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Limites des AVK

� index thérapeutique étroit
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Les AVK réduisent la fonctionnalité des facteurs de coagulation vitamine K dépendants
Le temps de Quick-TP-INR est un test de PK mais n’explore pas une étape 
physiologique de la coagulation 



POCT destinés aux patients

Coaguchek ® XS
Roche

INRatio® (HemoSense)
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AT Xa
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LES HEPARINES : PHARMACOLOGIELES HEPARINES : PHARMACOLOGIE
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Heparins – Mechanism of action

• If these chains are long  

enough they can 

additionally bring an anti 

factor Ila activity

At least 18 saccharide units 

required to inactivate factor IIa

Adapted from Weitz J. N Engl J Med 1997;337:688–698.

Glycanic chains of  heparins including the Pentasaccharidic Sequence (PS) exhibit 

indirect anticoagulant  properties via their antithrombin cofactor activity

• Chains with PS bring at least 

an anti factor Xa  activity
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The endothelial glycocalyx

� A negatively charged, organized mesh of membranous glycoproteins, 

proteoglycans, GAGs and plasma proteins

� Major components: Hyaluronic acid and heparan sulfate proteoglycans

Electron microscopy image of the endothelial glycocalyx in a coronary capillary

Nieuwdorp M et al. Curr Opin Lipidol 2005,16:507-511



Endothelial glycocalyx
Physiological functions

Glycocalyx

Endothelium

Subendothelial space

Endothelium
NO-synthesis,

superoxide dysmutation

Permeability

sieving barrier

Coagulation

Inhibition of platelet adhesion

Coagulation regulatory factors

Inflammation
Prevention of

Leukocyte 

adhesion

Nieuwdorp M et al. Curr Opin Lipidol 2005,16:507-511

Under physiological conditions
Roles: Barrier, storing compartment, coagulation/inflammation pathways, 

shear stress transducer

vasomotricity
Blood flow 

regulation



STACKENOX - Results

H4 H6 H10

Effect on anti-Xa (median IU/mL)

Day 3 => Effect of 70/kg i.v. UFH bolus according to the timing of administration 

after SC enoxaparin in healthy subjects chronically treated with enoxaparin

Drouet L et al Am Heart J. 2009 Aug;158(2):177-84. 

Time from last enoxaparin injection (hours)



Glycocalyx structure and role 

4. Sasisekharan R et al. Nat Rev Cancer 2002;2:521-528
5. Mousa SA et Petersen LJ. Thromb Haemost 2009;102:258-267
6. Yip GW et al. Mol Cancer Ther 2006;5:2139-2148

physiological

heterogeneity of 

glycocalyx in the 

vascular system 1

Examples of pathological 

condition with glycocalyx

damage 2-6

� Diabetes

� Inflammation

� Aging 

� Cancer/chemotherapy

Decrease of glycocalix in diabetes melitus (DM)

1. Gouverneur et al J. Intern. Med. 2009 259 (4) :393-400
2. Nieuwdorp M et al. Diabetes 55:1127–1132, 2006
3.Bihari-Varga M  et al. Pathol Biol (Paris). 1981 Nov;29(9):555-61. 



Endothelial glycocalyx
Damaging impact

Damaged

glycocalyx

Endothelium

Subendothelial space

� NO availability 

� Oxidative stress

� Leakage of

macromolecules 

� Platelet adhesion

� Thrombin generation

� Leukocyte adhesion

� Diapedesis

Nieuwdorp M et al. Curr Opin Lipidol 2005,16:507-511

Damaged Glycocalyx - Pathological Impact:
endothelial dysfunction

� FMD



Endothelial glycocalyx in pathological states
Impact on LMWH PK-PD

Anti Xa activity lower than expected/predicted in 

numerous pathological states

- Sepsis

- Polytrauma

- Extensive burn

- Obesity

- Pregnancy 

- ACS 

- Cancer / Chemotherapy

Clinical implications
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Pour montrer ce que l’on a intérêt à inhiber 
On peut prendre un schéma simplifié de la coagulati on 

Initiation Amplification

PSPCa

Thrombus



Votre traitement Anticoagulant oral

• PRADAXA®  

(Dabigatran)

• Gélules dosées à 150mg

• Gélules dosée à 110 mg
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Freyburger G, et al, Coagulation parameters in patients receiving dabigatran etexilate or 
rivaroxaban: Two observational studies in patients undergoing..., Thromb Res (2011),

Patient Bal.    Effect of dabigatran on TGT
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Dabigatran  trough concentration and 
thrombotic and hemorrhagic risks



Votre traitement Anticoagulant oral

• XARELTO®  

(Rivaroxaban)

• Comprimés dosés à 

15mg

• Comprimés dosés à 

20mg



Votre traitement Anticoagulant oral

• ELIQUIS® 
(Apixaban))

• Comprimés dosés à 
2,5mg

• 5mg
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Mode d’action des anti Xa directes 

Initiation Amplification
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d’après D Borgel



Freyburger G, et al, Coagulation parameters in patients receiving dabigatran etexilate or 
rivaroxaban: Two observational studies in patients undergoing..., Thromb Res (2011),

Patient DELE.    Effect of rivaroxaban on TGT





� Remark : Fondaparinux doesn't prolong PT

PT rivaroxaban with different thromboplastins

Correlation PT ratio (CoaguChek XS) and concentration of rivaroxaban R2=0.997

Samama et al. Thromb Haemost 2010



PT ratios and INR values of human PPP samples spike d 
with different factor Xa inhibitors at 1,000ng/ml 
concentration measured with 12 PT reagents

Barrett et al. Thromb & Haemost 2010





Ecarin chromogenic Test

Ecarin

(snake venom )

Prothrombin 

(in excess)

1- prothrombin 

provided in the kit is 

cleaved by ecarin, also 

provided

Chromogenic Substrat

pNA (405 nm)

DTIs patient

3- the DTI inhibits  the 

cleavage, since it binds 

immediately to 

activation products. 

Released pNA is 

inversely correlated to 

the DTI concentration

Principle

2- generated activation 

products (mainly 

meizothrombin) cleave 

the chromogenic 

substrate, which release

p-Nitroaniline

Meizothrombin

Meizothrombin-des-F1











Freyburger G, et al, Coagulation parameters in patients receiving dabigatran etexilate or 

rivaroxaban: Two observational studies in patients undergoing..., Thromb Res (2011),





Understanding of the 

differential rate of 

intracerebral hemorrhages 

in patients 

treated by

OACs vs VKA 



Understanding of the 

differential rate of intracerebral 

hemorrhages in patients 

treated by OACs vs VKA 

• Role of PgP in the passage 

across the blood-brain barrier





E. Aronica et al. / Advanced Drug Delivery Reviews 2011



Role of PgP in the passage across 

the blood-brain barrier

A direct and specific pro-

hemorrhagic effect of VKA at the 

blood brain barrier

Understanding of the differential rate of 

intracerebral hemorrhages in patients 

treated by OACs vs VKA 





Understanding of the 

differential rate of GI 

bleeding in patients 

treated by

OACs vs VKA 
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NOAC tests de monitoring : les tests spécifiques 
Ou alors bien savoir interpréter les tests classiqu es

Initiation Amplification

PSPCa

Thrombus



FII

FX a
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NOAC reversion antagonisation: les antidotes spécifi ques 
Ou alors le PPSB ou le FEIBA : efficacité, dose, ri sque 
thrombotique 

Initiation Amplification

PSPCa

Thrombus
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