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Trinity Biotech, Inc. 

ÅThank you to Mr. John Avila, Trinity 

Biotech, Inc.

ÅFor a copy of this presentation, go to 

www.fritsmafactor.com
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Participantsé

ÅProvide the history and pharmacology of aspirin

ÅReview the history and pharmacology of 

clopidogrel (thienopyridines, PlavixÑ)

ÅOutline current antiplatelet therapy regimens

ÅReview literature on prevalence and causes of 

antiplatelet therapy failure

ÅPerform antiplatelet therapy monitoring assays

ÅInterpret assay results

ÅDetermine if antiplatelet therapy monitoring is 

effective
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Felix Hoffman; 1897

ÅAugust 10, 1897: Felix Hoffman 

synthesized pure, stable acetyl salicylic 

acid
ïBayer laboratories in Leverkusen, Germany

ÅAspirin: a = acetyl; spir = Spirea (plant) 

Å1900: Bayer mixes aspirin with starch to 

make the first drug in tablet form
ïNo prescription: 5 grains [~325 mg]

ïUruguayan stamp shows

Hoffman, willow branch,

and his signature taken

from the laboratory record

Mann CC, Plummer ML. The Aspirin Wars: Money, Medicine, and 100 

Years of Rampant Competition. New York: Knopf 1991. 5 The Fritsma Factor

Lawrence Craven: 1948

Å1948: Dr. Lawrence Craven, 

California GP noticed 400 men 

for whom he had prescribed 

aspirin had no heart attacks
ïRecommended aspirin a day to reduce risk 

of heart attacks

Å1971: JB Smith demonstrated 

aspirinôs inhibition of platelet 

prostaglandins
Craven LL. Acetylsalicylic acid, possible preventive of coronary 

thrombosis. Ann Western Med 1950;4: 95ï9.

Vane JN. Inhibition of prostaglandin synthesis as a mechanism of

action for aspirin-like drugs. Nat New Biol 1971;231:232ï5.

Smith JB, Willis AL. Aspirin selectively inhibits prostaglandin 

production in human platelets. Nature 1971; 231: 235ï7. 6
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Aspirin Efficacy: ISIS-2

Å1988: Based ISIS-2 demonstrating 

0.78 risk of death after MI using 

aspirin, the US FDA first approves 

aspirin for reducing the risk of a 

second MI or a first MI in angina

Å1988: Based on the Physiciansô 

Health Study, aspirin approved to 

prevent TIAs and strokes in healthy 

subjects

ISIS-2 Collaborative Group. Randomized trial of intravenous 

streptokinase, oral aspirin, both or neither among 17,187 cases of 

suspected acute myocardial infarction: ISIS-2. Lancet 1988; 2: 349-60.
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Aspirin in Primary Prevention

ÅPhysicianôs Health Study 1982-96
ï1086 healthyǁphysicians age 40-84

ï325 mg aspirin on alternate days versus placebo

ïEthical termination at 60 months when 44% reduction 

of fatal or nonfatal first AMIs was recorded

ÅWomenôs Health Study 1991-2000
ï39,876 healthy ǀover 45 YO, 10 years

ï100 mg aspirin on alternate days versus placebo

ï25% reduction in fatal or non-fatal first MIs

ï50% reduction in hypercholesterolemia, smokers, or 

hypertensives, greatest effect over 65 YO

Physician's health study: aspirin and primary prevention of coronary heart 

disease. N Engl J Med 1989; 321:129-35,183-5.

Gaziano JM, Skerrett PJ, Buring JE. Aspirin in the treatment and 

prevention of cardiovascular disease. Haemostasis 2000; 30:1-13S. 
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Antiplatelet Trialistsô Collaboration

287 trials incorporating 100,000 subjects:
ïComposite 32% decrease in death, MI, ischemic stroke in 

vascular patients on 75 to 150 mg aspirin daily:

Antithrombotic Trialists' Collaboration. Collaborative meta-analysis of 

randomised trials of antiplatelet therapy for prevention of death, myocardial 

infarction, and stroke in high risk patients. BMJ 2002;324: 71-86. 9 The Fritsma Factor

Cyclooxygenase-1 Acetylation

ÅPlatelet COX-1 acetylated at ser529

ïPrevents arachidonic acidôs access to reactive ñtunnelò

ïActive site amino acid tyr385 unaffected

ÅPlatelet permanently loses COX-1 

activation pathway
ïRecovery of function 10%/day as new platelets are 

produced

ÅAdhesion and shear-induced aggregation 

functions remain

Vane JR, Botting RM. Mechanism of action of aspirin-like drugs. Semin 

Arthr Rheum 1997; 25 Suppl I: 2-10.
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Acetylation of Cyclooxygenase-1

O-C-CH3

O

C-OH

O

OH

R-CH2-NH2

Acetylsalicylic Acid

Salicylic Acid

Acetylated COX-1

Esterase

Pedersen AK, Fitzgerald GA. Dose-related kinetics of aspirin: Presystemic 

acetylation of platelet cyclooxygenase. New Engl J Med 1984; 311: 1206-11. 
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Agonist binds

membrane receptor

Arachidonic Acid

Cyclooxygenase-1

PGG2/PGH2

TXA Synthase

Thromboxane A2 

activates platelet

Thromboxane B2 is a stable, measurable plasma 

product that is reduced in aspirin therapy

Aspirin

Aspirin acetylates COX1 and 
reduces production of TXA2

COOH

12
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COOHCOOH

Cox 1 Cox 1

Tyr385

Ser529

PGG2/PGH2

TXA2

Acetylated Ser529

AA blocked

Aspirin

Arachidonic Acid

COX-1 Inhibited 

by Aspirin

Tyr385
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Aspirin Pharmacology

Å50% absorbed from stomach, duodenum

ÅPeak plasma levels at 15 m

ÅAcetyl group hydrolyzed to form salicylic 

acid (salicylate) in 20-30 m
ïEsterase in gut, liver and RBCs

ïPlatelet COX-1 acetylation occurs in the presystemic 

(portal) circulation of gut and liver

ÅReduces plasma TXB2 within 5 m
ïMaximal reduction in 30 m
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Aspirin Usage in the US

ÅToday: 29 billion 

tablets/year in 

USA

Å38% for heart 

disease

ÅBut--aspirin is 

not for everyone

Bayer market research
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Clopidogrel (PlavixÑ)

ÅThienopyridine pro-drug
ï(+)-(S)-methyl 2-(2-chlorophenyl)- 2- (6,7-

dihydrothieno[3,2-c]pyridin-5(4H)-yl) acetate

ÅMetabolite occupies ADP receptor 

P2Y12

ïCovalent disulfide binding, prevents 

aggregation

ÅIndications; with aspirin:
ïPrevents vascular ischemia in symptomatic 

atherosclerosis 

ïPrevents secondary acute coronary 

syndrome

ïPrevents thrombosis after placement of drug-

eluting coronary stent
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Clopidogrel (PlavixÑ)

ÅOral administration: 75mg/d
ïLoading dose 600 mg

ïContinue with parallel aspirin 1-2 years

ïContinue aspirin for life

ÅPeak plasma levels 1 hour

ÅProdrug modified to active form in liver
ïCYP3A4 (cytochrome P450)

ÅHalf-life 8 hours

ÅExcreted via kidneys and liver
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ADP binds

receptor

G-protein

activated

G-

protein

ATP

released

Clopidogrel 

metabolite

blocks receptor

G-

protein
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Clopidogrel Efficacy

Condition Study Citation Risk Reduction

Vs. Aspirin Alone

Unstable

angina

CURE NEJM 2001;345:494 20%

Stent CREDO JAMA 2002;288:2411 26.9%

Myocardial

infarction

CLARITY-

TIMI 28

NEJM 2005;352:1179 20%

Low-risk CHARISMA NEJM 2006;354:1706 None
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Antiplatelet Failure Vs Resistance

ÅVariable antiplatelet efficacy
ïAdverse events despite therapy: failure

ÅLaboratory testing for resistance
ïBleeding time

ïLight transmittance aggregometry (LTA)

ïWhole blood impedance aggregometry (WBA)

ïAspirinWorksÑ: Urine 11-dehydrothromboxane B2 (UDHT) 

immunoassay

ïAccumetrics Ultegra VerifyNowÑAspirin

ïSiemens PFA-100Ñcollagen-epinephrine cartridge (CEPI)

ïHelena PlateletWorksÑ

ïThromboelastographÑ (TEG)

ïPlatelet vasodilator-stimulated phosphoprotein 

phosphorylation (VASP) flow cytometry
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Bleeding Time: Mielke Template

ÅDiagnose VWD and qualitative platelet disorders 

in controlled conditions

Å50% PPV for intraoperative bleeding 50%

ÅAffected by platelet count

ÅLeaves scars

21 The Fritsma Factor

Light Transmittance Aggregometry 

(LTA) Specimen Preparation

ÅCollect 9ï12 mL whole blood

ï3ï4 2.7 mL tubes + 0.3 citrate

ÅCentrifuge at 50³g 30ò (PRP)

ÅCentrifuge at 1500³g 15ò (PPP)

ÅAdjust platelet count in the PRP 

with PPP to ~200,000/uL

ÅWait 30 m for ñplatelet shockò, 

dispense to cuvette

ÅPipette agonist, record 

absorbance using photometry
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Antiplatelet Efficacy Agonists

Å0.5 mM arachidonic acid (AA)
ïDirectly activates COX pathway to produce TXA2

ï TXA2 activates platelet by binding TPŬor TPb

ïResponse reduced by aspirin

Å1ï5 mg/mL collagen
ïBinds receptors GP Ia/IIa (integrin a2b1), GP IV, GP VI

ï 1 mg/mL response reduced by aspirin

ï 5 mg/mL may bypass aspirin effect, reduced in secretion 

(aspirin-like) disorder

Å5ï10 mM ADP
ïADP binds intact P2Y1 & P2Y12

ïResponse reduced by thienopyridines ticlopidine, clopidogrel

ÅThrombin receptor activation peptide (TRAP)
ï Response reduced by GP IIb/IIIa inhibitor therapy
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Resting 

Platelets

0%

100% Transmittance

Agonist

Shape 

Change

Primary 

Aggregation

Secretion

Secondary 

Aggregation0 5 minutes

Light Transmittance Aggregometry
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LTA Limitations

ÅSpecimen volume

ÅSpecimen preparation time and artifact

ÅThree-hour time limit

ÅOperator-dependent results

ÅPoor reproducibility

ÅRemoves effect of RBCs and WBCs
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Impedance-based Whole Blood 

Platelet Aggregometry (WBA)

ÅCollect 9 mL blood
ï3 tubes each 2.7 mL + 0.3 citrate

ÅDilute aliquot 1:1 with 

saline in cuvette

ÅPipette agonist, timer 

starts

ÅElectrodes lowered into 

suspension
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WBA: Impedance

ÅAggregating platelets 

form layer on electrodes

ÅCurrent impeded by 

platelet layer
ïResistance measured in ohms 

(W)

ï0 W= no aggregation

ïAggregation proportional to W

Courtesy of Kathy Jacobs, Chronolog, Inc
27 The Fritsma Factor Courtesy of Kathy Jacobs, Chronolog, IncWBA 591A 28
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Secretion Assayed Using

The òFireflyó Reaction

Courtesy of Kathy Jacobs, Chronolog, Inc

Luciferin Luciferyl:AMP

ATP PPi

Oxyluciferin + AMP

O2

Luminescence

Chromo-lume® firefly 

luciferase reagent

Proportional to ATP 

release in hM
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Courtesy of Thrity Avari, Chronolog, Inc
30



Does Aspirin Work? 3/27/09

www.fritsmafactor.com 6

The Fritsma Factor

Normal Lumi-WBA
ATP Release

0
0

5 Minutes 10 Minutes

1.5 µM

3.0 µM

5 µg/mL collagen, 0.5 mM arachidonic acid, 5 µM ADP

Impedance

20 W

0

40 

W

Full 40 W

Aggregation

Full 1 hM 

Release
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1 mg/mL collagen, 0.5 mM arachidonic acid

Aspirin, Aspirin-like Disorder (Secretion Defect)
ATP Release

0

0

5 Minutes 10 Minutes

20 W

0

1.5 µM

3.0 µM

Impedance

40 W

No (< 5 W) 

AggregationNo (< 0.1 hM) 
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5ð10 mM ADP

Clopidogrel, P2Y12Defect
ATP Release

0
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Agonist Collagen 1 mg/mL

Tracing 2-Control 4-Patient

Luminescence

(Amplitude)
0.83hm 0.81hm

Tracing 1 Control 3-Patient

Aggregation

(Impedance)
38W 37W

Agonist Arachidonic Acid 0.5 mM

Tracing 2-Control 4-Patient

Luminescence

(Amplitude)
0.45hm 0.45hm

Tracing 1 Control 3-Patient

Aggregation

(Impedance)
27W 25W

1

2

3

4

1

2

3

4

Normal

Courtesy of Patti Tichenor, UAB 

Coagulation; using AGGRO/LINK®
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Agonist Collagen 1-5 mg/mL

Tracing 2-Control 4-Patient

Luminescence

(Amplitude)

1.69hm 0.57hm

Tracing 1 Control 3-Patient

Aggregation

(Impedance)

39W 26W

Agonist Arachidonic Acid 0.5 mM

Tracing 2-Control 4-Patient

Luminescence

(Amplitude)

1.42hm 0.57hm

Tracing 1 Control 3-Patient

Aggregation

(Impedance)

26W 0W

1

2

3

4

1

2

3

4

Release Defect (Aspirin-like Disorder)

Courtesy of Laura Taylor, UAB 

Coagulation; using AGGRO/LINK®
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Aspirin Effect Using

5 µg/mL and 1 µg/mL Collagen

1 µg/mL agg <50% 5/mL µg agg

5 µg/mL agg

1 µg/mL agg

1 µg/mL release

1
5 µg/mL release

Courtesy of Laura Taylor, UAB 

Coagulation; using AGGRO/LINK® 36


