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Abstract
The activated partial thromboplastin time (APTT) waveform includes several parameters that are related to various underlying
diseases. The APTT waveform was examined in various diseases. Regarding the pattern of APTT waveform, a biphasic pattern of
the first or second derivative curve (DC) was observed in patients with hemophilia and patients positive for antiphospholipid (aPL)
antibodies or coagulation factor VIII (FVIII) inhibitors. The time of the first and second DC and fibrin formation at 1/2 height were
prolonged in patients with hemophilia, patients with inhibitors, patients positive for aPL, patients treated with anti-Xa agents, and
patients with disseminated intravascular coagulation (DIC). These values all tended to decrease in pregnant women (at 28-36
weeks’ gestation). The height of the second derivative peak 1 was significantly lower in patients with hemophilia, patients with
FVIII inhibitors, patients positive for aPL, patients treated with anti-Xa agents, and patients with DIC; these values tended to be
significantly higher in pregnant women. The height of the first DC was significantly lower in patients who were positive for FVIII
inhibitors and was significantly higher in patients treated with anti-Xa agents and pregnant women. The height of the first and
second DC was useful for the analysis of hemophilia, FVIII inhibitor, and aPL.
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Introduction

The activated partial thromboplastin time (APTT) is an

end-point clotting time assay that is useful for diagnosing

deficiencies in the intrinsic pathway, such as hemophilia,1 for

diagnosing the presence of lupus anticoagulant (LA),2 and for

monitoring heparin treatment.3 Automatic optical end-point

coagulation analyzers have been recently developed, making

it easy to perform multiple assays. Another benefit of optical

end-point coagulation analyzers is the ability to visualize the

clot reaction curve as the prothrombin time and the APTT.

Previous reports have highlighted the usefulness of the visual

inspection of APTT clot reaction curves, and abnormal bipha-

sic clot reaction curves have been reported to be associated

with the early detection of disseminated intravascular coagu-

lation (DIC).4,5 These reports are only related to the use of

Platelin LS (Instrumentation Laboratory, Bedford, Massachu-

setts) APTT reagent with the MDA II analyzer (Organon

Teknika, Cambridge, United Kingdom), which uses an auto-

mated waveform analysis software program. Additionally, the

visual inspection of clot reaction curves has been shown to

detect inaccurate APTT results, which may occur due to the

application of particular evaluation algorithms when using

the Behring BCS (Dade Behring, Illinois, USA) and BCT

coagulation analyzers.6

The software program used for the ACL TOP analyzer for

APTT using APTT-synthetic phospholipids (SPs) not only

makes it possible to display the clot reaction curves but also

allows the associated first and second derivative curves (DCs)

to be displayed. These derivative plots are automatically

calculated from the absorbance data by the ACL TOP software

program and reflect the velocity (first derivative) and acceleration
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(second derivative) at various points throughout the clotting

reaction. These values are depicted as the clot reaction curve.7

The evaluation for the second DC of APTT is useful for detect-

ing any coagulation factor deficiency.8 The differential diag-

nosis between coagulation factor deficiency and LA or between

hemophilia and acquired hemophilia5 is difficult to make based

on the result of a clotting time assay. In addition, it is difficult

to use the APTT to monitor the direct oral anticoagulant level.

In this study, we measured and analyzed the APTT wave-

form in patients with various diseases and examined the rela-

tionship between the disease and the parameters of the APTT.

Materials and Methods

An APTT assay was performed with plasma samples from 30

healthy volunteers (HVs, female, n¼ 10; male, n¼ 20; median

age, 21 years; range, 20-24 years), 11 patients with hemophilia

(median age, 62.0 years; range, 42.3-70.5 years), 5 patients

who were positive for factor VIII (FVIII) inhibitors (median

age, 67.0 years; range, 59.8-70.5 years; Table 1), 12 patients

who were positive for antiphospholipid (aPL) antibodies

(female, n¼ 10 and male, n¼ 2; median age, 61.0 years; range,

43.5-71.6 years), 10 patients who were treated with warfarin

(female, n ¼ 8 and male, n ¼ 2; median age, 59.0 years; range,

48.0-72.0 years), 18 patients who underwent total hip arthro-

plasty or total knee arthroplasty and who were treated with

edoxaban (30 mg; Daiichi-Sankyo, Tokyo, Japan; female, n

¼ 12 and male, n ¼ 6; median age, 70.5 years; range,

60.0-77.0 years) as an anti-Xa agent to prevent deep vein

thrombosis, 12 pregnant women at 28 to 36 weeks’ gestation

(median age, 32.5 years; range, 30.0-35.0 years), 6 patients

with thrombophilia (female, n ¼ 6; median age, 45.5 years;

range, 30.0-56.0 years), and 20 patients with DIC (female,

n ¼ 8; male, n ¼ 12; median age, 62.5 years; range, 54.5-

75.5 years). The samples were obtained at Mie University

Hospital from January 28, 2016, to December 22, 2016.

Patients with hemophilia included 8 patients with hemophilia

A and 3 patients with hemophilia B; their coagulation factor

activity was �10%. Patients with FVIII inhibitors included

4 patients with FVIII inhibitor-associated hemophilia and

1 patient with acquired hemophilia. Their inhibitor titer was

5.6 to 95.1 Bethesda units. The aPL status was determined based

on the diluted Russell viper venom time, the detection of antic-

ardiolipin immunoglobulin G antibodies, or anticardiolipin b2–

GPI complex antibodies.9 Six of the 12 patients with aPL had

thrombotic complications. Prothrombin time of the patients who

were treated with warfarin was controlled to keep it within the

range of 1.6 to 2.6, according to the international normalized

ratio. Disseminated intravascular coagulation was diagnosed

according to the Japanese Ministry Health, Labor and Welfare

DIC diagnostic criteria.10 The patients with DIC included

9 patients with infection, 5 patients with aneurysm, 2 patients

after liver transplantation, 2 patients with multiple organ failure,

1 patient with gastric cancer, and 1 patient with obstetric disease.

The study protocol was approved by the Human Ethics

Review Committee of the Mie University School of Medicine,

and written informed consent was obtained from each of the

patient. This study was faithfully carried out in accordance with

the principles of the Declaration of Helsinki.

Activated partial thromboplastin time was measured using

the APTT-SP (Instrumentation Laboratory, Bedford, Massa-

chusetts), which uses silica as an activator of FXII and SPs.

This is suitable for detecting deficiencies in the intrinsic coa-

gulation factors or LA when using an ACL-TOP system. After

measuring the APTT, we performed a waveform analysis based

on the results of each APTT assay. Three types of curves are

shown in the monitor of the ACL-TOP system (Figure 1A).

One curve shows the changes in the absorbance observed while

Table 1. Patients Having Hemophilic With and Without Inhibitor.

Type Inhibitor BU FVIII or FIX activity, % Treatment

APTT: Acceleration Peak 1

Time, second Height, mAbs/s2 Width, second

1 Hemophilia A <0.5 2.9 On-demand 58.2 20.4 178
2 Hemophilia B <0.5 3.6 On-demand 53.2 11.6 242
3 Hemophilia A <0.5 <1.0 Prophylaxis treatment 89.7 51 37.5
4 Hemophilia A <0.5 <1.0 Prophylaxis treatment 58.1 25.4 116
5 Hemophilia A <0.5 9.3 On-demand 49.2 18.4 379
6 Hemophilia A <0.5 <1.0 Prophylaxis treatment 25.6 6.1 656
7 Hemophilia B <0.5 9.4 On-demand 41.4 9.8 736
8 Hemophilia A <0.5 <1.0 Prophylaxis treatment 39.9 9.3 414
9 Hemophilia B <0.5 <1.0 On-demand 62.7 28 161
10 Hemophilia B <0.5 <1.0 Prophylaxis treatment 70.1 20.6 282
11 Hemophilia A <0.5 1.3 On-demand 52.5 15.2 15.6
12 Pancreas cancer 9.2 4.1 Prednisolone 65.1 19.5 31.6
13 Hemophilia A 5.6 <1.0 Bypass therapy 125.6 24.2 14.4
14 Hemophilia A 93.2 <1.0 Bypass therapy 69 62.1 33.5
15 Hemophilia A 76.2 2.3 Bypass therapy 68.4 23.1 114
16 Hemophilia A 95.1 <1.0 Bypass therapy 114.4 113 24.5

Abbreviations: Abs, absorbance; APTT, activated partial thromboplastin time; BU, Bethesda unit; FVIII, factor VIII; FIX, factor IX.

Matsumoto et al 765



measuring the APTT, which corresponds to fibrin formation.

The second is the first DC of the absorbance, which corre-

sponds to the coagulation velocity. The third is the second

DC of the absorbance, which corresponds to the coagulation

acceleration. For the waveform analysis, we first checked for

the presence of an abnormal curve showing a biphasic wave-

form on the first and/or second DCs. Furthermore, as shown in

Figure 1A, we calculated the following 9 parameters on the

first or second DC manually using a mouse: 1A, the second

DC; 1B, the first DC; 1C, time for 1/2 the height of fibrin

formation; 2A, the height of the second DC peak 1; 2B, the

height of the second DC peak 2; 2C, the height of the first DC;

2D, the height of fibrin formation; 3A, the width of the second

DC peak 1; 3B, the width of the second DC peak 2; 3C, the

width of the first DC.

Statistical Analysis

The data are expressed as the median (25th-75th percentiles).

The differences between the groups were examined using the

Mann-Whitney U test. P values of <.05 were considered to

indicate statistical significance. All of the statistical analyses

were performed using the Stat Flex software package (version

6; Artec Co Ltd, Osaka, Japan).

Results

The APTT waveform of a patient with aPL (Figure 1B) shows a

biphasic pattern of the second DC and a prolonged peak time of

the first and second DC and fibrin formation. The APTT wave-

form of a patient with hemophilia (Figure 1C) shows a biphasic

pattern of the second DC and a markedly prolonged peak time of

the first and second DC and fibrin formation. There were no

significant differences in the APTT waveforms of patients with

hemophilia A and B. The APTT waveform of a patient positive

for FVIII inhibitors (Figure 1D) shows a biphasic first DC, mark-

edly prolonged peak time of the first and second DC and fibrin

formation, and a markedly low height of the first and second DC.

In HVs, the peak second DC time is 35.5 seconds (range,

32.6-37.4 seconds). The time is significantly prolonged in

patients with hemophilia, patients with FVIII inhibitors,

patients positive for aPL, patients treated with anti-Xa agents,

and patients with DIC; in contrast, the time is significantly

shortened in pregnant women (Table 2 and Figure 2a). In HVs,

Figure 1. Activated partial thromboplastin time (APTT) waveform. A, Normal volunteer. B, Patient with antiphospholipid antibody. C, Patient
with hemophilia. D, Patient with inhibitor for factor VIII (FVIII). 1A, first derivative curve (DC); 1B, second DC; 1C, time for 1/2 height of fibrin
formation; 2A, height of the second DC peak 1; 2B, height of the second DC peak 2; 2C, height of the first DC; 2D, height of fibrin formation; 3A,
width of the second DC peak 1; 3B, width of the second DC peak 2; 3C, width of the first DC, bp, biphasic waveform.
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the times of the first DC and fibrin formation at 1/2 height were

38.7 (36.2-40.8) seconds and 40.9 (37.8-42.7) seconds, respec-

tively. These times were prolonged in patients with hemophilia,

patients with FVIII inhibitors, patients positive for aPL, patients

treated with anti-Xa agents, and patients with DIC; these times

were shortened in pregnant women (Figure 2B and C). In HVs,

the height of the second DC peak 1 was 457 (411-535) mAbs/s2;

the height was significantly lower in patients with hemophilia,

patients with FVIII inhibitors, patients positive for aPL, patients

treated with anti-Xa agents, and patients with DIC; the height

was significantly higher in pregnant women (Figure 2D). In

HVs, the height of the second DC peak 2 was 224 (170-255)

mAbs/s2. The height was significantly lower in patients with

hemophilia, patients with FVIII inhibitors, patients positive for

aPL, patients treated with warfarin, and patients with DIC. The

height was significantly higher in pregnant women and in

patients treated with anti-Xa agents (Figure 2E). In HVs, the

height of the first DC was 183 (144-200) mAbs/s. The height

of the first DC was significantly lower in patients who were

positive for FVIII inhibitors and was significantly higher in

patients who were treated with anti-Xa agents and pregnant

women (Figure 2F). In HVs, the height of fibrin formation was

328 (286-431) mAbs. The height was significantly higher in

patients with hemophilia, patients positive for aPL, and patients

treated with warfarin or anti-Xa agents (Figure 2G).

In HVs, the width of the second DC peak 1 was 7.45 (6.80-

8.00) seconds. The width was significantly longer in patients

with hemophilia, patients with FVIII inhibitors, patients positive

for aPL, patients treated with anti-Xa agents, and patients with

DIC. In HVs, the width of the second DC peak 2 and first DC

was 17.7 (16.7-18.7) seconds and 19.5 (18.0-20.3) seconds,

respectively. The values were significantly longer in patients

with hemophilia, patients with FVIII inhibitor, patients positive

for aPL, patients treated with warfarin or anti-Xa agents, preg-

nant women, patients with thrombophilia, and patients with DIC.

Discussion

Although the biphasic waveform has recently gained attention

in the analysis of the APTT waveform,5,6,11 various parameters,

such as the time of the first and second DC and fibrin formation

at 1/2 height and the height of the first and second DC, were

found to be important in this study. In addition to patients with

hemophilia, patients with FVIII inhibitors, and patients

with aPL, the biphasic waveform was seen in patients treated

with anti-Xa agents. Changes in the APTT waveform have

been reported to predict coagulation factor deficiency or LA

positivity.7 The results of the APTT waveform analysis are

reported to be well correlated with the FVIII activity and to

be useful for the management of hemophilia.12-14 There were

no significant differences in the APTT waveform or various

parameters between patients with hemophilia A and B. As our

study was small, a larger study should be performed to examine

the differences between hemophilia A and B.

The time of peak for the first and second DC and fibrin

formation was prolonged in patients with hemophilia andT
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Figure 2. Second DC peak 1 (A), first DC peak (B), and time for 1/2 height of fibrin formation (C), second DC peak 1 height (D), Second DC
peak 2 height (E), first DC peak height (F), and fibrin formation height (G). DC indicates derivative curve; Anti-Xa, patients treated with an anti-
Xa agent; aPL(þ), patients positive for antiphospholipid antibody; DIC, patients with disseminated intravascular coagulation; HA, hemophilia A;
HB, hemophilia B; HVs, healthy volunteers; Inhibitor, patients positive for anti-FVIII antibody; PW, pregnant women; TP, thrombophilia;
Warfarin, patients treated with warfarin.
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patients with FVIII inhibitors, and the time of peak for the first

DC was especially prolonged in patients with FVIII inhibitors

(Table 3). The present study had only 1 patient with acquired

hemophilia A; thus, it is not appropriate to discuss the differ-

ences between hemophilia A and acquired hemophilia A based

on the findings of the present study. The peak times were

prolonged in patients who were positive for aPL; however, the

relationship between the complication of thrombosis and the

waveform was not clear. With regard to anticoagulation ther-

apy, these times were prolonged in the patients treated with

anti-Xa agents, but not in patients treated with warfarin. These

differences may depend on the anticoagulation mechanism

associated with the respective anticoagulants. The height of the

second DC peak 1 was significantly lower in patients with

hemophilia, patients with FVIII inhibitors, patients positive for

aPL, patients treated with anti-Xa agents, and patients with

DIC; the value was the lowest in those with FVIII inhibitors.

These findings suggested that patients with FVIII inhibitors

show severe bleeding.15 However, it was not clear that the

aPL-positive patients were in a hypocoagulable state. Interest-

ingly, the height of the second DC peak 1 was significantly

higher in pregnant women, suggesting that the pregnant women

were in a hypercoagulable state.16 The findings varied among

patients with DIC due to the various states of DIC, which

include pre-DIC, infectious DIC, and hematological DIC.17-19

Although the height of the second DC peak 1 was low in patients

treated with anti-Xa agents, the height of the second DC peak 2

was high in the same patients. The height of the first DC was

significantly higher in patients treated with anti-Xa agents and

pregnant women. Pregnant women are in a hypercoagulable

state, but patients treated with anti-Xa agents are not; thus, the

meaning of the height of the velocity is not clear. The elevation

in the height of the velocity in patients treated with anti-Xa

agents may reflect that the patients was in a hypercoagulable

state prior to the administration of the anti-Xa agent.

The width of the second DC of peak 1 and peak 2 and the

first DC was significantly longer in almost all of the diseases,

thereby suggesting that these diseases were associated with

some hemostatic abnormalities.
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