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Abstract: Objective: Although emicizumab is a bispecific, monoclonal antibody that has led to a sig-
nificant improvement of treatment for hemophilia A patients with inhibitors, the routine monitoring
of patients treated with emicizumab is difficult. Thrombin time (TT) reflects thrombin burst, which
mainly depends on activation of factor V (FV) and FVIII. Methods: We, therefore, developed a method
for evaluating clotting activity independent of the presence of emicizumab. Normal plasma (NP) or
FVIII-deficient plasma (FVIIIDP) with and without emicizumab was measured using clot waveform
analysis (CWA)-activated partial thromboplastin time (APTT) and TT. Results: Emicizumab caused
clot formation in FVIIIDP using the CWA-APTT; however, the coagulation peaks of plasma with
and without emicizumab measured by the CWA-TT did not differ to a statistically significant extent.
Regarding the mixing tests with NP and FVIIIDP, CWA-APTT showed large differences between each
mixing test in plasma with and without emicizumab, whereas the CWA-TT showed similar patterns
in mixing plasma with and without emicizumab. Regarding the standard curve of FVIII activity,
the CWA-APTT showed an FVIII-concentration-dependent increase; however, the values with each
concentration of FVIII differed between samples with and without emicizumab, whereas CWA-TT
showed FVIII-concentration-dependent fluctuations independent of the presence of emicizumab, and
the values with each concentration of FVIII were similar in samples with and without emicizumab.
Conclusions: As CWA-TT using a small amount of thrombin (0.5 IU/mL) can reflect thrombin burst
and be useful for evaluating FVIII activity, independent of the presence of emicizumab, it is useful for
monitoring clotting activity in patients with an anti-FVIII inhibitor treated with emicizumab.

Keywords: CWA-APTT; CWA-TT; emicizumab; FVIII activity; monitoring; thrombin burst

1. Introduction

The mortality in patients with hemophilia A has decreased because of advances in
the treatment of bleeding [1]. Although prophylactic treatment with coagulation factor
VIII (FVIII) concentrate is preferred to prevent bleeding and joint damage in children with
severe hemophilia [2,3], there are still several risk factors for the treatment of hemophilia
A [4]. One of the most important risk factors for the treatment of hemophilia A is posed by
inhibitors of FVIII [5]. Recently, emicizumab, which is a bispecific, monoclonal antibody
that bridges activated factor IX and factor X to replace the function of missing activated
factor VIII, has been developed and has led to the significant improvement in treatment of
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hemophilia A patients with inhibitors [6,7]. Although the activated partial thromboplastin
time (APTT) is a clotting time assay that is useful in screening for hemophilia [8] and the
presence of inhibitors [9,10], and for monitoring unfractionated heparin treatment [11], this
assay is not suitable for patients treated with emicizumab, because the APTT in patients
treated with emicizumab is significantly shortened and is not able to measure FVIII activity
in these patients [12]. The effects of emicizumab on several assays have been reported [13].

An optical automatic coagulation analyzer has been able to demonstrate the clot
reaction curve of APTT [14,15], diluted prothrombin time (PT) [16] and thrombin time
(TT) [17]. Such an analysis of the coagulation curve is called a clotting waveform analysis
(CWA) [18]. Furthermore, a new FVIII assay using a small amount of tissue-factor-induced
FIX activation (sTF/FIXa) has also been reported to be useful for measuring FVIII levels,
which are activated via the extrinsic pathway [19]. In addition, sTF/FIXa may reflect
thrombin burst, which mainly depends on the activation of FXI, FVIII and FV [20,21].
CWA-TT has also been reported to be useful for evaluating thrombin burst [17]. Although
measurement of FVIII activity in patients treated with emicizumab using anti-idiotype,
monoclonal antibodies is possible [22], this method is not easy to perform.

As emicizumab will likely be frequently used for patients with acquired hemophilia A
in the future, the correct measurement of FVIII activity in patients receiving emicizumab
will be important for deciding whether or not to discontinue the drug’s administration. In
this study, we show that CWA-TT using a low concentration of thrombin is a useful method
for measuring FVIII activity independent of the presence of emicizumab.

2. Materials and Methods

The CWA-TT was measured using 0.5 IU thrombin (500 units of thrombin, Mochida
Pharmaceutical Co., Ltd., Tokyo, Japan) with an ACL-TOP® system (Instrumentation
Laboratory, Bedford, MA, USA) [17]. Three types of curves are shown on this system
monitor [21]. One shows the changes in absorbance observed while measuring the TT,
corresponding to the fibrin formation curve (FFC). The second is the first derivative peak
of absorbance (1st DP), corresponding to the coagulation velocity. The third is the sec-
ond derivative peak of absorbance (2nd DP), corresponding to coagulation acceleration.
FVIII-deficient plasma (Instrumentation Laboratory) was used as clotting-factor-deficient
plasma, and calibration plasma (Instrumentation Laboratory) was used as normal plasma.
Emicizumab was kindly supplied by Chugai Pharmaceutical Co., Ltd. (Tokyo, Japan).

The CWA-APTT was measured using a HemosIL APTT-SP (Instrumentation Labo-
ratory), as previously reported [23]. The sTF/FIXa assay was performed using C.K.Prest
(Diagnostica Stago S.A.S., Asnières-sur-Seine, France), 10 IU/mL of FIX (Nonacog Alfa;
Pfizer, Tokyo, Japan) and 2000-fold-diluted HemosIL RecombiPlasTin 2G (Instrumentation
Laboratory) with an ACL-TOP® system [19].

A mixing test with normal and FVIII-deficient plasma or plasma from a hemophilia A
patient with an inhibitor treated with emicizumab was performed using CWA-APTT or
CWA-TT. The FVIII activity was measured by the one-step clotting method using APTT-SP
reagents (CWA-APTT) or 0.5 IU thrombin (CWA-TT) in an ACL-TOP system [19]. All assays
were performed more than three times to confirm the reproducibility. Informed consent
was obtained from the hemophilia A patient with an inhibitor treated with emicizumab.

Statistical Analyses

Data are expressed as the mean ± standard deviation in Table 1 and the median
with 25th–75th percentile in the figures. Differences between samples with and without
emicizumab were examined for significance using Student’s t-test. p-values ≤ 0.05 were
considered to indicate statistical significance. All statistical analyses were performed using
the Stat Flex software program (version 6; Artec Co., Ltd., Osaka, Japan).
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Table 1. The heights of the fibrin formation curve in the clot wave analysis of thrombin time.

FVIII-Deficient Plasma Normal Plasma

Thrombin
Concentration

With
Emicizumab

Without
Emicizumab

With
Emicizumab

Without
Emicizumab

(a) (mm
Absorbance)

(b) (mm
Absorbance)

(c) (mm
Absorbance)

(d) (mm
Absorbance)

1.0 IU/mL 993 ± 31 ***### 957 ± 49 ***### 1043 ± 38 1047 ± 45

0.5 IU/mL 893 ± 21 ***### 776 ± 71 ***### 1097 ± 25 1203 ± 35

0.1 IU/mL 812 ± 39 ***### 502 ± 35 ***### 1156 ± 49 1203 ± 49
The heights of fibrin formation at 400 s are shown. ***, p < 0.001 in comparison to (c); ###, p < 0.001 in comparison
to (d); there were no significant differences between (a) and (b) or between (c) and (d). All assays were performed
more than three times to confirm the reproducibility.

3. Results

Emicizumab (0.15 mg/mL) caused clot formation in FVIII-deficient plasma, causing
the peak of CWA-APTT to appear, whereas it shortened the peak time of the CWA-APTT in
normal plasma but did not increase the peak height of the CWA-APTT (Figure 1a). Regard-
ing the sTF/FIXa assay, emicizumab slightly decreased the peak heights and enlarged the
peak width in both normal and FVIII-deficient plasma (Supplementary Figure S1). The peak
height of the FF curve was significantly higher in normal plasma than in FVIII-deficient
plasma. Regarding the CWA-TT using 0.5 IU/mL of thrombin, the peak times and heights
of CWA-TT in both normal and FVIII-deficient plasma were similar between samples with
and without emicizumab, whereas the peak heights of the FF curve with and without
emicizumab were markedly higher (p < 0.001) in normal plasma (1366± 67 mm absorbance
and 1380 ±56 mm absorbance, respectively) than in FVIII-deficient plasma (771 ± 54 mm
absorbance and 758 ± 37 mm absorbance, respectively) (Figure 1b).

Although the peak time of the CWA-APTT in normal plasma was gradually shortened
according to the concentration of emicizumab, there were no marked differences in peak heights
among various concentrations of emicizumab (Figure ??). In FVIII-deficient plasma, emicizumab
(0.00015 mg/mL) generated a small clot waveform, and it gradually increased the peak heights
and shortened the peak times. The CWA-TT of normal and FVIII-deficient plasma did not differ
among the various concentrations of emicizumab (Supplementary Figure S2).

Under conditions of ≥0.5 IU thrombin, CWA-TT showed a similar pattern between
plasma with and without emicizumab. However, under conditions of <0.5 IU, clot forma-
tion by thrombin was stronger in normal plasma than in FVIII-deficient plasma with and
without emicizumab, and it depended on the thrombin concentration, and the differences
in the CWA-TT between normal and FVIII-deficient plasma with and without emicizumab
were significant (Figure 3).

Regarding mixing tests with normal and FVIII-deficient plasma, the CWA-APTT showed
large differences between mixing plasma with and without emicizumab (0.15 mg/mL),
although the peak times were gradually shortened, and the peak heights showed a gradual,
concentration-dependent increase in normal plasma (Supplementary Figure S3a). In contrast,
the CWA-TT showed a similar pattern between mixing plasma with and without emicizumab
(0.15 mg/mL), and the second peak time of the 1st DP was gradually shortened, and the second
peak height of the 1st DP and peak height of the FF curve showed a gradual, concentration-
dependent increase in normal plasma (Supplementary Figure S3b).

The 2nd DPT of the CWA-APTT (routine APTT) showed a convex decrease in the
mixing test with normal and FVIII-deficient plasma and a straight line in the mixing test
with normal and FVIII-deficient plasma containing emicizumab and with plasma from
a hemophilia A patient with an inhibitor treated with emicizumab and FVIII-deficient
plasma (Figure 4a). The FF curve height of the CWA-TT in the mixing test with normal and
FVIII-deficient plasma was convex on top, independent of the presence of emicizumab,
whereas that with plasma from a hemophilia A patient with an inhibitor treated with
emicizumab and FVIII-deficient plasma showed a convex, decreasing pattern (Figure 4b).
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Figure 1. Effects of emicizumab (0.15 mg/mL) on the clot waveform analysis (CWA). (a) Activated
partial thromboplastin time (APTT). (b) thrombin time (TT); upper, normal plasma (NP); lower,
FVIII-deficient plasma (FVIIID); Emi, emicizumab; navy-blue, fibrin formation curve; pink curve, 1st
derivative curve; light-blue curve, 2nd derivative curve. All assays were performed more than three
times to confirm the reproducibility.

Figure 2. Effects of emicizumab on the clot waveform analysis (CWA)-activated partial thrombo-
plastin time (APTT). Upper, NP (normal plasma); FVIIID, FVIII-deficient plasma; number mg/mL,
emicizumab concentration; navy-blue, fibrin formation curve; pink curve, 1st derivative curve; light-
blue curve, 2nd derivative curve. All assays were performed more than three times to confirm the
reproducibility.
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Figure 3. Clotting activation by thrombin using clot waveform analysis of thrombin time. NP, normal
plasma; FVIIIDP, FVIII-deficient plasma; Emi, emicizumab. navy-blue, fibrin formation curve; pink
curve, 1st derivative curve; light-blue curve, 2nd derivative curve. All assays were performed more
than three times to confirm the reproducibility.

Figure 4. Mixing test of normal and FVIII-deficient plasma with and without emicizumab using the
clot wave analysis (CWA) of the second DPT of activated partial thromboplastin time (APTT) (a) or
fibrin formation curve height at 500 s of thrombin time (TT) (b). DPT, derivative peak time; FVIIIDP,
FVIII-deficient plasma; NP, normal plasma; Emi (+), with emicizumab; Emi (−), without emicizumab.
HA (+) with EMI (•), hemophilia A patient with inhibitor treated with emicizumab. All assays were
performed more than three times to confirm the reproducibility.

Regarding the standard curve of FVIII activity, the 2nd DPT of CWA-APTT showed an
FVIII-concentration-dependent increase, but these values with each concentration of FVIII
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differed between samples with and without emicizumab (Table 2) (Figure 5a), whereas the
FFH of CWA-TT showed an FVIII-concentration-dependent increase, and these values for
each concentration of FVIII were similar between samples with and without emicizumab
(Figure 5b). The FVIII activities in various concentrations of FVIII plasma without emi-
cizumab or plasma from a hemophilia A patient treated without emicizumab were similar
between FVIII assays using the 2nd DPT of the CWA-APTT or peak heights of CWA with
low TT. In contrast, all concentrations of FVIII plasma with emicizumab or plasma from a
hemophilia A patient with an inhibitor treated with emicizumab showed an activity level
≥100% (Figure 6).

Table 2. FVIII activity and CWA-TT.

FVIII
Activity

FFH of CWA-TT
(mm Absorbance)

FFT of CWA-TT
(Second)

1st DPH of CWA-TT
(mm Absorbance)

1st DPT of CWA-TT
(Second)

Emi (+) Emi (−) Emi (+) Emi (−) Emi (+) Emi (−) Emi (+) Emi (−)

100% 481 ± 6.88 434 ± 8.30 186 ± 3.37 184 ± 1.56 52.7 ± 1.47 53.7 ± 1.56 33.3 ± 1.26 32.5 ± 1.52

30% 435 ± 5.46 433 ± 1.96 131 ± 6.57 127 ± 6.44 50.6 ± 2.85 49.4 ± 3.74 37.8 ± 2.05 35.4 ± 6.30

10% 370 ± 4.00 371 ± 4.55 93.3 ± 4.47 90.6 ± 2.43 50.8 ± 1.34 49.3 ± 2.29 33.8 ± 0.91 33.6 ± 1.22

3% 347 ± 2.71 347 ± 4.46 80.1 ± 3.02 81.2 ± 3.35 46.3 ± 3.82 47.2 ± 4.63 31.1 ± 2.42 30.7 ± 1.36

1% 330 ± 2.91 331 ± 2.69 73.6 ± 2.04 74.8 ± 5.25 44.8 ± 2.86 46.4 ± 3.62 33.4 ± 1.30 33.5 ± 0.86

Data are shown as the mean ± standard deviation. FFH, fibrin formation curve height; FFT, fibrin formation
curve time; 1st DPH, first derivative peak height; 1st DPT, first derivative peak time; Emi (+), with emicizumab;
Emi (−), without emicizumab. All assays were performed more than three times to confirm the reproducibility.

Figure 5. Standard curve of FVIII activity using the clot wave analysis (CWA) of activated partial
thromboplastin time (APTT) (a) or thrombin time (TT) (b). Emi (+), with emicizumab; Emi (−),
without emicizumab. All assays were performed more than three times to confirm the reproducibility.
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Figure 6. FVIII activity using the 2nd DPT of CWA-APTT or CWA low TT. CWA, clot wave analysis;
APTT, activated partial thromboplastin time; low TT, low concentration of thrombin time; •, various
concentrations of FVIII plasma with emicizumab; #, various concentrations of FVIII plasma with
emicizumab; N, hemophilia A patient with inhibitor treated with emicizumab; 4, hemophilia A
patient without inhibitor treated without emicizumab.

4. Discussion

Four clinical trials for emicizumab (HAVEN 1–4) in hemophilia A patients with or without
inhibitors showed the significant improvement of treatments for hemophilia [6,7,24,25]. Al-
though HAVEN 1 showed several thrombotic complications in combination with activated
plasma prothrombin complex reagents [6], there were further new thrombotic complica-
tions in the long-term outcomes in the HAVEN 1–4 studies [26]. Furthermore, emicizumab
will be used for patients with acquired hemophilia A. In the future, correctly measuring
the FVIII activity in patients receiving emicizumab will be important for deciding whether
or not to discontinue the administration of emicizumab.

A CWA is useful for evaluating not only peak time but also the peak height [18]. The
peak height is useful for evaluating physiological coagulation [18,19]. The CWA-APTT
is an especially useful assay for the evaluation of the effects of emicizumab in FVIII-
deficient plasma; 0.00015 mg/mL of emicizumab caused a small peak of clot formation, and
0.150 mg/mL of emicizumab caused a similar peak of clot formation in normal plasma. The
trough value of emicizumab was reported to be approximately 0.050 mg/mL [7], suggesting
that the peak CWA-APTT may be similar to the peak in normal plasma at the peak value
of emicizumab. There were no significant differences in the peak heights of CWA-APTT
in normal plasma among various concentrations of emicizumab. Therefore, the risk of
hypercoagulability may be low in patients receiving emicizumab monotherapy.

There were no significant differences in CWA-TT with a low concentration of thrombin
between normal and FVIII-deficient plasma samples among the various concentrations of
emicizumab. In contrast, the peak heights of the CWA-TT in normal plasma were signifi-
cantly higher than those in FVIII-deficient plasma at each concentration of emicizumab,
suggesting that the CWA-TT may reflect FVIII activity independent of the presence of
emicizumab. The CWA-TT using a low concentration of thrombin (CWA–low TT) was
reported to evaluate the thrombin burst phenomenon [17,27]. The mixing test of the CWA-
TT using a low concentration of thrombin showed results independent of the presence
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of emicizumab, suggesting that this mixing test using CWA-TT is useful for detecting
inhibitors in patients treated with emicizumab. In CWA–low TT, the FVIII activity can
be measured using thrombin burst. A previous report [17] showed that 0.5 IU thrombin
was the most useful concentration for evaluating the thrombin burst, as <0.1 IU thrombin
cannot generate a significant peak, and ≥1 IU thrombin creates a fibrinogen-dependent
peak with a low effect of thrombin burst. In the present study, the peak time of CWA–low
TT was longer and the peak height higher with a high concentration of FVIII than with a
low concentration, although the peak time of CWA-APTT was shorter and the peak height
higher with a high concentration of FVIII than with a low concentration. Therefore, as the
peak height of CWA–low TT showed a similar behavior to the peak height of CWA-APTT,
the peak height of CWA–low TT was used in this assay.

Regarding the standard curve of FVIII activity, both the CWA-APTT and CWA-TT
showed the curve of concentration-dependent FVIII activity. However, the 2nd DPT of
CWA-APTT was significantly shorter in samples with emicizumab than in those without
emicizumab, indicating that FVIII activities in patients treated with emicizumab were
significantly higher in measurements of CWA-APTT than true FVIII activity. In contrast,
the peak height of the CWA-TT showed a similar standard curve for FVIII activity between
samples with and without emicizumab. Therefore, we can determine the FVIII activity of
patients treated with emicizumab by CWA-TT using the standard curve of FVIII activity
in normal plasma. The measurement of FVIII activity using the sTF/FIXa assay was
previously reported [19]. The measurement of FVIII activity by CWA-TT may also aid in
understanding the coagulation system. CWA-TT reflects thrombin burst, which depends
mainly on the activation of FVIII [17]. Therefore, FVIIIa with FIXa and phospholipids
activates FX without the effects of emicizumab.

Regarding the results of APTT assay, APTT reagents activate the intrinsic pathway,
resulting in the generation of FIXa and FIXa and FX bound by emicizumab before addition
of Ca2+. Therefore, a FIXa, FX and emicizumab complex without FVIII generates FXa after
the addition of Ca2+ (Figure 7).

Figure 7. Difference between APTT and thrombin time. APTT, activated partial thromboplastin time.

Regarding the limitations, the clotting assay usually depends on the fibrinogen concen-
tration, so the findings of the clotting assay may be affected by the concentration. However,
the purpose of this study was to evaluate the clotting activity independent of the presence
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of emicizumab. Subjects in a future study will be hemophilic patients treated with emi-
cizumab, and their fibrinogen levels are usually within the normal range. Using a FVIII
activity assay and mixing test has less dependent fibrinogen levels.

5. Conclusions

The CWA-TT using a small amount of thrombin can measure FVIII activity without
the effects of emicizumab.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11206142/s1, Figure S1: Effects of emicizumab (0.15 mg/mL)
on the clot waveform analysis (CWA)-small amount of tissue factor-induced FIX activation assay
(sTF/FIXa); Figure S2: Effects of emicizumab on the clot waveform analysis (CWA)—thrombin
time (TT); Figure S3: Effects of emicizumab on mixing test using the clot waveform analysis (CWA)
-activated partial thromboplastin time (APTT) (a) and CWA-thrombin time (TT) (b). Upper, Emi (+);
Lower, Emi (−) NP, normal plasma; FVIIID, FVIII-deficient plasma; Emi (+), with emicizumab; Emi
(−), without emicizumab; navy blue, fibrin formation curve; pink curve, 1st derivative curve; light
blue curve, 2nd derivative curve.

Author Contributions: Conceptualization, H.W.; methodology, T.M.; validation, K.S. (Kei Suzuki);
formal analysis, Y.Y.; investigation, I.T.; data curation, T.M.; writing—original draft preparation, H.W.;
writing—review and editing, M.S.; visualization, H.W.; supervision, H.S.; project administration,
K.S. (Katsuya Shiraki); funding acquisition, H.W. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by a Grant-in-Aid (21FC1008) from the Ministry of Health,
Labour and Welfare of Japan.

Informed Consent Statement: Written informed consent for publication was obtained from a
hemophilia A patient.

Data Availability Statement: The data presented in this study are available on request to the corre-
sponding author. The data are not publicly available due to privacy restrictions.

Acknowledgments: The authors thank Nisii H. and Sakano Y. for their kind support in performing
the assay for the CWA.

Conflicts of Interest: The measurements of CWA were partially supported by Instrumentation
Laboratory, Japan. In the other points, the authors declare no conflict of interest.

References
1. Hay, C.R.M.; Nissen, F.; Pipe, S.W. Mortality in congenital hemophilia A—A systematic literature review. J. Thromb. Haemost.

2021, 19, 6–20. [CrossRef] [PubMed]
2. National Hemophilia Foundation. MASAC Recommendation Concerning Prophylaxis (Regular Administration of Clotting Factor

Concentrate to Prevent Bleeding). Available online: http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=
57&contentid=1007 (accessed on 1 June 2022).

3. Manco-Johnson, M.J.; Abshire, T.C.; Shapiro, A.D.; Riske, B.; Hacker, M.R.; Kilcoyne, R.; Ingram, J.D.; Manco-Johnson, M.L.; Funk,
S.; Jacobson, L.; et al. Prophylaxis versus Episodic Treatment to Prevent Joint Disease in Boys with Severe Hemophilia. N. Engl. J.
Med. 2007, 357, 535–544. [CrossRef] [PubMed]

4. Germini, F.; Noronha, N.; Philip, B.A.; Olasupo, O.; Pete, D.; Navarro, T.; Keepanasseril, A.; Matino, D.; Wit, K.; Parpia, S.; et al.
Risk factors for bleeding in people living with hemophilia A and B treated with regular prophylaxis: A systematic review of the
literature. J. Thromb. Haemost. 2022, 20, 1364–1375. [CrossRef] [PubMed]

5. Abdi, A.; Eckhardt, C.L.; van Velzen, A.S.; Vuong, C.; Coppens, M.; Castaman, G.; Hart, D.P.; Hermans, C.; Laros-van Gorkom, B.;
Leebeek, F.W.G.; et al. Treatment-related risk factors for inhibitor development in non-severe hemophilia A after 50 cumulative
exposure days: A case-control study. J. Thromb. Haemost. 2021, 19, 2171–2181. [CrossRef]

6. Oldenburg, J.; Mahlangu, J.N.; Kim, B.; Schmitt, C.; Callaghan, M.U.; Young, G.; Santagostino, E.; Kruse-Jarres, R.; Negrier, C.;
Kessler, C.; et al. Emicizumab Prophylaxis in Hemophilia A with Inhibitors. N. Engl. J. Med. 2017, 377, 809–818. [CrossRef]

7. Mahlangu, J.; Oldenburg, J.; Paz-Priel, I.; Negrier, C.; Niggli, M.; Mancuso, M.E.; Schmitt, C.; Jiménez-Yuste, V.; Kempton, C.; Dhalluin,
C.; et al. Emicizumab Prophylaxis in Patients Who Have Hemophilia A without Inhibitors. N. Engl. J. Med. 2018, 379, 811–822.
[CrossRef]

https://www.mdpi.com/article/10.3390/jcm11206142/s1
https://www.mdpi.com/article/10.3390/jcm11206142/s1
http://doi.org/10.1111/jth.15189
http://www.ncbi.nlm.nih.gov/pubmed/33331043
http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=57&contentid=1007
http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=57&contentid=1007
http://doi.org/10.1056/NEJMoa067659
http://www.ncbi.nlm.nih.gov/pubmed/17687129
http://doi.org/10.1111/jth.15723
http://www.ncbi.nlm.nih.gov/pubmed/35395700
http://doi.org/10.1111/jth.15419
http://doi.org/10.1056/NEJMoa1703068
http://doi.org/10.1056/NEJMoa1803550


J. Clin. Med. 2022, 11, 6142 10 of 10

8. Matsumoto, T.; Nogami, K.; Shima, M. A combined approach using global coagulation assays quickly differentiates coagulation
disorders with prolonged aPTT and low levels of FVIII activity. Int. J. Hematol. 2017, 105, 174–183. [CrossRef]

9. Tokutake, T.; Baba, H.; Shimada, Y.; Takeda, W.; Sato, K.; Hiroshima, Y.; Kirihara, T.; Shimizu, I.; Nakazawa, H.; Kobayashi, H.;
et al. Exogenous Magnesium Chloride Reduces the Activated Partial Thromboplastin Times of Lupus Anticoagulant-Positive
Patients. PLoS ONE 2016, 11, e0157835. [CrossRef]

10. Matsumoto, T.; Wada, H.; Nishioka, Y.; Nishio, M.; Abe, Y.; Nishioka, J.; Kamikura, Y.; Sase, T.; Kaneko, T.; Houdijk, W.P.M.; et al.
Frequency of Abnormal Biphasic aPTT Clot Wave-forms in Patients with Underlying disorders Associated with Disseminated
Intravascular Coagulation. Clin. Appl. Thromb. Hemost. 2006, 12, 185–192. [CrossRef]

11. Byun, J.-H.; Jang, I.-S.; Kim, J.W.; Koh, E.-H. Establishing the heparin therapeutic range using aPTT and anti-Xa measurements for
monitoring unfractionated heparin therapy. Blood Res. 2016, 51, 171–174. [CrossRef]

12. Bowyer, A.; Kitchen, S.; Maclean, R. Effects of emicizumab on APTT, one-stage and chromogenic assays of factor VIII in artificially
spiked plasma and in samples from haemophilia A patients with inhibitors. Haemophilia 2020, 26, 536–542. [CrossRef]

13. Nakajima, Y.; Mizumachi, K.; Shimonishi, N.; Furukawa, S.; Yada, K.; Ogiwara, K.; Takeyama, M.; Shima, M.; Nogami, K.
Comparisons of global coagulation potential and bleeding episodes in emicizumab-treated hemophilia A patients and mild
hemophilia A patients. Int. J. Hematol. 2022, 115, 489–498. [CrossRef]

14. Toh, C.H.; Samis, J.; Downey, C.; Walker, J.; Becker, L.; Brufatto, N.; Tejidor, L.; Jones, G.; Houdijk, W.; Giles, A.; et al. Biphasic
transmittance waveform in the APTT coagulation assay is due to the formation of a Ca(++)-dependent complex of C-reactive
protein with very-low-density lipoprotein and is a novel marker of impending disseminated intravascular coagulation. Blood
2002, 100, 2522–2529. [CrossRef]

15. Shima, M. Understanding the hemostatic effects of recombinant factor VIIa by clot wave form analysis. Semin. Hematol. 2004, 41, 125–131.
[CrossRef]

16. Wada, H.; Ichikawa, Y.; Ezaki, M.; Shiraki, K.; Moritani, I.; Yamashita, Y.; Matsumoto, T.; Masuya, M.; Tawara, I.; Shimpo, H.; et al.
Clot Waveform Analysis Demonstrates Low Blood Coagulation Ability in Patients with Idiopathic Thrombocytopenic Purpura. J.
Clin. Med. 2021, 10, 5987. [CrossRef]

17. Wada, H.; Ichikawa, Y.; Ezaki, E.; Matsumoto, T.; Yamashita, Y.; Shiraki, K.; Shimaoka, M.; Shimpo, H. The reevaluation of
thrombin time using a clot waveform analysis. J. Clin. Med. 2021, 10, 4840. [CrossRef]

18. Wada, H.; Matsumoto, T.; Ohishi, K.; Shiraki, K.; Shimaoka, M. Update on the Clot Waveform Analysis. Clin. Appl. Thromb.
Hemost. 2020, 26, 1076029620912027. [CrossRef]

19. Matsumoto, T.; Wada, H.; Toyoda, H.; Hirayama, M.; Yamashita, Y.; Katayama, N. Modified clot waveform analysis to measure
plasma coagulation potential in the presence of the anti-factor IXa/factor X bispecific antibody emicizumab: Comment. J. Thromb.
Haemost. 2018, 16, 1665–1666. [CrossRef]

20. Berntorp, E.; Salvagno, G.L. Standardization and Clinical Utility of Thrombin-Generation Assays. Semin. Thromb. Hemost. 2008,
34, 670–682. [CrossRef]

21. Salvagno, G.L.; Berntorp, E. Thrombin Generation Testing for Monitoring Hemophilia Treatment: A Clinical Perspective. Semin.
Thromb. Hemost. 2010, 36, 780–790. [CrossRef]

22. Nogami, K.; Soeda, T.; Matsumoto, T.; Kawabe, Y.; Kitazawa, T.; Shima, M. Routine measurements of factor VIII activity and inhibitor
titer in the presence of emicizumab utilizing anti-idiotype monoclonal antibodies. J. Thromb. Haemost. 2018, 16, 1383–1390. [CrossRef]

23. Matsumoto, T.; Wada, H.; Fujimoto, N.; Toyoda, J.; Abe, Y.; Ohishi, K.; Yamashita, Y.; Ikejiri, M.; Hasegawa, K.; Suzuki, K.; et al.
An Evaluation of the Activated Partial Thromboplastin Time Waveform. Clin. Appl. Thromb. 2018, 24, 764–770. [CrossRef]

24. Young, G.; Liesner, R.; Chang, T.; Sidonio, J.R.; Oldenburg, J.; Jiménez-Yuste, V.; Mahlangu, J.; Kruse-Jarres, R.; Wang, M.; Uguen,
M.; et al. A multicenter, open-label phase 3 study of emicizumab prophylaxis in children with hemophilia A with inhibitors.
Blood 2019, 134, 2127–2138. [CrossRef]

25. Pipe, S.W.; Shima, M.; Lehle, M.; Shapiro, A.; Chebon, S.; Fukutake, K.; Key, N.S.; Portron, A.; Schmitt, C.; Podolak-Dawidziak,
M.; et al. Efficacy, safety, and pharmacokinetics of emicizumab prophylaxis given every 4 weeks in people with haemophilia A
(HAVEN 4): A multicentre, open-label, non-randomised phase 3 study. Lancet Haematol. 2019, 6, e295–e305. [CrossRef]

26. Callaghan, M.U.; Negrier, C.; Paz-Priel, I.; Chang, T.; Chebon, S.; Lehle, M.; Mahlangu, J.; Young, G.; Kruse-Jarres, R.; Mancuso,
M.E.; et al. Long-term outcomes with emicizumab prophylaxis for hemophilia A with or without FVIII inhibitors from the
HAVEN 1–4 studies. Blood 2021, 137, 2231–2242. [CrossRef]

27. Konstantinidi, A.; Sokou, R.; Parastatidou, S.; Lampropoulou, K.; Katsaras, G.; Boutsikou, T.; Gounaris, A.K.; Tsantes, A.E.;
Iacovidou, N. Clinical Application of Thromboelastography/Thromboelastometry (TEG/TEM) in the Neonatal Population: A
Narrative Review. Semin. Thromb. Hemost. 2019, 45, 449–457. [CrossRef]

http://doi.org/10.1007/s12185-016-2108-x
http://doi.org/10.1371/journal.pone.0157835
http://doi.org/10.1177/107602960601200206
http://doi.org/10.5045/br.2016.51.3.171
http://doi.org/10.1111/hae.13990
http://doi.org/10.1007/s12185-021-03276-7
http://doi.org/10.1182/blood.V100.7.2522
http://doi.org/10.1053/j.seminhematol.2003.11.021
http://doi.org/10.3390/jcm10245987
http://doi.org/10.3390/jcm10214840
http://doi.org/10.1177/1076029620912027
http://doi.org/10.1111/jth.14190
http://doi.org/10.1055/s-0028-1104546
http://doi.org/10.1055/s-0030-1265295
http://doi.org/10.1111/jth.14135
http://doi.org/10.1177/1076029617724230
http://doi.org/10.1182/blood.2019001869
http://doi.org/10.1016/S2352-3026(19)30054-7
http://doi.org/10.1182/blood.2020009217
http://doi.org/10.1055/s-0039-1692210

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

