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Objectifs 

Connaître les éléments basiques  
de la physiologie de la coagulation plasmatique 
et des tests d’exploration de la coagulation 



PLAN 

Physiologie de la coagulation 

Tests de coagulation 
Principe des tests courants 
Importance de la phase préanalytique 
Quelques tests particuliers 

HBPM en réanimation 



A prolonged global coagulation time ( PT or aPTT] occurs 
in 14-28% of intensive care patients 

ICU patients with coagulation defects have a 4 to 5-fold 
higher risk for bleeding compared to patients with a 
normal coagulation status 

FDP or D-dimer, are detectable in  
•  42% of consecutive ICU patients 
•  80% of trauma patients 
•  99% sepsis patients 

Low levels of AT and protein C, are found in  
•  40-60% of trauma patients  
•  90% of sepsis patients 

Thrombocytopenia, low levels of AT and protein C are 
independent predictor of ICU mortality 

Levi M, Minerva Anestesiol 2010 
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factor) is added, followed by reversal of the citrate 
effe ct with calcium. As shown in  Figure 2  , the particu-
late activates factor XII, which activates factor XI, 
then IX, and VIII, which then activates the common 
sequence of factor X through fi brin formation. As with 
the PT, the result is reported in seconds. Maybe 
becau se the sequence is lengthier or the concentra-
tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 

PT is relatively easy to understand: citrate anticoagu-
lated plasma is centrifuged to remove platelets (cen-
trifugation removes the effect of platelets on clotting, 
isolating the role of soluble clotting factors), then tis-
sue factor (a  complete  thromboplastin) and calcium 
are added to activate clotting. This procedure prefer-
entially activates factor VII, which in turn activates 
factors X, V, and II (prothrombin), which converts 
fi brino gen (factor I) to fi brin, which is detected using 
optical or electrical methods and reported in seconds. 
Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
even within a hospital over time, PT is referenced to 
an international standard (the international normal-
ized ratio [INR]).  1   Use of the INR allows patients who 
are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
standardized fashion. Because the INR calibration 
was developed using patients with stable warfarin 
anti coagulation, its applicability to other causes of an 
elevated PT, like liver failure, is uncertain.  2   

 The aPTT is more complex, but hints to under-
standing this test, which monitors the contact activa-
tion and common pathways, are apparent from its 
name. A particulate contact activator (eg, ellagic acid, 
kaolin, celite, or silica), is added to platelet-poor, cit-
rated plasma substrate, hence the designation “acti-
vated.” A “partial thromboplastin” (lacking tissue 

 Table 1— Clotting Pathway Nomenclature and 
Terminology  

Factor  Alternative Name

I Fibrinogen
Ia Fibrin
II Prothrombin
IIa Thrombin
III Tissue factor, CD142
IV Not used
V Proaccelerin, labile factor
VI Not used
VII Proconvertin
VIII Antihemophilic factor
IX Christmas factor
X Stuart-Prower factor
XI Hemophilia C factor
XII Hageman factor
XIII Fibrin-stabilizing factor
HMWK Fitzgerald factor
Prekallikrein Fletcher factor

HMWK  5  high-molecular-weight kininogen.

  Figure  1. Overview of the tissue factor and common clotting 
pathways.   

  Figure  2. Overview of the contact activation and common clot-
ting pathways. HMWK 5 high-molecular-weight kininogen.   

 © 2010 American College of Chest Physicians
 by guest on February 6, 2011chestjournal.chestpubs.orgDownloaded from 
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 The aPTT is more complex, but hints to under-
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then IX, and VIII, which then activates the common 
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the PT, the result is reported in seconds. Maybe 
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tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 

PT is relatively easy to understand: citrate anticoagu-
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trifugation removes the effect of platelets on clotting, 
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change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
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factor) is added, followed by reversal of the citrate 
effe ct with calcium. As shown in  Figure 2  , the particu-
late activates factor XII, which activates factor XI, 
then IX, and VIII, which then activates the common 
sequence of factor X through fi brin formation. As with 
the PT, the result is reported in seconds. Maybe 
becau se the sequence is lengthier or the concentra-
tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 

PT is relatively easy to understand: citrate anticoagu-
lated plasma is centrifuged to remove platelets (cen-
trifugation removes the effect of platelets on clotting, 
isolating the role of soluble clotting factors), then tis-
sue factor (a  complete  thromboplastin) and calcium 
are added to activate clotting. This procedure prefer-
entially activates factor VII, which in turn activates 
factors X, V, and II (prothrombin), which converts 
fi brino gen (factor I) to fi brin, which is detected using 
optical or electrical methods and reported in seconds. 
Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
even within a hospital over time, PT is referenced to 
an international standard (the international normal-
ized ratio [INR]).  1   Use of the INR allows patients who 
are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
standardized fashion. Because the INR calibration 
was developed using patients with stable warfarin 
anti coagulation, its applicability to other causes of an 
elevated PT, like liver failure, is uncertain.  2   

 The aPTT is more complex, but hints to under-
standing this test, which monitors the contact activa-
tion and common pathways, are apparent from its 
name. A particulate contact activator (eg, ellagic acid, 
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then IX, and VIII, which then activates the common 
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the PT, the result is reported in seconds. Maybe 
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the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
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sitive measure of factor changes, especially factors 
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and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
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fi brino gen (factor I) to fi brin, which is detected using 
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Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
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are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
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factor) is added, followed by reversal of the citrate 
effe ct with calcium. As shown in  Figure 2  , the particu-
late activates factor XII, which activates factor XI, 
then IX, and VIII, which then activates the common 
sequence of factor X through fi brin formation. As with 
the PT, the result is reported in seconds. Maybe 
becau se the sequence is lengthier or the concentra-
tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 

PT is relatively easy to understand: citrate anticoagu-
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trifugation removes the effect of platelets on clotting, 
isolating the role of soluble clotting factors), then tis-
sue factor (a  complete  thromboplastin) and calcium 
are added to activate clotting. This procedure prefer-
entially activates factor VII, which in turn activates 
factors X, V, and II (prothrombin), which converts 
fi brino gen (factor I) to fi brin, which is detected using 
optical or electrical methods and reported in seconds. 
Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
even within a hospital over time, PT is referenced to 
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ized ratio [INR]).  1   Use of the INR allows patients who 
are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
standardized fashion. Because the INR calibration 
was developed using patients with stable warfarin 
anti coagulation, its applicability to other causes of an 
elevated PT, like liver failure, is uncertain.  2   

 The aPTT is more complex, but hints to under-
standing this test, which monitors the contact activa-
tion and common pathways, are apparent from its 
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factor) is added, followed by reversal of the citrate 
effe ct with calcium. As shown in  Figure 2  , the particu-
late activates factor XII, which activates factor XI, 
then IX, and VIII, which then activates the common 
sequence of factor X through fi brin formation. As with 
the PT, the result is reported in seconds. Maybe 
becau se the sequence is lengthier or the concentra-
tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 
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trifugation removes the effect of platelets on clotting, 
isolating the role of soluble clotting factors), then tis-
sue factor (a  complete  thromboplastin) and calcium 
are added to activate clotting. This procedure prefer-
entially activates factor VII, which in turn activates 
factors X, V, and II (prothrombin), which converts 
fi brino gen (factor I) to fi brin, which is detected using 
optical or electrical methods and reported in seconds. 
Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
even within a hospital over time, PT is referenced to 
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ized ratio [INR]).  1   Use of the INR allows patients who 
are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
standardized fashion. Because the INR calibration 
was developed using patients with stable warfarin 
anti coagulation, its applicability to other causes of an 
elevated PT, like liver failure, is uncertain.  2   

 The aPTT is more complex, but hints to under-
standing this test, which monitors the contact activa-
tion and common pathways, are apparent from its 
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factor) is added, followed by reversal of the citrate 
effe ct with calcium. As shown in  Figure 2  , the particu-
late activates factor XII, which activates factor XI, 
then IX, and VIII, which then activates the common 
sequence of factor X through fi brin formation. As with 
the PT, the result is reported in seconds. Maybe 
becau se the sequence is lengthier or the concentra-
tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 

PT is relatively easy to understand: citrate anticoagu-
lated plasma is centrifuged to remove platelets (cen-
trifugation removes the effect of platelets on clotting, 
isolating the role of soluble clotting factors), then tis-
sue factor (a  complete  thromboplastin) and calcium 
are added to activate clotting. This procedure prefer-
entially activates factor VII, which in turn activates 
factors X, V, and II (prothrombin), which converts 
fi brino gen (factor I) to fi brin, which is detected using 
optical or electrical methods and reported in seconds. 
Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
even within a hospital over time, PT is referenced to 
an international standard (the international normal-
ized ratio [INR]).  1   Use of the INR allows patients who 
are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
standardized fashion. Because the INR calibration 
was developed using patients with stable warfarin 
anti coagulation, its applicability to other causes of an 
elevated PT, like liver failure, is uncertain.  2   

 The aPTT is more complex, but hints to under-
standing this test, which monitors the contact activa-
tion and common pathways, are apparent from its 
name. A particulate contact activator (eg, ellagic acid, 
kaolin, celite, or silica), is added to platelet-poor, cit-
rated plasma substrate, hence the designation “acti-
vated.” A “partial thromboplastin” (lacking tissue 
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factor) is added, followed by reversal of the citrate 
effe ct with calcium. As shown in  Figure 2  , the particu-
late activates factor XII, which activates factor XI, 
then IX, and VIII, which then activates the common 
sequence of factor X through fi brin formation. As with 
the PT, the result is reported in seconds. Maybe 
becau se the sequence is lengthier or the concentra-
tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 

PT is relatively easy to understand: citrate anticoagu-
lated plasma is centrifuged to remove platelets (cen-
trifugation removes the effect of platelets on clotting, 
isolating the role of soluble clotting factors), then tis-
sue factor (a  complete  thromboplastin) and calcium 
are added to activate clotting. This procedure prefer-
entially activates factor VII, which in turn activates 
factors X, V, and II (prothrombin), which converts 
fi brino gen (factor I) to fi brin, which is detected using 
optical or electrical methods and reported in seconds. 
Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
even within a hospital over time, PT is referenced to 
an international standard (the international normal-
ized ratio [INR]).  1   Use of the INR allows patients who 
are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
standardized fashion. Because the INR calibration 
was developed using patients with stable warfarin 
anti coagulation, its applicability to other causes of an 
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factor) is added, followed by reversal of the citrate 
effe ct with calcium. As shown in  Figure 2  , the particu-
late activates factor XII, which activates factor XI, 
then IX, and VIII, which then activates the common 
sequence of factor X through fi brin formation. As with 
the PT, the result is reported in seconds. Maybe 
becau se the sequence is lengthier or the concentra-
tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 

PT is relatively easy to understand: citrate anticoagu-
lated plasma is centrifuged to remove platelets (cen-
trifugation removes the effect of platelets on clotting, 
isolating the role of soluble clotting factors), then tis-
sue factor (a  complete  thromboplastin) and calcium 
are added to activate clotting. This procedure prefer-
entially activates factor VII, which in turn activates 
factors X, V, and II (prothrombin), which converts 
fi brino gen (factor I) to fi brin, which is detected using 
optical or electrical methods and reported in seconds. 
Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
even within a hospital over time, PT is referenced to 
an international standard (the international normal-
ized ratio [INR]).  1   Use of the INR allows patients who 
are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
standardized fashion. Because the INR calibration 
was developed using patients with stable warfarin 
anti coagulation, its applicability to other causes of an 
elevated PT, like liver failure, is uncertain.  2   

 The aPTT is more complex, but hints to under-
standing this test, which monitors the contact activa-
tion and common pathways, are apparent from its 
name. A particulate contact activator (eg, ellagic acid, 
kaolin, celite, or silica), is added to platelet-poor, cit-
rated plasma substrate, hence the designation “acti-
vated.” A “partial thromboplastin” (lacking tissue 

 Table 1— Clotting Pathway Nomenclature and 
Terminology  

Factor  Alternative Name

I Fibrinogen
Ia Fibrin
II Prothrombin
IIa Thrombin
III Tissue factor, CD142
IV Not used
V Proaccelerin, labile factor
VI Not used
VII Proconvertin
VIII Antihemophilic factor
IX Christmas factor
X Stuart-Prower factor
XI Hemophilia C factor
XII Hageman factor
XIII Fibrin-stabilizing factor
HMWK Fitzgerald factor
Prekallikrein Fletcher factor

HMWK  5  high-molecular-weight kininogen.

  Figure  1. Overview of the tissue factor and common clotting 
pathways.   

  Figure  2. Overview of the contact activation and common clot-
ting pathways. HMWK 5 high-molecular-weight kininogen.   
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 Fibrinolysis 
 Enzymatic degradation of 
fibrin 
 Primary protease = plasmin 

 Catalytic product of 
plasminogen activation 

 Fibrin degradation products 
(FDPs) 

 X 
 Y 
 D 
 E 
 D-D = D-dimer 
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Activateur Plasminogène

Fibrine

Fibrinolyse  et  acide  tranexamique 

Fibrinolyse Inhibition  de  
la  fibrinolyse
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Tests de coagulation 
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Temps de céphaline Activé 

Temps de Quick (exprimé en TP)  

Temps de thrombine 

ACT 
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Facteurs de coagulation 

dosage fonctionnel 

dosage immunologique 

tests moléculaires 
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Tests chronométriques 

•  Temps de coagulation après addition d’inducteurs 

•  Vitesse de formation du caillot = automatique 

•  Tests globaux (TCA, TP, TP, ACT) 

•  Mesure d’un Facteur de Coag 

Tests d’hémostase 
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Test chromogénique (amidolytique) 
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Temps de coagulation sur sang total 
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•  Centrifugation déplaquettation 
•  Ca2+ 

•  Activateur ou une enzyme 
•  Reflète le temps requis pour générer F  

Temps de coagulation d’un PPP citraté 
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Wheeler AP, Chest 2010 



Specific ratio of plasma to sodium citrate: 1:9 

If the tube is under filled, aPTT and PT results will be prolonged.  

Conversely, if the tube is forcefully overfilled, clotting times will be 
shortened 

Preanalytical error 



Ratio citrate sang (1:9) 

Impact de l’hématocrite 

Haematocrite Citrate (ml) 
0,20 0,70 
0,25 0,65 
0,30 0,61 
0,55 0,39 
0,60 0,36 
0,65 0,31 
0,70 0,27 

Idem si Polycythémie  

Concentration de l’anticoagulant 



1er tube : tube sec si possible  
2ème tube et pas d’anticoagulant dans le premier 



Blood must be promptly and gently mixed with citrate  

No mixing = thrombi 
- prolonged PT and aPTT values 

vigorous agitation = hemolysis 
shorten the PT and aPTT 



Transport - conservation du tube 
« ASAP » et attention si +4°C activation  FVII (TP) 
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Wheeler AP, Chest 2010 
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ECA indépendante  
•  Facteurs de coagulation  
•  Inhibiteurs plasmatiques,  
•  Ca2+, phospholipides (LA) 
•  HNF à posologie classique, HBPM 
•  Fandaparinux et AntiXa directs (Rivaroxaban) 

Mesuré par substrat chromogénique 

Mesuré par substrat chromogénique 

Mesuré par substrat chromogénique 

Temps d’Ecarine 

L’ACT fiable à de hautes 
concentrations d’héparine 
seulement parce que l’activateur 
utilisé (celite ou kaolin) présent à 
très forte concentration court-
circuite de faibles à moyennes 
doses d’héparine. 
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Temps d’Ecarine, test sur sang total 
Test sur sang total 

ECA dépendante  

•  Inhibiteurs direct de IIa,Hirudines, Argatroban, Dabigatran 

•  HNF à forte posologie  
 Fortes Concentration d’activateur 

  Réponse non linéaire 

•  Froid 

•  Phospholipides Plts (thrombopénie et thrombocytose) 

•  Taux anormaux de Fg 
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independent of 

concentration of 

inhibitors in the 

Additionally, it is 

anticoagulants 

determination. 

heparin, LMWH, 

and direct factor 
Xa antagonists 

ECA 
indépendante  
•  Facteurs de 

coagulation  
•  Inhibiteurs 

plasmatiques,  
•  Ca2+, 

phospholipide
s (LA) 

•  HNF à 
posologie 
classique, 
HBPM 

•  Fandaparinux 
et AntiXa 

ECA dépendante  
•  Inhibiteurs 

direct de IIa 
•  Argatroban 
•  Hirudines 
•  HNF à très 

forte posologie   
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Lépirudine mg/L) 



Pas d’impact sur TP 
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Thromboélastogramme 
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La rapidité du caillot à se former 
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CT CFT MCF 



What the numbers/letters 
mean 

•  R: is a period of time from initiation of the test 
to the initial fibrin formation 

•  k: time from beginning of clot formation until 
the amplitude of thromboelastogram reaches 
20 mm 

•  alpha angle: The alpha angle represents the 
acceleration (kinetics) of fibrin build up and 
cross-linking 

•  MA - Maximum amplitude strength of clot 
(number function  platelets fibrin) 

•  MA60: measures the rate of amplitude 
reduction 60 min. after MA (stability) of the 
clot 
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Intervalle R: `R time' (reaction time)  
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!

!

B, après addition d’heparinase  
!

A 
Pas de formation de caillot 

•  Déficit majeur en facteurs de coagulation 
•  Heparine 
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!

!Formation retardée du caillot 
•  Déficit en facteurs de coagulation 
•  Trace d’heparine 

Intervalle R: `R time' (reaction time)  
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!

!

Angle α réduit 
Amplitude maximale (MA) réduite 

•  Thrombopénie  
•  Thrombopathie 
•  Hypofibrinogemie  

– administration ReoPro eliminate contribution plaquettaire à MA 



Qualitative analysis 



Place des HBPM dans la prévention 
des thromboses veineuses en 

réanimation  



In recent studiesa,b in critically ill patients receiving preventive 
treatment with UFH or LMWH, DVT rates are around 7% 

Incidence of DVT in ICU patients 

a, Shorr AE, Thromb Haemost 2009 
b,  PROTECT, NEJM 2011 



Cheng	  	  S,	  Intensive	  Care	  Med	  2012	  

PaAents	   were	   randomized	   to	   two	   regimens	   for	   VTE	  
prophylaxis:	   standard	  of	   care	  unfracAonated	  heparin,	  5,000	  
units	   subcutaneously	   three	   Ames	   daily	   (SQH)	   versus	  
unfracAonated	   heparin	   via	   intravenous	   infusion,	   Atrated	   to	  
an	   acAvated	   parAal	   thromboplasAn	   Ame	   of	   40–45	   s	   (IVH)	  
aPTT)	  of	  40–45	  s	  (normal	  range	  23.4–34.8	  s)	  

Screening	   for	   lower-‐extremity	   compression	   Doppler	  
ultrasound	  was	   conducted	   on	   days	   5	   and	   10	   a]er	   surgery.	  
Any	   paAent	   with	   confirmed	   DVT	   was	   excluded	   from	   the	  
study	   and	   treated	   according	   to	   standard	   of	   care.	   Ultraso-‐	  
nographers	  were	  blinded	  to	  the	  study	  treatment.	  

Measurement	  of	  whole	  blood	  coagulaAon	  profile	  
Whole	   blood	   viscoelasAc	   clo`ng	   parameters	   were	   mea-‐	  
sured	  in	  citrated	  blood	  using	  the	  Sonoclot	  Analyzer	  (Sienco,	  
Inc.,	   Arvada,	   Colorado).	   Samples	   were	   drawn	   at	   the	   same	  
Ame	  points	  as	  the	  plasma	  markers	  

Excluded	  were	  paAents	  with	  a	  lower-‐extremity	  DVT	  on	  day	  0	  
screening	   ultrasound,	   high	   risk	   of	   bleeding,	   history	   of	  
heparin-‐induced	   thrombocytopenia	   (HIT),	   currently	  
anAcoagulated,	   or	   receiving	   anA-‐platelet	   agents	   other	   than	  
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sors [26]. The lower anti-Xa response in the above mentioned
patients groups may be caused by non-specific binding of the
LMWH to acute-phase proteins. Although our study is small,
results are in accordance with those mentioned above. It sug-
gests that the anticoagulant effects of LMWHs are inhibited in
severely ill patients leading to anticoagulant failure, which
goes undetected without anti-Xa monitoring. To optimize
LMWH anticoagulation, monitoring of anti-Xa is therefore
advocated in patients with high SOFA scores exhibiting early
filter clotting.

We also aimed to explore whether ETP could have a role in
monitoring systemic anticoagulation and circuit clotting. We
found low baseline ETP compared with healthy volunteers.
The pattern of ETP in arterial blood was opposite to anti-Xa
activity with a strongly significant but weak correlation, likely
reflecting LMWH anticoagulation. Postfilter ETP was lower
than in arterial blood reflecting the extracorporeal administra-
tion of nadroparin. However, although postfilter anti-Xa activity
was stable during CVVH, postfilter ETP increased in time. This
indicates that ETP is not simply a marker of LMWH anticoag-
ulation. Apparently, the capacity to generate thrombin gradu-
ally increased in postfilter blood despite 'adequate'
anticoagulation. Increasing ETP in the hemoconcentrated
blood leaving the filter likely reflects circuit-induced hyperco-
agulability due to a time dependent increase in procoagulant
activity despite constant LMWH anticoagulant activity. This
corresponds to the literature reporting that ETP is increased in
various hypercoagulable states [6,27]. APTT and PTT reflect
circulating coagulation factor concentrations, but do not
reflect or predict an activated state of these factors or the abil-
ity to generate activated factors. ETP, by measuring plasma
thrombin generation in time far beyond clot formation, is
thought to fill that information gap. Finally, arterial ETP was
inversely related to PTT, aPTT, TAT and SOFA score, suggest-
ing that low ETP reflects consumption of coagulation factors
due to increased thrombin generation as a result of critical ill-
ness. This assumption is supported by a clinical study report-
ing that ETP was lower in patients with overt disseminated
intravascular coagulation [28] and by our observation that
baseline ETP was lower in patients with early circuit clotting.
Increasing postfilter ETP in time and lowered arterial ETP val-
ues with high TAT complexes may be two sides of the same
coin, i.e. activation of coagulation factors in the extracorporeal
circuit, causing a running coagulation cascade in the patient
with net consumption of coagulation factors during increased
thrombin formation. Altogether, our study confirms that ETP
reflects interplay of the effects of low concentrations of coag-
ulation factors due to consumption and heparin anticoagula-
tion, both decreasing the capacity to form thrombin, and of
extracorporeal hypercoagulability, which increases this capac-
ity. Further studies are needed to determine which soluble fac-
tors cause this increased extracorporeal thrombin-generating
capacity.

The present study further shows the complex relation between
coagulation, anticoagulation, fibrinolysis, severity of disease
and circuit clotting. Patients with early circuit clotting had
longer PTT, aPTT and lower ETP. These prolonged coagula-
tion times did not, however, protect against filter clotting. They
were associated with early filter clotting indicating consump-
tive coagulopathy. Indeed, higher TAT complexes and D-dim-
ers were also found, signaling higher prior thrombin
generation. Most importantly, patients with early circuit clotting
had higher SOFA scores. Short circuit life and high SOFA
scores were additionally associated with lower levels of anti-
Xa, despite a similar LMWH dose. Therefore, early circuit clot-
ting in patients with high SOFA scores seems to be related to
prior activation of coagulation with consumptive coagulopathy,
heparin resistance and high extracorporeal thrombin genera-
tion.

Although our study is small and the results need to be con-
firmed, the finding of early filter clotting and heparin resistance
in patients with severe organ failure corresponds to clinical
experience and has a biochemical explanation. The finding
suggests that heparins are not ideal for circuit anticoagulation
in the most severely ill patients. In these patients regional anti-
coagulation with citrate may be preferred. In our recent rand-
omized controlled trial in critically ill patients with acute renal
failure comparing anticoagulation for CVVH with citrate to
nadroparin anticoagulation, patient survival was better in those
receiving citrate [29]. This difference was present in the entire
group, but especially in the subgroups of patients with sepsis
and higher SOFA score. Heparin resistance may be a second
reason for not using heparins in the most severely ill patients.

Conclusions
The present explorative randomized cross-over trial comparing
hemostasis during anticoagulation with the LMWH nadroparin
between two doses of CVVH showed no accumulation of anti-
coagulant activity and no signs of removal by filtration. How-
ever, the study suggests inactivation of the LMWH in patients
with severe organ failure. Severe organ failure appeared as a
major determinant of early circuit clotting due to prior systemic
thrombin generation with consumptive coagulopathy, heparin
resistance and elevated extracorporeal thrombin generation. In
this setting the interpretation of ETP is complex, because it
integrates the effects of low concentrations of coagulation fac-
tors due to prior thrombin generation and heparin anticoagula-
tion, both decreasing the capacity to form thrombin, and
extracorporeal activation of coagulation factors, which
increases this capacity. Further studies are needed to define
the role of ETP in monitoring circuit clotting.
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resulting in different mixtures with different molecular struc-
tures and features. Furthermore, Isla and colleagues [5] used
membranes with a higher negative charge than the cellulose
triacetate membrane used in our study [14]. Moreover, the
sensitivity of our anti-Xa assay is sufficient to demonstrate rel-
evant anti-Xa removal if present. Discrepancies between stud-
ies may therefore be related to the use of different types of
LMWH and different membranes. Finally, nadroparin might
also be removed by adsorption to the membrane. However,
membranes are generally saturated after a couple of hours and
accumulation would be expected thereafter. In addition, the
present cellulose tri-acetate membrane has low adsorptive
capacity. The absence of accumulation and removal, and the
finding that the 2 L/h dose was not associated with higher anti-
Xa activity indicates that nadroparin is cleared or inactivated in
the body of these critically ill patients despite renal failure. This
finding is striking because previous studies and a recent meta-
analysis showed that renal insufficiency increases half-life of
smaller heparin fragments causing accumulation of anti-Xa
activity when glomerular filtration rate falls below 30 ml/min
[2,3]. This seeming contradiction may be explained by other
findings of this study.

Although arterial anti-Xa activity tended to decrease in time,
postfilter anti-Xa activity was stable. Median postfilter anti-Xa
activity was 1.7 times the arterial anti-Xa activity due to the
extracorporeal administration of the LMWH. This finding cor-
responds to the results of Joannidis and colleagues [13]. It
therefore seems rational to administer the LMWH in the extra-

corporeal circuit, especially because longer circuit life was
associated with higher anti-Xa activities. However, other fac-
tors than nadroparin dose seem to influence anti-Xa activity
and circuit life as well.

First, anti-Xa activity varied widely between patients. In addi-
tion, after correction for a difference in hemoconcentration,
postfilter anti-Xa activity was higher in group 2 while
nadroparin dose/blood flow ratio was lower. This discrepancy
needs to be explained. Heparins mainly confer their anticoag-
ulant effect by potentiating antithrombin, which primarily inhib-
its factor IIa and Xa. Heparin resistance may be due to low
antithrombin concentrations. Supplementation of antithrombin
to patients with low plasma concentrations does increase cir-
cuit life [15,16]. In our patients, baseline antithrombin corre-
lated with anti-Xa activity. However, antithrombin was not
lower in group 1, which had the lower anti-Xa activity, and anti-
thrombin was not significantly lower in the patients with early
filter clotting. Differences in anti-Xa activity between patients
and groups may also be explained by the binding of heparin to
proteins other than antithrombin, limiting the amount of heparin
available to bind to antithrombin and thus decreasing the anti-
coagulant effect [17]. This heparin resistance was related to
severity of disease: patients with high SOFA scores had lower
anti-Xa activity. So called heparin-binding proteins are
released from storage sites in endothelial cells [18]. Among
these are acute-phase reactants such as platelet factor 4, his-
tidine-rich glycoprotein, vitronectin, fibronectin and lipopoly-
saccharide-binding protein, which increase in sepsis [19,20].

Figure 2

Arterial and postfilter anti-Xa activity and ETPAUC for all patientsArterial and postfilter anti-Xa activity and ETPAUC for all patients. ETPAUC = area under the curve of the endogenous thrombin potential.
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change from baseline was noted in these coagulation
parameters within each group over the 24-hour study
period (Table 2). We conducted a multiple regression
analysis to determine whether creatinine clearance,
BMI, age, or organ-failure scores had any influence on

the levels of anti-factor Xa. No such influence was
found.

Adverse events
One minor nosebleed occurred in a patient with low plate-
let count (<65 ! 109/L) given 50 mg enoxaparin. A single

Figure 3 Variation in anti-factor Xa over time for each dose of enoxaparin. AFXa denotes anti-factor Xa.

Figure 2 Scatter diagram depicting anti-factor Xa levels for each dose, 4 hours after enoxaparin administration. AFXa denotes anti-
factor Xa.
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Enoxaparin, effective dosage for intensive care
patients: double-blinded, randomised clinical trial
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Abstract

Introduction: Intensive care unit (ICU) patients are predisposed to thromboembolism. Routine prophylactic
anticoagulation is widely recommended. Low-molecular-weight heparins, such as enoxaparin, are increasingly used
because of predictable pharmacokinetics. This study aims to determine the subcutaneous (SC) dose of enoxaparin
that would give the best anti-factor Xa levels in ICU patients.

Methods: The 72 patients admitted to a mixed ICU at Odense University Hospital (OUH) in Denmark were
randomised into four groups to receive 40, 50, 60, or 70 mg SC enoxaparin for a period of 24 hours. Anti-factor Xa
activity (aFXa) was measured before, and at 4, 12, and 24 hours after administration. An AFXa level between 0.1 to
0.3 IU/ml was considered evidence of effective antithrombotic activity.

Results: Median peak (4 hours after administration), aFXa levels increased significantly with an increase in
enoxaparin dose, from 0.13 IU/ml at 40 mg, to 0.14 IU/ml at 50 mg, 0.27 IU/ml at 60 mg, and 0.29 IU/ml at 70 mg
(P = 0.002). At 12 hours after administration, median aFXa levels were still within therapeutic range for those
patients who received 60 mg (P = 0.02).

Conclusions: Our study confirmed that a standard dose of 40 mg enoxaparin yielded subtherapeutic levels of
aFXa in critically ill patients. Higher doses resulted in better peak aFXa levels, with a ceiling effect observed at
60 mg. The present study seems to suggest inadequate dosage as one of the possible mechanisms for the higher
failure rate of enoxaparin in ICU patients.

Trial Registration: ISRCTN03037804

Introduction
Geerts et al. [1] determined the prevalence of deep vein
thrombosis (DVT) in intensive care unit (ICU) patients
not receiving prophylaxis to be in the range of 10-80%.
The critically ill patient is especially predisposed to
thromboembolism, possessing many inherent risk fac-
tors: cardiac failure, trauma, sepsis, cancer, increasing
age, and obesity [1-5]. The acquisition of others, for
example: respiratory support with decreased mobility
and invasive monitoring, further tips the scale in favor
of thrombosis during the ICU stay. Thus, these patients
should undergo routine assessment for venous throm-
boembolism (VTE). The use of routine thromboprophy-
laxis will probably be justified in most [1,2].

Discerning DVT in critically ill patients is difficult [6].
The history and physical examination are often of little
use, and thus, these patients are vulnerable to a delay in
diagnosis. Low-molecular-weight heparins (LMWHs) are
often used as a safe and effective means of prophylaxis
[7-9] against VTE in medical and surgical patients.
However, the efficacy of LMWHs in critically ill patients
is less certain [10].
The antithrombotic activity of LMWHs is often deter-

mined by aFXa assay, despite several studies finding no
direct correlation between aFXa activity and clinical out-
come. Mayr [11] concluded that the European standard
daily dose of 40 mg enoxaparin [12] was ineffective in
ICU patients to achieve the recommended, albeit unpro-
ven, aFXa levels of 0.1 to 0.3 IU/ml. Thus, existing
guidelines in other patient populations should not be
directly applied to critical care patients without further
study [2].* Correspondence: sianrob@msn.com
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Junqueira DRG et al, Cochrane Library, 2012 

With LMWH vs UFH 

Reduction in HIT 
RR 0.24  

95% CI 0.07-0.82, p = 
0.02 

Reduction in HIT + 
VTE 

RR 0.20  
95% CI 0.04-0.9, p = 0.04 



Craik JD, Br J Haematol 2013 

10 797 patients with primary hip or knee arthroplasty and 
LMWH prophylaxis over a 5 years period 

Platelet counts were recorded up to 14 days post-operatively in 
32.6% of patients (n=3515) 

Thrombocytopenia in 13 patients, which spontaneously 
recovered in 5 and and was due to other causes in 2. 

Only one of the 6 remaining patients developed thrombosis;  
HIT +T = 0.03%     



Efficacy 



PROTECT	  was	  a	  mulA-‐center,	   randomized,	  double	  blinded	  prospecAve	  
trial	   which	   enrolled	   adult	   general	   intensive	   care	   unit	   (ICU)	   paAents	  
who	  were	  expected	  to	  have	  an	  ICU	  length	  of	  stay	  greater	  than	  3	  days.	  
The	  primary	  endpoint	  was	  proximal	   lower	  extremity	  DVT	  detected	  on	  
twice	   weekly	   screening	   ultrasound.	   Secon-‐	   dary	   endpoints	   included	  
any	   DVT,	   PE,	   VTE,	   death,	   heparin-‐induced	   thrombocytopenia,	   major	  
bleeding,	   and	   composite	   of	   death/VTE.	   The	   study	   was	   designed	   to	  
detect	   a	   30%	   relaAve	   risk	   reducAon	   of	   proximal	   leg	   DVT	   in	   the	  
dalteparin	   arm	   compared	   to	   the	   UFH	   arm	   assuming	   a	   control	   arm	  
incidence	   of	   9%	   [8].	   The	   study	   failed	   to	   show	   a	   30%	   relaAve	   risk	  
reducAon	   in	   rates	  of	  proximal	   leg	  DVT	   in	   the	  dalteparin	   (5.1%)	  group	  
compared	   to	   the	  UFH	   (5.8%)	  group.	  The	   incidence	  of	  PE	  was	  2.3%	   in	  
the	  UFH	  group	  compared	  to	  1.3%	  in	  the	  dalteparin	  group	  (hazard	  raAo,	  

Within	   2	   days	   a]er	   admission	   and	   then	   twice	   weekly,	   trained	  
ultrasonographers	  assessed	  the	  proximal	  venous	  system	  in	  the	  leg	  at	  1-‐
cm	  inter-‐	  vals,	  documenAng	  compressibility	  at	  six	  sites	  

Dalteparin	  5000	  IU	  once	  or	  UFH	  5000	  IU	  twice,	  daily	  

PROTECT, N Engl J Med 2011 



PROTECT, N Engl J Med 2011 



PROTECT, N Engl J Med 2011 
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Utilisable en prophylaxie de la MVTE en réanimation même 
chez les patients avec IR 

Pas de bioaccumulation aux posologies standard même si 
IR sévère (?)  

Efficacité réduite car PK/PD particulière en réa ?  

Dose adaptée au poids ? (BMI < 30, standard ; BMI > 30, 10 
U/Kg/j ?) 

Activité anti-Xa à H+4 à J3 (?) et TR 

Dose adaptée au pic 0,2- 0,4 et TR < 0,1 (?) 

Utilisable pour EER en IRA  

HBPM : enoxa- dalté-  parine 
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