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71 YO Female, Atrial Fibrillation
30 Years of 7.5 mg/day Warfarin

A Monday: INR 11, no bleeding symptoms
i Targetrange 21 3
T Hx: when INR 5i 6: bruising, bleeding gums, epistaxis
1 Just started on statin

A Total cholesterol: 263 mg/dL
A Triglycerides: 319 mg/dL

A Tuesday: INR 11
1 Vitamin K 10 mg IV push, D/C warfarin

A Thursday: INR 1.5

i Fasting, resume warfarin 7.5 mg/day

. A Monday: INR 2.5
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Whatever Happened?

What 6s new in antithrombotics?

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 dondét know how to monito

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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Prothrombin

What Happened?

A Dietary change, decreased vitamin K?

A Do statins, other drugs interfere with
metabolism?
i Lovastatin and fluvastatin metabolized by CYP450

A Age-related change in warfarin sensitivity?
A Optical coagulometer, lipemia?
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Is the PT/INR All it Could Be?

A INR invalid in first five days of therapy
A Optical coagulometers affected by lipemia
A PT falsely prolonged by lupus anticoagulant

A INR invalid during transition from direct thrombin
inhibitors (argatroban) to coumadin

Rosborough TK, Jacobsen 100
JM, Shepherd MF.
Relationship between 20
chromogenic factor X and
INR differs during early

with chronic warfarin oA RUELE
administration. Blood 5. x
Coagul Fibrinolysis 2009 "
20:433-5. il
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Chromogenic X in Place of PT?
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PT Variation Among Four Thromboplastins

Mean (n=9)| Example Patiefit
Reagent PT (sec) INR| PT (sec) INR
A 16.1 | 15| 67.4 | 313
B 169 | 1.3| 819 | 87
C 13.7 | 1.2| 169.0| 15.4
D 175 | 15| 783 | 9.3

Despite normalization, the INR varies significantly gs a
function of thromboplastin sensitivity. Quarles LA apd
Harmon SL, personal communication,1997

TK, JM, pl MF. Factor X and factor Il
activity levels do not always agree in warfarin-treated lupus
anticoagulant patients. Blood Coagul Fibrinolysis 2010;21:242-4.
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© CFXc(n=309)
© CFXn (n=30)
53 816
crr=raze B2 HE
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F=0.964, R?= 0,929, SEE = 6,632
=339, P <0001
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JF

A good mudal it batwean NR and CFX when axprussed as @

=339, ¥ =0929; F(&ﬂﬂ!lopmmda
rap‘q-vtxarrplnhﬂnnnrnn]mmd
Grcios from patients receiving Coumade trapy (GFXG). CFX,
chromogenic factor X: INR, international nomalized ratio.

McGlasson DL, Romick BG, Rubal BJ. Comparison of a chromogenic factor X
assay with INR for monitoring oral anticoagulation therapy. Blood Coag
Fibrinolys 2008;19:513i 517
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Chromogenic X When Transitioning from
a Direct Thrombin Inhibitor to Warfarin

Table 2. Daily Coagulation Variables Starting on Day 1 of Warfarin Therapy in the 62 Patients

At Time of At Time of

Chromogenic Facto  Confirmatory
Vartable Day 1 Day2 Day 3 X Measurement_| _Coagulation Studicst
Dosage
Argarobun (pg/kg/min) 17212 16al1 17212 1821
Wartartn (mgiday) 43:18 43:1 47218 32:23
Laboratory tests
aPTT fsec)

pie of 10 patients a2 1 the cosgulation

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;25:1571 64.
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Warfarin Limitations

Limitation Consequence

Must fdAbridge
Five dayso0 ofns ®istnforitor daflyt |
INR unreliable

Genetic metabolism variati
CYP2C9*2:3;VKORC1

Food and drug interactiong
Narrow therapeutic range
Pediatric sensitivity
Geriatric sensitivity
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PRust reduce dose for sdfet

Monthly INR monitoring

Cumulative Adverse Outcomes in
VTE Patients on Anticoagulation

Qutcome | 30d 1y 3y
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;168:4257 430.
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Chromogenic X When Transitioning from a
Direct Thrombin Inhibitor to Warfarin
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Coumadin Therapeutic Window

20
— Ischaemic stroke
===+ Intracranial bleeding
154

Odds ratio

T T T T T T
0 30 40 50 60 70 80

T
10 2
International normalized ratio

Turpie AGG. New oral anticoagulants in atrial
The Fritsma Factor

fibrillation. Eur Heart J 2008;29:155i 165

51 YO Male
Acute Myocardial Infection

A Crushing substernal pain upon retiring
A 325 mg ASA PO at home
i Reduce platelet activation and white clot formation
A Transported to cardiac catherization lab
within 90 minutes for percutaneous
intervention (PCI, angioplasty and stent)

i If>3 hours in transport, start thrombolytic therapy
A Tissue plasminogen activator (TPA, Alteplase)

. &> mmc
| ey
2 =) thrombus
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Platelet Membrane
Glycoprotein llb/llla Inhibitors (GPIs)
A GP lIb/llla is a membrane arginine-glycine-

aspartate (RGD) sequence receptor
i Binds fibrinogen and VWF; supports aggregation
A Eptifibatide (Integrilin® RGD mimetic
i Use with aspirin or clopidogrel (Plavix®) and heparin
i IV loading dose of 180 pg/kg over 1 to 2 minutes
i Continuous infusion of 2 pg/kg/m up to 72 h

“w. ) Eptifibatide

GPI Dosing and Thrombocytopenia

A Weight-adjusted GPI dose without
monitoring is ineffective

i Poor platelet suppression risks thrombosis

Monitor with platelet aggregometry using thrombin

receptor activation peptide (TRAP) - T
POC: VerifyNow lIb/llla assay g ok

e

i POC: Multiplate analyzer A X

. I SR

A Risk of profound ~ e |
thrombocytopenia - -

i Daily platelet counts ' .\—-/ A"

vanWerkundW,Harmsz&M ElsenberfH, et al. The use of the VerifyNow syst
~ monitor antiplatelet therapy: a review of the current evidence. Platelé#8800:

Coons JC, Barcelona RéedyT, Hagert}F. Eptifibatidssociated acute, profour
thrombocytopenia. Rimarmacoth2005;39:36872.
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Coronary Bypass Graft
Unfractionated Heparin (UFH)

A UFH bolus: 5000i 10,000 IUs
i Two hours after termination of thrombolytic therapy
i Simultaneous with GPIs

A Maintenance dosage: 1600 IUs/hour
A Terminate at discharge, max 5 days

] The Fiitsma Factor 23
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Platelet Membrane
Glycoprotein llb/llla Inhibitors (GPIs)

A Abciximab (ReoPro®) anti-llb/llla antibody
T 0.25 mg/kg/1 minute, then 0.125 ug/kg/m to 10 ug/m max
i Plasma half life 30 minutes
A Tirofiban (Aggrastat®) peptide inhibitor
i Analogue of Echinus carinatus venom component
T Use with aspirin or clopidogrel (Plavix®) and heparin
i IV 0.4 pg/kg/m 30 minutes, then 0.1 pg/kg/m up to 48 h

ST TSNNH
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Heparin: Crude Extract
of Porcine Mucosa

Unbranched sulfated ™
3 ok

mucopolysaccharide

glycosaminoglycan U
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http://upload.wikimedia.org/wikipedia/commons/a/ae/Eptifibatide.svg
http://upload.wikimedia.org/wikipedia/commons/3/34/Tirofiban.svg
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Monitoring UFH Therapy
Standard Schedule

APerform fAbaselinedo PI
deficiency, inhibitors, lupus anticoagulant

A Initiate therapy: bolus + continuous infusion

A 4i 6 h after initiation, perform second PTT

A Adjust dose to PTT therapeutic range

i Never use 1.5i 2.5 x mean of normal range

i Use laboratory-published range
A Laboratory generates range using Brill-Edwards ex vivo curve

."\ ~ BrilEdwards P, Ginsberg JS, Johnston M, Hirsh J. Establishing a therapeuti
s | heparin therapy. Ann Intern Med 1993;:109.104
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Limitations of PTT in UFH Monitoring

A Lupus anticoagulant, present in 1-2% of
unselected individuals, prolongs PTT

A Coagulopathy prolongs PTT

A Coagulation factor inhibitor prolongs PTT

A Elevated FVIII renders PTT insensitive to heparin

A Reagent variations require recalibration to the anti-
Xa heparin assay, new target ranges with each lot
T Brill-Edwards curve

A Antithrombin deficiency or consumption renders
PTTnonr esponsive, fihepar:i

Eikelboom, JW, Hirsh J. Monitoring unfractionated heparin with the APT
time for a fresh look. Thromb Haemost 2006,526: 547

The Frtsma Factor 27

Chromogenic Anti-Xa Heparin Assay
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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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Anti-Xa B

Monitoring

A Baseline PTT: 62 seconds (RI 25i 35)
A Perform mixing studies?
A How to monitor unfractionated heparin?

The Fritsma Factor 28

Chromogenic Anti-Xa Heparin Curve

A Separate curves for UFH and LMWH?
A Hybrid curve: one curve fits all
A Different LMWH formulations

i Aventis 5/1/09 loses Lovenox patent

A Separate curve for fondaparinux?
i Synthetic pentasaccharide
i Marilyn Johnston, McMaster: uses same curve as LMWH

[ ONCE-DATLY ]
=5
e .
sl U (fondaperis SO
McGlasson DL, KaczorHdAsuskRA, et al. Effects of-pnalytical variables on the anti
activated factor X chromogenic assay when monitoring unfractionated heparin and |

weight heparin. Blood Coagul Fibrinolysis 2006;16:173
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FRITSMA Synthetic Pentasaccharide,
o Fondaparinux

Interactive

Hemostasis
Resource
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TurpiAGG. Pentasaccharides. Semin H :18B71
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Pentasaccharide Advantages
A Efficacy

i 50% reduction in venographic DVT

i Frequency of repeat DVT 11 days after surgery 6.8%
A Compared to 13.7% for LMWH (p=10-17)

i Fatal thromboembolic events 1% at day 49, same as
LMWH

A Half-life 17 h; single 2.5 mg SC/24 h

TurpiAGG, Bauer KA, Eriksson B, Lassen MR. Fondaparinux Vs. Enoxap.
prevention of venous thromboembolism in major orthopedic suayealysisnoét
randomized doubléind studies. Arch Intern Med 20028382840

‘The Fritsma Factor

www.fritsmafactor.com

July, 2010

THE
FRITSMA
FACTOR Pentasaccharide and Antithrombin

A Sulfate residues critical to high-affinity AT binding
A Conformational change in AT raises Xa affinity

300X
Protease Active
Binding Protease
Site Site

Ar|xtra Irreversible inhibition of

Xa no affinity for thrombin or,
Hepann other serine proteases
Bmdmg Site
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A Chromogenic anti-Xa calibrated with
pentasaccharide in mg/L
i No international standard

i Standards available from Beckman-Coulter and Aniara
for their kits

A SC (never IM) injection; 2.5 mg
i Peak plasma level at 3 h: 0.47 0.5 mg/L
i Minimum steady state 0.147 0.19

A No current therapeutic range

The Fritsma Factor
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. Pentasaccharide Disadvantages

Your

- ARisk of major bleed 2.7%, LMWH 1.7%

Hemostasis
Resource

A Overdose: no direct reversal, long half-life
A Cost exceeds LMWH by 50%

i Offset by reduced adverse events

Heit JA. The potential i venous t hyl:
or knee replacement of hip fracture surgery. Arch Intern Medmtmz:
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. ARenal disease: kidney only excretion route

Resource
i Creatinine clearance < 30 mL/min
A Weight less than 50 kg
A Over 75 years old; not included in studies
A Bleeding Hx
i Congenital or acquired coagulopathies

1 Ulcerative gastrointestinal disease
T Hemorrhagic stroke

The Fritsma Factor £l

THE
ERITSMA ;
il Results of Four Phase Il Studies

Your
Interactive
Hemostasis
Resource

A Rivaroxaban at
10 mg po/daily
is effective as
VTE prophylaxis

A Mean risk of
major and total
VTE recurrence
< 3%

‘The Fritsma Factor £

Rivaroxaban inhibits free, fibrin-bound Xa,
and IXa-bound Xa, requires no AT

‘The Fritsma Factor a
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A An oxazolininone
derivative direct anti-Xa Bayer @
A Safety and efficacy Y
exceed Lovenox in three L ot v
out of four phase Ill trials =
A Cleared in Canada, o 3
Northern Europe, CNW N
pending in US d
A Apixaban (Bristol-Myers-,, . v
Squibb) beginning FDA %'.’3:" xaﬁg!!g

application?
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Rivaroxaban
inhibits Xa/Va | Xa | Va  deceses
prothrombinase
activity, prolongs
time to thrombin
generation, reduces
thrombin
production
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grsm Dose Response to Rivaroxaban
s by FXa, Prothrombinase (Xa/Va)
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Perzbork, StrassburgdrWilmer, et al. In vitro and in vivo studies of the novel antithr
agent BAY 5839-an oral, direct Factor Xa inhibitor. J Thromb Haemost Z8I5;3:514
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