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Abstract
Platelet reactivity in the presence of clopidogrel is deteriorated in patients undergoing hemodialysis (HD). However, the 
impact of residual platelet reactivity with prasugrel use in Japanese patients on HD remains unclear. This was a prospective, 
multi-center, single-arm study conducted to compare platelet reactivity of prasugrel 3.75 mg per day vs. clopidogrel 75 mg 
per day in patients on chronic HD. We assessed P2Y12 reaction units (PRU) using the VerifyNow® P2Y12 test for all enrolled 
patients at baseline (clopidogrel treatment) and at 14 days (prasugrel treatment) pre- and post-HD. Clinical outcomes data 
were obtained on day 14. A total of 38 patients on HD were included in this study. The PRU were significantly higher in 
patients on clopidogrel than in patients on prasugrel in both phases (pre-HD: clopidogrel 226 ± 80 vs. prasugrel 175 ± 82, 
p < 0.001) (post-HD: clopidogrel 256 ± 67 vs. prasugrel 210 ± 63, p < 0.001). There were no patients with bleeding or adverse 
events during the two weeks of prasugrel treatment. Prasugrel 3.75 mg per day, adjusted for Japanese patients, inhibited 
platelet aggregation better than clopidogrel, even after hemodialysis, which might contribute to the reduced incidence of 
major adverse event in patients undergoing HD.
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Abbreviations
HD	� Hemodialysis
PRU	� P2Y12 reaction unit
DES	� Drug-eluting stent
PCI	� Percutaneous coronary intervention
LD	� Loading dose
MD	� Maintenance dose
ACS	� Acute coronary syndrome
CAD	� Coronary artery disease
HT	� Hypertension
DL	� Dyslipidemia
DM	� Diabetes mellitus

CABG	� Coronary artery bypass grafting
EVT	� Endovascular treatment
AVF	� Arteriovenous fistula
AVG	� Arteriovenous graft
DW	� Dry weight

Introduction

Although drug-eluting stents (DES) significantly reduce 
restenosis compared to bare-metal stents in a wide range of 
populations [1], hemodialysis (HD) has created a challenge 
in a subset of patients with massive coronary calcifications 
and multiple lesions [2]. Despite the initial procedural suc-
cess and optimal stent expansion with Rotablator® (Boston 
Scientific, Marlborough, MA, USA) and the scoring balloon, 
HD is associated with a higher risk of cardiovascular events 
after DES implantation. Thus, HD is an important risk factor 
for mortality after percutaneous coronary intervention (PCI) 
[2–4], and the mechanisms underlying this association are 
poorly understood.

Recent studies have revealed that high platelet reactivity 
as measured by the VerifyNow® test (Accriva Diagnostics 
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Inc., San Diego, CA, USA) is associated with an increased 
risk of cardiovascular events after DES implantation [5–8]. 
Several studies have shown that not only end-stage renal 
dysfunction (ESRD) [9–11], but also HD may lead to high 
platelet reactivity [12–14]. Notably, platelet reactivity imme-
diately after HD in patients receiving clopidogrel is deterio-
rated as compared to before HD [15, 16]. We considered that 
this phenomenon might be one of the mechanisms behind 
the increase in cardiovascular events after DES implantation 
in patients undergoing HD.

Prasugrel, a third-generation thienopyridine antiplatelet 
drug, rapidly and potently inhibits platelet aggregation with 
less pharmacological variability and similar tolerability 
compared to other thienopyridines, and was, thus, expected 
to reduce clinical events after PCI [17]. Actually, the PRAS-
FIT Elective (Prasugrel For Japanese Patients with Coronary 
Artery Diseases Undergoing Elective PCI) study showed 
that a prasugrel dosing regimen (LD/MD: 20/3.75 mg) 
adjusted for Japanese patients with stable coronary artery 
disease (CAD) undergoing PCI was associated with a low 
incidence of major adverse cardiovascular events and with 
a low risk of clinically serious bleeding in patients not on 
HD [18].

However, a pharmacodynamics comparison of prasugrel 
and clopidogrel in patients undergoing HD in Japan remains 
unclear. Therefore, in this study, the primary endpoint was 
to evaluate platelet reactivity after HD comparing prasugrel 
and clopidogrel and the aim of this study was to analyze 
the comparative antiplatelet action of prasugrel 3.75 mg per 
day vs. clopidogrel 75 mg per day in patients both before 
and after HD.

Methods

Study population

We performed a prospective, multi-center, single-arm trial 
to compare platelet inhibition effects of prasugrel 3.75 mg 
per day to that of 75 mg per day clopidogrel in patients on 
chronic HD. All patients receiving regular maintenance 
HD and undergoing chronic treatment with clopidogrel 
75 mg per day at a medical institution on Awaji Island were 
assessed for platelet reactivity using the VerifyNow® P2Y12 
test (Accriva) at baseline (clopidogrel treatment) before HD 
and after HD. Clopidogrel was switched to prasugrel on day 
0. Platelet reactivity measurements and safety evaluations 
were conducted on day 14 (prasugrel treatment). Patient 
compliance with antiplatelet therapy was assessed via inter-
view and meticulous tablet counting.

All study patients were stable, with no change in their 
medication or HD conditions during the study, and were 
undergoing regular maintenance HD for approximately 4 h 

three times per week. This study was approved by the ethi-
cal committee of Hyogo Prefectural Awaji Medical Center, 
Japan, and all enrolled study patients gave their written 
informed consent.

Blood sampling (VerifyNow® P2Y12 test (Accriva))

We performed the VerifyNow® P2Y12 test (Accriva) on all 
enrolled patients at baseline (clopidogrel treatment) and at 
14 days after switching clopidogrel treatment to prasugrel 
treatment before and after HD. Briefly, the VerifyNow® 
P2Y12 test (Accriva) measures platelet-induced aggrega-
tion according to an increase in light transmittance and uses 
a proprietary algorithm to report values in P2Y12 reaction 
units (PRU) [19]. The blood before HD was obtained from 
puncture needle from arterial side of blood access imme-
diately after puncture and that after HD was obtained from 
most proximal side of the patients from arterial side before 
removal of the puncture needle.

Short term clinical events

Clinical outcomes data were obtained at the day-14 visit. 
Cardiac death, myocardial infarction, target lesion revascu-
larization and target vessel revascularization, stent thrombo-
sis, cerebral infarction, and both fatal and non-fatal bleeding 
were evaluated.

Statistical analysis

The statistical analysis was conducted using SPSS software 
version 16.0 (SPSS Inc, Chicago, IL). Qualitative data are 
presented as frequencies, and quantitative data are shown 
as mean values ± standard deviations (SD). For continu-
ous variables, comparisons between the two groups were 
performed using a two-tailed paired t test or the Wilcoxon 
test. Discrete variables are presented as percentages, and 
comparisons were made using the chi-square analysis or 
Fisher’s exact test. A probability value (p) of less than 0.05 
was considered significant.

Results

Baseline patient characteristics

From August 2014 to December 2015, 38 patients undergo-
ing HD and receiving clopidogrel treatment were included 
in this study (Fig. 1). Serial PRU using the VerifyNow® 
(Accriva) were assessed in all enrolled patients (Fig. 2).

The baseline patient characteristics are shown in Table 1. 
The mean duration of HD was 7.3 ± 6.0 years. The percent-
ages of DM, prior PCI, and prior cerebral infraction were 
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52.6%, 76.3% and 10.5%, respectively. The frequencies of 
patients both clopidogrel and aspirin, cilostazol, or antico-
agulant therapy were 73.7%, 36.8% and 5.3%, respectively.

Blood sampling (VerifyNow® P2Y12 test (Accriva))

The efficacies of clopidogrel and prasugrel after HD were 
significantly decreased compared to before HD (clopidogrel: 
pre-HD 226 ± 80 vs. post-HD 256 ± 67, p < 0.001) (prasu-
grel: pre-HD 175 ± 82 vs. post-HD 210 ± 63, p < 0.001). 
Furthermore, PRU was significantly higher among patients 
receiving clopidogrel treatment than among patients receiv-
ing prasugrel treatment in both phases (pre HD: clopidogrel 
226 ± 80 vs. prasugrel 175 ± 82, p < 0.001) (post HD: clopi-
dogrel 256 ± 67 vs. prasugrel 210 ± 63, p < 0.001) (Fig. 3).

Short‑term clinical events

There were no patients with bleeding or adverse events dur-
ing the two weeks of prasugrel treatment.

Fig. 1   Flowchart of patients included in the study

Fig. 2   Study protocol of switching from clopidogrel to prasugrel

Table 1   Baseline patient characteristics

Values are presented as means ± standard deviations or as numbers of 
patients (percentages)
HD hemodialysis, HTN hypertension, DL dyslipidemia, DM diabetes 
mellitus, PCI percutaneous coronary intervention, CABG coronary 
artery bypass grafting, EVT endovascular treatment, AVF arterio-
venous fistula, AVG arteriovenous graft, DW dry weight, BMI body 
mass index

Total (n = 38)

Age (years) 70.6 ± 8.8
Men, n (%) 28 (73.7)
HTN, n (%) 33 (86.8)
DM, n (%) 20 (52.6)
DL, n (%) 19 (50.0)
Prior PCI, n (%) 29 (76.3)
Prior CABG, n (%) 13 (34.2)
Prior EVT, n (%) 14 (36.8)
Prior cerebral infarction, n (%) 4 (10.5)
Other antiplatelet therapy, n (%) 33 (86.8)
 Aspirin, n (%) 28 (73.7)
 Cilostazol, n (%) 14 (36.8)

Anticoagulant therapy, n (%) 2 (5.3)
HD duration (years) 7.3 ± 6.0
Dialysis time (h) 4.0 ± 0.4
Vascular access
 AVF, n (%) 37 (97.3)
 AVG, n (%) 1 (2.6)

DW (kg) 57.2 ± 12.7
BMI (kg/m2) 21.7 ± 3.5
Fluid removal (kg) 1.8 ± 1.1
Fluid removal/DW (%) 3.3 ± 2.0

Fig. 3   Time course of the P2Y12 reaction units (PRU) before and 
after hemodialysis (HD). Comparison of PRU before HD and after 
HD in patients undergoing HD and receiving both clopidogrel and 
prasugrel. Values are presented as means ± standard deviations (SD)
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Discussion

The present study showed that the efficacies of clopidogrel 
and prasugrel after HD were significantly decreased com-
pared to before HD, and PRU levels were significantly 
higher among the patients receiving clopidogrel treatment 
than among the patients receiving prasugrel treatment in 
both phases (Fig. 3).

The Japanese Society for Dialysis Therapy reported 
that the number of patients on HD has still been gradually 
increasing in Japan and that 0.26% of the entire popula-
tion were receiving hemodialysis in 2016 (https​://docs.
jsdt.or.jp/overv​iew/pdf20​17/p005.pdf). This number was 
almost the same as that for the patients on Awaji Island 
(0.28%) (Fig. 1). In the present study, 13.8% of those 
patients receiving HD were also taking clopidogrel, and 
this number was not negligible.

Recent studies have revealed that high platelet reactiv-
ity measured by VerifyNow® (Accriva) is associated with 
cardiovascular events after DES implantation [5–8]. Pre-
vious studies revealed that HD itself was a factor in poor 
responses to clopidogrel [12–14]. High platelet reactivity 
in patients on HD is caused by the exposure of their blood 
to the dialyzer membrane [20] or by heparin use [21]. The 
effect of clopidogrel may be hampered in patients under-
going HD because of an increase in the platelet turnover 
rate, poor bioavailability, coagulation disorders, extrinsic 
factors such as uremia and anemia, and a deterioration of 
the ability to metabolize clopidogrel [13].

Indeed, this study showed that the response to clopidogrel 
after HD decreased significantly compared to that before 
HD. Furthermore, the PRU values for clopidogrel after 
HD were greater than 235–240, which was the optimum 
cutoff range for the prediction of increased major adverse 
cardiovascular events [22–25]. Therefore, standard doses 
of clopidogrel may not fully inhibit platelet reactivity in 
patients undergoing HD. However, the PRU values for pras-
ugrel 3.75 mg per day were significantly lower compared 
to those of clopidogrel. The PRU value of prasugrel after 
HD was 210, which was less than the optimum cutoff range 
of 235–240. Prasugrel rapidly and potently inhibits platelet 
aggregation with less pharmacological variability and the 
3.75-mg prasugrel dose adjusted for Japanese patients may 
be expected to reduce clinical events even in patients on HD.

Limitations

The present study has several limitations. First, the 
detailed information about proton pomp inhibitor such as 
omeprazole or esomeprazole which could attenuate the 

effect of antiplatelet therapy, especially clopidogrel, were 
not collected in the present study. Second, this was an 
observational study without a power calculation to deter-
mine the sample size, which can increase the risk of type 
1 error. This prospective study was based on a relatively 
limited sample size and there were no identified incidences 
of bleeding, stent thrombosis or cardiac death because of 
the very short-term clinical follow-up (only 2 weeks). Fur-
thermore, clinical improvement due to the reduction of 
PRU value after HD remains unclear. Therefore, a larger 
sample size and a prospective randomized study with long-
term clinical follow-up is warranted to prove cause-and-
effect relations.

Conclusion

Prasugrel 3.75 mg per day adjusted for Japanese patients 
inhibits platelet aggregation in comparison with clopidogrel 
even after hemodialysis, which might contribute to reduce 
the incidence of major adverse event in patients with HD.
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