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Abstract
A few studies concerning hypercoagulable states have sufficiently been reported in patients with acute cerebral infarction (ACI),
as ACI is generally considered to be caused by platelet activation. Clot waveform analyses (CWA) for activated partial throm-
boplastin time (APTT) and small amount of tissue factor FIX activation assay (sTF/FIXa) were examined in 108 patients with ACI,
61 patients without ACI, and 20 healthy volunteers. CWA-APTT and CWA-sTF/FIXa showed that the peak heights were sig-
nificantly higher in ACI patients without anticoagulant therapy than in healthy volunteers. Absorbance exceeding 78.1 mm on the
1st DPH in the CWA-sTF/FIXa showed the highest odds ratio for ACI. The peak heights were significantly lower in the CWA-
sTF/FIXa of ACI patients receiving argatroban therapy than in those of ACI patients without anticoagulant therapy. CWA can
suggest a hypercoagulable state in ACI patients and may be useful for monitoring the need for anticoagulant therapy.
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Introduction
Approximately 70% (9.5 million people) of strokes are ischemic
strokes (acute cerebral infarction, [ACI]).1,2 ACI is classified into
the following entities: cardioembolic ACI,3 atherosclerotic ACI,4

or lacunar ACI.5 As ACI patients still have high mortality, they
require prompt treatment with antiplatelet agents (APA),1,6 direct
anti-thrombin agents,8 direct oral anticoagulants (DOACs),9

unfractionated heparin (UFH), or warfarin. In Japan, most
patients with atherosclerotic ACI are generally treated with arga-
troban.8 Cases of atherosclerotic or lacunar ACI or transient
ischemic attack (TIA) are treated with aspirin or other
APAs,1,6 as platelet activation may play an important role in ath-
erosclerosis.7 Although the elevation of soluble C-type lectin-
like receptor 2 (sCLEC-2) as a platelet activation marker was
reported in patients with ACI,10 few biomarkers of a hypercoag-
ulable state have been reported in ACI patients.

Hypercoagulability with increased tissue factor (TF) or
microparticles was proposed as a risk factor for thrombosis in

patients with cancer.11 The activation of the coagulation
system induced by TF may cause VTE in cancer patients
through tumor growth and metastasis.12 Platelet activation
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was also proposed as a mechanism underlying thrombosis.13

Although elevated soluble fibrin (SF) and D-dimer levels are
useful for detecting fibrin formation in patients with thrombo-
sis,14,15 there are few routine tests available for hypercoagula-
bility or thrombosis.

The routine-activated partial thromboplastin time (APTT) and
prothrombin time are useful for detecting bleeding tendency but
are not adequate for evaluating hypercoagulability. A clot wave-
form analysis (CWA) including APTT and small amount of
TF-induced FIX activation assay (sTF/FIXa) was recently devel-
oped; the APTT is useful for analyzing hemostatic abnormalities
andmonitoring anticoagulant therapy.16–18 In addition, sTF/FIXa
using platelet-rich plasma (PRP) can evaluate hemostatic abnor-
malities, including those involving platelets.18 CWA-APTT and
CWA-sTF/FIXaassayscanbeperformedusinga routine full auto-
blood coagulation analyzer and APTT and PT reagents. These
costs are similar to those of routine APTT and PT assays.

In the present study, the hypercoagulable state was examined
in 108 ACI patients and 61 patients without ACI using a
CWA-APTT or CWA-sTF/FIXa assay and the effects of antico-
agulant therapies were also examined.

Materials and Methods
Hemostatic abnormalities based on 155 samples in 108 ACI
patients (median age, 75.0 years old: 25th-75th percentile,
65.0-82.0 years old, and 36 females and 72 males) who were
admitted to Mie Prefectural General Medical Center from
September 1, 2020, to April 30, 2022 were examined using a
CWA. CWA examinations were also performed in 61 patients
without thrombotic complications including ACI and a pro-
thrombin time-international normalized ratio ≤1.05 (median
age, 60.0 years old: 25th-75th percentile, 46.8-71.3 years old;
26 females and 35 males, and 35 with chronic hepatitis, 6 with
myeloproliferative neoplasms, 6 with anemia, 5 with digestive
diseases, 5 with carriers of hepatitis type B virus, and 4 with
other diseases) and 20 healthy volunteers. Treatments for ACI
were started on day 1 of admission, and blood sampling was per-
formed on days 2, 7, and 15 of admission. ACI was diagnosed
using clinical symptoms, physical examinations, the medical
history, and computed tomography or magnetic resonance
imaging findings. The study protocol (2019-K9) was approved
by the Human Ethics Review Committee of Mie Prefectural
General Medical Center, and informed consent was obtained
from each participant. This study was carried out in accordance
with the principles of the Declaration of Helsinki.

PRP was prepared by centrifugation at 900 rpm for 15 min,
and platelet-poor plasma (PPP) was prepared by centrifugation
at 3000 rpm for 15 min.18 The APTT was measured using PPP
and APTT-SP® (Instrumentation Laboratory, Bedford, MA,
USA) with an ACL-TOP® (Instrumentation Laboratory), as
previously reported.16,19 The sTF/FIXa assay was measured
using 2000-fold diluted HemosIL RecombiPlasTin 2G (TF con-
centration <0.1 pg/ml; Instrumentation Laboratory) and PRP. A
CWA was performed as follows; three curves were expressed
on the monitor of the ACL-TOP® system.16 The fibrin

formation (FF) curve corresponded to the changes in the absor-
bance observed while measuring the APTT. The first derivative
peak (first DP) curve corresponded to the coagulation velocity.
The second derivative peak (2nd DP) curve corresponded to the
coagulation acceleration. The height and time of the FF, 1st DP,
and 2nd DP curves were called the FFH and FFT, 1st DPH and
1st DPT, and 2nd DPH and 2nd DPT, respectively.

Statistical Analyses
The data are expressed as the median (range). The significance of
differences between groups was examined using the Mann-
Whitney U-test. The cut-off values, determined as the point at
which the sensitivity curve and specificity curve intersected, were
examined by a receiver operating characteristic (ROC) analysis.
P values of <.05were considered to indicate statistical significance.
All statistical analyseswere performed using the Stat-Flex software
program (Version 7; Artec Co., Ltd, Osaka, Japan).

Results

Treatments for ACI
Out of the 108 patients, 51 with lacunar ACI or atherosclerotic
ACI at 48 h or longer after the onset, were treated with APAs of
aspirin® (Bayer Yakuhin, Ltd, Osaka, Japan), clopidogrel®
(Pfizer Inc, Tokyo, Japan), or cilostazol (Sawai Pharmaceutical
Co., Ltd, Osaka, Japan), 29 patients with atherosclerotic ACI
within 48 h of the onset were treated with the direct anti-thrombin
agents argatroban® (Alfresa Pharma Corporation, Osaka, Japan)
and APA; 19 with cardioembolic ACI were treated with DOACs
of rivaroxaban®(BayerYakuhin,Ltd), apixaban®(BristolMyers
Squibb, Tokyo, Japan), and edoxaban® (Daiichi SankyoCo, Ltd,
Tokyo, Japan); 5 with cardioembolic ACI were treated with
unfractionated heparin (UFH Novo Nordisk Japan, Tokyo,
Japan) about 10,000 units/day without dose adjustment by
APTT; and 4 with cardioembolic ACI were treated with warfa-
rin® (Eisai’s hhc concept, Tokyo, Japan) (Table 1). Most cardi-
oembolic patients had already taken DOAC or warfarin, and
about 10% of patients with lacunar ACI or atherosclerotic ACI
had already received antiplatelet agents, with these treatments
continued after the onset of ACI. Treatment with double antipla-
telets was performed in 19 patients in the APA group and 13 in
the APA+ argatroban group. There were no significant differ-
ences in the age, platelet numbers or fibrinogen levels among
the five treatment groups, but theAPTT and PTwere significantly
longer in the argatroban and APA treatment group, DOAC treat-
ment group, UFH treatment group and warfarin treatment group
than in the APA treatment group (Table 1). There were no signifi-
cant differences in any data among days 2, 7, and 15.

Examining the Hypercoagulability in ACI Patients
Treated Without Anticoagulants (APA Group)
Regarding the CWA-APTT between healthy volunteers and ACI
patients treated with APAs without anticoagulants, the 1st DPT
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and FFT were significantly longer (P< .05, respectively) in ACI
patients than healthy volunteers (Figure 1A), and the 2nd DPH,
1st DPH, and FFH were significantly higher (P< .001, respec-
tively) in ACI patients than in healthy volunteers (Figure 1B).
Regarding the CWA-FIXa between healthy volunteers and ACI
patients treated with APA without anticoagulants, the 2nd DPT,
1st DPT, and FFT were significantly shorter (P< .001, P< .01,
and P< .05, respectively) in ACI patients than in healthy volun-
teers (Figure 1C) and the 2nd DPH, 1st DPH, and FFH were sig-
nificantly higher (P< .01, P< .001, and P< .05, respectively) in
ACI patients than in healthy volunteers (Figure 1D).

Results of an ROC Analysis for Diagnosing
Hypercoagulability in the APA Group of ACI Patients
Versus Patients Without ACI Using a CWA-APTT or
CWA-sTF/FIXa
Regarding the ROC analysis of the CWA-APTT or sTF/FIXa for
diagnosing ACI patients without anticoagulants versus control
patients without thrombotic complications and anticoagulants
(Table 2), the CWA-APTT showed that the AUC was low at
the peak times but high at the peak heights. The 1st DPH of
CWA-sTF/FIXa showed that the AUC and odds ratio were the
highest among many parameters of CWA-APTT or CWA-sTF/
FIXa. The cutoff value was 78.1 mm for the absorbance of the
1st DPH in the CWA-sTF/FIXa (Figure 2).

A Comparison of the Anticoagulant Effects in Each
Groups Versus APA Group Using a CWA-APTT
The CWA-APTT among ACI patients treated with argatroban
and APAs (Figure 3A), DOACs (Figure 3B), UFH
(Figure 3C), and warfarin were compared to the values in ACI

patients with APAs alone (Figure 2D). Data were obtained on
day 2 in the Argatroban+APA group and at days 2, 7, and 15
in the APA, DOAC, UFH, and warfarin groups. The 2nd DPT,
1st DPT, and FFT were significantly longer in the argatroban
and APA group (all P< .001), UFH group (all P< .01), and war-
farin group (all P< .01) than in the APA group (Table 3). There
were no significant differences in the peak times between the
DOAC group and APA group. The 2nd DPH and first DPH
were significantly lower in the argatroban and APA group (all
P< .001) and warfarin group (all P< .001) than in the APA
group. There were no significant differences in the 1st DPH
and FFH between the DOAC or UFH group and the APA group.

A Comparison of the Anticoagulant Effects in Each
Groups Versus APA Group Using a CWA-sTF/FIXa
The CWA-sTF/FIXa showed significantly longer peak times were
in the argatroban and APA group (Figure 4A), DOAC group
(Figure 4B), and warfarin group than in the APA group
(Figure 4D) (Table 4). There were no significant differences in
the peak times between the UFH group (Figure 4C) and APA
group. The 2nd DPH and first DPH were significantly lower in
the argatroban and APAs group and DOAC group than in the
APA group. There were no significant differences in the 1st DPH
and FFH between the UFH or warfarin group and the APA group.

Discussion
As a limitation of this study, blood sampling in ACI patients was
performed on the second day, after the start of ACI treatment,
instead of on arival to the hospital. Therefore, the hypercoagulabil-
itywas examined inACIpatientswithout anticoagulants.This anal-
ysiswas performed regardless of the effect ofAPAs.ACI is usually

Table 1. Patients with ACI.

Therapy APA Argatroban + APA DOAC UFH Warfarin

Patients (n) 51 29 19 5 4
Age (years) 75.0

(64.0-79.8)
70.0
(58.0-78.3)

79.0
(73.3-83.0)

83.0
(80.0-84.0)

82.5#

(73.0-84.0)
Sex (females:males) 17:34 6:23 6:13 4:1 3:1
Samples number 69 45 28 7 6

ACI type Lacunar or atherosclerotic-a Atherosclerotic-w Cardioembolic ACI

PLT (×1010/μl) 22.0
(19.2-28.3)

21.8
(19.6-25.5)

20.3
(15.0-26.8)

21.1
(19.1-27.8)

27.5
(CNC)

APTT (s) 30.0
(28.0-32.0)

44.0***
(33.3-52.0)

35.0***
(32.0-39.0)

39.0*
(30.5-72.8)

37.0**
(CNC)

PT-INR 0.98
(0.94-1.03)

1.10***
(1.04-1.16)

1.09***
(1.04-1.14)

1.11**
(1.07-1.18)

2.29***
(CNC)

D-dimer (μg/ml) 0.90 (0.50-1.68) 0.50 (0.50-1.05) * 1.10 (0.58-2.03) 3.30 (CNC) * 1.45 (CNC)
Fibrinogen (mg/dl) 329 (298-427) 326 (299-359) 343 (281-433) 456 (331-520) 350 (CNC)

Data are expressed as the median (25th-75th percentile); #, range. ACI, acute cerebral infarction; APA, antiplatelet agent; DOAC, direct oral anticoagulant; UFH,
unfractionated heparin; CNC, cannot be calculated; PLT, platelet count; PT-INR, prothrombin time-international normalized ratio; atherosclerotic-a,
atherosclerotic: at 48 h after the onset; atherosclerotic-w, atherosclerotic within 48 h of the onset.
***P< .001; **P< .01; *P< .05 compared with the APA group.
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Figure 1. CWA-sTF/FIXa and APTT in acute cerebral infarction (ACI) patients without anticoagulant therapy, control group without ACI, and
healthy volunteers. Derivative peak times of CWA-APTT (A); derivative peak heights of CWA-APTT (B); derivative peak times of CWA-sTF/
FIXa (C); derivative peak heights of CWA-sTF/FIXa (d). APTT, activated partial thromboplastin time; sTF/FIXa, small amount of tissue
factor-induced FIX activation; FFT, fibrin formation time; FFH, fibrin formation height; 1stDPT, first derivative peak time; 1stDPH, first derivative
peak height; second DPT, second derivative peak time; second DPH, second derivative peak height; HV, healthy volunteer; ACI (-), control
group without ACI; ACI (+), ACI patients.

Table 2. Results of a Receiver Operating Characteristic Analysis of the CWA-APTT or sTF/FIXa for Diagnosing ACI Without Anticoagulants
Versus Control Group Without ACI.

AUC Cut-off value Sensitivity (%) Odds ratio

CWA-APTT 2nd DPT 0.586 32.8 s 58.8 2.04
1st DPT 0.614 35.8 s 60.7 2.35
FFT 0.625 37.6 s 59.0 2.19
2nd DPH 0.843 866 mm Abs 75.9 9.64
1st DPH 0.880 292 mm Abs 75.4 9.62
FFH 0.897 222 mm Abs 79.3 15.7

sTF/FIXa 2nd DPT 0.602 68.7 s 55.7 1.56
1st DPT 0.562 85.4 s 56.2 1.41
FFT 0.571 86.6 s 57.4 1.86
2nd DPH 0.749 41.3 mm Abs 70.5 5.62
1st DPH 0.893 83.8 mm Abs 77.2 10.5
FFH 0.743 338 mm Abs 66.7 4.78

ACI, acute cerebral infarction; CWA, clot waveform analysis; APTT, activated partial thromboplastin time; sTF/FIXa, small amount of tissue factor-induced factor IX
activation; second DPT, second derivative peak time; first DPT, first derivative peak time; FFT, fibrin formation time; second DPH, second derivative peak height;
first DPH, first derivative peak height; FFT, fibrin formation height; mm Abs, mm absorbance.
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treated with anti-thrombotic agents, such as direct anti-thrombin
agents, DOACs, warfarin or UFH, or APAs. However, hypercoag-
ulability has not been evaluated well and hemostatic abnormalities
are not monitored by routine testing as APTT or PTwithout CWA.
Regarding the CWA-clotting time of APTT or sTF/FIXa, the peak
time is usually shorter and peak height is higher in a hypercoagula-
ble state than in a normal state.16 Although the CWA-APTT
showed that the peak heights were significantly higher in ACI
patients than in healthy volunteers or patients without ACI in our
study, the peak times were longer in ACI patients than in healthy
volunteers or patients without ACI; conversely, in the CWA-sTF/
FIXa, the peak heights were significantly higher and the peak
timeswere significantly shorter in ACI patients than in healthy vol-
unteers or patients without ACI, suggesting that the CWA-sTF/
FIXa is more useful than the CWA-APTT.

The CWA-sTF/FIXa showed extremely high peak heights in
patients with cancer associated with thrombosis,20 suggesting
that for evaluating hypercoagulability, CWA-APTT or
CWA-sTF/FIXa using the peak heights is more useful than that

using the peak times. The peak height of the CWA-APTT was
also reported to be useful in cases of hemophilia.21,22 ACI patients
without anticoagulant therapies are consideredhypercoagulable. In
addition, the evidence from this study supports the establishment of
a hypercoagulable state to prevent the onset of
thrombosis (Figure 5).

Regarding the effects of antiplatelet agents on the
CWA-APTT or CWA-sTF/FIXa (Figure 5), their administra-
tion did not decrease the peak heights, suggesting that these
clotting assays cannot evaluate the effects of antiplatelet
agents. However, the strongest inhibition of the CWA-APTT
and CWA-sTF/FIXa was observed in patients treated with arga-
troban, and mild inhibition of the CWA-APTT and moderate
inhibition of the CWA-sTF/FIXa were observed in patients
treated with DOACs. These findings suggest that the evalution
of the effects of argatroban should be performed using the
CWA-APTT, while the evalution of the effects from DOACs
should be performed using the CWA-sTF/FIXa. The in vitro
analysis of the differences between direct thrombin inhibitors

Figure 2. A receiver operating characteristic analysis regarding the diagnosis of acute cerebral infarction ACI without anticoagulant versus
control group without ACI using 1stDPT (A) and 1stDPH (B) of CWA-APTT and 1stDPT (C) and 1stDPH (D) of CWA-sTF/FIXa. CWA, clot
waveform analysis; APTT, activated partial thromboplastin time; sTF/FIXa, small amount of tissue factor-induced FIX activation; 1stDPT, first
derivative peak time; 1stDPH, first derivative peak height; second DPT, second derivative peak time; second DPH, second derivative peak height.
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Figure 3. CWA-APTT in patients with acute cerebral infarction treated with argatroban and anti-platelet agents (A), direct oral anticoagulant
(B), heparin (C), or anti-platelet agents (D). CWA, clot wave form; APTT, activated partial thromboplastin time; navy line, fibrin formation
curve; FFH, fibrin formation height; pink line, first derivative curve (velocity); 1stDPH, first derivative peak height; light blue, second derivative
curve (acceleration); second DPH, second derivative peak height; solid line, patient; dotted line, healthy volunteer. The peak time of (A)-(D) is
longer for the solid line (patient) than for the dotted line (healthy volunteer). The peak height of (A) is lower and that of (B)-(D) higher for the
solid line (patient) than for the dotted line (healthy volunteer).

Table 3. The Clot Waveform Analysis-Activated Partial Thromboplastin Time among Patients with ACI Given various Treatments.

Therapy APA Argatroban + APA DOAC UFH Warfarin

2nd DPT
(s)

33.5
(30.6-35.1)

38.1***
(35.4-48.2)

34.4
(33.4-36.6)

43.1**
(36.5-77.0)

40.2**
(36.6-47.5)

2nd DPH
(mm Abs)

1049
(884-1241)

757***
(513-947)

924**
(788-1032)

820*
(456-1024)

624***
(387-691)

1st DPT
(s)

36.4
(33.9-39.2)

42.5***
(38.6-51.8)

37.9
(36.6-40.8)

46.1**
(40.8-86.1)

43.6**
(40.3-50.7)

1st DPH
(mm Abs)

374
(292-426)

287***
(232-344)

315
(281-388)

356
(310-427)

229***
(194-238)

FFT
(s)

38.2
(36.1-41.7)

44.8***
(40.5-54.8)

40.1*
(38.9-43.9)

49.5**
(43.0-87.3)

50.7**
(43.7-60.0)

FFH
(mm Abs)

268
(228-357)

254
(221-296)

272
(235-335)

371
(315-398)

334
(251-355)

Data are expressed as the median (25-75 percentile); Blood samples were obtained at day 2 in Argatroban+APA group, or days 2, 7, and 15 in APA, DOAC, UFH,
and warfarin groups. ACI, acute cerebral infarction; CWA, clot wave form; APA, antiplatelet agent; DOAC, direct oral anticoagulants; UFH, unfractionated heparin;
second DPT, second derivative peak time; first DPT, first derivative peak time; FFT, fibrin formation time; second DPH, second derivative peak height; first DPH,
first derivative peak height; FFT, fibrin formation height; mm Abs, mm absorbance.
***P< .001; **P< .01; *P< .05 in compared with APA group.
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Figure 4. CWA-sTF/FIXa in patients with acute cerebral infarction treated with argatroban and anti-platelet agents (A), direct oral
anticoagulant (B), heparin (C), or anti-platelet agents (D). CWA, clot wave form; stf/FIXa, small amount of tissue factor-induced FIX activation;
navy line, fibrin formation curve; FFH, fibrin formation height; pink line, first derivative curve (velocity); 1stDPH, first derivative peak height; light
blue, second derivative curve (acceleration); second DPH, second derivative peak height; solid line, patient; dotted line, healthy volunteer. The
peak times of (A) and (B) are longer for the solid line (patient) than for the dotted line (healthy volunteer). The peak height of (A) and (B) is
slightly and of that of (B)-(D) higher for the solid line (patient) than for the dotted line (healthy volunteer).

Table 4. Results of a Clot Waveform Analysis-Small Amount of Tissue Factor-Induced Factor IX Activation Assay (sTF/FIXa) among Patients
with ACI Given various Treatments.

Therapy APA Argatroban + APA DOAC UFH Warfarin

2nd DPT
(s)

67.3
(56.4-76.3)

78.6**
(64.7-97.3)

78.5**
(70.4-96.0)

67.5
(64.0-83.8)

109**
(82.4-168.1)

2nd DPH
(mm Abs)

49.1
(40.8-65.8)

36.5***
(20.9-53.4)

31.2**
(21.1-54.8)

56.7
(41.7-59.9)

20.9*
(18.4-52.3)

1st DPT
(s)

86.7
(80.0-97.3)

99.8***
(84.8-127)

105***
(89.1-125)

102
(85.8-117)

145**
(94.2-178)

1st DPH
(mm Abs)

102
(86.3-129)

89.4**
(71.3-103)

78.5**
(54.5-117)

112
(88.8-166)

74.1
(67.3-134)

FFT
(s)

88.3
(80.8-98.5)

100.0**
(83.0-124)

110***
(93.6-131)

104
(87.4-115)

146*
(91.4-175)

FFH
(mm Abs)

374
(308-475)

354
(304-413)

395
(322-440)

455
(388-518)

391
(329-495)

Data are expressed as the median (25-75 percentile); Blood samples were obtained at day 2 in Argatroban+APA group, or days 2, 7, and 15 in APA, DOAC, UFH,
and warfarin groups. ACI, acute cerebral infarction; CWA, clot wave form; APA, anti-platelet agent; DOAC, direct oral anticoagulant; UFH, unfractionated heparin;
second DPT, second derivative peak time; first DPT, first derivative peak time; FFT, fibrin formation time; second DPH, second derivative peak height; first DPH,
first derivative peak height; FFT, fibrin formation height; mm Abs, mm absorbance.
***P< .001; **P< .01; *P< .05 in compared with the APA group.
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and direct Xa inhibitors was reported.23 The peak height of the
CWA-APTT or CWA-sTF/FIXa was not sufficiently decreased
in patients treated with UFH, suggesting that the dose of
heparin might be low compared with the treatment of pulmo-
nary embolism, as the mechanism of underlying the onset for
ACI was previously considered to involve activation of plate-
lets and not coagulation.10,24 Our findings suggest that not
only platelet activation but also a hypercoagulable state exist
in ACI patients, so anti-thrombin agents may be useful for
improving the hypercoagulability in ACI patients. Argatroban
was also reported to improve the hematological coagulation
abnormalities.8,25,26 However, the relationship between hyper-
coagulability and a poor outcome in ACI has not been
established.

The CWA-APTT and CWA-sTF/FIXa were able to visual-
ize the clotting reaction and showed a peak time that was
similar to the findings of routine APTT or PT and a peak
height that reflected hyper- or hypo-coagulability as well as
the thrombin generation test or a thromboelastogram.27,28 In
addition, the CWA-APTT and CWA-sTF/FIXa were able to
be performed as easily and cheaply as routine assays in the
general laboratory.

In conclusion, the increased 1st DPH of the CWA-APTT or
CWA-sTF/FIXa indicated hypercoagulability in ACI patients
without anticoagulants and this abnormality on the CWA disap-
peared in ACI patients treated with direct anti-thrombin
therapy. Before the onset, the presence of a hypercoagulable
state can be diagnosed with CWA-sTF/FIXa, and the onset of
thrombosis can be prevented.
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