Journal of Arrhythmia 33 (2017) 117-121

Contents lists available at ScienceDirect

’ Curhytlmia P
Journal of Arrhythmia ®
CrossMark

journal homepage: www.elsevier.com/locate/joa

Original Article

Trends in physiological coagulation factors in Japanese patients receiving
novel oral anticoagulants

Tomoyuki Nagao, MD**, Hiroshi Hunakubo, MD?, Mayu Suzuki, MD?, Takashi Kataoka, MD?,

Satoshi Okumura, MD?, Norihiro Shinoda, MD, PhD?, Ken Harada, MD, PhD?, Bunichi Kato, MD, PhD?,
Masataka Kato, MD?, Nobuyuki Marui, MD, PhD?, Shinichi Sakai, MD?, Tetsuya Amano, MD, PhD",
Toyoaki Murohara, MD, PhD®

@ Department of Cardiology, Chubu Rosai Hospital, 10-6 1-Chome Komei, Minato-ku, Nagoya 455-8530, Japan
b Department of Cardiology, Aichi-Medical University, 1-1 Yazakokarimata, Nagakute 480-1195, Japan
€ Department of Cardiology, Nagoya University Graduate School of Medicine, 65 Tsurumai, Showa, Nagoya, Aichi 466-8550, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 6 July 2016

Accepted 21 July 2016

Available online 12 August 2016

Background: Little is known about physiological anticoagulation effects via antithrombin III (AT III) and
protein C/S (PC/PS) in patients using new oral anticoagulants (NOACs).
Methods: We evaluated 120 consecutive patients with non-valvular atrial fibrillation (AF) receiving
NOACs. Patients were randomly divided into three groups: a dabigatran group (DG, N=40), a rivaroxaban
group (RG, N=40) or an apixaban group (AG, N=40). A warfarin group (WG, N=40) was matched with
NOAC groups for age, sex and type of AF during the same time period. Blood samples were obtained in
pretreatment, trough and peak phases to measure the activity of physiological coagulation inhibitors,
including AT III and PC/PS or thrombus formation markers such as D-dimer and thrombin-antithrombin
complex (TAT).
Results: D-dimer, TAT and AT III values for the NOAC groups were equivalent in the peak and trough
phases. PC/PS activity in both phases was equally maintained in the pretreatment phase in the NOAC
groups, while the activity in the WG was significantly suppressed in steady state. Moreover, no differ-
ences in trends for PC/PS activity were observed among NOAC groups.
Conclusions: PC/PS activity was constant in both peak and trough phases in the patients on NOACs
compared with activity of those on warfarin. In addition, there was no difference in the findings
among NOACs.
© 2016 Japanese Heart Rhythm Society. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction Warfarin acts as an anticoagulant by inhibiting the production

of the vitamin K-dependent coagulation factors II, VII, IX, and X. In

Anticoagulation therapy for patients with atrial fibrillation (AF)
is essential for prophylaxis against ischemic stroke and systemic
embolism [1,2]. There has been a rapid shift in anticoagulants used
for this purpose, from conventional anticoagulants, vitamin K
antagonists (VKA) to novel oral anticoagulants (NOACs) [3]. NOACs
include the direct thrombin inhibitor, dabigatran, and factor Xa
(FXa) inhibitors, rivaroxaban and apixaban. Recently published
randomized clinical trials have supported the efficacy and safety of
NOACs compared with the VKA, warfarin [4-6].
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contrast, NOACs selectively and reversibly target thrombin or FXa.
Additionally, NOACs have a rapid onset and short half-lives. This
causes fluctuations in their effects between peak and trough
phases compared with warfarin, which develops a constant
anticoagulation effect throughout the entire day [7]. The afore-
mentioned clinical trials have demonstrated a similar incidence of
stroke and systemic embolism despite the unique pharmacological
features of NOACs [4-G]. Meanwhile, Protein C/Protein S (PC/PS)
and AT III have additional antithrombotic effects as physiological
anticoagulation factors. However, little is known about whether
NOAC use has influence on trends in these physiological antic-
oagulant factors. Therefore, the purpose of the study is to reveal
the trends in physiological inhibitors such as AT III, PC or PS, and
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markers of thrombus formation in patients receiving NOACs
compared with those using warfarin.

2. Methods
2.1. Study population

We prospectively investigated 120 consecutive patients with
non-valvular AF who were prescribed NOACs at the Chubu Rosai
Hospital between April 2015 and May 2016. The 120 patients were
randomly divided into three groups: dabigatran group (DG,
N=40), rivaroxaban group (RG, N=40), or apixaban group (AG,
N=40). This study was approved by our Institutional Committee
on Human Research. In addition, all patients provided written
informed consent for study participation. Exclusion criteria were
as follows: patients with congenital coagulation defects or creati-
nine clearance (Ccr) <30 mL/min. Ccr was determined using the
Cockcroft Gault formula. The dabigatran dose was decided
according to the renal function or age of patients. A low dose of
dabigatran (110 mg twice daily) was administered to patients who
had the following conditions: moderate renal dysfunction (Ccr 30-
50 mL/min), advanced age (> 70 years), a history of upper gas-
trointestinal ulcer, or co-administration of glycoprotein inhibitors
(amiodarone or verapamil). A low dose of rivaroxaban (10 mg once
daily) was administrated to patients with mild renal dysfunction
(Ccr 30-50 mL/min). The apixaban dose was decided according to
age, body weight, or renal function. A low apixaban dose (2.5 mg
twice daily) was administered to patients with any two of the
following characteristics: advanced age (>80 years), renal dys-
function (serum creatinine concentration > 0.5 mg/dL) and lower
body weight ( < 60 kg). The patients in the RG were administrated
rivaroxaban as a morning dose. The warfarin group (WG) consisted
of the same number of patients as each NOAC group, matched for
age, sex, and type of AF during the same time period. The warfarin
dose was adjusted to maintain a target international normalized
ratio (INR) of 1.6-2.6 for older (>70 years) and 2.0-3.0 for
younger individuals ( < 70 years).

3. Blood sampling

Blood samples for NOAC groups were obtained from each
patient before beginning the administration, immediately before
morning dose (trough phase) and approximately 3 hours after
they had received the anticoagulants (peak phase) when the peak
plasma concentration of NOACs had been reached.

In addition, the samples in the peak and trough phases were
collected > 7 days after the start of anticoagulant therapy as a
steady state measurement in the DG, RG, or AG, while the samples
in the WG were obtained at random times. Measurement para-
meters in each phase included prothrombin time (PT), activated
partial thromboplastin time (APTT), D-dimer, thrombin-antith-
rombin complex (TAT), AT III, and PC/PS, which were compared
across phases and anticoagulant groups. In tests of blood coagu-
lation, values for PT and APTT were obtained using Thromborel S®
and Thrombocheck aPTT-SLA® as the reagent, respectively. D-
dimer or TAT was determined using a quantitative latex aggluti-
nation assay or enzyme immunoassay, respectively. AT III, PC or PS
activity was measured using the Factor Xa-based method, chro-
mogenic method, or free protein S antigen latex immunoassay
method, respectively.

3.1. Statistical analysis

All continuous variables were expressed as mean + SD or as
median and interquartile ranges. All categorical variables were
reported as number (percentage) of patients. A paired Student's t
test, Mann-Whitney U test, one-way analysis of variance (ANOVA),
or Kruskal-Wallis test was used to compare the continuous vari-
ables, and categorical variables were compared using a chi-square
or Fisher exact test. Differences were considered statistically sig-
nificant at P < 0.05. All the results were analyzed using SPSS ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA).

4. Results
4.1. Patients’ characteristics

Blood samples were collected from a total of 120 patients using
NOACs. Groups of 40 patients were allocated to the DG, RG, or AG.
The 40 patients receiving warfarin were extracted matched for age,
sex and type of AF with the patients in each NOAC group during
the same time period. The baseline characteristics of each group
are summarized in Table 1. Overall, no significant difference in any
factor was observed among the groups except for the data on the
rate of low-dose treatments.

4.2. Trends in the coagulation markers in each anticoagulant group

Trends for coagulation markers in each anticoagulant group are
shown in Table 2. In the peak phase, the PT value for the RG and
WG was longer than that of the DG and AG (13 +2s, 17 +2s,
13+1s and 27 +4s in the DG, RG, AG and WG, respectively;
Table 2) while the APTT for the DG and RG was longer than that of
the other groups (46+3s, 47+5s, 35+ 25, and 41 +3 s in the
DG, RG, AG, and WG, respectively; Table 2). Moreover, APTT values

Table 1
Patient characteristics.

DG RG AG WG P value
N=40 N=40 N=40 N=40

Age (years) 69+8 70+7 70+ 6 69+ 10 0.85

Sex (female) 10 (25) 10 (25) 13 (33) 12 (30) 0.84

Body weight (kg) 60+ 18 58 + 11 58 + 11 56+7 0.79

Paroxysmal AF 20 (50) 18 (45) 19 (48) 18 (36) 0.98

Coronary artery 9 (23) 9 (24) 8 (20) 7 (18) 0.94
disease

Hypertension 21 (53) 16 (40) 23 (58) 18 (45) 0.41

Diabetes mellitus 15 (38) 8 (20) 10 (25) 10 (25) 0.21

History of heart 6 (15) 7 (18) 3(8) 4 (10) 0.52
failure

Prior stroke/TIA 5 (13) 3(8) 3(8) 4 (10) 0.85

CHADS2 score 17+15 16+ 11 1.8+12 16+13 0.94
0 5(13) 6 (15) 4 (10) 8 (20) 0.62
1 12 (30) 13 (33) 11 (28) 12 (30) 0.97
>2 23 (58) 21 (53) 25 (63) 20 (50) 0.32

CHA2DS2-VASc  32+2.0 28+13 32415 22416 026
score

LA size (mm) 41+4 43+6 44 +5 44 +7 0.53

LVEF (%) 68 +7 59+ 10 67+ 10 65+6 0.17

BNP (pg/mL) 95 (15, 286) 194 (87, 140 (90, 149 (46, 0.41

513) 232) 300)
Ccr (mL/min) 59+13 59+ 11 54+ 14 54+ 14 0.61
Low dose 28 (70) 20 (50) 10 (25) - <0.001

Values are the mean + standard deviations (SD) or n (%). Abbreviations: WG,
warfarin group; DG, dabigatran group; RG, rivaroxaban group; AG, apixaban group;
AF, atrial fibrillation; TIA, transient ischemic attack; LA, left atrium; LVEF, left
ventricular ejection fraction; BNP, brain natriuretic peptide; Ccr, creatinine clear-
ance; PT, prothrombin time; INR, international normalized ratio; APTT, activated
partial thromboplastin time.
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Table 2
Trends in coagulation markers among anticoagulants.

DG RG AG WG P value
N=40 N=40 N=40 N=40

PT (s) Pre 1243 1244 1143 - 0.10
Peak 13+2 17+2 13+1 27+4 < 0.001
Trough 12+1 13+1 14+2 27+4 <0001

PT-INR - - . - 22+01 -

APTT (s) Pre 28+2 27+3 28+3 - 0.87
Peak 46 +3 47+5 35+2 41+3 <0.001
Trough 3845 33+4 33+4 41+3 <0.001

D-dimer (pg/mL) Pre 11402 12+05 12407 - 0.28
Peak 06+0.7 06+03 07+03 06+0.2 0.31
Trough 06+04 0.7+02 0.7+02 06+0.2 0.37

TAT (pg/L) Pre 18402 19+07 22407 - 0.47
Peak 20+05 12+04 17405 2.0+07 <0005
Trough 15402 17406 20+07 20407 <0.001

AT 1II (%) Pre 94+10 98+12 9449 - 0.39
Peak 110+8 121+19 127+16 101+10 <0.005
Trough 96 +4 96+10 105+7 101+10 0.08

PC (%) Pre 94+15 98+16 105+12 - 0.46
Peak  117+10 103+10 100+15 51+7  <0.001
Trough 104+8 107+20 101+12 51+7  0.90

PS (%) Pre 90+14 91+8 89+9 - 0.82
Peak 88+4 84+10 88+8 43+4  <0.001
Trough 80+6 89+11 85+10 43+4  <0.001

Values are the mean + standard deviations (SD). Data in the WG are values in
steady state, Abbreviations: DG, dabigatran group; RG, rivaroxaban group; AG,
apixaban group; PT, prothrombin time; APTT, activated partial thromboplastin
time; TAT, thrombin-antithrombin complex; AT IlI, antithrombin III; PC, protein C;
PS, protein S.

P <0.05 N.S
14 - [ [
12 4 [ N.S
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Fig. 1. Trends in D dimer, TAT in patients for each anticoagulant group in the
pretreatment, peak, and trough phase. A dotted line shows the value in the WG. DG,
dabigatran group; RG, rivaroxaban group; AG, apixaban group; WG, warfarin
group; TAT, thrombin-antithrombin complex.
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in the DG and RG in the peak phase were significantly longer than
those in the pretreatment phase or trough phase (46 +3s,
28+25,38+5sand 47+ 55,27 + 35,33+ 45 in the DG and RG,
respectively; Table 2). The mean INR was 2.2+ 0.1 in the WG
(Table 2). D-dimer levels were equivalent in all phases among all

Table 3

Comparison of trends in coagulation markers between high and low dose group in

each NOAC group.

DG N=40
HG, N=12 LG, N=28 P value
PT (s) Pre 12+3 12+1 0.62
Peak 14+2 1342 0.16
Trough 12+2 12+1 0.77
APTT (s) Pre 28+4 29+6 0.56
Peak 48 +4 45+8 0.34
Trough 37+ 11 38+4 0.41
D-dimer (pg/mL) Pre 1.2+01 11+0.2 0.29
Peak 08+ 1.1 05+0.3 < 0.005
Trough 0.6+04 0.7+0.2 <0.005
TAT (ug/L) Pre 20+05 1.9+05 0.44
Peak 1.8+ 0.6 21+04 0.32
Trough 13+02 14+03 0.06
AT I (%) Pre 98 +13 91+ 14 0.30
Peak 107 £ 15 103 £23 0.50
Trough 97 +4 95+8 0.38
PC (%) Pre 102 £ 16 105 +12 0.19
Peak 8+ 1 116 + 12 0.80
Trough 103+ 15 109 + 14 0.59
PS (%) Pre 89+ 12 95+ 11 0.18
Peak 95+4 76 + 16 0.15
Trough 82+6 81+10 0.37
RG, N=40
HG, N=20 LG, N=20 P value
PT (s) Pre 13+3 12+1 035
Peak 18+2 15+2 0.23
Trough 13+1 1342 0.88
APTT (s) Pre 32+4 31+3 0.94
Peak 46 +4 48 +8 0.63
Trough 3345 34+4 0.89
D-dimer (pg/mL) Pre 13+02 12+05 0.48
Peak 0.7+11 06+0.3 041
Trough 05+04 0.7+0.2 0.09
TAT (ng/L) Pre 20+05 1.8 +0.7 0.58
Peak 12409 1.3+04 0.71
Trough 1.7+0.2 1.6+ 04 0.87
AT 11T (%) Pre 104+ 13 109 + 10 0.69
Peak 136 +£ 15 106 +23 <0.05
Trough 104 +4 90+ 10 0.17
PC (%) Pre 102 + 16 97 + 20 0.66
Peak 105+8 107 + 10 0.77
Trough 119+ 15 107 £ 25 0.32
PS (%) Pre 74+ 11 81+10 0.23
Peak 78+6 91+10 0.18
Trough 85+7 94+ 18 0.26



120 T. Nagao et al. / Journal of Arrhythmia 33 (2017) 117-121

AG, N=40
HG, N=30 LG, N=10 P value
PT (s) Pre 11+3 11 +1 0.66
Peak 14+2 12+2 0.16
Trough 14+1 14+1 0.70
APTT (s) Pre 28+4 29+6 0.94
Peak 37+4 34+8 0.18
Trough 35+5 31+4 0.15
D-dimer (pg/mL) Pre 12+0.1 12+0.2 0.71
Peak 08+ 11 09+03 0.41
Trough 09+04 1.0+0.2 0.45
TAT (pg/L) Pre 22405 21+08 0.59
Peak 1.6+05 19+04 0.49
Trough 20+0.2 2.0+0.6 0.91
AT 11 (%) Pre 94+ 13 94+ 17 0.98
Peak 141+ 10 115+ 15 <0.05
Trough 141+4 112+ 14 <0.005
PC (%) Pre 104 + 12 107 + 15 0.60
Peak 104 +12 98 +10 0.38
Trough 100 + 16 103 + 20 0.51
PS (%) Pre 91+10 89+ 11 0.21
Peak 88+ 10 95+ 16 0.10
Trough 80+6 92 +10 0.21

Values are the mean =+ standard deviations (SD). Abbreviations: DG, dabigatran
group; RG, rivaroxaban group; AG, apixaban group; HG, high dose group; LG, low
dose group; PT, prothrombin time; APTT, activated partial thromboplastin time;
TAT, thrombin-antithrombin complex; AT III, antithrombin IIl; PC, protein C; PS,
protein S.

the groups (Table 2, Fig. 1). In the RG, the TAT value in the peak
phase was lower than that of the other groups (1.2 + 0.4 pg/L,
2.0+ 0.5 pg/L, 1.7 £ 0.5 pg/L, and 2.0 4+ 0.7 pg/L in the RG, DG, AG,
and WG, respectively; Table 2) while TAT in the trough phase was
lower in the DG than in the other groups, shown in Table 2
(1.54+0.2 pg/L, 1.7 £ 0.6 pg/L, 2.0 + 0.7 pg/L, and 2.0 + 0.7 pg/L in
the DG, RG, AG, and WG, respectively). No significant differences in
D-dimer and TAT were observed between the pretreatment phase
and peak/trough phases in any of the NOAC groups (Fig. 1).
Meanwhile, AT III activity in the WG in the peak and trough
phases was lower than that in the NOAC groups (Table 2). PC/PS
activity was demonstrated for each group (Table 2). In the NOAC
groups, the activity in the peak/trough phases was equal to that in
the pretreatment phase while the value for the WG was sig-
nificantly suppressed as compared with that of the NOAC groups
as shown in Table 2. Additionally, there was no difference in
physiological markers including AT III, PC, and PS activity among
NOAC groups (Table 2). In comparison between low and high dose
groups within each NOAC group, the only differences found was
for D-dimer values in the peak/trough phases in the DG and AT III
activity in the peak/trough phases in the RG and AG (Table 3).

5. Discussion
5.1. Main findings

The present study has demonstrated that the effects of phy-
siological factors including PC/PS, in patients using NOACs were

constantly maintained in both the peak and trough phases of the
steady state condition compared with those of patients of

receiving warfarin. In addition, no difference in trends for these
factors was observed among NOAC groups.

5.2. Monitoring of anticoagulant effects in patients treated with
NOACs

Conventional anticoagulation tests, PT and APTT are known to
be suboptimal for evaluating the anticoagulation effects of NOACs.
These methods are still inadequate for precise measurements and
the sensitivity varies among the reagents used in the tests [8-11].
Meanwhile, reports that anti-Xa activity or the level of pro-
thrombin fragment 1+2 reflects the anticoagulation effects of
apixaban or rivaroxaban have been presented recently, which
might lead to the daily clinical application of these tests [12,13]. At
present, diluted thrombin time or ecarin clotting time is reported
to be useful in patients receiving dabigatran, but these might not
be practical methods for use as high-specificity laboratory tests
[14]. Simple methods for estimating the anticoagulation effects of
NOACs at low cost are desirable in patients treated with NOACs.

5.3. Role of physiological factors in patients with NOACs

Data on the role of physiological anticoagulant factors including
AT III or PC/PS are currently limited in patients receiving NOACs. AT
IIl is an inhibitory physiological anticoagulation factor. Its primary
action is to inhibit both thrombin and FXa by lysing them, which
prevents blood coagulation. The present results showed that AT III
activity in the NOAC groups was equivalently maintained in all
phases indicating that the use of NOACs has no significant effect on
AT III activity. PC/PS is an important physiological anticoagulation
factor. PC is rapidly converted to activated PC by the thrombomo-
dulin-thrombin complex using PS as a coenzyme. Finally, PC hinders
both factors V and VIII [15]. Moreover, PC/PS is inactivated early by
the VKA, warfarin, which leads to the incidence of thromboembolic
events, especially in induction. The present study showed that PC/PS
activity in patients treated with NOACs was equal and maintained in
all phases although the activity was inactivated by warfarin
(Table 2). These results suggest that NOAC use might decrease the
occurrence of embolism in the induction period of anticoagulants
compared with warfarin use.

5.4. Trends in thrombus formation makers in each phase

D-dimer and TAT measurements used in the present study are
available as markers of thrombus formation in clinical practice. D-
dimer is an established marker that reflects the generation of
fibrin or thrombin. An increase in the value has been reported to
predict thromboembolic events in patients with non-valvular AF
[16]. The TAT measurement is clinically essential for the diagnosis
of thromboembolic events, as is D-dimer. Elevated concentrations
of TAT are found in patients predisposed to thrombosis. The pre-
sent study has shown that both D-dimer and TAT values decreased
in the pretreatment phase with the induction of each antic-
oagulant in a steady state (Fig. 1). In addition, there were no dif-
ferences in D-dimer value among the NOACs or between NOAC
groups and the WG for both the peak and trough phases (Fig. 1,
Table 2). The results demonstrate that optimal anticoagulation
conditions might be maintained with proper NOAC use, as with
warfarin use (Table 2). In comparison among NOAC groups, a slight
increase in the TAT value in the peak phase was observed only in
the DG, although the rise was not statistically significant. Fur-
ugohri et al. demonstrated that use of a direct thrombin inhibitor
could cause inhibition of the negative-feedback system involving
thrombin, thrombomodulin, and PC, which leads to the enhance-
ment of thrombin generation [17]. Moreover, the phenomenon
was not observed with FXa inhibitor use [17]. On the other hand,
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the RE-LY trial showed that dabigatran slightly increased the
incidence of myocardial infarction (MI) compared with warfarin
(0.74% per year vs. 0.53% per year) [4]. However, the results
showing that dabigatran leads to MI are still questionable con-
sidering the data for Asian patients [18]. In the present study, the
increase in the TAT value for the DG might reflect the result of the
RE-LY trial*. However, the rise did not lead to an increase in D-
dimer value (Fig. 1). Therefore, the increase in TAT in the peak
phase might have little impact in clinical practice with regard to
the occurrence of thromboembolic events.

5.5. Limitations

This study was performed in a single center. In addition, the
sample size was small in each anticoagulant group. Thus, the results
should be interpreted along with previously published outcomes.
Secondly, several of the values for coagulation factors measured in
the present study are affected by the coagulation assays used in
institutions. PT and APTT values are especially variable depending on
the reagents. AT III values might undergo interference because of the
FXa-based assay used in the RG and AG. Therefore, the result needs
to be interpreted cautiously. Thirdly, blood sampling in the peak
phase was performed three hours after the administration of NOACs.
The timing might be different from the actual peak phase because
trends in the blood concentration of NOACs after intake vary slightly
among individuals.

6. Conclusions

This prospective study showed that PC/PS activity was main-
tained in both the peak and trough phases as in the pretreatment
phase for patients using NOACs compared with those using war-
farin. Additionally, there was no difference in the effects of these
physiological anticoagulation factors among NOACs.
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