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Abstract.11

BACKGROUND: Assessment of platelet function is important in the management of patients who are subject to operation12

as well as at potential risk of hemorrhagic complications.13

OBJECTIVE: This study aimed to evaluate a new platelet assays (Anysis-Epinephrine, Anysis-ADP) and to compare them14

with PFA-200 in cardiology visiting patients and inpatients.15

METHODS: Citrated blood samples were collected from 184 patients for ADP test and 163 patients for EPI test, who16

visited Korea University Guro Hospital with written consent. The PFA-200 assay gives a test result the closure time (CT)17

until the blood flow rate decreases to 10% of the initial value, whereas Anysis-200 assay does a blood flow migration18

distance (MD) until blood flow completely stops. According to the results of PFA closure time (CT), the tested samples were19

classified as either negative control or positive group. The measurements were simultaneously conducted with two devices and20

compared.21

RESULTS: The sensitivity and specificity of Anysis-200 C/EPI kit in comparison to PFA-200 C/EPI kit was 87.5% and22

85.7%, respectively. Regarding C/ADP kit, the sensitivity and specificity of Anysis-200 was 96.9% and 87.5%, respectively.23

In addition, the sums of sensitivity and specificity are greater than 150% for both of EPI and ADP. Also, it was found that24

likelihood ratio and odd ratio for each assay provide useful additional information. Since the Cohen’s kappa coefficients25

value between the two devices was relatively high, the equivalence between the two devices was confirmed.26

CONCLUSIONS: Anysis-200, a novel platelet function analyzer has showed excellent agreements with PFA-200 with high27

agreement rates and precision. Anysis-200 assay would be useful in assessing bleeding risk management as well as abnormal28

platelet reactivity at point of care.
29
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1. Introduction30

Abnormal platelet hyper-reactivity is correlated with venous thromboembolism (VTE) [1, 2] as well31

as cardiovascular diseases [3–6]. Furthermore, a recent studies reported that COVID-19 was strongly32

related with VTE [7]. Thus, platelet function test has been considered as an important information to33

set up-up the treatment strategy. However, bleeding is the most feared complication of anticoagulant34

treatment of VTE and the bleeding risk is varied with treatment time-dependent manner. For instance,35

when patients start to receive thrombolytic treatment, they used to yield high risk of bleeding in36

the first months of anticoagulant treatment [8]. Clinical guidelines on the treatment of VTE suggest37

incorporating assessment of bleeding with available tools and methods, if possible [9, 10].38

In response to the clinical needs, several platelet assays are now available for assessing the antiplatelet39

therapeutic response such as Platelet Function Analyzer-200 (PFA-200, Siemens Healthineer, Munich,40

Germany) and Multiplate Analyzer (MPA, Roche Diagnostics, Rotkreuz, Switzerland). PFA-20041

adopted a platelet aggregation-induced flow closure in a pressure-driven flow, whereas MPA adopted42

an electrical impedance changes between tow electrodes with platelet adhesion and aggregation. Both43

methods can examine degree of platelet aggregation after activating platelets with various agonists.44

Typical agonists are adenosine diphosphate (ADP) and epinephrine for bleeding risk screening and45

arachidonic acid (AA) for Aspirin response test. These methods have been validated with a light trans-46

mission aggregometry (LTA), which is regarded as the “gold standard” method [11, 12]. However, the47

LTA is labor intensive and time-consuming method, which restricts its use in routine laboratory testing48

[13, 14].49

Anysis-200 analyzer (Rheo Meditech Inc., Seoul, Korea) has been newly introduced as a POC device50

for platelet function testing (ADP, epinephrine) as well as assessment of antiplatelets assay (Aspirin,51

P2Y12). Recent clinical studies reported that Anysis-200 demonstrated the equivalent performance52

for screening patients for patients with abnormal platelet function compared to the PFA-200 [15]53

and VerifyNow [16, 17], respectively. In the present study, we aimed to re-evaluate the performance54

Anysis-200 in screening patients with abnormal platelet functions in cardiology patients in comparison55

to PFA-200. The Anysis-200 analyzer provides the results with the migration distance (MD) of blood56

through microfluidic system and the MD is compatible with closure time (CT) obtained by PFA-200.57

2. Materials and methods58

2.1. Patient samples59

ADP and EPI performance analyses each incorporated 184 and 163 whole blood samples, respec-60

tively, that were collected at Korea University Guro Hospital between April 2020 and December 2020.61

The exclusion criteria for this study were as follows: platelet count < 100 × 109/L, hematocrit < 35%62

and > 60%, abnormal value of either prothrombin time or activated partial thromboplastin time within63

the previous 1 month, pregnancy, and use of anticoagulation agents. The study protocol was approved64

by the Institutional Review Board of Korea University Guro Hospital (IRB No. 2019GR0390), and65

written informed consent was obtained from all patients before study enrolment.66

Blood samples were obtained using 21-G needles and collected into 3.2% sodium-citrate tubes67

(0.109 mol/L buffered sodium citrate; BD Vacutainer Systems, Franklin Lakes, NJ, USA) in both the68

Anysis-200 assays and PFA-200. After blood collection, the tubes were gently inverted (five to six69

times). During the transportation, special care was taken to avoid agitation-induced platelet activation.70

Thereafter, the blood samples were left still at room temperature for 30 min prior to the test. All tests71

were performed within 120 min after blood collection to minimize the risk of time dependent platelet72
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Fig. 1. Operating principle of the Anysis-200 assay. (a) Schematic representation of the assay system for platelet adhesion
and aggregation, (b) photograph of Anysis-ADP test kit, (c) activation of platelets with mixing agonist (either ADP or
epinephrine), (d) schematic of platelet adhesion on in-vivo extracellular matrix such as collagen, (e) migration distance
variation with time until the flow stop for normal and abnormal, (f) decision with cutoff migration distance.

malfunction. According to the results of PFA closure time (CT), the tested samples were classified as73

either negative control or positive group.74

2.2. Anysis-200 platelet function analyzer75

Anysis-200 analyzer is a platelet function test system with a disposable microfluidic test cartridge,76

as shown in Fig. 1. The test cartridge consists of a sample inlet, sample chamber, a plastic microtube77

containing a bead-packed section, and a waste chamber. A stirrer in the sample chamber for mixing78

agonist with blood is remotely driven by magnetics. Then, activated platelets in the upstream sample79

chamber start to flow and may adhere to the surface of extracellular matrix (ECM) of injured blood80

vessel in the downstream. The agents used in this study were ADP and epinephrine, and their concen-81

trations in the sample chamber were 1.2 �M and 0.5 �M, respectively. For bleeding risk screening,82

collagen was chosen as the ECM material. In the test cartridge, thousands of microbeads coated with83

collagen were packed and inserted right after the sample chamber and thus all blood cells including84

platelets should pass through the bead pores. For collagen conjugation, the microbeads were suspended85
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in a collagen solution [25 mg/mL in acetic acid buffer solution (50 mM, pH = 5.0)] and shaken gently86

for 24 h at room temperature. The pore size is big enough for white blood cells and red blood cells to87

freely flow through pores. However, when a few platelets adhered to the bead surface, blood cells may88

not freely flow through them. Eventually, the pores among beads may completely blocked by platelet89

aggregation with other blood cells. For abnormal bloods, the blockage may be retarded and yield a long90

migration distance. With provided cutoff value of the migration distance, one can determine whether91

the tested sample is normal or not. The cutoff values of MD are 210 for epinephrine test and 190 for92

ADP, respectively.93

2.3. Reference range94

Further detailed description of Anysis-200 can be found elsewhere [18–21].95

2.4. Platelet function analyzer (PFA)-20096

Assessment on PFA-200 (Siemens Canada, Mississauga, Ontario, Canada) was conducted using97

800�L of each citrated blood sample with cartridges containing collagen-adenosine diphosphate98

(COL/ADP) and collagen-epinephrine (COL/EPI)-coated membranes for platelet activation. The CT99

values (s), defined as the time taken by platelets to occlude the orifice and to block the whole blood flow,100

were measured. The prolonged CTs were defined as CT ≥ 250 sec (C/EPI) and ≥ 110 sec (C/ADP)101

according to the manufacturer’s instructions. Any closure time greater than 300 sec is reported as102

300 sec. According to measurements of PFA-200, participating patients were divided into two groups103

(negative control versus positive group).104

2.5. Statistical analysis105

Normally distributed data were expressed as mean ± standard deviation. The sensitivity and speci-106

ficity were analyzed considering the results from PFA-200 as abnormal and normal control. Pairwise107

agreement between the two platelet function assays was assessed using Cohen’s kappa coefficient.108

Cohen’s kappa coefficient results were interpreted as follows: values ≤ 0 meant no agreement and109

0.01–0.20 none to slight, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial, and 0.81–1.00110

denoted almost perfect agreement [22]. P < 0.05 was considered statistically significant. All statistical111

analyses were performed by using MedCalc version 12.1.4 software (MedCalc Software, Mariakerke,112

Belgium).113

3. Results114

3.1. Descriptive characteristics and hematologic parameters115

For the comparison between ADP analyses of Anysis-200 and PFA-200, a total of 134 male and 50116

female patients, aged 65.6 ± 9.8 years (mean ± SD), were included (Table 1). Among them, and 103117

and 68 patients were diagnosed with hyperlipidemia and diabetes, respectively. The platelet count was118

214 ± 54 × 109/L (mean ± 1SD).119

As for the comparison between EPI analyses of Anysis-200 and PFA-200, a total of 110 male and 53120

female patients, aged 66.0 ± 9.1 years (mean ± SD), were included (Table 1). Among them, 87 and 67121

patients were diagnosed with hyperlipidemia and diabetes, respectively. The platelet count for these122

patients was 224 ± 62 × 109/L (mean ± SD). The clinical characteristics of the patients included in the123

EPI and ADP study are both shown in Table 1.
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Table 1

Baseline patient characteristics

Variable ADP test (N = 184) EPI test (N = 163)

Age (years), mean ± SD 65.60 ± 9.76 65.95 ± 9.14
Male sex, n (%) 134 (72.8%) 110 (67.5%)
Risk factors

Diabetic mellitus, n (%) 68 (37.0%) 67 (41.1%)
Hyperlipidemia, n (%) 103 (56.0%) 87 (53.4%)

Medicines
Aspirin, n (%) 40 (21.7%) 53 (32.5%)
P2Y12 inhibitors, n (%) 35 (19.0%) 17 (10.4%)
DAPT, n (%) 64 (34.8%) 59 (36.2%)

Laboratory findings
RBCs (×1003/ � L) 4.5 ± 0.4 4.5 ± 0.5
WBCs (×1003/ � L) 6.7 ± 2.0 6.9 ± 2.3
Platelets (×1003/ � L) 213.7 ± 54.0 224.2 ± 61.5
Hemoglobin (g/dL) 14.0 ± 1.3 14.0 ± 1.4
Hematocrit (%) 41.9 ± 3.7 41.8 ± 4.0
PT (s) 13.0 ± 0.6 12.8 ± 0.7
aPTT (s) 32.8 ± 2.5 32.4 ± 2.9
Glucose (mg/dL) 103.6 ± 12.6 105.0 ± 17.9

Continuous data are shown as mean ± 1SD.

Table 2

Comparison of migration distances for ADP, epinephrine test between negative controls and positive measured with
PFA-200 and Anysis-200

Test Method Group Mean ± SD P-value
(cutoff) (number of samples)

ADP (n = 184) PFA-200 (CT ≥ 110) Negative control (n = 120) 80.4 ± 14.9 < 0.0001
Positive (n = 64) 152.3 ± 61.5

Anysis-200 (MD ≥ 190) Negative control (n = 120) 153.5 ± 37.8 < 0.0001
Positive (n = 64) 255.7 ± 28.1

Epinephrine (n = 163) PFA-200 (CT ≥ 250) Negative control (n = 91) 133.1 ± 41.8 < 0.0001
Positive (n = 72) 289.2 ± 16.2

Anysis-200 (MD ≥ 210) Negative control (n = 91) 174.3 ± 34.4 < 0.0001
Positive (n = 72) 246.7 ± 32.3

3.2. Comparative measurements between the two platelet function assays124

Table 2 summarizes the measurement results for ADP and epinephrine test. The tested samples were125

classified as either negative control or positive groups according to the results of PFA closure time126

(CT). The cutoff CT value of PFA-200 were 110 s for ADP and 250 s for epinephrine tests, respectively.127

Throughout the analytical performance analysis, the corresponding cutoff values of Anysis-200 were128

determined as 190 for ADP and 210 for epinephrine tests, respectively.129

First, for ADP test, the mean CT value in the normal control group (n = 120) was 80.4 ± 14.9 s,130

whereas that in abnormal group (n = 64) was 152.3 ± 61.5 s. Similarly, Anysis-ADP showed MD values131
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Table 3

Distribution of negative and positive groups for ADP and epinephrine tests

Method based on normal distribution Boxplot

Group Mean Lower limit (90% CI) Upper limit (90% CI) Median Lower fence Upper fence

Anysis-ADP
Negative (n = 120) 153.5 79.3 (69.4–89.2) 227.6 (217.7–237.5) 139 115 196
Positive (n = 64) 255.7 200.7 (190.6–210.7) 310.0 (300.7–320.9) 268 262 268

Anysis-Epinephrine
Negative (n = 91) 174.3 106.8 (96.4–117.1) 241.8 (231.5–252.1) 167 115 262
Positive (n = 72) 246.7 183.3 (172.4–194.2) 310 (299.1–320.9) 268 186 268

of 153.5 ± 37.8 mm for negative control (n = 120) and 255.7 ± 28.1 mm for positive group (n = 64),132

respectively. For both PFA-200 and Anysis-200, the level of statistical significance between negative133

and positive groups (p-value) was less than 0.001. Meanwhile, for epinephrine test of PFA-200, the134

mean CT value in the negative control group (n = 91) was 133.1 ± 41.8 s, whereas that in positive135

group (n = 72) was 289.2 ± 16.2 s (p < 0.0001). Similarly, Anysis-Epinephrine showed MD values of136

174.3 ± 34.4 mm for negative control and 246.7 ± 32.3 mm for positive group (p < 0.0001). Table 3137

describes distribution results of negative and positive groups with normal distribution and boxplot.138

Figure 2 (a) and (b) describe the scattering plot and receiver operating characteristic (ROC) curve for139

ADP test comparing Anysis-200 and PFA-200. With the cutoff value of 190 mm (MD), the sensitivity140

and specificity of Anysis-200 was 96.9% (95% CI, 89.2% – 99.6%) and 87.5% (95% CI, 80.2%–92.8%),141

respectively. Also, the area under curve (AUC) is 0.946. The correlation between Anysis-200 and142

PFA-200 for ADP test was very strong. The agreement rate between Anysis-200 and PFA-200 was143

0.61 (Cohen’s kappa coefficient, κ), which is interpreted as good agreement between two devices.144

In addition, Fig. 2 (c) and (d) also describe distribution results of negative and positive groups with145

normal distribution method and boxplot, respectively.146

Figure 3 (a) and (b) describe the scattering plot and receiver operating characteristic (ROC) curve147

for Epinephrine test comparing Anysis-200 and PFA-200. With the cutoff value of 210 mm (MD),148

the sensitivity and specificity of Anysis-200 was 87.5% (95% CI, 77.6%–94.1%) and 85.7% (95%149

CI, 76.8%–92.2%), respectively. Also, the area under curve (AUC) is 0.919. The correlation between150

Anysis-200 and PFA-200 for EPI test was strong. The agreement rate between Anysis-200 and PFA-151

200 was 0.59 (Cohen’s kappa coefficient, κ), which is interpreted as good agreement between two152

devices. In addition, Fig. 3 (c) and (d) also describe distribution results of negative and positive groups153

with method based on normal distribution and boxplot, respectively.154

4. Discussion155

The present study compared two devices which adopt their own unique techniques to assess platelet156

aggregation levels. Interestingly, both PFA-200 and Anysis-200 adopted a similar mechanism of flow157

path closure via platelet aggregation. The dimensions of the flow path to be blocked are 150 �m158

of an aperture in collagen-coated membrane for PFA-200 and 13 �m of multiple voids formed in a159

microbeads-packed tube for Anysis-200, respectively [21]. A study reported that if a characteristic160

length of the test section is less than 90 �m, the effect of adhesion may be stronger than that of161

aggregation and vice versa [24]. Furthermore, the PFA system adopted the closure time (CT) until the162

aperture is blocked, whereas Anysis system did the migration distance (MD) of blood until the voids163
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Fig. 2. (a) Scatter plot comparing Anysis-200 and PFA-200 for ADP, (b) receiver operating characteristic curve for ADP, (c)
normal distribution of MD values for negative and positive with upper and lower limits (90% CI) in ADP test, (d) boxplot of
MD values for negative and positive in ADP test.

are blocked. Even for the different characteristics between two devices, the agreement rate between164

them was found to be relatively high [15]. In the present study, the kappa coefficient for ADP was 0.61165

and 0.59 for EPI – which indicates good agreement of both types of analyses between PFA-200 and166

Anysis-200.167

Over the decades, a variety of platelet function tests have been introduced based on unique principles168

of operation from light transmission aggregometer by Gus Born [25] and microfluidic aggregometric169

method [26]. Owing to the development of these various devices, operational convenience and test time170

have been greatly improved and their clinical application has been significantly expanded. However,171

since these platelet function tests were developed without standardized guidelines, there was a serious172

problem that the test results between devices did not match each other. Thus, there have been some173

efforts to provide standard guidelines for platelet function tests including agonist concentrations [27].174

For the ADP test, the recommended concentrations of ADP is 2–10 �M and that of Anysis-ADP test175

is 1.2 �M. The agonist concentrations for various method and instruments listed in Table 4 [28, 29].176

The present Anysis system followed the recommended values, whereas some of them do not. As we177

reported earlier, high concentration of agonists would result in excessive activation of platelets, leading178

to false diagnosis of platelet function [30, 31]. Thus, the selection of agonist concentration requires179

extreme care.180

In the present study, sensitivity, specificity and AUC are 87.5%, 85.7% and 0.919, respectively,181

for Anysis-Epinephrine; and 96.9%, 87.5% and 0.946, respectively, for Anysis-ADP. For a general182

screening test, there are a few rules of thumb as follows: 1) The sum of sensitivity and specificity (S + S)183

[32]; 2) area under the curve (AUC); 3) likelihood ratio for a positive test result (LR+) or Likelihood184
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Fig. 3. (a) Scatter plot comparing Anysis-200 and PFA-200 for epinephrine test, (b) receiver operating characteristic curve
for epinephrine test, (c) normal distribution of MD values for negative and positive with upper and lower limits (90% CI) in
epinephrine test, (d) boxplot of MD values for negative and positive in epinephrine test.

Table 4

Comparison of agonist concentrations in commercial assays

Agonists [antagonist] Collagen ADP Epinephrine AA [PGE1]
(�g/mL) (�M) (�M) (�M) (nM)

Recommended concentration (optimal) 1–25 (1.25) 2–10 (2.5) 0.5–10 (5) 0.5–1.6 (1.0)
LTA 1.5 3–10 5 0.3–0.5 –
MEA (Roche) 1.5 6.4 5 0.5 9.4
PFA-100 (Siemens) – 20 100 – –
VerifyNow (Accumetrix) – 20∗ – 1000 22∗

Anysis (Rheomeditech) 25 1.2 (2∗) 0.5 144 0.6∗

∗P2Y12 test, AA: Arachidonic acid.

ratio for a negative test result (LR−); and 4) diagnostic odds ratio (D = LR+/LR−) [33]. According185

to these rules, we summarized the present results in Table 5. First, the sums of Sensitivity+Specificity186

are 173.2% for Anysis-Epinephrine and 184.4% for Anysis-ADP, respectively. These two values are187

much higher than the threshold value of 150%. Second, both values of AUC are also ranked in the188

highest regions of accuracy. Third, LR+ and LR– for epinephrine and ADP also showed second189

highest rank with providing useful additional information. The diagnostic odds ratios for them are190

40.8 and 215.3, respectively, which are much higher than the 20. Last, the diagnostic odds ratio is191

known for relatively independent of changes in prevalence and spectrum of sensitivity and specificity.192
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Table 5

Various indexes to representing diagnostic performance

Definition & classification EPI ADP

Sensitivity (%) 87.5 96.9
Specificity (%) 85.7 87.5
Sen + Spe (%) Sensitivity+ Specificity ≥ 1.5 (150%) 173.2 184.4
AUC AUC > 0.9: high accuracy 0.919 0.946

0.7 ∼ 0.9 : moderate accuracy
0.5 ∼ 0.7 : low accuracy

LR+ Sensitivity/(1-Specificity) 6.12 7.75
> 10 : having potential to alter clinical decisions
5 ∼ 10 : providing useful additional information
< 5 : rarely to alter clinical decisions

LR− (1-Sensitivity)/Specificity 0.15 0.036
< 0.1 : having potential to alter clinical decisions
0.1 ∼ 0.2 : providing useful additional information
0.33 ∼ 3 : rarely to alter clinical decisions

Diagnostic Odds Ratio (= LR+/LR−) > 20 40.8 215.3

Considering the guidelines of these rules, the diagnostic performance of the Anysis-200 was confirmed193

to be equivalent to that of PFA-200.194
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