60% diluted normal blood and in blood from patients
with Glanzmann's thrombasthenia?’3%37, Nevertheless,
we show here that the effect of spiking blood with both
fibrinogen and FXIII together is superior to that achieved
with each of these haemostatic agents in compensation
of disturbed clot formation in thrombocytopenia.

Improving clot stability is of importance in
preventing and treating bleeding disorders. In the present
study an attempt was undertaken to evaluate resistance
to fibrinolysis in blood with severe thrombocytopenia
and a possible protective effect of fibrinogen, FXIII and
TAFT against tPA-induced fibrinolysis. The rationale for
including TAFT in this study was that platelets contain



and secrete TAFI upon activation®*3. A deficiency of
platelet-mediated resistance against fibrinolysis may,
therefore, occur in severe thrombocytopenia. Of interest,
the values of MCF were lower in the presence of tPA than
in its absence, both in normal and in thrombocytopenic
blood apparently because of the initiation of fibrinolysis
before the clot reached its maximal amplitude. As
expected, in the presence of tPA, among fibrinogen,
FXIIT and TAFI, only fibrinogen stimulated the initial
clotting process whereas each of these agents increased
clotting strength. A synergistic effect was observed when
fibrinogen was administered together with either FXIII
or TAFI. Among these agents, TAFI strongly and FXIII
slightly inhibited fibrinolysis which remained at the
same extent when TAFI was combined with fibrinogen
or FXIII. This was in accordance with earlier reports
which showed that TAFI, and to a lesser extent FXIII
attenuate tPA-induced fibrinolysis in human plasma®.
In another study, FXIII strongly and rFVIIa modestly
improved anti-fibrinolysis in whole blood from
thrombocytopenic patients?>.

To bring the thrombocytopenia model used closer
to the situation that may occur in patients subjected to
massive transfusion of blood substitutes, we assayed clot
formation and protective potential against fibrinolysis
in 40% diluted thrombocytopenia blood. As could be
expected, haemodilution led to a further impairment
of blood clotting but surprisingly was accompanied by
increased susceptibility to tPA. In this condition, clotting
propagation (a-angle) was not affected by spiking the
blood with fibrinogen, FXIII or TAFI but was augmented
when fibrinogen was combined with FXIIT or TAFI.
In contrast, clot strength (MCF) was substantially
increased (4-6 times) by separate addition of each of
the agents used. Combining fibrinogen and TAFTI further
improved clot strength. The order of stimulating blood
clotting was: fibrinogen/FXIII/TAFI > fibrinogen/TAFI
> fibrinogen > TAFI > FXIII. Blood clots treated with
either TAFI or FXIII lysed significantly more slowly
indicating a greater resistance to fibrinolysis. This effect
was stronger when the blood was treated with the triple
combination of fibrinogen, FXIII and TAFI.

Our in vitro study has some limitations. In fact, the
attempt to characterise the coagulation alterations in
thrombocytopenia was undertaken using a technological
approach without taking into account the shear conditions
upon blood flow or the modulation of haemostasis by
endothelial cells. Furthermore, it should be taken into
account that centrifugation steps may affect platelet
activity, although it is unlikely that this is associated
with essential changes in blood coagulation. The results
obtained in vitro cannot, therefore, be automatically
translated to the in vivo situation. Nevertheless, the
model may help to understand alterations of clot

formation and stability in severe thrombocytopenia
better and to indicate new therapeutic approaches in
critically ill patients who are usually treated with blood,
platelet or fluid transfusions.

In summary, our observations highlight the effects
of each of the haemostatic agents used and their
combinations in thrombocytopenia. It is possible that
augmentation of clot formation and anti-fibrinolysis
through the combination of fibrinogen with FXIII or
TAFI could be a beneficial treatment for patients with
severe thrombocytopenia especially complicated by
haemodilution following the administration of fluids to
compensate for massive blood loss.

The Authors declare that they have no conflicts of
interest regarding this research.
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