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Masahiro Hasegawa, MD, PhD1, Shine Tone, MD, PhD1,
Hideo Wada, MD, PhD2,3 , Yohei Naito, MD, PhD1,
Takeshi Matsumoto, MD, PhD4, Yoshiki Yamashita, MD, PhD5,
Motomu Shimaoka, MD, PhD6, and Akihiro Sudo, MD, PhD1

Abstract
We analyzed the utility for a clot waveform analysis (CWA) of small tissue factor induced FIX activation (sTF/FIXa) assay in
patients with major orthopedic surgery (including total hip arthroplasty [THA] and total knee arthroplasty [TKA]) receiving
edoxaban for the prevention of venous thromboembolism (VTE). The sTF/FIXa assay using recombinant human TF in platelet-rich
plasma (PRP) and platelet-poor plasma (PPP) was performed using a CWA in the above patients to monitor the efficacy of
edoxaban administration. Of 147 patients (109 THA and 38 TKA), 21 exhibited deep vein thrombosis (DVT), and 15 had massive
bleeding. Increased peak heights of the CWA-sTF/FIX were observed in almost patients after surgery and prolonged peak heights
of the CWA-sTF/FIX were observed in almost patients treated with edoxaban. The peak heights and times of the CWA-sTF/FIX
were significantly higher and shorter, respectively, in PRP than in PPP. There were no significant differences in parameters of the
CWA-sTF/FIXa between the patients with and without DVT or between those with and without massive bleeding. The peak time
of CWA-sTF/FIXa were significantly longer in TKA patients than in THA patients on day 1 after surgery. The second derivative
peak height of the CWA-sTF/FIXa was significantly lower in TKA patients than in THA patients on day 4. The CWA-sTF/FIX
reflected hemostatic abnormalities after surgery and the administration of edoxaban, and the results were better in PRP than PPP.
Further studies separately analyzing the THA and TKA subgroups should be conducted.
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Introduction

Major orthopaedic surgery, such as total hip arthroplasty

(THA) and total knee arthroplasty (TKA), carries a high risk

of venous thromboembolism (VTE),1,2 including pulmonary

embolism (PE) and deep vein thrombosis (DVT). PE caused

by postoperative DVT3,4 has a sudden onset and can be fatal.

Most patients who undergo a major orthopedic surgery, are

preventively treated with low-molecular-weight heparin

(LMWH),5 fondaparinux6 and direct oral anticoagulants

(DOACs),7,8 such as apixaban, edoxaban and rivaroxaban.

Their association with massive bleeding sometimes results in

the withdrawal of these drugs,9 although they are generally

considered to have a low frequency of massive bleeding. These
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drugs are usually difficult to monitor by routine coagulation

tests via activated partial thromboplastin time (APTT) or pro-

thrombin time (PT). Although anti-Xa assays have recently

been developed to monitor LMWH and DOACs,9-11 these

assays are not routine and are more expensive to conduct than

measurements of APTT or PT.

A clot waveform analysis (CWA)12 evaluating the APTT

(APTT-CWA) was previously reported to be useful for diag-

nosing disseminated intravascular coagulation (DIC)13 and

measuring the levels of FVIII.14 Automatic optical coagulation

analyzers using a CWA have been developed, describing the

first and second derivative peaks (DPs) correspond to the velo-

city and acceleration, respectively.12 Thus, a CWA can con-

tribute to the differential diagnosis of bleeding disorders and

help monitoring supplementary treatments or anticoagulant

therapies.15-18

The physiological blood coagulation system starts after

small amounts of tissue factor (TF) and activated clotting factor

VII (FVIIa) activate clotting factor IX (FIX) on the phospho-

lipids (PLs) of the platelet membrane. Routine assays, such as

measurement of the APTT and PT cannot sufficiently reflect

the activation of FIX by a small amount of TF (sTF). Further-

more, the APTT and PT cannot reflect the effect of platelets on

blood coagulation as accurately as thromboelastography.19

Previous studies20,21 have shown that a CWA using sTF with-

out commercial PLs (CWA-sTF/FIXa) activated FIX (FIXa),

but not FX, and a shorter peak time and higher peak height of

the CWA-sTF/FIX were observed in platelet-rich plasma

(PRP) than in platelet-poor plasma (PPP). Furthermore, the

peak time and height depended on the platelet count in PRP.21

In the present study, the results of the sTF-induced FIX

activation assay in PRP using a CWA (CWA-sTF/FIXa) were

compared with those of the routine CWA-APTT in PPP in

major orthopedic surgery patients treated with edoxaban.

Materials and Method

Patients

One hundred and forty-seven patients (109 women and 38 men;

mean age, 67.2 years (standard deviation +10.6 years) present-

ing for THA and TKA at Mie University Hospital from

February 1, 2019, to April 31, 2020, and receiving edoxaban

30 mg (Daiichi-Sankyo, Tokyo, Japan) once daily for VTE

prophylaxis were enrolled in the study.

Screening for DVT was performed by a whole-leg compres-

sion ultrasound examination using the standardized ultrasound

criteria for venous non-compressibility before the operation,

and on Days 4 and 14 after the operation.22 The study protocol

was approved by the Human Ethics Review Committee of the

Mie University School of Medicine, and a signed consent form

was obtained from each subject. This study was faithfully car-

ried out in accordance with the principles of the Declaration of

Figure 1. A clot waveform analysis of APTT and sTF/FIXa in healthy volunteers. CWA indicates clot waveform analysis; sTF/FIXa, small amount
of tissue factor induced FIX activation; APTT, activated partial thromboplastin time; PRP, platelet rich plasma; PPP, platelet poor plasma; navy
blue line, fibrin formation curve; pink line, 1st derivative curve; light blue line, 2nd derivative curve; PLs, phospholipids; rhTF, recombinant human
tissue factor.
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Helsinki. Blood was drawn in the morning and 1 h after drug

intake on Day 1.

Anti-Xa Activity

The anti-Xa activity was measured prospectively 1 h after drug

intake on Day 1. The anti-Xa activity of edoxaban was mea-

sured using HemosIL® Liquid Heparin (Instrumentation

Laboratory; Bedford, MA, USA) on ACL-TOP® (Instrumenta-

tion Laboratory).

The APTT Assay

The APTT-CWA was performed using APTT-SP®, which uses

silica as an activator of FXII and synthetic PLs (Instrumenta-

tion Laboratory) and PL, with an ACL-TOP® system

(Instrumentation Laboratory) as previously reported.12,16 The

CWA-sTF/FIXa was performed using PRP and 2,000-fold

diluted HemosIL RecombiPlasTin 2G (TF concentration

<0.1 pg/ml; Instrumentation Laboratory). Three types of curves

are shown on the monitor of this system.12 One curve shows the

changes in the absorbance observed while measuring the

APTT, corresponding to fibrin formation (FF). The second

(1st DP) corresponds to the coagulation velocity, and the third

(2nd DP) corresponds to the coagulation acceleration. The

height and time of the 1st DP, 2nd DP and FF are called the

1st DPH and 1st DPT, 2nd DPH and 2nd DPT, and FFH and

FFT, respectively (Figure 1). PRP was prepared by centrifuga-

tion at 900 rpm for 15 minutes (platelet count, 40 � 1010/L),

and PPP was prepared by centrifugation at 3,000 rpm for

15 minutes (platelet count, <0.5 � 1010/L).21

Statistical Analyses

The data were expressed as the median (25-75th percentile).

Differences between groups were examined for significance

Figure 2. A clot waveform analysis for sTF/FIXa or APTT in comparison between sTF/FIXa and APTT: (A) before operation; (B) day 1 after
operation; (C) 1 h after administration of edoxaban on day 1; (D) day 4 after operation; (E) day 8 after operation; (F) day 15 after operation. sTF/
FIXa indicates small amount of tissue factor induced FIX activation; APTT, activated partial thromboplastin time; PRP, platelet rich plasma; PPP,
platelet poor plasma; navy blue line, fibrin formation curve; pink line, 1st derivative curve; light blue line, 2nd derivative curve.

Hasegawa et al 3



using the Mann-Whitney U test. P-values of �0.05 were con-

sidered to indicate statistical significance. The correlation was

analyzed by Spearman’s rank correlation coefficient.

A receiver operating curve analysis was performed to deter-

mine the cutoff value, sensitivity, and odds ratio.

All statistical analyses were performed using the Stat Flex

software program (version 6. Artec Co Ltd, Osaka, Japan).

Results

One hundred and forty-seven orthopedic patients (109 THA and

38 TKA cases) treated with edoxaban (Daiichi-Sankyo, Tokyo,

Japan) and intermittent pneumatic compression for DVT prophy-

laxis were enrolled in this study. These patients received 30 mg of

edoxaban by oral administration once a day for 14 days beginning

more than 2 hours after the discontinuation of lumbar anesthesia.

Of these 147 patients, 21 exhibited DVT, and 15 had massive

bleeding, defined as a reduction in the hemoglobin level by �2

g/dl compared with that at Day 1 or more than 4 units of packed

red blood cell transfusion.10

The typical patterns of the CWA-APTT and CWA-sTF/

FIXa in these patients before the operation, and before and

after the administration of edoxaban (day 1, day 4, day 8 and

day 15) are shown in Figures 2 to 4. The 3 peak heights of the

CWA-APTT and CWA-sTF/FIXa were significantly higher on

days 4, 8 and 15 than before the operation, and the 1st DPH of

the CWA-sTF/FIXa was significantly higher on day 1 than

before the operation. The 3 peak time of the CWA-APTT and

CWA-sTF/FIXa were significantly longer on days 1a, 4, 8 and

15 than before the operation (Figure 2 and Table 1). The 2nd

DPT of the CWA-APTT and CWA-sTF/FIXa were signifi-

cantly longer on days 1a, 4, 8 and 15 than on day 1b. The

2nd DPH of the CWA-APTT was significantly higher on days

4, 8 and 15 than on day 1b. The 2nd DPH of the CWA-sTF/

FIXa was significantly lower on day 1a but significantly higher

on day 4 than on day 1b (Figure 3). The coefficients of varia-

tion (CV) of the CWA-APTT and -sTF/FIXa were 55.6 s and

21.7 s, respectively, in 2nd DPT, 53.6 s and 22.6 s in 1st DPT,

and 50.0 s and 22.1 s in FFT. The peak heights of 1st DP and

2nd DP of the CWA-sTF/FIXa were significantly higher in

PRP than in PPP, and the peak times of 1st DP and 2nd DP

of the CWA-sTF/FIXa were significantly shorter in PRP than

in PPP (Figures 4 and 5 and Table 1).

The correlation between the anti-Xa activity and the peak time

and height of 1st DP and 2nd DP of the CWA-sTF/FIXa on days

1, 4 and 8 were low (Table 2). There were no significant

Figure 3. A clot waveform analysis for APTT or sTF/FIXa: (A) 2nd derivative peak time (DPT) of APTT; (B) 2nd derivative peak height (DPH) of
APTT; (C) 2nd DPT of sTF/FIXa; (D) 2nd DPH of sTF/FIX. ***, ###, &&&, $$$, %%% P < 0.001; **, ##, &&, $$, %% P < 0.01; *, #, &, $, % P < 0.05. APTT
indicates activated partial thromboplastin time; sTF/FIXa, small amount of tissue factor induced FIX activation.
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differences in any parameters of the CWA-APTT and CWA-sTF/

FIXa between these patients with and without DVT or between

patients with and without massive bleeding. The CV (10.0 s in 2nd

DPT, 8.8 s in 1st DPT, and 8.8 s in FFT) of the peak time of the

CWA-sTF/FIXa was small in the patient with massive bleeding

and the adequate cutoff value for massive bleeding was 86.3 s in

2nd DPT (sensitivity 92.9% and odds ratio, 4.33), 97.9 s in 1st

DPT (sensitivity 92.9%; odds ratio, 5.06), and 98.3 s in FFT

(sensitivity 92.9%; odds ratio, 5.05). Three peak time of the

CWA-sTF/FIXa were significantly longer in TKA patients

than in THA patients on day 1a. The 2nd DPH of the CWA-

sTF/FIXa was significantly lower in TKA patients than in

THA patients on day 4 (Table 3).

Discussion

An CWA-APTT has recently been used in the diagnosis of

DIC,13,18,23 hemophilia14,15,24 and monitoring anticoagulant

therapy in orthopedic patients.12,17 Although the CWA-sTF/

FIXa assay using PRP was developed for evaluating physiolo-

gical coagulation, including platelets,21 the usefulness of sTF/

FIXa remain unclear.

Elevated peak heights of the CWA-APTT were observed in

orthopedic patients12,17 and in the early phase of DIC.18

Prolonged peak times of the CWA-APTT were also observed

in orthopedic patients12,17 and hemophilic patients.12,15 In the

present study, elevated peak heights and prolonged peak times

of the CWA-sTF/FIXa were also observed in orthopedic

patients, suggesting that the CWA-sTF/FIXa may have a sim-

ilar ability to monitor anticoagulant therapy in orthopedic

patients. The anti-Xa activity is considered useful for monitor-

ing direct oral anti-Xa inhibitors.25,26 Although the peak time

of the CWA-APTT were weakly correlated with anti-Xa activ-

ity, those of the CWA-sTF/FIXa had a very low correlation

with the anti-Xa activity, suggesting that CWA-sTF/FIXa can-

not be used in place of the anti-Xa activity.

Figure 4. A clot wave analysis for sTF/FIXa in comparison between PRP and PPP: (A) before operation; (B) day 1 after operation; (C) 1 h after
administration of edoxaban on day 1; (D) day 4 after operation; (E) day 8 after operation; (F) day 15 after operation. sTF/FIXa indicates small
amount of tissue factor induced FIX activation; APTT, activated partial thromboplastin time; PRP, platelet-rich plasma; PPP, platelet-poor plasma;
navy blue line, fibrin formation curve; pink line, 1st derivative curve; light blue line, 2nd derivative curve.
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On comparing the CWA-APTT and CWA-sTF/FIXa, the 2nd

DPH of the CWA-sTF/FIXa was found to be significantly lower

on day 1a than on day 1b, whereas that of the CWA-APTT was not

significantly lower on day 1a than on day 1b. This suggests that

the reflection of hemostatic abnormalities induced by the admin-

istration edoxaban may be stronger in the CWA-sTF/FIXa than in

the CWA-APTT. As the CV values in the CWA-sTF/FIXa were

lower than those in the CWA-APTT, the CWA-sTF/FIXa was

suggested to be superior to CWA-APTT. In addition, as the

CWA-sTF/FIXa uses PRP, the CWA-sTF/FIXa may reflect

platelet counts.21 These findings suggest that the CWA-sTF/FIXa

may be sensitive for bleeding tendency.

Although there were no significant differences in the para-

meters of the CWA-sTF/FIXa between the DVT and non-DVT

groups or between the groups with and without major bleeding

in the present study, CWA-sTF/FIXa showed a cutoff value

with high sensitivity for massive bleeding. The cutoff value

of the CWA-APTT was also reported previously.9 These find-

ings indicate the possible application of CWA-sTF/FIXa in the

monitoring of anticoagulant therapy in postoperative patients.

Table 1. sTF/FIX Assays Between PRP and PPP.a

Pre Day 1b Day 1a Day 4 Day 8 Day 15

2nd Derivative
Peak Time (sec)

PRP 51.8 (48.3-56.1) 56.1 (49.9-60.6) 76.9 (67.3-83.2)b 73.6 (68.6-84.0)b 77.5 (65.2-90.2)b 63.9 (57.7-69.7)b

P <0.01 NS <0.01 <0.01 <0.01 <0.01
PPP 58.6 (50.8-66.3) 58.7 (49.3-67.4) 88.5 (72.8-103.6)b 89.3 (78.4-100.1)b 95.5 (77.2-107.6)b 73.4 (62.3-83.0)b

2nd Derivative
Peak Height
(mm Absorbance)

PRP 114 (90.9-152) 135 (104-176) 104 (79.9-131) 163 (111-211)b 133 (94.2-161) 148 (99.8-184)
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

PPP 44.0 (34.0-62.4) 58.2 (48.4-77.8)c 35.9 (26.7-43.7)c 49.4 (36.6-67.6) 114 (94.9-167) 107 (96.8-145)
1st Derivative

Peak Time (sec)
PRP 62.9 (58.7-68.6) 65.4 (60.6-73.8) 88.2 (77.8-96.3)b 87.0 (81.5-107)b 94.1 (78.5-103)b 77.9 (69.6-84.3)b

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
PPP 81.7 (72.7-92.5) 81.1 (70.4-91.1) 124 (104-138)b 125 (111-143)b 127 (104-144)b 102 (91.1-112)b

1st Derivative
Peak Height
(mm Absorbance)

PRP 143 (115-172) 185 (144-203)c 185 (158-228)b 309 (256-367)b 241 (200-283)b 196 (164-225)b

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
PPP 84.4 (68.7-100) 113 (99.3-127)b 107 (90.2-115)b 154 (118-198)b 121 (100-143)b 118 (102-130)b

Fibrin Formation
Time (sec)

PRP 61.3 (58.3-68.6) 66.1 (60.6-74.5)d 89.3 (78.6-96.0)b 88.0 (82.1-102)b 91.9 (78.7-99.2)b 77.1 (68.5-82.4)b

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
PPP 87.1 (76.1-96.1) 85.8 (75.7-95.3) 131 (112-146)b 136 (117-154)b 135 (112-153)b 109 (96.2-116)b

Fibrin Formation
Height
(mm Absorbance)

PRP 339 (300-378) 345 (297-369) 418 (376-462)b 675 (608-739)b 578 (502-636)b 501 (451-580)b

P <0.001 <0.05 NS NS NS <0.001
PPP 250 (225-296) 312 (264-345)b 411 (381-480)b 665 (620-722)b 552 (473-613)b 407 (343-494)b

Abbreviations: sTF/FIX, small tissue factor induced FIX activation; PRP, platelet-rich plasma; PPP, platelet-poor plasma; NS, not significant.
aP values indicate the difference between PRP and PPP.
bP < 0.001 in comparison with “pre.”
cP < 0.01 in comparison with “pre.”
dP < 0.05 in comparison with “pre.”

Figure 5. Clot waveform analysis for sTF/FIXa in PRP and PPP: (A) 1st derivative peak time (1st DPT); (B) 1st derivative peak height (1st DPH).
sTF/FIXa indicates small amount of tissue factor induced FIX activation; PRP, platelet rich plasma; PPP, platelet poor plasma.
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In addition, as the results of the CWA-sTF/FIXa were more

prominent in PRP in PPP, the combination of edoxaban and

aspirin may be useful as prophylaxis for DVT.27

The present study was associated with some limitations

including the relatively small study population and the fact that

it contained both THA and TKA patients. There were differ-

ences in the pharmacokinetics, hemostatic ability and inflam-

matory reactions after surgery in each patient. The peak time

and height of the CWA-sTF/FIXa were longer and lower,

respectively, in TKA patients than THA patients, suggesting

that hemostatic abnormalities may be stronger in TKA patients

than in THA patients. Further studies separately analyzing the

THA and TKA subgroups should be conducted.

In conclusion, the CWA-sTF/FIXa using PRP is useful for

evaluating hemostatic abnormalities after surgery and the

administration edoxaban. Further study should be separately

analyzed in THA and TKA subgroups. Further studies sepa-

rately analyzing the THA and TKA subgroups should be

conducted.
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