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Impact of Total Antithrombotic Effect on
Bleeding Complications in Patients Receiving
Multiple Antithrombotic Agents
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Background: Few reports have evaluated the total antithrombotic effect of multiple antithrombotic agents.

Methods and Results: Thrombus formation was evaluated with the Total Thrombus-formation Analysis System (T-TAS®) using 2
types of microchips in 145 patients with stable coronary artery disease receiving oral anticoagulants plus single- or dual-antiplatelet
therapy. The PL-chip coated with collagen is designed for analysis of the platelet thrombus formation process under shear stress
condition (18 uL/min). The AR-chip coated with collagen and tissue thromboplastin is designed for analysis of the fibrin-rich platelet
thrombus formation process under shear stress condition (4 uL/min). The results were expressed as an area under the flow pressure
curve (PL1s-AUC10 and AR4-AUCso, respectively). Bleeding events occurred in 43 patients during a 22-month follow-up. AR4-AUCzso
was significantly lower in patients with bleeding events than in those without (584 [96-993] vs. 1,028 [756-1,252], P=0.0003).
Multivariate logistic regression analysis identified AR4-AUCso (odds ratio 3.18) as a significant predictor of bleeding events, in addition
to baseline anemia and usage of the standard dose of direct oral anticoagulants. However, PL1s-AUC10 was not significantly related
to bleeding events.

Conclusions: A lower AR4+-AUCao level was associated with increasing risk of subsequent bleeding complications in patients with

stable coronary artery disease who received multiple antithrombotic agents.
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essary in patients with mechanical heart valves, and

in most with atrial fibrillation (AF) or venous
thromboembolism. Approximately 20-30% of these patients
have concomitant coronary artery disease (CAD) that
requires percutaneous coronary intervention (PCI) with
stenting.! Antiplatelet therapy has been a cornerstone of
medical therapy in patients with CAD, but the combina-
tion of oral anticoagulants and antiplatelet therapy is asso-
ciated with an increased risk of bleeding complications.
Therefore, the optimum treatment in patients who have
coexisting CAD and mechanical heart valves, AF, or
venous thromboembolism is unclear when thrombotic and
bleeding risks are both taken into account. The treatment
strategy for patients receiving multiple antithrombotic
agents, oral anticoagulants plus single- or dual-antiplatelet
therapy must balance the risk of a bleeding event with the

l ong-term treatment with oral anticoagulants is nec-

expected benefit of thrombotic event reduction. The con-
ventional therapy has been to combine all 3 drugs in a
strategy known as triple therapy. However, this approach
has resulted in excessive major bleeding, with rates of 2.2%
within the first month and 4-12% within the first year of
treatment.?

The WOEST (What Is the Optimal Antiplatelet and
Anticoagulant Therapy in Patients with Oral Anticoagula-
tion and Coronary Stenting) trial demonstrated that sin-
gle-antiplatelet therapy with clopidogrel plus oral
anticoagulation was associated with a significantly lower
risk of bleeding complications than was triple therapy with
aspirin, clopidogrel, and oral anticoagulation in patients
undergoing PCI who required anticoagulation treat-
ment.3 In addition, the PIONEER AF-PCI (Open-Label,
Randomized, Controlled, Multicenter Study Exploring
Two Treatment Strategies of Rivaroxaban and a Dose-
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Adjusted Oral Vitamin K Antagonist Treatment Strategy
in Subjects with Atrial Fibrillation who Undergo Percuta-
neous Coronary Intervention) trial demonstrated that low-
dose rivaroxaban plus single-antiplatelet therapy and
very-low-dose rivaroxaban plus dual-antiplatelet therapy
could significantly lower the risk of bleeding complications
compared with conventional triple therapy with warfarin
and dual-antiplatelet therapy.# However, both trials
showed that about 14-15% of patients receiving single-
antiplatelet therapy plus anticoagulant agents had bleeding
complications requiring medical attention. There may be
an inter-individual variability in the response to anti-
thrombotic agents, so assessment of antithrombotic effects
is desirable to avoid bleeding complications, especially
in patients receiving multiple antithrombotic agents.
However, it is difficult to monitor the total antithrombotic
effect using conventional methods, such as prothrombin
time-international normalized ratio (PT-INR), activated
partial thromboplastin time (aPTT), and platelet function
tests in patients receiving multiple antithrombotic agents.

Recently, the Total Thrombus-formation Analysis
System (T-TAS; Fujimori Kogyo Co Ltd., Japan), a
microchip-based flow chamber system that can evaluate
whole-blood thrombogenicity, was developed as an easy-
to-use system for quantitative analysis of thrombus forma-
tion.56 A previous study reported that quantitative analysis
of thrombus formation with T-TAS using the AR-chip was
potentially useful for predicting bleeding events in AF
patients undergoing catheter ablation.” Thus, the aim of
the present study was to evaluate the relationship between
quantitative analysis of antithrombotic effects with T-TAS
and subsequent bleeding complications in patients receiv-
ing multiple antithrombotic agents.

Methods

Subjects
Between September 2013 and May 2017, quantitative anal-
ysis of antithrombotic effects, using T-TAS, was performed

in 145 patients with stable CAD (125 men; mean age, 74
years) who were undergoing oral anticoagulation treat-
ment in addition to single- or dual-antiplatelet therapy. In
this retrospective and observational study, all study
patients were on oral anticoagulation treatment with direct
oral anticoagulants (DOACs) or vitamin K antagonists
plus antiplatelet therapy with 100 mg/day of aspirin and/or
a Japanese standard dose of a P2Y12 receptor inhibitor
(75mg/day clopidogrel or 3.75mg/day prasugrel) for at
least 7 days. Oral anticoagulants and antiplatelet agents
were prescribed at each doctor’s discretion. Exclusion cri-
teria included any bleeding events within 30 days before
enrollment, a hemoglobin level <7 g/dL or >18 g/dL, a plate-
let count <50,000/uL or >500,000/uL, hematologic or malig-
nant disease, hemodialysis, severe liver dysfunction, and
administration of a loading dose of P2Y 12 receptor inhib-
itors, or fibrinolytic agents within 7 days before enroll-
ment. The study protocol was approved by the Ethics
Committee of Yokohama City University. Written, com-
prehensive, informed consent was given by all patients.

Collection of Blood Samples

Blood samples were collected as described in detail previ-
ously.8 Briefly, blood samples were collected from the ante-
cubital vein with a 21-gauge needle into the following
tubes: hirudin-containing blood sampling tube (MP0600
[Verum Diagnostica]; final concentration of hirudin
25ug/mL); blood collection tubes (VP-CA050K 70, Venoject
II; Terumo), and syringe containing 0.11mL of 3.8% sodium
citrate solution. Whole-blood samples were kept at room
temperature for 1h, and thereafter thrombus formation
was measured with T-TAS.

All blood samples of patients receiving DOACs were
obtained 2-4h after taking DOACs, and those of patients
receiving vitamin K antagonists were obtained after war-
farin doses were fixed in the steady state.

Measurement of Thrombogenicity Using T-TAS
T-TAS is an automated, microchip-based flow chamber
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Table 1. Patients’ Clinical Characteristics and Blood Examinations According to Subsequent Bleeding
Events
With bl?ﬁ::&% events Without z:i‘:glzn)g events P value
Male (%) 39 (91) 86 (84) 0.31
Age (years) 75+9 74+10 0.70
BMI (kg/m2) 22.8+2.7 23.4+3.6 0.36
Current smoking (%) 10 (23) 15 (15) 0.21
Hypertension (%) 33 (77) 80 (78) 0.82
Dyslipidemia (%) 27 (63) 63 (62) 0.91
Diabetes mellitus (%) 17 (40) 43 (42) 0.77
Prior MI (%) 28 (65) 72 (71) 0.52
Prior PCI (%) 31 (72) 79 (77) 0.49
Prior stroke/TIA (%) 4(9) 11 (11) 0.79
Stent implantation (%) 26 (60) 67 (66) 0.55
DES (%) 16 (37) 44 (43) 0.51
BMS (%) 11 (26) 30 (29) 0.64
Atrial fibrillation (%) 38 (88) 89 (87) 0.85
Peripheral artery disease (%) 1(2) 6 (6) 0.36
CHADS2 score 2.2+1.2 2.4+1.2 0.37
=2 (%) 33(77) 74 (73) 0.60
HAS-BLED score 2.5+0.9 2.3+0.9 0.14
>3 (%) 19 (44) 28 (27) 0.049
Baseline anemia (%) 28 (65) 38 (37) 0.0021
Platelet count (x104/uL) 18.5+6.5 19.3+5.3 0.47
eGFR <60 mL/min/1.73m? (%) 29 (67) 68 (67) 0.93
PT-INR 1.5[1.3-2.0] 1.7 [1.4-1.9] 0.61
aPTT (s) 39.3 [33.8-46.9] 37.4[33.3-41.8] 0.11
Aspirin (%) 34 (79) 90 (88) 0.15
P2Y12 inhibitors (%) 23 (53) 42 (41) 0.17
Clopidogrel (%) 17 (40) 39 (38) 0.88
Prasugrel (%) 6 (14) 3(3) 0.012
ARB/ACEI (%) 35 (81) 68 (67) 0.074
Statins (%) 34 (79) 86 (84) 0.45
B-blockers (%) 31 (72) 77 (75) 0.67
Calcium-channel blockers (%) 12 (28) 40 (39) 0.19
Oral antidiabetic agents (%) 9 (21) 29 (28) 0.35
Proton-pump inhibitors (%) 37 (86) 79 (77) 0.24
DOACs (%) 27 (63) 42 (41) 0.017
Standard dose of DOACs (%) 16 (37) 14 (14) 0.0014
Warfarin (%) 16 (37) 60 (59) 0.017
Triple therapy (%) 14 (33) 30 (29) 0.71
Dual therapy (%) 29 (67) 72 (71) 0.71
PL1s-AUCH1o 107 [12-200] 146 [74-187] 0.097

Data are expressed as n (%), means +SD, or medians [interquartile range]. Anemia defined as hemoglobin <13g/dL
(male) or <12g/dL (female); triple therapy defined as dual-antiplatelet therapy plus oral anticoagulants. ACEI,
angiotensin-converting enzyme inhibitors; aPTT, activated partial thromboplastin time; ARB, angiotensin-receptor
blockers; BMI, body mass index; BMS, bare metal stent; DES, drug-eluting stent; DOACs, direct oral anticoagulants;
eGFR, estimated glomerular filtration rate; MI, myocardial infarction; PCI, percutaneous coronary intervention;
PL1-AUC+0, area under the flow pressure curve for the first 10min for PL-chip tested at flow rate of 18uL/min;
PT-INR, prothrombin time-international normalized ratio; TIA, transient ischemic attack.

system developed for easy and quick assessment of throm-
bus formation under shear stress conditions as previously
described.589 Briefly, this system is equipped with a rectan-
gular capillary, a pneumatic pump, and a flow pressure
sensor. Thrombus formation is analyzed by continuous
monitoring of the flow pressure change resulting from
capillary occlusion. Thrombus formation is evaluated with
2 types of microchips: a PL-chip and an AR-chip. The PL-

chip contains 25 capillary channels (width, 40 yum; depth,
40 um) coated with type I collagen. Inside the microchip,
platelets adhere and aggregate on the surface of the colla-
gen, and microchip capillaries are occluded. The AR-chip
contains a single capillary channel (width, 300 um; depth,
80pm) coated with type I collagen plus tissue thromboplas-
tin. Inside the microchip, activation of the platelets and the
coagulation system is triggered simultaneously by collagen
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Table 2. Univariate Logistic Regression Analysis

OR
Age (=75 years) 1.00
Male 1.81
BMI* 1.22
Current smoking 1.76
Hypertension 0.91
Dyslipidemia 1.04
Diabetes mellitus 0.90
Prior MI 0.78
Prior PCI 0.75
Stent implantation 0.80
DES 0.78
BMS 0.83
Prior stroke / TIA 0.85
Atrial fibrillation 1.1
CHADS?2 score =2 1.25
HAS-BLED score >3 2.09
Baseline anemia 3.14
Platelet count* 1.63
eGFR <60 mL/min/1.73m?2 1.04
PT-INR** 0.70
aPTT** 1.54
Aspirin 0.50
P2Y12 inhibitors 1.64
Clopidogrel 1.06
Prasugrel 5.35
ARB/ACEI 2.19
Statins 0.70
Proton-pump inhibitors 1.80
DOACs 2.41
Warfarin 0.41
Standard dose of DOACs 3.72
Triple therapy 1.16
PL1s-AUC10* 1.86
AR4-AUCa30* 3.84

95% CI P value
0.49-2.06 0.99
0.62-6.64 0.29
0.60-2.53 0.58
0.70-4.27 0.22
0.39-2.19 0.82
0.50-2.21 0.91
0.43-1.85 0.77
0.37-1.68 0.52
0.34-1.73 0.50
0.38-1.68 0.55
0.37-1.61 0.51
0.36-1.81 0.64
0.22-2.65 0.79
0.39-3.66 0.85
0.56-2.97 0.60
0.99-4.41 0.052
1.51-6.75 0.0020
0.79-3.38 0.18
0.49-2.25 0.93
0.34-1.46 0.35
0.72-3.35 0.27
0.20-1.33 0.16
0.80-3.39 0.17
0.50-2.18 0.88
1.34-26.39 0.018
0.95-5.53 0.067
0.29-1.80 0.45
0.71-5.19 0.22
1.17-5.10 0.017
0.20-0.86 0.017
1.62-8.72 0.0021
0.53-2.47 0.71
0.91-3.90 0.090
1.81-8.60 0.0004

*Lower than the median value. **Higher than the median value. AR4+-AUCzso, area under the flow pressure curve for
the first 30 min for AR-chip tested at flow rate of 4 uL/min; ClI, confidence interval; OR, odds ratio. Other abbreviations

as in Table 1.

and tissue thromboplastin, respectively. The area under the
flow pressure curve (AUC) was analyzed to assess throm-
bogenicity inside the microchip. The AUC for the first
10min for the PL-chip at a flow rate of 18uL/min is
described as PLis-AUC10, and the AUC for the first
30min for the AR-chip at a flow rate of 4uL/min was
described as AR4-AUC30. These pressure-time integrals
were used to quantify the overall stability of thrombus.
Lower PLis-AUCi0 or AR4-AUC30 values presumably
reflect slow or reduced thrombus growth, or alternatively
a rapid breakdown of thrombus.?

Clinical Outcomes

Prognostic information was obtained using electronic med-
ical records or telephone interviews. Bleeding complica-
tions were defined as type 1, 2, 3, or 5 bleeding, according
to the Bleeding Academic Research Consortium (BARC)
definitions.!® Major adverse cardiovascular events (MACE)
were defined as death from cardiac cause, myocardial
infarction, or ischemic stroke.

Statistical Analysis

Continuous variables in baseline characteristics are reported
as meanxSD or as median (interquartile range [IQR]) and
were compared with the use of Student’s t-test or the
Mann-Whitney U-test. Categorical variables in baseline
characteristics are expressed as frequencies (percentages)
and were compared by chi-square test. Univariate vari-
ables to predict bleeding complications were analyzed, and
variables with P<0.05 on univariate analysis were entered
into a multivariate logistic regression analysis with the
forced entry method. Event-free rates from the time of
study entry were estimated by the Kaplan-Meier method
and compared by the log-rank test. P<0.05 was considered
to indicate statistical significance. All data were analyzed
with JMP® 12 (SAS Institute Inc., Cary, NC, USA).

Results

Distribution of T-TAS Parameters
De-escalation from triple therapy to dual therapy was
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Table 3. Multivariate Logistic Regression Analysis

Model 1 Model 2
AR4-AUCs30* 3.18 (1.44-7.33), P=0.0041 4.17 (1.79-10.51), P=0.0008
Baseline anemia 2.33 (1.05-5.25), P=0.036 4.05 (1.70-10.39), P=0.0013
Prasugrel 2.85 (0.60-15.98), P=0.19
DOACs 2.17 (1.00-4.84), P=0.051 0.92 (0.33-2.46), P=0.87
Standard dose of DOACs 7.29 (2.24-26.44), P=0.0007

Data are expressed as OR (95% ClI), P value. *Lower than the median value. Abbreviations as in Tables 1,2.

P=0.0003

High thrombogenicity

1500
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500 Figure 2. Median AR4+-AUCs0 (total
thrombogenicity level) is significantly
lower in patients with subsequent
bleeding events than in those without

Low thrombogenicity bleeding events. ARs-AUCs0, area
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events (n=43) events (n=102) flow rate of 4uL/min.

found in 37 patients during the follow-up periods (median
time of de-escalation was 85 days). However, escalation 15% 1a%
from dual therapy to triple therapy was not observed.
Bleeding events occurred in 43 patients during an average
22-month follow-up. The definition of BARC 1, 2, and 3
was met 16 (37%), 18 (42%), and 9 (21%), respectively, of
those patients with bleeding events. 10%

Figure 1 shows the distribution of AR4+-AUC30 (median, 8%
967;1QR, 491-1,215) and PLis-AUC1o (median, 131; IQR,
51-188) in all study patients. The effects of antithrombotic

agents assessed using T-TAS widely varied among indi- 5%
viduals. There was a weak correlation between AR4-AUC30 5%

and PLis-AUCo (r=0.17, P=0.043). 3%
Characteristics of Patients With and Without Bleeding

Events

All subjects were divided into 2 groups according to subse- 0%

. ; a1 Q2 a3 Q4
quent bleeding events. Table 1 shows the baseline charac- (<491)  (491t0<967) (967to<1215) (=1215)
teristics of patients with bleeding events (n=43) and those
without (n=102). The proportions of HAS-BLED score >3 Figure 3. Incidence of patients with bleeding events in 4
(44% vs. 27%, P=0.049), baseline anemia (65% vs. 37%, quartiles according to ARs-AUCso level. Q1, 1st quartile; Q2,
P=0.0021), prasugrel use (14% vs. 3%, P=0.012), usage of 2nd quartile; Q3, 3rd quartile; Q4, 4th quartile. ARs-AUCso,
DOACsS (63% vs. 41%, P=0.017), and usage of the stan- area under the flow pressure curve for the first 30 min for the
dard dose of DOACs (37% vs. 14%, P=0.0014) were sig- AR-chip tested at a flow rate of 4L/min.

nificantly higher among patients with bleeding events than
those without. There were no significant differences
between the 2 groups in other baseline characteristics.
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Predictors of Bleeding Events

Univariate logistic regression analysis demonstrated that
baseline anemia, prasugrel use, usage of DOACs, usage of
the standard dose of DOACs, and AR4-AUC30 were related
to bleeding events (Table 2). However, aPTT, PT-INR,
PL1s-AUCio, and triple therapy (combination of dual-
antiplatelet therapy and oral anticoagulants) were not sig-
nificantly related to bleeding events. Multivariate logistic
regression analysis identified AR4-AUCs30, usage of the
standard dose of DOACsS, and baseline anemia as signifi-
cant predictors of bleeding events (Table 3).

Impact of Thrombogenicity Measured With T-TAS on
Clinical Outcomes

AR4-AUC30 was significantly lower in patients with bleed-
ing events than in those without (584 [96-993] vs. 1,028
[756-1,252], P=0.0003) (Figure 2). Figure 3 shows the inci-
dence of patients with bleeding events across AR4+-AUC30
quartiles. Approximately three-quarters (73%) of patients
with bleeding events were in the first and second ARs-
AUCx0 quartiles.

Study patients were also classified into 2 groups accord-
ing to median AR4-AUCs30 level: low thrombogenicity
group (Gr-L, n=72) and high thrombogenicity group
(Gr-H, n=73). Patients’ characteristics and blood examina-
tions in the 2 groups are shown in Supplementary Table.
At 22 months, the incidence of bleeding events was sig-
nificantly higher in Gr-L than in Gr-H (38% vs. 16%,
P=0.0007) (Figure 4A). MACE occurred in § patients dur-
ing follow-up; however, there were no significant differ-
ences in the incidence of MACE between the 2 groups (3%
vs. 5%, P=0.23) (Figure 4B). According to the median
PLis-AUC1o, there were no significant differences in the
incidence of bleeding events (32% vs. 22%, P=0.18) and
MACE (3% vs. 5%, P=0.37) between the lower PLis-AUCio

group and higher PL1s-AUC!o0 group.

Discussion

To our knowledge, this is the first study to assess whether
low total thrombogenicity increases the risk of bleeding
complications in patients with CAD who receive multiple
antithrombotic agents (combination of oral anticoagulants
and antiplatelet drugs). In the present study, whole-blood
thrombogenicity was assessed using T-TAS; results were
expressed as AR4-AUC30. The effects of antithrombotic
agents assessed using the AR-chip varied widely among
individuals, and patients with bleeding complications had
low on-treatment thrombogenicity compared with those
without. In addition, AR4+-AUC30 was an independent pre-
dictor of subsequent bleeding events. However, PLis-AUC!o,
conventional coagulation tests, including aPTT and PT-
INR, P2Y12 receptor inhibitors use, and triple therapy
were not significant predictors of bleeding events.
Currently, available coagulation assays (e.g., rotational
thromboelastometry, thromboelastography) are mostly
performed under static conditions, so the complex interac-
tions among erythrocytes, platelets, white blood cells, and
coagulation factors under various shear rates cannot be
appreciated. Other systems with high shear rates, including
the Platelet Function Analyzer and the Cone and Plate
analyzer are available to assess platelet adhesion and
aggregation; however, their results do not provide infor-
mation beyond primary hemostasis.!! In addition, the pres-
ent study showed that PLis-AUC!o as the result of platelet
adhesion and aggregation tests was not related to clinical
outcomes. In contrast, the AR-chip, which is novel and
easy to use for quantitative monitoring of the levels of
thrombogenicity under a whole-blood flow state, is a
potential tool for the assessment of platelet activation and
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the coagulation system in patients receiving various types
of antithrombotic therapy.!>13

It has been demonstrated that patients receiving multi-
ple antithrombotic agents have higher rates of bleeding
complications, and patients with bleeding complications
are associated with poor clinical outcomes compared with
those without bleeding complications.!# Therefore, guide-
lines recommend that duration of triple therapy should be
minimized according to bleeding and ischemic risks.!5
Although approximately 6-8% of patients undergoing PCI
have an indication for long-term oral anticoagulants for
various conditions such as AF, mechanical heart valves, or
venous thromboembolism, these patients should be consid-
ered at high risk of bleeding, and the indication for oral
anticoagulants or antiplatelet therapy should be reassessed
and treatment continued only if a compelling indication
exists (e.g., high CHADS?2 score, presence of mechanical
heart valves, a history of recurrent venous thromboem-
bolism, complexity of treated CAD, or a history of stent
thrombosis).!> However, the optimal strategy to balance
prevention of thrombosis with the risk of bleeding is
unclear.!¢17” The dose intensity of vitamin K antagonist
should be carefully monitored, with the PT-INR in the
lower part of the recommended target range. In patients
receiving DOAC:s, it is difficult to monitor the antithrom-
botic effect.’8-21 Our study showed that usage of the stan-
dard dose of DOACsS as part of multiple antithrombotic
therapy was a significant predictor of bleeding events.
Some studies suggest a low dose of DOACs as part of a
combination of antiplatelet therapy has a favorable out-
come, although those studies were underpowered for the
assessment of meaningful differences in the incidence of
relevant ischemic events.#1522 In addition, the use of pra-
sugrel or ticagrelor as part of triple therapy should be
avoided.®

Recent studies have prompted efforts to seek new thera-
peutic strategies.?42¢ Three new promising approaches
have emerged to reduce the risk of bleeding among patients
for whom oral anticoagulants and antiplatelet therapy are
indicated.3#422 These studies demonstrated that a combina-
tion of oral anticoagulants and single-antiplatelet therapy
was associated with a lower rate of clinically significant
bleeding than was standard therapy with oral anticoagu-
lants plus dual-antiplatelet therapy in patients with an
indication for oral anticoagulants who underwent PCI.
However, clinically significant bleeding complications
occurred in approximately 15% of study patients even in
the dual-therapy groups (oral anticoagulants+single-anti-
platelet therapy) within the first year of treatment.3422
Therefore, a useful methodology for assessing the effects of
multiple antithrombotic agents is desirable to avoid bleed-
ing complications.

Ito et al report that thrombogenicity measured with
T-TAS using the AR-chip is useful for assessing the effi-
cacy of vitamin K antagonists and DOACs in AF patients
who have undergone catheter ablation and that this
marker could be useful for predicting periprocedural
bleeding complications.” In the present study, AR4+-AUCs30
was a potentially useful marker of future bleeding events
in patients with CAD receiving oral anticoagulants plus
single- or dual-antiplatelet therapy, although conventional
laboratory data such as aPTT and PT-INR were not.

Study Limitations
First, this single-center, observational study included a

relatively small number of patients. Thus, the sample size
was too small to evaluate ischemic outcomes. Further,
large population studies are needed to evaluate the rela-
tionship between AR4+-AUC30 measured with T-TAS and
rates of ischemic complications. Second, we did not obtain
baseline AR4-AUCs30 values before the administration of
any antithrombotic agents in our study. However, AR4-
AUCH0 levels in the present study were lower than those in
healthy volunteers in previous reports.5 In addition, we did
not evaluate serial measurements of peak and trough val-
ues in patients receiving DOACs. However, all blood sam-
ples from patients receiving DOACs were obtained 2-4h
after taking DOACs, which were estimated as the peak
values, and those of patients receiving vitamin K antago-
nists were obtained after warfarin doses were fixed in the
steady state. It remains unclear whether the peak or trough
point of blood sampling is more strongly related to
bleeding complications in patients receiving DOACs.27-30
Moreover, we did not assess the plasma concentrations of
DOACs, anti-Xa activity, or the relationship between
T-TAS parameters and the concentrations of DOACs or
anti-Xa activity. Furthermore, there was no significant
difference in the frequency of triple therapy between patients
with and without bleeding complications. This finding
might be related to the low intensity of vitamin K antago-
nist therapy and frequent use of underdosing of DOACs in
patients treated with triple therapy. As shown in the pres-
ent study, there is inter-individual variability in the inten-
sity of oral anticoagulants plus antiplatelet agents. Another
explanation is that some patients with triple therapy were
switched to dual therapy. Finally, 37% of patients with
bleeding complications had minimal bleeding. Despite
these limitations, the results of the present study are
expected to contribute to bleeding risk stratification in
CAD patients receiving multiple antithrombotic agents.

Conclusions

Total effects of antithrombotic agents measured with
T-TAS widely varied among individuals. The AR+-AUC3o
level was an independent and significant marker for pre-
dicting subsequent bleeding complications in stable CAD
patients treated with a combination of oral anticoagulants
and antiplatelet agents.
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