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a b s t r a c t
Background: Hemophilia A (HA) patients with similar factor VIII levels can demonstrate varying bleeding
tendencies. In particular, 10–15% of all severe HA patients (FVIII:C b 1 IU dL −1) do not require regular
replacement therapy. Modern global coagulation assays can help to detect and study this “mild” bleeding
phenotype. Here, we investigated the coagulation status of different bleeding phenotypes using various
types of global coagulation assays.
Materials and Methods: Ten HA patients with severe phenotype and eleven patients with mild phenotypes
were included in the study. For each patient, thromboelastography (TE), thrombodynamics (TD), and
kaolin- or tissue factor-induced thrombin generation (TG) were measured. TG in platelet-rich plasma
(PRP) was investigated using our original modiﬁcation when the thrombin generation curve showed
two peaks, previously shown to depend on platelet activity. We also utilized TG and TD with the addition
of thrombomodulin.
Results: The second peak amplitude and ETP of PRP TG were the only parameters that were signiﬁcantly
higher in mild bleeders (peak 41.6 ± 3.5 nM, ETP 1966 ± 169 nM*min) than in patients with severe
bleeding (peak 28.3 ± 3.3 nM, ETP 1359 ± 130 nM*min).
Conclusions: Our results suggest that severe and mild HA phenotypes could be distiguished by TG assay in
PRP suggesting that difference in platelet activity can be involved in the phenotype formation. According
to our previous results we can suppose that the mechanism of the phenotypic heterogeneity is linked with
TG mediated by PS-expressing platelets.
© 2013 Published by Elsevier Ltd.

Introduction
Hemophilia A (HA) is an inherited X-linked recessive trait that is
manifested as a bleeding disorder. People suffering from HA lack
sufﬁcient quantities of coagulation factor VIII (FVIII). The severity of
HA is assessed using a FVIII activity assay (FVIII:С). However, patients
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Thrombin generation; TGA, Thrombin generation assay; TGC, Thrombin generation curve;
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that have identical FVIII activity can demonstrate quite different tendencies for bleeding. Indeed, 10–15% of severe hemophiliacs (FVIII:
C b 0.01 IU dL −1) have very rare bleeding episodes [1,2]. This phenomenon is often referred to as the “mild” clinical phenotype
of hemophilia. The reasons and mechanisms behind the formation
of the mild phenotype have remained unclear to date, but several
hypotheses have been considered.
For example, clinical severity could possibly depend on the
variability of the FVIII genetic mutations. Mutations in the FVIII gene
that do not totally prevent protein synthesis (i.e., non-null mutations)
could allow some residual FVIII activity that cannot be detected by the
FVIII:C assay [3,4]. The second hypothesis is thrombophilic mutations
[5], such as factor V Leiden [6–9] and prothrombin G20210A [7,8], or
perhaps non-inherited prothrombotic markers that can be present in
parallel with HA. A recent study reported that platelet suspensions
isolated from the blood samples of severe hemophiliacs with the
mild phenotype demonstrate higher level of phosphatidylserine(PS)-
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expressing platelets [10] as compared to that of severe bleeders [11].
Also, according to another study, platelets can signiﬁcantly modify
procoagulant activities in HA [12]. Note that in all studies that have
investigated HA bleeding phenotypes, the patients that had the
severe clinical phenotype also may have non-null FVIII mutations and
thrombophilic markers or high levels of PS-expressing platelets. These
facts indicate that all of the aforementioned mechanisms can interact
to form a speciﬁc bleeding phenotype.
The ability to predict the HA patient’s bleeding tendency is
extremely crucial. Nowadays, various types of modern global coagulation tests, such as thromboelastography (TE) [13] and the thrombin
generation assay (TGA) in platelet-poor plasma (PPP) or platelet-rich
plasma (PRP) [14–16], can be used to offer bleeding predictions.
Some articles studied a correlation between the TGA parameters
and the clinical severity [4,17,18]. It should be mentioned that in
the studies [17,18] the ability of TGA to correspond with FVIII level
was investigated as well. Also, study [19] has asserted that TE and
TG can correlate with the FVIII level but the phenotypic heterogeneity
not linked with FVIII:C was not discussed.
Recently, we have shown that such antiplatelet agents as dimethylsulfoxide (DMSO) and prostaglandin E1 can induce the appearance of a
second peak in the thrombin generation curve (TGC) [20]. The second
peak is mediated only by the PS-expressing platelets, while platelet
α-granules and reactions on plasma phospholipids contribute to the
ﬁrst one. This effect can be used to analyze the impact of PS-expressing
platelet-mediated thrombin generation (TG) to the total TG. According
to the study [11] that points at the possible role of PS-expressing platelets
in the formation of the clinical phenotype of HA the modiﬁed twopeaked TGA assay can be utilized to predict the tendency of bleeding.
Also, another coagulation assay called Thrombodynamics (TD,
[21,22]) is based on the spatial aspects of coagulation. During this
assay, the side light scattering from the growing ﬁbrin clot is
measured, and the velocity of clot growth is calculated. The initiation
of coagulation is accomplished by means of a special activator
with immobilized tissue factor (TF). TD parameters were shown to
correlate with FVIII level [23,24].
In spite of the number of studies, the nature of phenotypic heterogeneity is poorly understood. Analogously, we now have the opportunity
to use the great number of variations of global hemostatic assays,
but we do not exactly know which of them is the best to predict the
bleeding tendency. In this paper, we studied the possibility of TE, 5
variations of TGA and 3 variations of TD to correspond to the clinical
phenotypes of severe HA.
Materials and Methods
The main conditions of the assays we used are presented in
Supplementary Table 1.
Collection of HA patient blood and plasma preparation
The patients who participate in this research study gave their
written informed consent. The study was approved by the Ethics
Committees of the Center for Theoretical Problems of Physicochemical
Pharmacology and National Research Center for Hematology. Blood
was collected through venipuncture and immediately placed in a test
tube with 3.8% sodium citrate (pH 5.5). The volume ratio between
blood and citrate was 9:1. For all TD and most TG tests, the test tube
also contained corn trypsin inhibitor (CTI) (Pushchino, Russia; 0.3 mg
CTI per 10 ml of blood) to prevent contact activation. The patients
claimed not to have received FVIII concentrate for 5 days prior
to blood collection. PRP was obtained by centrifugation for 5 minutes
at 100 g. To prepare PPP, blood was centrifuged for 15 minutes
at 1600 g. PFP for TD was prepared from PPP by centrifugation for
5 minutes at 10 000 g.

FVIII:C, detection of FVIII inhibitors, and APTT
FVIII activity was assessed using a previously described one-stage
method [25]. Since inhibitory antibodies against FVIII may inﬂuence
the half-life of FVIII, the presence of these antibodies in the preinfusion samples was assessed using the Nijmegen modiﬁcation
[26,27]. For APTT determination, the standard APTT kit (Renam,
Moscow, Russia) was used.

Thromboelastography
TE was accomplished using a TEG® 5000 thromboelastograph®
(Haemoscope Corp., MA, USA). A sample of 340 μl of citrated blood
without CTI was placed in a TEG® ﬂask and mixed with 20 μl of a
solution containing 200 mM of CaCl2 (Sigma-Aldrich, St. Louis, MO,
USA) and 72 рМ of TF from rabbit brain (Renam, Moscow, Russia).
The ﬁnal TF concentration was 4 pM. To determine the TF activity,
the Actichrome TF activity assay (American Diagnostica, Stamford,
CT, USA) was used.

Preparation of phospholipids
Phospholipids were prepared closely to ones described in [28]. Brieﬂy,
we mixed 24 μl of phosphatidylcholine (PC) solution and 6.5 μl of PS
solution in a round-bottomed ﬂask. Both the PS and PC were obtained
from Avanti Chemicals (Ormeau, Australia). Then, the mixture was
dried for 30 minutes under a nitrogen stream. After that, the phospholipids were resuspended with 1 ml of buffer A containing 20 mM
HEPES and 145 mM NaCl (pH 7.5). All these compounds were obtained
from Sigma-Aldrich (St. Louis, MO, USA). The obtained mixture was
shaken for 30 minutes at 57 °C. After that, the phospholipids were frozen
and refrozen several times at −20 °C. Then the mixture was run through
the extruder several times. The extruder pore size was 0.1 μm. Finally, the
phospholipids were frozen at −20 °C to maintain lipid activity during
storage. The ﬁnal concentration of the phospholipids in the mixture
was 1 mM.

Thrombodynamics
TD was made in PFP using a Thrombodynamics Analyzer (HemaCore
LLC, Moscow, Russia). During the assay, the side scattering from the
growing ﬁbrin clot was measured every 15 seconds. The assay was
utilized for three variations: in PFP only, in PFP with phospholipids,
and in PFP with phospholipids and thrombomodulin (TM). A sample
of 300 μl of PFP containing CTI was mixed with 12 μl of buffer B
containing 750 mM HEPES, 145 mM NaCl (pH 7.4) for pH stabilization.
Also, 3 μl of phospholipids and 6 μl of rabbit lung TM (Haematologic
Technologies, Essex Junction, VT, USA) could also be added to this
mixture. The ﬁnal concentration of TM was 3 nM. After that, PFP was
incubated for 10 minutes at 37 °C, and after recalciﬁcation with 6 μl of
CaCl2 (1 M), the sample was placed into prewarmed thin ﬂat experimental chamber and put into the Thrombodynamics Analyzer. After
that, a special activator with immobilized TF was put into the ﬂask
containing PFP, and the assay started. The clot size was calculated as
described in [21,22], and ﬁnally, the time dependence of the clot size
was obtained. In Supplementary Fig. 1, an example of such curves
with and without additional phospholipids or TM is shown. The clot
growth can be separated into two stages. These two stages can be
characterized by the following two velocities of clot growth: the initial
rate (i.e., the ﬁrst 10 min) and the stationary rate (i.e., 10–40 min).
If TM is present in the plasma, the stationary rate is very close to zero
and can be substituted with the clot size after 40 minutes from the
start of the assay.
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Thrombin generation assays

Statistics

Five variations of the TGA were conducted. TG in PPP was investigated
in the presence of 4 pM and 1 pM of TF. For the investigation of the role of
the protein C system, we used TGA in 4 pM of TF-induced PPP with the
presence of 3 nM TM. Additionally, we measured TG in kaolin-induced
PPP. To investigate platelet-dependent two-peaked TG, we used 4 pM
TF-induced PRP containing 1.6% DMSO. For all the TG assays excluding
TG with kaolin activation, the citrated plasma samples contained CTI. In
Supplementary Figs. 2 and 3, examples of the TGCs that we obtained
are presented. The ﬂuorescence of 7-amino-4-methyl-coumarin (AMC)
was continuously measured at 37 °C using an Appliskan Multimode
Microplate Reader (Thermo Scientiﬁc, Helsinki, Finland). The TGA mostly
was utilized as described previously [20,29]. Plasma was mixed with
the ﬂuorogenic substrate Z-Gly-Gly-Arg-AMC (Bachem, Bubendorf,
Switzerland) solution in a volume ratio of 4:1. Initially, the substrate
was stored at −20 °C in a 25 mM DMSO solution (Sigma-Aldrich,
St. Louis, MO, USA). Before mixing with the plasma, the solution was
diluted ten times with buffer A. Then 20 μl of buffer B was added to
500 μl of the plasma for pH stabilization. After that, 100 μl of this mixture
was placed into the wells of 96-well ﬂat bottom plate. Coagulation was
triggered with 20 μl of a 100 mM CaCl2 solution containing one of the
coagulation activators per a well. The ﬁnal DMSO concentration in all of
the experiments was 1.6%. The coagulation activators in PPP were
RabTF (i.e., 1 or 4 pM ﬁnal plasma concentration) and the kaolin suspension from the standard APTT kit (200 times ﬁnal plasma dilution, Renam,
Moscow, Russia). The dilution degree of kaolin was chosen to obtain the
ETP values close to the ones obtained using activation with 4 pM of
RabTF. Also, for the PPP assay, 4 μM of phospholipids were present.
For the PRP TG, we used recombinant human TF (4 pM ﬁnal plasma
concentration, Innovin, Dade-Behring, Marburg, Germany). To obtain a
concentration of platelets in PRP equal to 150 000 platelets/μl, the PRP
was diluted with autologous PPP. After adjustments in the TF and the substrate, the platelet concentration in the PRP became 100 000 platelets/μl.
In our experiments [20], we have shown that the 1.6% DMSO present in
the PRP sample decreases the PS exposure rate during platelet activation
and induces the appearance of two peaks in the TGC but does not
inﬂuence the endogenous thrombin potential (ETP) value. Therefore, all
of our PRP TGCs had two peaks (Supplementary Fig. 3).
For calibration of ﬂuorescence signal, two types of wells with
non-clotting plasma were prepared. The ﬁrst type contained 20 μl of
buffer C instead of the activator to obtain the background ﬂuorescence
level. The second one (calibration wells) contained 2 μl of AMC
(Sigma-Aldrich, St. Louis, MO, USA) solution in DMSO and 18 μl of buffer
C instead of the activator. The ﬁnal AMC concentration in these wells
was 8 μM. Fluorescence was continuously measured at 37 °C using an
Appliskan Multimode Microplate Reader (Thermo Scientiﬁc, Helsinki,
Finland) (λexc = 355 nm, λem = 460 nm). The PRP was not stored
for more than 1 hour before use. All results are reported as the averaged
readings of duplicated wells.
Data analysis was carried out using Origin 6.0 or 8.0 software
(Microcal Software, Northampton, MA, USA). The background
ﬂuorescence was subtracted from the signal of ﬂuorescence in all of
the wells. To calculate the AMC concentration, we used the appropriate
calibration wells and considered the nonlinear ﬂuorescence dependence on AMC concentration (inner ﬁlter effect [30]). The thrombin
curve was obtained by differentiation of the time-dependent
AMC curve (after its smoothing using 7 points averaging) and calculation of the thrombin concentrations using the previously measured
kinetic constants for a given ﬂuorescence substrate (KM = 156 μM;
kcat = 46 min−1). The substrate concentration corresponding to each
time point was calculated by subtracting the concentration of produced
AMC from the initial substrate concentration. So, we took into account
the substrate consumption in our technique. The contribution of α2-macroglobulin [14,30–32] was subtracted using a specially designed
algorithm realized in Origin software as described previously [20,29].

To compare the mean values of the coagulation assay parameters
from the patients with mild bleeding phenotypes to those of patients
with severe bleeding phenotypes, we used one-way ANOVA test.
Results
Patient characterization
21 HA patients (i.e., 11 with the mild phenotype and 10 with the
severe phenotype) participated in this study. The basic FVIII:C level for
each of the patients was not more than 1 IU dL −1 with exception to
patient 7 (FVIII:C = 1.3 IU dL−1) and patient 12 (FVIII:C = 1 IU dL−1).
In this study, we deﬁned the mild bleeding phenotype according to the
regular replacement therapy requirements and the frequency of bleeding.
Patients with mild phenotype usually did not have bleeding episodes,
but occasionally not more than two bleeding events could happen.
Therefore, these patients did not require the regular FVIII replacement
therapy. Some patients with this phenotype were on FVIII replacement
prophylactics when facing surgical procedures. Table 1 details the age,
the frequency of bleeding episodes, and the basic FVIII:C results for
each patient. Most of the patients demonstrated non-detectable FVIII:
C or close to 1 IU dL−1 (Supplementary Table 2). No one had detectable
FVIII inhibitors. Two patients from the mild group and two from the
severe group had deﬁnable FVIII:C results that were signiﬁcantly
more than 1 IU dL−1 even after the 5 day wash-out period (i.e., 5 days
off their FVIII regimen). The APTT measurements did not differ between
the patients of differing phenotypes (for the raw data, see Supplementary
Table 2).
Thromboelastography
Supplementary Table 2 presents the TE parameter values for each
patient. Fig. 1 shows that the TE parameters did not appear to be
related to the phenotypic differences of the two groups.
Thrombodynamics
In Fig. 2, the values of TD parameters are shown. No parameters
seemed to be related to either the mild or severe phenotype.
Also, the addition of phospholipids did not affect the TD parameters.
Table 1
Participating patient demographics and HA characteristics.
Phenotype

Mild

Severe

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

ID

Age,
year

Bleeding frequency,
episodes per month
(with prophylactics)

Basic FVIII:C,
IU dL-1

Number of
arthroses

Bol
Shu
Der
Nuj
Las
Bob
Kli
Sil
Bov
Kho
Kom
Kop
Gor
Fed
Kir
Vol
Var
Gul
Sho
Dya
Kas

22
38
31
60
44
55
43
21
33
78
21
44
32
42
57
19
26
35
29
46
41

0-1
0-1
0-2
0-2
0-2
1-2
0-2(0)
0-2(0)
0-1
0-2(0)
0-1(0)
2-4(0-1)
2-5(0-1)
3-4(0-1)
4-6(0-1)
3-5(0-1)
2-3
6 and more (0-2)
1-4 (0-1)
2-3 (0-1)
2-4

b1
b1
b1
1
b1
b1
1.3
b1
b1
1
b1
1
b1
b1
1
b1
b1
b1
b1
b1
b1

2
0
4
6
6
4
3
1
5
8
2
4
1
4
8
3
3
Not available
4
6
8
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Fig. 1. Values of the TE parameters R (A), α (B), and MA (C) for patients with clinically severe and mild phenotypes of HA with their means and SE. A one-way ANOVA test was used
to analyze the data. NS means not signiﬁcant.

Fig. 2 and Supplementary Table 3 presents all of the TD parameter
values. The TD parameters appear as not allowing to differentiate
groups of hemophiliacs.

detectable TG parameters. All of these TGCs seemed to have two peaks
(Supplementary Fig. 5).
None of the parameters for patients in the mild group differed
signiﬁcantly from that of patients with severe phenotypes (Fig. 3).
Supplementary Table 4 shows all the TG values for each patient.

Thrombin generation in PPP
Fig. 3 shows ETP and thrombin peak values in PPP after activation
with 1 pM or 4 pM TF and in the presence of TM. ETP and peak after
the 4 pM TF activation were always higher than those after the 1 pM
activation or in the case of TM addition. In three cases, the ETP
and thrombin peak after 1 pM activation were not detectable and
considered to be zero.
Interestingly, most of the kaolin activation samples demonstrated
undetectable TG, which was in the sharp contrast with non-hemophilic
plasmas that we assessed in our other studies (Supplementary Fig. 4).
Healthy PPPs usually demonstrated detectable TG with ETP values
close to ones obtained after 4 pM TF activation. However, four HA patients from the mild group and one from the severe group demonstrated

Thrombin generation in PRP
Fig. 4 illustrates the parameters of the two-peaked TGCs in the PRP.
The ETP and the second peak amplitude were the only parameters that
differed signiﬁcantly between the mild and severe groups. All of the PRP
TG parameter values are presented in Supplementary Table 5.
Discussion
The main result of this study is that the second peak amplitude in
our modiﬁed PRP TG test is signiﬁcantly higher in patients with the
mild HA phenotype as compared to that of patients with the severe

Fig. 2. Values of the TD parameters without lipids (i.e., stationary (A) and initial (B) clot growth rates), in the presence of lipids (i.e., stationary (C) and initial (D) clot growth rates)
and with TM (i.e., clot size after 40 min of assay (E) and initial (F) clot growth rate) for patients with clinically severe and mild phenotypes of HA with their means and SE.
A one-way ANOVA test was used to analyze the data.
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Fig. 3. Values of the PPP TG parameters (i.e., ETP (A, C, E) and peak (B, D, F)) for patients with clinically severe and mild phenotypes of HA with their means and SE. A one-way
ANOVA test was used to analyze the data. Columns without P-values do not signiﬁcantly differ from one another.

phenotype. None of the other tests revealed difference between the
two phenotypes.
Our ﬁndings show that platelet-mediated TG is the best indicator
of HA phenotype formation. Previously, we have shown that the second peak is mediated by the PS-expressing population of activated
platelets [10,20]. The amplitude of this peak reﬂects the contribution
of the platelet activation and the PS exposure on their surfaces. From
this perspective our results are in agreement with those of Dale et al.
[11], in which they showed that severe HA patients with the
mild bleeding phenotype demonstrated signiﬁcantly higher levels of
PS-expressing platelets as compared to that of severe bleeders.
Likewise, another study [4] showed that the ETP in PRP for those
with the mild phenotype signiﬁcantly differed from that of patients
with the severe phenotype. Also, our results are in agreement with
those of another study [18] in which a correlation between bleeding
tendency and whole blood thrombin-antithrombin III complex generation was shown. In that study, the platelets in whole blood could
signiﬁcantly affect coagulation. On the other hand, another study
[17] showed correlations between PPP TG and bleeding phenotype,
but the patients included in this study had varying basic FVIII:C.
In this case, clinical severity could be correlated with FVIII activity
and TG parameters as well.

In addition to the general differences observed in the second peak
amplitude between the two groups of patients in our study, great
variations were observed in this parameter within the groups. Therefore,
the patient with the severe clinical phenotype could have a rather high
second peak amplitude and ETP on PRP. Similar results were also
obtained in other studies [4,11]. According to the present and previous
studies, we can conclude that despite the main role of the procoagulant
platelet function in the formation of the mild HA phenotype, some additional mechanisms can also affect bleeding tendencies. In the literature,
one hypothesis described the inﬂuence of other coagulation factors
besides FVIII [33]. Such mechanisms cannot be detected by the PRP TG
assay, but in some cases, other assays possibly can be used to assess
these additional pathways. The fact that four of our patients showed
detectable kaolin TG and only one severe patient demonstrated this phenomenon is very interesting. We can suspect that an additional approach
to correct bleeding issues may lie in the contact activation system.
Also, in one case (i.e., mild patient 8), when TM did not signiﬁcantly
affect TG, abnormalities in the protein C system seemed to contribute
to additional hypercoagulability. Also the spatial aspects of coagulation
can additionally inﬂuence on the bleeding tendency. In the case of severe
patient 21 we observed rather low stationary clot growth rate in
common while TGA on PRP demonstrated the similarity with mild

Fig. 4. Values of the PRP TG parameters (i.e., the ﬁrst (A) and second (B) peak amplitudes and ETP (C)) for patients with clinically severe and mild phenotypes of HA with their
means and SE. A one-way ANOVA test was used to analyze the data.
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phenotype. Analogous result but with TGA in PPP with 1 pM TF we
obtained on the sample of patient 20. Thus, extrinsic pathway can also
play a role in the formation of the clinical phenotype. Also, this patient
demonstrated rather low amplitude of the ﬁrst peak which allows us to
suspect additional hypocoagulable impact linked with α-granules. The
fact that most of our assays did not reﬂect the phenotypic heterogeneity
in general can be also explained by existence of the strong mechanism
located in the ﬁbrinolytic system. Such a possibility has been previously
reported [34].
It must be mentioned that while all TGAs demonstrated great
variability, TD did not vary so much. Maybe further developing of
this assay (for example, possibility to use PRP) can lead to appearance
of a test which will be more sensitive to the phenotype but without
great variations.
In our study we observed non-detectable kaolin TG for the most of
patients while activation with TF showed the opposite result. This
phenomenon can be explained by strong repression of the intrinsic
pathway by lacking FVIII. In these conditions only extrinsic pathway
can provide coagulation and in the kaolin-induced PPP this pathway
is not activated. It can be supposed that increase of kaolin activation
can make TG detectable.
In our research, we deﬁned the mild bleeding phenotype mostly
according to the frequency of bleeding. Unfortunately, in Russian
Federation, the opportunity for regular and on-demand FVIII therapy
has only been available since 2007. Because of this lack of access to
proper treatment, even patients with the mild bleeding phenotype
may now suffer from orthopedic disturbances. We did not use various
speciﬁc bleeding scores [4,18] because we chose the patients for
whom the phenotype was clear based solely on bleeding frequency.
Our study demonstrates the importance of conducting further
investigations of platelet-mediated coagulation in HA. Following our results the new studies focused on the investigation of platelet functions
like PS or α-granules expression and content (i.e. von Willebrand factor
or factor V) upon various activation conditions should be done on
hemophiliac platelets. These studies can more precisely elucidate
the platelet signal pathways through which the bleeding phenotype
correction can act. Also, a deﬁnition for the unknown mechanisms
of phenotype formation is very urgent. These ﬁndings can provide
information for the development of new drugs that can be used to
prevent bleeding episodes.
Our modiﬁcation of TGA in PRP also needs to be discussed.
Previously, we showed that PGE1 and DMSO both can also provide
two-peaked TGC through this mechanism. So, we could use one of
these compounds as the inhibitor of PS expression rate. Although
DMSO is non-speciﬁc agent with poorly understood mechanism of
action, we chose it because we cannot avoid it in TGA because DMSO
is a solvent for ﬂuorogenic substrate. If we used PGE1 we would see
the mixed effect of two compounds which can create some problems
with interpretation of our results.
Predicting the bleeding tendency of HA patients reminds a very
urgent problem. Existing standard assays still cannot be used to
exactly deﬁne the phenotype for HA patients. Based on the results
of our research, we have concluded that the main global assay that
can be used in this ﬁeld is TG in PRP. Perhaps our modiﬁcation will
be more useful than the more traditional method used in [4]. Note
that developing the tests that could be used to better understand
unknown mechanisms of bleeding phenotype modulation could help
in bleeding prediction, therapy improvements, and improved quality
of life for the people suffering from HA.
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