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platelet inhibitors are being applied 

in a large number of in- and out-

patients

in many clinics: no monitoring of 

platelet function available in a 

routine setting 



Platelet Activation and Aggregation clopidogrel, 

prasugrel,

cangrelor

Aspirin

IIbIIIa

antagonists





Áanalysis of platelet 

function in whole blood 

Átwin impedance sensor

Áplatelets aggregate on 

metal sensors and 

increase electrical 

resistance 

Áplatelet function 

analysis on 

surfaces 

Multiplate®: detection principle



platelet 

adhesion and 

aggregation on 

the Multiplate 

sensor wires 

shown by SEM 



ÅIn platelet rich 

plasma (PRP) 

platelets are studied 

in isolation which is 

NOT their natural 

situation

ÅIn whole blood other 

blood cells are also 

present -

erythrocytes and 

leucocytes which 

also influence platelet 

aggregation

ÅIn PRP not all 

platelets may be 

present, the most 

active platelets and 

larger platelets may 

have been lost during 

centrifugation 

Why study platelet 

function in whole 

blood rather than in 

PRP?



Ʒ blood sample for Multiplate analysis

- citrated blood is the typical sample anticoagulant used for 

platelet function analysis 

- citrate complexes approx. 98% of the free calcium in the 

sample 

- calcium is an important second messenger of platelet 

activation

Ą when citrated blood is used for the analysis ensure a 

good filling of tubes and use the NaCl-CaCl2-solution 

when performing the ADPtest, COLtest and TRAPtest 

Ą hirudin-anticoagulated tubes are used in the majority of 

publications on Multiplate 

Ąwhen heparin blood is analysed, we recommend the 

ADPtest HS for the monitoring of clopidogrel 



Á5 channels for parallel tests 

Áelectronic pipetting

Áapplicable for laboratory and near patient analysis  

Multiplate® instrument



put the test cell into 

the measuring position 

attach the sensor

cable 

pipette 300 µl of saline

+ 300 µl of blood* 

allow 3 minutes 

for warming 

and equilibration

add the activator 

after 6 minutes:

Áprint the results 

Ádiscard the test cell

* usually hirudin or 

heparin blood 

Ʒ Performing the test



Multiplate is the most widely 

used aggregometer in Europe

Literature

Ąmore than 50 medline-listed publications since 2009



TRAP

TRAPtest

ADP

ADPtest

GpIIb/IIIa antagonists:

Reopro ® (abciximab)

Aggrastat ® (Tirofiban)

Integrillin ® (Eptifibatid) 

Aspirin ®

NSAID  

Clopidogrel 

Prasugrel

Cangrelor

COX

Arachidonic 

Acid 

TXA2

TXA2

ASPItest

activation 
inhibition 

1 release of 

arachidonic 

acid 

Multiplate tests



TRAPtest ASPItest ADPtest

no 

platelet 

inhibition

17 U 

134 U139 U 

98 U 89 U

31 U

8 U

88 U 

17 U 

113 U 102 U 89 U

7 U 3 U 3 U

Multiplate 

tracings ï

examples 

tirofiban 

(Aggrastat® i.v.)

100 mg 

aspirin qd

100 mg aspirin

+ 75 mg 

clopidogrel qd

75 mg 

clopidogrel qd 



Ʒ reproducibility
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ASPItest ADPtest TRAPtest

Analysis of ASPItest, 

ADPtest and TRAPtest in 

aspirin-treated individuals 

was performed at 30 and 

60 minutes after blood 

sampling.

Regression analysis of the 

two determinations is 

shown here. 

A good reproducibility is 

shown.  

C. Jambor et al. 

Frankfurt / Main ïMunich 
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57 blood donors

341 patients on 

Aspirin 100 mg / d 

near-

complete 

inhibition 

of 

aggregation 

examination using hirudin blood 

< 30 U 2

< 51 U 1
inhibition of 

aggregation

1 Anesth Analg. 2008 Dec;107(6):1791-7.
2 Hämostaseologie. 2007 Aug;27(3):155-60 

Anesth Analg. 2009 Jul;109(1):25-31. 

Ó51 U

aspirin 

low response 

ƷASPItest: distributions and definition of low response

in Munich university, hemostasis and transfusion medicine department  
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206 blood donors

0 20 40 60 80 100
percentile

170 Patients on 

Clopidogrel 75 mg / d 

ƷADPtest: distributions and definition of low response

in Munich university, hemostasis department  

examination using hirudin blood 

< 45 U 

clopidogrel 

response

Ó45 U 

clopidogrel 

low response

cut off for clopidogrel response:

JACC. 2009 Mar 10;53(10):849-56: 42 U

Thromb Haemost. 2010 Jan;103(1):151-9: 47 U



Patient before neuroradiologic stenting: Aspirin 100 + Plavix 300 mg

Müller-Schunk, Neuroradiology, University Hospital Munich

= 5 U = 85 U =120 U

Aspirin

response 

Plavix non-

response 





After application of Aggrastat (GpIIb/IIIa receptor antagonist)

Müller-Schunk, Neuroradiology, University Hospital Munich



After cessation of Aggrastat 

Müller-Schunk, Neuroradiology, University Hospital Munich

after 15 min 

=10 U =11 U

after 30 min 

=40 U =25 U



Early instent thrombosis (5-th day), as a result of 

high residual platelet activity

5 d x 75 

mg 

68 U

2 d x 150 

mg 

27 U 

Threevessel disease , implanted stent in left anterior descending (LAD)
(15.01.2008), AMI with ST elevation (20 . 05. 2008), PTCA.

University National Heart Hospital - Sofia I. Paskaleva, MD,PhD



Stent thrombosis

0 6 min

AU

Clopidogrel 150mg/d

AU

0 6 min

Prasugrel 10mg/d

F. Krötz, Cardiology, 

Munich University Clinic 

Therapeutic intervention in case of non-response: 



ASPI - 105 U 
ASA 165 mg/d

ASPI - 115 U 
ASA 325 mg/d

ADP - 26 U 
Plavix 75 mg/d 

Status after ACB x3, threevessel disease , TIA

University National Heart Hospital - Sofia I. Paskaleva, MD,PhD

Resistance to aspirin



Clopidogrel monitoring 



JACC 2009 Mar 10;

53(10):849-56.

Ån=1,608 patients with coronary artery disease and planned DES implantation 

Åloading dose 600 mg clopidogrel 

ÅBlood was obtained directly before PCI

ÅMultiplate ADPtest in hirudin blood 

ÅThe primary end point was definite ST at 30 days

Thromb Haemost. 2010 Jan;103(1):151-9: 6 month-follow up. 

Assessment of Ăclopidogrel responseñ



non-response 

according to pre-defined cut-off 42 U

non-response 

according to ROC analysis 47 U

wide variation of 

ADP induced aggregation

Aggregation results and cut-offs

Hirudin blood
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Results: risk enhancement



1 month follow-up

6 month follow-up

OR 9.8

OR 5.8
ĂMEA 

measurements are 

highly predictive 

for the occurrence 

of STñ

Results: Kaplan-Meier analysis



Significantly more 

adverse events 

in clopidogrel non-

responders

(p<0.001) 

ĂNear-patient testing of 

platelet inhibition before 

neurointerventional stent 

placement seems

reasonable to adjust the 

antiplatelet protocol 

individually if required and 

has the potential to reduce 

thromboembolic 

complications...ñ

AJNR Am J Neuroradiol. 

2008 Apr;29(4):786-91. 

Confirmation: study in neuroradiology 



Ån=416 pts with CHD undergoing PCI 

ÅVASP assay and Multiplate ADPtest HS 

in hirudin blood 

Å6 month follow-up

ĂThe effectiveness of MEA in predicting 

stent thrombosis .. was higher than any of 

the values reported for tests assessing 

the antiplatelet effect of clopidogrel in 

order to predict thrombotic adverse 

eventsñ

J Thromb Haemost. 2010 Feb;8(2):351-9. 

Confirmation: study in cardiology 



Clopidogrel effect and bleeding
D. Sibbing et al. J Thromb Haemost. 2010 Feb;8(2):250-6. 

ADP-induced platelet aggregation (AU*min)
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Impact of systemic inflammation on 

platelet aggregation in patients under 

chronic clopidogrel treatment

I. Bernlochner1, S. Steinhubl2, S.-L. Braun1, 

T. Morath1, J. Mehilli1, J. Stegherr1, A. 

Schömig1, N. von Beckerath1, A. Kastrati1, 

D. Sibbing1

Elevated levels of C-reactive protein, WBC 

count and fibrinogen were significantly 

associated with high on clopidogrel 

treatment platelet reactivity. Thus, a status 

of systemic inflammation significantly 

attenuates the level of platelet inhibition that 

is achieved by clopidogrel treatment. 

Clin Res Cardiol 99, Suppl 1, April 2010 

Inflammation and clopidogrel effect 



ÅAssessment of platelet function in 

188 patients under clopidogrel 

maintenance treatment (75 mg/d) 

with / without diabetes mellitus 

D. Sibbing et al, Poster presentation:

Assessment of Clinical Variables That 

Influence Platelet Aggregation in Patients

Under Long-term Clopidogrel Treatment 

Using Multiple Electrode Platelet 

Aggregometry

GTH congress February 2008
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Diabetes and clopidogrel effect 



Impact of common CYP2C19 genetic variants on the antiplatelet effect of 

chronic clopidogrel therapy

D. Sibbing et al. J Thromb Haemost. 2010 May 21. 

Clin Res Cardiol 99, Suppl 1, April 2010 



Aspirin monitoring 



n=76 patients under chronic aspirin therapy with 100 mg aspirin / d 

n=57 blood donors 

Multiplate ASPItest in hirudin blood 

Assessment of residual platelet 

reactivity during aspirin treatment





Whole blood multiple electrode aggregometry is a reliable point-of-

care test of aspirin-induced platelet dysfunction. 
Jámbor C, Weber CF, Gerhardt K, Dietrich W, Spannagl M, Heindl B, Zwissler B. 

Anesth Analg. 2009 Jul;109(1):25-31. 

Aspirin monitoring ïvalidation 



418 stable patients with CAD 

54 of whom treated with PPI

ASPItest in citrated blood (1 mM) 

ĂPatients with CAD treated with PPIs 

had a reduced platelet response to 

aspirin .. compared with patients 

with CAD not taking PPIs. 

Concomitant use of aspirin and PPIs 

might reduce the cardiovascular 

protection by aspirin.ñ

Aspirin: drug interactions 



Patients with Previous Definite Stent Thrombosis Have a Larger Fraction of 

Immature Platelets and a Reduced Antiplatelet Effect of Aspirin Presentation 

Morten Würtz, Erik L. Grove, Lise N. Wulff, Anne K. Kaltoft, Hans H. Tilsted, 

Lisette O. Jensen, Anne-Mette Hvas, Steen D. Kristensen

Aarhus University Hospital, Skejby, Aarhus, Denmark 

Ą 117 patients previously undergoing percutaneous coronary intervention (PCI)

Ą 39 patients suffered stent thrombosis within two years of stenting and 78 patients 

served as controls matched in a 1:2 ratio with respect to age, gender, stent type, 

diabetes and PCI indication. 

Results. 

Platelet aggregation assessed by Multiplate® aggregometry was significantly higher 

in cases when induced by arachidonic acid (p = 0.02) and by collagen 

(p <0.0001). 

Platelet aggregation was increased when assessed by VerifyNow® (p = 0.09, ns). 

Soluble serum P-selectin levels did not differ between groups (p = 0.92)

Conclusion. 

Patients with previous ST had an increased residual 

platelet aggregation compared to matched controls. 



enhanced risk of 

bleeding events 

enhanced risk of 

ischaemic events 

residual platelet activity

Ferreiro, Sibbing, Angiolillo, modified 

cut-offs for 

Multiplate analysis 



enhanced risk of 

bleeding events 

enhanced risk of 

ischaemic events 

residual platelet activity

Ferreiro, Sibbing, Angiolillo, modified 

cut-off ADPtest 

19 U 

JTH Sibbing et al 2010

cut-off ADPtest 

42 U JACC Sibbing et al, 2009 / 

47 U JACC Sibbing D et al, 2009 

according to ROC analysis



MULTIPLATE® | Interpretation

Results are expressed in U (AUC).

Adequateresponseto ADPP2Y12receptorblockingmedicationwasdefined

asADP-test<45units(AUC).

200 AU

0
6 min

Clin Res Cardiol 99, Suppl 1, April 2010, V1728 

Zechmeister M, Nagel J, Schuhmann CG, Spannagl M, Sohn HY, Klauss V, Krötz F

Munich University Clinic, Cardiology Department  


