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Objective: We report the characteristics of the platelet aggregation test using Hematracer ZEN (HTZ; DS medical, 
Tokyo, Japan) during the perioperative period.
Methods: Among patients undergoing neuroendovascular treatment (EVT) at our hospital between June 2019 and June 
2020, 42 consecutive patients with preoperative dual antiplatelet therapy (DAPT) were included. Oral administration of 
aspirin (ASA) at 81 mg and clopidogrel (CLP) at 75 mg was started 7 days before treatment (Flow Diverter [FD]: 14 days 
before). We evaluated platelet aggregation activity the day before treatment (FD: 2 days before) using HTZ. We adjusted 
the CLP dose according to the platelet aggregation test in each patient. We evaluated the platelet aggregating activity 
after EVT in patients requiring an intracranial stent or in which CLP was adjusted before EVT.
Results: Platelet aggregating activity was able to be evaluated in all patients. In the preoperative examination, the 
efficacy of CLP was insufficient in one patient (2.4%), optimal medical effects were confirmed in 16 (38.1%), mildly 
excessive effects were noted in 10 (23.8%), and highly excessive effects were noted in 15 (35.7%). Reassessment was 
performed postoperatively in 20 patients. We switched CLP to prasugrel in one patient in which the CLP efficacy was 
considered insufficient in the preoperative evaluation. We reduced the CLP dose in seven patients with marked overdose, 
and the optimum range was reached in all. We did not adjust the CLP dose in 12 patients judged to have optimal or mildly 
excessive effects preoperatively, but 4 exhibited highly excessive drug efficacy and required CLP reduction. No 
postoperative symptomatic cerebral infarction or intracranial hemorrhage was observed (mean observation period: 11 
months, range: 4–16 months).
Conclusion: The platelet aggregation test using HTZ was simple and inexpensive, and was useful for adjusting the dose 
of antiplatelet drugs, but its utility should be evaluated in more patients.
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Introduction

During the perioperative period before/after neuroendovas-
cular treatment (EVT), antiplatelet drugs are routinely 
administered to prevent embolic complications.1,2) The oral 
administration of two antiplatelet drugs (dual antiplatelet 

therapy, DAPT) is started 1–2 weeks before treatment. How-
ever, there are individual differences in the inhibitory effects 
of aspirin (acetylsalicylic acid, ASA) and clopidogrel (CLP), 
which are frequently used, on platelet function.3–5)

Hyperresponsiveness to antiplatelet drugs is related to 
hemorrhagic complications,6) whereas resistance is related 
to embolic complications.7) Thus, a preoperative platelet 
aggregation test is important. Furthermore, several studies 
revealed that the drug efficacy gradually becomes exces-
sive after starting oral administration.8,9) In particular, it is 
recommended that DAPT be continued for a long period 
when performing treatment using the Flow Diverter (FD) 
for large aneurysms. Conducting regular platelet aggrega-
tion monitoring is necessary to prevent complications.10)

Hematracer ZEN (HTZ, DS Medical, Tokyo, Japan) is a 
new device for evaluating platelet aggregation using the 
screen filtration pressure (SFP) method. Testing is relatively 
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simple and this method is highly correlated with the light 
transmission aggregometry (LTA) method,11,12) but no study 
has reported its use for the regulation of antiplatelet drugs 
before/after EVT. We report our initial experience with 
HTZ for evaluating the efficacy of perioperative antiplate-
let therapy before/after EVT.

Materials and Methods

Of patients in whom EVT was performed in our hospital 
between June 2019 and June 2020, the subjects were 42 
consecutive patients in whom DAPT (ASA + CLP) was 
introduced before treatment. The mean age was 62.4 ± 12.6 
years. There were 27 females (64.3%). In all, 14 and 7 
patients received statin and eicosapentaenoic acid (EPA) 
preparations, respectively. Concerning techniques, aneu-
rysm treatment was performed in 30 patients (coil emboli-
zation: 12, stent-assisted coil embolization: 7, FD: 10, 
parent artery occlusion: 1), carotid artery stenting (CAS) 
for cervical internal carotid artery stenosis was performed 
in 11 (symptomatic: 2, asymptomatic: 9), and stenting for 
intracranial internal carotid artery stenosis was performed 
in 1. To evaluate platelet aggregation activity, HTZ was 
used in all patients. In Japan, platelet aggregation testing 
using HTZ is covered by health insurance and all measure-
ments conducted in this study were within the range of 
health care services covered by health insurance. Prior to 
this study, its protocol was approved by the ethics review 
board of our hospital and informed consent was received 
from all patients. When the efficacy of CLP was considered 
to be insufficient, the oral administration of prasugrel was 
adopted through ethical inspection.

Perioperative antithrombotic therapy at our hospital
The oral administration of ASA at 81 mg and CLP at 75 mg 
was started 7 days before treatment (FD: 14 days before 
treatment). Platelet aggregation was measured the day 
before treatment (FD: 2 days before treatment). In patients 
requiring the continuation of CLP administration, the regi-
men was regulated as follows based on the results of eval-
uation: (1) drug efficacy insufficiency: CLP was switched 
to prasugrel, (2) optimal range, slightly excessive: CLP at 
75 mg was continued, and (3) highly excessive: the dose of 
CLP was reduced to 50 mg or administration of 75 mg 
immediately after testing for every 2 days. In this study, 
ASA administration was not altered regardless of the 
results of preoperative measurement. In patients who 
underwent intracranial stenting or in whom the dose of 

CLP was regulated before treatment, platelet aggregation 
was reassessed after treatment.

In patients in whom stent-free coil embolization or par-
ent artery occlusion was performed, the absence of embolic 
complications was confirmed and the oral administration 
of CLP was completed the day after treatment. The oral 
administration of ASA was continued for 1 month.

Sample collection and measurement methods
Sample collection and measurement were conducted 
according to the following procedures: (1) Using standard 
venous blood collection methods, 2 mL of whole periph-
eral blood was collected and placed in a blood collection 
tube containing an anticoagulant (3.2% sodium citrate); (2) 
after remaining at room temperature for 1 hour, the blood 
sample was divided into four special containers of 200 mL; 
and (3) respective samples were mixed with 22 mL of solu-
tion prepared by diluting a platelet-aggregation-inducing 
substance into four ranks, respectively, and measurement 
was conducted. As a platelet-aggregation-inducing sub-
stance, collagen (“MCM” collagen H; LMS, Tokyo, Japan) 
was used for drug efficacy tests of ASA. Four concentra-
tions were established: 2.5, 5, 10, and 20 mg/mL. For drug 
efficacy tests of CLP, ADP (“MCM” ADP, LMS, Tokyo, 
Japan) was used. Four concentrations were established: 10, 
20, 40, and 80 mM. The heating time was established as 
1 minute and the reaction time was 5 minutes.

Evaluation of platelet aggregation activity
Assessment of the G type in 6 grades, platelet aggregatory 
threshold index (PATI), and aggregation rate was possible 
with HTZ. In G type 2 or 1 patients, the drug efficacy was 
evaluated as insufficient. G type 0 or –1 was regarded as 
being within the optimal range. In this test system, concrete 
PATI values cannot be calculated in patients with a PATI of 
>8; therefore, they were classified based on the aggregation 
rate at a maximum concentration of the platelet-aggrega-
tion-inducing substance (aggregation rate at Channel 4). 
Briefly, when the aggregation rate at Channel 4 ranged from 
25 to 49%, the G type was evaluated as –2 (the drug effi-
cacy was evaluated as slightly excessive). When it ranged 
from 0 to 24%, the G type was evaluated as –3 (the drug 
efficacy was evaluated as highly excessive) (Table 1).

Results

In all 42 patients, a preoperative platelet aggregation test 
was conducted. In 20, platelet aggregation was reassessed 
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highly excessive on preoperative assessment, the dose of 
CLP was reduced from the day before treatment or the day 
of treatment, and it was confirmed that the optimal range 
was reached in all patients (Fig. 1).

There was no symptomatic cerebral infarction or intra-
cranial hemorrhage during the postoperative course (mean 
follow-up period: 11 months, 4–16 months). However, in 4 
of 12 patients in whom the drug efficacy was evaluated as 
optimal or slightly excessive before treatment, the drug 
efficacy often became excessive, requiring a switch to low-
er-dose administration after treatment (Fig. 2).

Nine patients in the excessive CLP efficacy group (n = 25) 
and five in the optimal group (n = 16) on pretreatment test-
ing received statin preparations, but there was no signifi-
cant difference between the two groups (p = 0.13 >0.05). 
Furthermore, four patients in the former and three in the 
latter received EPA preparations, but there was no signifi-
cant difference between the two groups (p = 1.0 >0.05). 

after treatment, with a mean frequency of 3.8 times per 
patient (total: 76 times). Overall, 118 sessions of measure-
ment were possible without problems. The time required 
for one session of testing involving adjustment of a reagent 
was ≤1 hour in all patients. Regarding the preoperative test 
results in the 42 patients, the efficacy of CLP was evaluated 
as insufficient in 1 (2.4%), being in the optimal range in 16 
(38.1%), slightly excessive in 10 (23.8%), and highly 
excessive in 15 (35.7%). The efficacy of ASA was evalu-
ated as insufficient in 2 (4.8%), being in the optimal range 
in 23 (54.8%), slightly excessive in 8 (19.0%), and highly 
excessive in 9 (21.4%).

In one patient in whom the efficacy of CLP was evalu-
ated as insufficient before treatment, CLP administration 
was discontinued and prasugrel at 20 mg was administered 
the day before treatment. Oral administration at 3.75 mg/
day was continued from the day of treatment. In seven 
patients in whom the efficacy of CLP was evaluated as 

Table 1 Evaluation of drug effects using G type classification according to 
PATI and platelet aggregation rate at Channel 4

G type Drug effects PATI (CLP) PATI (ASA)

 2 Insufficient <1.0 <0.2 

 1 Insufficient 1.0–2.0 0.3–0.5

 0 Optimum 2.0–4.0 0.5–1.0

–1 Optimum 4.0–8.0 1.0–2.0

–2 Mild excess >8.0 (Ch4 <50%) >2.0 (Ch4 >50%)

–3 High excess >8.0 (Ch4 <25%) >2.0 (Ch4 >25%)

ASA: acetylsalicylic acid; CLP: clopidogrel; PATI: platelet aggregatory threshold 
index 

Fig. 1 CLP dose adjustment to the optimal range in patients ini-
tially included in the highly excessive range. The CLP dose was 
reduced to 50 mg and the platelet aggregation ratio reached the 
optimal range in four patients (solid line).The dose was reduced to 
50 mg and then to 50 mg every other day to reach the optimum 
range in three patients (dotted line). CLP: clopidogrel

Fig. 2 Delayed conversion to CLP hyperresponsivity and oral dose 
adjustment to the optimal range. The CLP dose was reduced to 50 
mg 5 days after treatment in 2 patients (solid line). The dose was 
reduced to 50 mg 14 days after treatment in two patients (dotted 
line). The optimal range was reached in three of four patients. The 
mildly excessive range was reached in one patient, but no further 
dose reduction was performed because the risk of stent occlusion 
was considered to be high. CLP: clopidogrel
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on the 5th postoperative day (POD), the drug efficacy was 
evaluated as highly excessive (G type: –3, PATI: >8, aggre-
gation rate at Ch 4: 17%), although the optimal range was 
almost reached. CLP at 50 mg was administered every 2 
days, and follow-up assessment on the 13th POD revealed 
that the optimal range (G type: 0, PATI: 2.8, aggregation 
rate at Ch 4: 100%) had been reached (Fig. 4). During the 
subsequent 13-month follow-up, there was no ischemic or 
hemorrhagic complication.

Discussion

In all, 42 consecutive patients in whom DAPT (ASA + CLP) 
was introduced before EVT, platelet aggregation testing 
using an HTZ was possible. In 20 in whom CLP administra-
tion was continued after treatment, its dose was regulated 

The insufficient drug efficacy group consisted of one 
patient alone, but this patient had not received an EPA or 
statin preparation.

A representative case in which the dose of CLP was reg-
ulated based on the results of a platelet aggregation test is 
presented below.

Case: A 78-year-old woman
FD insertion for a right internal carotid artery aneurysm 
(maximum diameter: 15.8 mm, neck: 8.1 mm) was per-
formed (Fig. 3). The oral administration of ASA at 81 mg 
and CLP at 75 mg was started 14 days before treatment. On 
preoperative assessment at the time of admission (2 days 
before treatment), the drug efficacy was evaluated as highly 
excessive (G type: –3, PATI: >8, aggregation rate at Ch 4: 5%). 
The dose of CLP was reduced to 50 mg. On reassessment 

Fig. 3 Perioperative images and angiographical follow-up. (A) A Pipeline Flex 5.0 × 16.0 mm was placed for 
the unruptured aneurysm in the ICA C4 portion. (B) We confirmed good crimping of the stent by CBCT. (C) 
Postoperative MRI showed no hyper-intense area on DWI. (D) The aneurysm almost disappeared angio-
graphically by 1 year after treatment. CBCT: cone beam computed tomography; DWI: diffusion-weighted 
imaging; ICA: internal carotid artery
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aggregation, is calculated from an intersection point 
between a grading curve obtained by attaching four con-
centrations of the platelet-aggregation-inducing substance 
and 50% aggregation rate. Based on the PATI, the drug 
efficacy is evaluated in six grades (G type evaluation). This 
method is not influenced by blood adipose components, 
differing from LTA. Therefore, blood collection after fast-
ing and centrifugation for preparing PRP are unnecessary. 
Testing can be conducted using approximately 2 mL of 
whole peripheral blood in a short time (Table 2).

The SFP method is highly correlated with LTA and is 
useful for evaluating the effects of antiplatelet drug admin-
istration.11,12) However, no study has reported its use for the 
regulation of antiplatelet drugs before/after EVT. Regard-
ing PATI-based evaluation using G type evaluation, the data 
were classified in comparison with those previously 
obtained using LTA, but its clinical significance has not 
been established. Therefore, in this study, in patients in 
whom the drug efficacy was evaluated as slightly excessive, 
the dose of CLP was not reduced at that point and dose 
reduction was reviewed only in patients in whom the drug 
efficacy became excessive during follow-up. At our hospi-
tal, drug adjustment is not determined based on the HTZ 
results alone, but by comprehensively evaluating the risks 
of embolism and hemorrhage in individual patients. Fur-
thermore, no study has directly compared the PATI or 
aggregation rate obtained from HTZ with the P2Y12 reac-
tion unit (PRU) value on the VerifyNow system. Therefore, 
in the future, it may be necessary to use different cutoff val-
ues of the PATI and aggregation rate when embolic compli-
cations are suspected in patients in whom the drug efficacy 
is evaluated as being within the optimal range using HTZ or 
when intraoperative thrombus formation is observed.

The most important advantage of HTZ is that measure-
ment can be frequently conducted in each patient for the fol-
lowing reasons: its running cost is lower than that of the 
VerifyNow system and testing procedures are simpler than 
those for conventional LTA. In this study, 76 sessions of 
measurement were conducted in 20 patients (mean fre-
quency: 3.8 times/patient) to evaluate platelet aggregation. 
Recently, a phenomenon of change in drug efficacy after the 
start of oral antiplatelet drug administration, known as 
delayed conversion, was reported. Delgado et al. assessed 
platelet aggregation using the VerifyNow system in 48 
patients in whom an FD was inserted. In 77% in whom the 
PRU value was within its optimal range (80 <PRU <200) 
before treatment, the efficacy of CLP was evaluated as 
excessive 1 month after treatment. P2Y12 receptors were 

based on the test results. On preoperative assessment, the 
drug efficacy was evaluated as excessive in many patients, 
but it was able to be adjusted to the optimal range by reduc-
ing the dose of CLP, as shown in Figs. 1 and 2. To date, 
there has been no hemorrhagic or embolic complication.

LTA is adopted as the platelet aggregation test in many 
cases. However, for this method, centrifugation is necessary 
to prepare platelet-rich plasma (PRP) and testing proce-
dures are complex; 2–3 hours are required for testing, rais-
ing an issue. Furthermore, considering the influence of 
adipose components in blood on the results of this test, 
blood collection after fasting is recommended and a blood 
sample volume of approximately 10 mL is required.13) The 
principle of the VerifyNow system is similar to that of LTA 
and this system facilitates simple testing through the use of 
a cartridge containing a platelet-aggregation-inducing agent 
(time required: ≤1 hour).14) However, in Japan, testing using 
this system is not covered by health insurance and its run-
ning cost is high; it is inappropriate for regular monitoring.

With HTZ used in this study, platelet aggregation is 
evaluated using the SFP method. In this method, after a 
platelet-aggregation-inducing substance (ADP, collagen) is 
added to whole blood, aspiration through a micromesh fil-
ter (diameter: 30 mm) is performed to measure the aspira-
tion pressure associated with blood-clot-related clogging. 
The PATI, as a minimum concentration of a platelet- 
aggregation-inducing substance required to obtain secondary 

Fig. 4 Representative case of oral dose adjustment of CLP accord-
ing to platelet aggregation activity. Preoperative evaluation revealed 
G type -3, PATI >8, 5% aggregation rate in Chanel 4 (black circle 
marker). Re-evaluation at POD5 with 50-mg CLP showed G type -3, 
PATI >8, and agglutination rate 17% in Channel 4 (white square 
marker). The result of re-evaluation following POD 13 with 50-mg 
CLP every other day was G type 0, PATI 2.8, and 100% aggregation 
rate in Channel 4 (black triangle marker). CLP: clopidogrel; PATI: 
platelet aggregatory threshold index; POD: postoperative day
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As factors that influence the responsiveness to CLP on 
a platelet aggregation test using the VerifyNow system, 
combination therapy with EPA preparations, which may 
reduce the PRU value,18) and statin preparations, which 
may increase the PRU value,19,20) were reported. In this 
study, there were no significant differences in the rate of 
patients who received EPA or statin preparations between 
the excessive CLP efficacy and optimal groups on preop-
erative assessment. However, the number of patients was 
small.

The limitations of this study were as follows: the num-
ber of patients was small, measurement was not con-
ducted during the non-administration period, and it is 
difficult to compare the results between the presence and 
absence of oral CLP administration. Furthermore, our 
method cannot be compared with other test methods, 
including the VerifyNow system. To our knowledge, no 
study has reported the use of HTZ for antiplatelet drug 
adjustment during the perioperative period before/after 
EVT. The clinical significance of the PATI and G type 
evaluation obtained from HTZ should be examined in the 
future. Since the start of HTZ use in our hospital, there 
has been no antiplatelet-drug-derived embolic or hemor-
rhagic complication, but assessment in more patients is 
necessary.

Conclusion

For EVT, the platelet aggregation test using HTZ is inex-
pensive/simple and can be repeatedly conducted. It may be 
useful for regulating antiplatelet drugs. On the other hand, 
no consensus regarding the interpretation of results or 
drug-regulating methods has been reached, requiring fur-
ther assessment.

excessively suppressed in 62% of all patients.9) Furthermore, 
Nakagawa et al. adopted assessment using the VerifyNow 
system in 61 patients who underwent coil embolization of 
cerebral aneurysms, and noted preoperative hyperrespon-
siveness to CLP (PRU: <95) in 9 patients (15%), whereas it 
was observed in 25 (41%) patients 7 days after treatment, 
demonstrating a significant increase.15) In this study, the drug 
efficacy also became excessive in 4 (33%) of 12 patients in 
whom the dose of CLP was not adjusted based on the results 
of preoperative assessment, requiring dose reduction. Con-
cerning the timing when the drug efficacy was confirmed to 
be excessive, the interval from the start of oral administra-
tion was 21 and 14 days in 2 each, suggesting that only a sin-
gle session of measurement immediately before treatment is 
insufficient. Furthermore, there was no patient with a reduc-
tion in the efficacy of CLP.

In this study, the drug efficacy was evaluated as insuffi-
cient in one patient (2.4%). According to previous studies 
using the VerifyNow system, hyporesponsiveness to CLP 
was noted in 9.8–36.5% of patients, being more frequent than 
in this study.7,8,15) HTZ may not have detected patients with 
hyporesponsiveness to CLP on assessment using the VerifyNow 
system. However, in this study, there was no embolic compli-
cation related to antiplatelet drugs in any patient in whom 
CLP continuation or dose reduction was performed. In one 
patient in whom the drug efficacy was evaluated as insuffi-
cient, CLP was switched to prasugrel (oral preparation). In 
Japan, the indication of prasugrel is limited to combination 
therapy with ASA in percutaneous coronary intervention 
(PCI) patients in the cardiovascular field, but the percent 
dependence on CYP2C19, whose genetic polymorphism is 
frequent, is low and the number of patients with unrespon-
siveness is small. Many previous studies reported the safety 
and efficacy of prasugrel in EVT.16,17)

Table 2 Comparison with other inspection methods

Traditional methods VerifyNow HTZ

Measuring method LTA LTA SFP

Sample PRP Whole blood Whole blood

Requirement 10 mL 2 mL 1 mL

Timing of blood collection Fasting state Any time Any time

Procedure
Complicated 
(required centrifugal separation)

Easy
A little complicated 
(reagent preparation)

The time required 2–3 hours Within an hour Within an hour

Reports Many Many Few

HTZ: Hematracer ZEN (DS medical, Tokyo, Japan); LTA: light transmission aggregometry; PRP: platelet rich plasma; SFP: 
screen filtration pressure; VerifyNow (Accumetrics, San Diego, CA, USA)
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