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Whatever Happened?

Whatôs new in antithrombotics? Everything. We now 

monitor antiplatelet drugs aspirin, clopidogrel, and in 2009, 

prasugrel. What do we do about fondaparinux, and the 2011

oral anticoagulants rivaroxaban and dabigatran? And we 

still donôt know how to monitor direct thrombin inhibitors. 

Are Ecarin time, chromogenic X and chromogenic anti-Xa 

the answer?

Objectives:

1. Brief summary of current antithrombotic practice

2. Monitor antiplatelet drugs, fondaparinux, direct 

thrombin inhibitors, and 2010 oral anticoagulants

3. Employ chromogenic X and chromogenic anti-Xa to 

monitor several new anticoagulants
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71 YO Female, Atrial Fibrillation

30 Years of 7.5 mg/day Warfarin

ÅMonday: INR 11, no bleeding symptoms
ïTarget range 2ï3

ïHx: when INR 5ï6: bruising, bleeding gums, epistaxis

ïJust started on statin

ÅTotal cholesterol: 263 mg/dL

ÅTriglycerides: 319 mg/dL

ÅTuesday: INR 11
ïVitamin K 10 mg IV push, D/C warfarin

ÅThursday: INR 1.5
ïFasting, resume warfarin 7.5 mg/day

ÅMonday: INR 2.5
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What Happened?

ÅDietary change, decreased vitamin K?

ÅDo statins, other drugs interfere with 

metabolism?
ïLovastatin and fluvastatin metabolized by CYP450

ÅAge-related change in warfarin sensitivity?

ÅOptical coagulometer, lipemia?
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Is the PT/INR All it Could Be?

ÅINR invalid in first five days of therapy

ÅOptical coagulometers affected by lipemia

ÅPT falsely prolonged by lupus anticoagulant

ÅINR invalid during transition from direct thrombin 

inhibitors (argatroban) to coumadin

Rosborough TK, Jacobsen 

JM, Shepherd MF. 

Relationship between 

chromogenic factor X and 

INR differs during early 

warfarin initiation compared 

with chronic warfarin 

administration. Blood 

Coagul Fibrinolysis 2009 

20:433-5.
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PT Variation Among Four Thromboplastins

Mean (n=9) Example Patient

Reagent PT (sec) INR PT (sec) INR

A 16.1 1.5 67.4 31.3

B 16.9 1.3 81.9 8.7

C 13.7 1.2 169.0 15.4

D 17.5 1.5 78.3 9.3

Despite normalization, the INR varies significantly as a 

function of thromboplastin sensitivity. Quarles LA and 

Harmon SL, personal communication,1997

Rosborough TK, Jacobsen JM, Shepherd MF. Factor X and factor II 

activity levels do not always agree in warfarin-treated lupus 

anticoagulant patients. Blood Coagul Fibrinolysis 2010;21:242-4.
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Chromogenic Factor X Assay

Factor X Factor Xa
Russell viper 

venom + Ca++

Colorless factor Xa-

specific substrate

Releases yellow pNA,

measure at 405 nm
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Chromogenic X In Place of PT?

McGlasson DL, Romick BG, Rubal BJ. Comparison of a chromogenic factor X 

assay with INR for monitoring oral anticoagulation therapy. Blood Coag 

Fibrinolys 2008;19:513ï517

10

23.5%

35.5%
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Chromogenic X in Place of PT?
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Chromogenic X in place of PT?

ñThe data suggest the CFX can be a useful tool for monitoring oral 

anticoagulation in patients in which INR confounders are present.ò

12



Whatever Happened to the PT and PTT? July, 2010

www.fritsmafactor.com 3

The Fritsma Factor

Chromogenic X When Transitioning from 

a Direct Thrombin Inhibitor to Warfarin

Arpino PA, Demirjian Z, Van Cott EM. Use of the chromogenic 

factor X assay to predict the INR in patients transitioning from 

argatroban to warfarin. Pharmacotherapy 2005;25:157ï64. 
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Chromogenic X When Transitioning from a 

Direct Thrombin Inhibitor to Warfarin
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Warfarin Limitations

Limitation Consequence

Five daysô onset of action

Must ñbridgeò with heparin

Must monitor daily;

INR unreliable

Genetic metabolism variation: 

CYP2C9*2, -*3; VKORC1
Must reduce dose for safety

Food and drug interactions

Monthly INR monitoring
Narrow therapeutic range

Pediatric sensitivity

Geriatric sensitivity
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Coumadin Therapeutic Window

Turpie AGG. New oral anticoagulants in atrial 

fibrillation. Eur Heart J 2008;29:155ï165
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Cumulative Adverse Outcomes in 

VTE Patients on Anticoagulation

Outcome 30-d 1-y 3-y

Major bleed 9.4% 11.6% 15.8%

Recurrent VTE 3.5% 10.7% 15.0%

Mortality 13.0% 26.0% 35.3%

N= 549; VTE, venous thromboembolism, includes 

pulmonary emboli (PE) and deep vein thrombosis (DVT)

Adapted from Spencer FA, Gore JM, Lessard D, et al. Patient 

outcomes after DVT & PE: the Worcester Venous Thromboembolism 

Study. Arch Intern Med 2008;168:425ï430. 
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51 YO Male

Acute Myocardial Infection

ÅCrushing substernal pain upon retiring

Å325 mg ASA PO at home
ï Reduce platelet activation and white clot formation

ÅTransported to cardiac catherization lab 

within 90 minutes for percutaneous 

intervention (PCI, angioplasty and stent)
ïIf >3 hours in transport, start thrombolytic therapy

ÅTissue plasminogen activator (TPA, Alteplase)

18
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Platelet Membrane

Glycoprotein IIb/IIIa Inhibitors (GPIs)

ÅGP IIb/IIIa is a membrane arginine-glycine-

aspartate (RGD) sequence receptor
ïBinds fibrinogen and VWF; supports aggregation

ÅEptifibatide (Integrilin®) RGD mimetic
ïUse with aspirin or clopidogrel (Plavix®) and heparin

ïIV loading dose of 180 µg/kg over 1 to 2 minutes

ïContinuous infusion of 2 µg/kg/m up to 72 h

PLT

GP IIb/IIIa

aIIbɔ3

GP IIIaGP IIb

Eptifibatide
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Platelet Membrane

Glycoprotein IIb/IIIa Inhibitors (GPIs)

ÅAbciximab (ReoPro®) anti-IIb/IIIa antibody
ï0.25 mg/kg/1 minute, then 0.125 ug/kg/m to 10 ug/m max

ïPlasma half life 30 minutes

ÅTirofiban (Aggrastat®) peptide inhibitor
ïAnalogue of Echinus carinatus venom component

ïUse with aspirin or clopidogrel (Plavix®) and heparin

ïIV 0.4 µg/kg/m 30 minutes, then 0.1 µg/kg/m up to 48 h

Tirofiban
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GPI Dosing and Thrombocytopenia

ÅWeight-adjusted GPI dose without 

monitoring is ineffective
ïPoor platelet suppression risks thrombosis

ïMonitor with platelet aggregometry using thrombin 

receptor activation peptide (TRAP)

ïPOC: VerifyNow IIb/IIIa assay

ïPOC: Multiplate analyzer

ÅRisk of profound

thrombocytopenia
ïDaily platelet counts

van WerkumJW, HarmszeAM, ElsenbergEH, et al. The use of the VerifyNow system to 

monitor antiplatelet therapy: a review of the current evidence. Platelets 2008;9:479ï488. 

Coons JC, Barcelona RA, FreedyT, HagertyMF. Eptifibatide-associated acute, profound 

thrombocytopenia. Ann Pharmacother2005;39:368ï372.
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Heparin: Crude Extract

of Porcine Mucosa

Unbranched sulfated 

mucopolysaccharide 

glycosaminoglycan
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Coronary Bypass Graft

Unfractionated Heparin (UFH)

ÅUFH bolus: 5000ï10,000 IUs
ïTwo hours after termination of thrombolytic therapy

ïSimultaneous with GPIs

ÅMaintenance dosage: 1600 IUs/hour

ÅTerminate at discharge, max 5 days
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Monitoring UFH Therapy

Standard Schedule

ÅPerform ñbaselineò PTT to r/o factor 

deficiency, inhibitors, lupus anticoagulant

ÅInitiate therapy: bolus + continuous infusion

Å4ï6 h after initiation, perform second PTT

ÅAdjust dose to PTT therapeutic range
ïNever use 1.5ï2.5 x mean of normal range

ïUse laboratory-published range

ÅLaboratory generates range using Brill-Edwards ex vivo curve

Brill-Edwards P, Ginsberg JS, Johnston M, Hirsh J. Establishing a therapeutic range for 

heparin therapy. Ann Intern Med 1993;119:104-109.
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HEPARIN THERAPEUTIC RANGE FOR PTT AUTOMATE

LOT # 971015, EXP. 4 / 99HEPARIN THERAPEUTIC RANGE
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Computing the UFH Therapeutic Range Using the Brill-Edwards Curve

Comparing the PTT to the Chromogenic Anti-Xa Heparin Assay
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Limitations of PTT in UFH Monitoring

ÅLupus anticoagulant, present in 1-2% of 

unselected individuals, prolongs PTT

ÅCoagulopathy prolongs PTT

ÅCoagulation factor inhibitor prolongs PTT

ÅElevated FVIII renders PTT insensitive to heparin

ÅReagent variations require recalibration to the anti-

Xa heparin assay, new target ranges with each lot
ïBrill-Edwards curve

ÅAntithrombin deficiency or consumption renders 

PTT non-responsive, ñheparin resistanceò

27

Eikelboom, JW, Hirsh J. Monitoring unfractionated heparin with the APTT; 

time for a fresh look. Thromb Haemost 2006; 96: 547ï52.
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Monitoring

ÅBaseline PTT: 62 seconds (RI 25ï35)

ÅPerform mixing studies?

ÅHow to monitor unfractionated heparin?
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Chromogenic Anti-Xa Heparin Assay

AT

Xa

+ AT

AT +

AT

Xa

+ Xa

Substrate Product
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Chromogenic Anti-Xa Heparin Curve

ÅSeparate curves for UFH and LMWH?

ÅHybrid curve: one curve fits all

ÅDifferent LMWH formulations
ïAventis 5/1/09 loses Lovenox patent

ÅSeparate curve for fondaparinux?
ïSynthetic pentasaccharide

ïMarilyn Johnston, McMaster: uses same curve as LMWH

McGlasson DL, Kaczor DA, KrasuskiRA, et al. Effects of pre-analytical variables on the anti 

activated factor X chromogenic assay when monitoring unfractionated heparin and low molecular 

weight heparin.  Blood Coagul Fibrinolysis 2005;16:173ï6.
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Synthetic Pentasaccharide, 

Fondaparinux

Glucosamine

Glucuronic acid Iduronic acid

TurpieAGG. Pentasaccharides. Semin Hematol 2002;39:158-171
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Pentasaccharide and Antithrombin

ÅSulfate residues critical to high-affinity AT binding

ÅConformational change in AT raises Xa affinity 

300X
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Heparin 
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Arixtra: Irreversible inhibition of 

Xa, no affinity for thrombin or 

other serine proteases
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Monitoring Fondaparinux

ÅChromogenic anti-Xa calibrated with 

pentasaccharide in mg/L
ïNo international standard

ïStandards available from Beckman-Coulter and Aniara 

for their kits

ÅSC (never IM) injection; 2.5 mg
ïPeak plasma level at 3 h: 0.4ï0.5 mg/L

ïMinimum steady state 0.14ï0.19

ÅNo current therapeutic range
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Pentasaccharide Advantages

ÅEfficacy
ï50% reduction in venographic DVT

ïFrequency of repeat DVT 11 days after surgery 6.8%

ÅCompared to 13.7% for LMWH (p=10-17)

ïFatal thromboembolic events 1% at day 49, same as 

LMWH

ÅHalf-life 17 h; single 2.5 mg SC/24 h

TurpieAGG, Bauer KA, Eriksson BI, Lassen MR. Fondaparinux Vs. Enoxaparin for the 

prevention of venous thromboembolism in major orthopedic surgery: a meta-analysis of 4 

randomized double-blind studies. Arch Intern Med 2002; 162: 1833ï1840

35 The Fritsma Factor

Pentasaccharide Disadvantages

ÅRisk of major bleed 2.7%, LMWH 1.7%

ÅOverdose: no direct reversal, long half-life

ÅCost exceeds LMWH by 50%
ïOffset by reduced adverse events

Heit JA. The potential role of fondaparinux as venous thromboembolism prophylaxis after total hip 

or knee replacement of hip fracture surgery. Arch Intern Med 2002; 162: 1806ï1808
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Pentasaccharide Contraindications

ÅRenal disease: kidney only excretion route
ïCreatinine clearance < 30 mL/min

ÅWeight less than 50 kg

ÅOver 75 years old; not included in studies

ÅBleeding Hx
ïCongenital or acquired coagulopathies

ïUlcerative gastrointestinal disease

ïHemorrhagic stroke
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Rivaroxaban (Xarelto®)

ÅAn oxazolininone 

derivative direct anti-Xa

ÅSafety and efficacy 

exceed Lovenox in three 

out of four phase III trials

ÅCleared in Canada, 

Northern Europe, 

pending in US

ÅApixaban (Bristol-Myers-

Squibb) beginning FDA 

application?
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Results of Four Phase III Studies

ÅRivaroxaban at

10 mg po/daily

is effective as

VTE prophylaxis

ÅMean risk of 

major and total 

VTE recurrence 

< 3%
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Rivaroxaban inhibits free, fibrin-bound Xa, 

and IXa-bound Xa, requires no AT

Xa
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Fibrin
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Riv
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Dose Response to Rivaroxaban

by FXa, Prothrombinase (Xa/Va)

PerzbornE, StrassburgerJ, WilmenA, et al. In vitro and in vivo studies of the novel antithrombotic 

agent BAY 59-7939--an oral, direct Factor Xa inhibitor. J Thromb Haemost 2005;3:514ï521.
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