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General introduction and outline of the thesis 

 

The blood circulation is of prime importance in the normal physiologic 

function of our major organ systems. Its function is to maintain the supply of oxygen 

from the lungs and nutrients from the intestine to the various organs, as well as for 

the distribution of hormones, many other chemicals, water, and heat, and the delivery 

of waste for excretion. In order for it to be effective, blood must be in a fluid or non-

coagulated state.   

Haemostasis is the defence mechanism of body to maintain blood in a fluid 

state and prevent the loss of blood following vascular injury. Disturbance of this 

delicate system leads either to abnormal bleeding (bleeding disorders), or to abnormal 

formation of thrombi and blood clots in the arterial or venous system (thrombotic 

disorders). There are three primary mechanisms employed to control bleeding, 

vascular spasm and platelet plug formation (primary haemostasis), blood clotting, i.e. 

formation of a fibrin mesh (secondary haemostasis) and fibrinolysis
1
. 

Vascular spasm occurs when a blood vessel is damaged. The smooth muscle cells 

surrounding the vessel contract and temporarily decrease blood flow and pressure 

within the vessel. Vasoconstriction is rapidly followed by the second step, mechanical 

blockage of the hole by a platelet plug. The plug forms as platelets stick to the 

exposed collagen (platelet adhesion), and become activated. Platelet factors reinforce 

local vasoconstriction and activate more platelets which stick to one another (platelet 

aggregation) to form a loose platelet plug. Platelets also contribute to secondary 

hemostasis (coagulation cascade) by providing a phospholipid surface and receptors 

forthe binding of coagulation factors. Coagulation can be divided in three phases, 

namely initiation, amplification and propagation (see figure 1). This involves the 

formation of trace amounts of thrombin which in turn stimulates platelet activation, 

allowing for the exposure of negatively charged phospholipids on the platelet surface 

for large scale thrombin generation for subsequent fibrin generation 
2, 3

. 
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 1 

 

Figur 1. Cellbased model of coagulation consists of 3 phases: initiation, amplification and propagation.  
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The initiation phase follows vascular insult and the exposure of subendothelial tissue 

factor to the circulation. Tissue factor combines with activated factor VII to form a 

complex responsible for the cleavage and subsequent activation of factor IX and factor 

X. Activated factor X combines with its cofactor, factor Va, to stimulate the production 

of trace amounts of thrombin from prothrombin. 

The amplification phase commences following the adherence of platelets to exposed 

von Willebrand factor at the site of vascular injury. The trace levels of thrombin 

generated during the initiation phase stimulate platelet activation, leading to the 

surface exposure of phosphatidylserine as well as the release of procoagulant 

molecules such as factor V from alpha and dense granules. Thrombin also activates 

factor V, factor VIII and factor XI which then further stimulate the activation of factor X, 

which binds with factor Va on platelet phospholipids. 

The propagation phase involves the large scale thrombin generation from 

prothrombin by activated factors V and X. Thrombin then converts fibrinogen into 

fibrin. These fibrin monomers spontaneously form hydrogen bonds with other fibrin 

monomers allowing the formation of long fibrin polymers to produce a fibrin clot. 

 

Regulators of the coagulation 

The procoagulant processes are attenuated by a variety of inhibitors, which inactivate 

either serine proteases or cofactors. Procoagulant activity is regulated by three 

important anticoagulant pathways: antithrombin, the protein C system, and tissue 

factor pathway inhibitor (TFPI). All three anticoagulant systems are located at or 

connected to the endothelial surface, where they can direct both anticoagulant and 

anti-inflammatory functions. 

Without heparin, antithrombin by itself is a weak inhibitor of thrombin
4
.  Heparin 

induces conformational changes in antithrombin that result in at least a 1000-fold 

enhancement of antithrombin activity. Endogenous glycosaminoglycans, such as 

glycosaminoglycans, such as heparansulfates, on the vessel wall also promote 

antithrombin-mediated inhibition of thrombin and other coagulation enzymes. 
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 1 
The protein C pathway works in hemostasis to control thrombin formation in the area 

surrounding the clot. The zymogen protein C is localized to the endothelium by the 

endothelial cell protein C receptor (EPCR). Thrombin, generated via the 

coagulation pathway, is localized to the endothelium by binding to the integral 

transmembrane protein, thrombomodulin (TM). Once bound, thrombin undergoes a 

conformational change at its active site that converts it from a procoagulant enzyme 

into a potent activator of protein C. In the presence of protein S, calcium ions, and 

phospholipids, activated protein C (APC) proteolytically degrades two of the regulatory 

proteins of the coagulation cascade, factors Va and VIIIa. This limits further thrombin 

generation on the clot periphery where the endothelium is not damaged. 

The importance of the protein C anticoagulant pathway is emphasized by the 

increased risk of venous thromboembolism (VTE) associated with protein C and 

protein S deficiencies, impaired factor V sensitivity to activated protein C caused by 

the factor V Leiden mutation, and reduced circulating APC levels. The protein C 

pathway also plays a significant role in inflammatory processes 
5
. 

Resistance to the anticoagulant action of activated protein C, APC resistance, has been 

found to be an important cause of venous thrombosis and familial thrombophilia. In 

1993 Dahlbäck et al. discovered a new risk factor for familial venous thrombosis that is 

characterized by inherited resistance to APC
6
. About 1 year later Bertina et al. reported 

that APC resistance is caused by a single point mutation in the factor V gene  that 

leads to an abnormal APC cleavage site (Arg506Gln) within the factor V protein (factor 

V Leiden)
7
.  

The risk for thrombosis is 7 fold for heterozygotes and 80 fold for homozygotes of FV 

Leiden
8
. The mutation is common in Caucasians, but is rare among other ethnic 

groups. The factor V Leiden is responsible for 80-90% of cases of APC resistance 
7
. 

 

A third inhibitory mechanism of thrombin generation involves tissue factor pathway 

inhibitor (TFPI), the main inhibitor of the TF–factor VIIa complex. TFPI is a 276 amino 

acid (~43 kDa) protein with an acidic N-terminal region followed by three tandem 

Kunitz-type serine protease inhibitory domains and a basic C-terminal region
9
. TFPI 
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regulates the initiation of coagulation by inhibiting both factor Xa (FXa) and the 

phospholipid-bound complex of tissue factor and factor VIIa (TF-FVIIa). 

Inhibition of TF-FVIIa by TFPI is a two-step process. In the first step, TFPI binds via 

Kunitz-2 to and inhibits FXa, while the second step involves binding of TFPI–FXa to TF-

FVIIa through Kunitz-1, resulting in the formation of an inactive TF-FVIIa–FXa-TFPI 

quaternary complex
9
. TFPI is synthesized by endothelial cells and about 80% of TFPI 

associates with the vessel wall whereas the remainder circulates in plasma at a 

concentration of approximately 2.5 nM
10

. The majority of TFPI in plasma (70–80%) is 

truncated and bound to low-density lipoproteins through disulfide bonds with Kunitz-

3. Only 10% of plasma TFPI (i.e. about 2% of total TFPI) is considered to be free full-

length TFPI
11

. The minor, free full-length TFPI fraction in plasma is the most active 

anticoagulant TFPI fraction in plasma
11

. 

 

The fibrinolytic system 

Fibrinolysis is an essential component of the haemostatic system, restoring blood flow 

by lysis of an obstructive fibrin clot after vascular repair has been completed. The 

central component in the fibrinolytic system is the glycoprotein plasminogen, which is 

produced by the liver and is present in plasma and most extravascular fluids. 

Fibrinolysis is initiated by the activation of plasminogen to plasmin by tissue-type 

plasminogen activator (tPA) and urokinase-type plasminogen activator (uPA) at a 

fibrin clot surface. Plasmin then degrades the fibrin clot into partially degraded fibrin 

resulting in the exposure C-terminal lysines residues at the fibrin surface. These C-

terminal lysines are important in the regulation of fibrinolysis, since they act as a 

cofactor for plasmin formation, resulting in a burst of plasmin generation. Inhibition of 

the fibrinolytic system may occur either at the level of the plasminogen activators, by 

specific plasminogen activator inhibitors (PAI), or at the level of plasmin, mainly by 

alpha 2-antiplasmin.  

Inhibition of the fibrinolytic system occurs also by thrombin activatable fibrinolysis 

inhibitor (TAFI)
12

. TAFI is a 58-kDa carboxypeptidase that is synthesized in the liver and 

circulates in the plasma as a zymogen. TAFI, when activated by thrombin, removes the 

C-terminal lysines from fibrin, thereby preventing the binding of t-PA and plasmin to 
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 1 
fibrin which results in a decreased plasmin generation. Activation of TAFI by thrombin 

is a relatively inefficient process and is stimulated about 1250 fold by the endothelial 

cell receptor thrombomodulin 
13

. Activation of TAFI by thrombin implies a role for the 

coagulation system in the regulation of fibrinolysis.  

The fibrinolytic system is involved in many physiological and pathophysiological 

processes. An increase in fibrinolytic activity may induce a bleeding tendency. More 

commonly, a reduced activity of the system is observed and this may contribute to the 

pathogenesis of thromboembolic diseases
14

. 

 

Coagulation disorders 

The function of the coagulation system depends on a delicate balance between 

natural coagulant and anticoagulant factors, as well as on the balance between the 

coagulation and fibrinolytic systems. Thrombosis or bleeding can result when there is 

an imbalance in these systems and associated morbidity and mortality.    

Coagulation disorders can be acquired or inherited. Deficiencies in any of the protein 

factors involved in coagulation can result in hemorrhage following minor injuries. In 

severe deficiencies, spontaneous bleeding may occur. In some of these disorders, a 

specific deficiency is due to an inherited defect (e.g., hemophilia). 

Major causes of acquired coagulation disorders are vitamin K deficiency (resulting 

from inadequate dietary intake, malabsorption, or warfarin therapy), liver disease, 

disseminated intravascular coagulation and development of circulating anticoagulants.  

Intravascular thrombosis is normally classified as venous thromboembolism (such as 

deep vein thrombosis and pulmonary embolism) or arterial thrombosis (such as in 

myocardial infarction and ischemic stroke). Venous thrombosis is commonly 

associated with high coagulation activity, which can cause undesired fibrin clot 

deposition. On the other hand, arterial thrombosis is often linked to high platelet 

activation, which leads to formation of platelet-rich thrombi. 
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Hemophilia 

Hemophilia is a hereditary disorder of coagulation that results in deficiency of factor 

VIII (Hemophilia A) or factor IX (Hemophilia B)
15

. The disease is almost exclusively seen 

in males while females are (usually) non-symptomatic carriers. Affected patients suffer 

from a more or less severe bleeding tendency, mainly in the joints, muscles and 

organs, which, untreated, leads to haemophilic arthropathy and high mortality. 

Haemophilia A is the most common form of haemophilia which is the most prevalent 

genetic disorder associated with serious bleeding. Haemophilia A accounts for 

approximately 75– 80% of all haemophilia cases with a prevalence of approximately 

1/5000 in the male population. It is caused by several different gene abnormalities. The 

severity of the symptoms of hemophilia A depends on how a particular gene 

abnormality affects the activity of factor VIII.  

FVIII acts as a cofactor for the serine protease activated factor IX (FIXa) in the intrinsic 

pathway of blood coagulation. Deficiency of FVIII or FIX results in insufficient 

formation of thrombin that impairs the final step of the coagulation cascade: 

formation of the fibrin clot. 

The clinical phenotype of hemophilia depends on the severity of the disease. 

Hemophilia is classified as mild, moderate, or severe, based on the amount of clotting 

factor in the person's blood. If patient produces only 1% or less of the affected factor, 

the case is called severe. Patients that produce 1% to 5% have a moderate case and 

individuals that produce >5% to 40% of the affected factor level is considered to have 

a mild case of hemophilia. 

The primary treatment for moderate to severe hemophilia is factor replacement 

therapy, which replaces the blood's deficient clotting factor FVIII or FIX to stop 

bleeding or maintain hemostasis.  The amount of factor VIII or FIX concentrates 

needed depends on the severity of the bleeding, the site of the bleeding, and the 

weight of the patient. 

The most severe complication of replacement therapy with coagulation factor 

concentrate is the development of alloantibodies, commonly known as inhibitors. The 

inhibitory alloantibodies develop in approximately 25-30% of patients with severe 

hemophilia A
16

. Inhibitors have been denoted as high or low response based on the 
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 1 
anamnestic response of the antibody to antigenic challenge. Alloantibodies that 

demonstrate an increase in titer have been termed high-response inhibitors; those that 

do not have been termed low-response inhibitors. To establish a more uniform 

definition, the Factor VIII and Factor IX Subcommittee of the International Society on 

Thrombosis and Haemostasis (ISTH) recommends a level of 5 BU to differentiate high- 

and low-response inhibitors. Thus an antibody that is persistently below 5 BU/mL 

despite repeated challenge with substitution factor concentrate should be termed a 

low-response inhibitor, whereas the term high response inhibitor should be applied to 

cases where the inhibitory activities have been above 5 BU/mL at any time. 

In patients with low responding inhibitors or with low actual inhibitor titre (<5 BU/mL), 

bleeding episodes are commonly managed by increasing dosages of FVIII or FIX 

concentrates. In contrast, in the majority of patients with high-responding inhibitor 

titres, by-passing agents (recombinant activated factor VII, rFVIIa; activated 

prothrombin complex concentrates, aPCC) are needed. 

Eptacog alfa (recombinant factor VIIa, rFVIIa; Novoseven) is used intravenously as a 

haemostatic agent to treat haemophilia patients with circulating inhibitors against 

factor FVIII or FIX
17

. Factor VIIa is the initiator of thrombin generation. Factor VIIa acts 

primarily via two pathways to activate Factor X. One pathway is at the site of tissue 

injury complexed with Tissue Factor, and the other is with high concentration of FVIIa 

on the surface of platelets, independent of tissue factor (see figure 1). 

 

Aneurysmal subarachnoid hemorrhage (SAH) 

Aneurysmal subarachnoid hemorrhage is hemorrhagic stroke whereby blood from the 

vasculature enters the subarachnoid space. The leading cause of nontraumatic 

subarachnoid hemorrhage is rupture of an intracranial aneurysm, which accounts for 

about 80 percent of cases and has a high rate of death and complications. All patients 

with a suspected SAH require an urgent CT brain scan to demonstrate haemorrhage. 

Women are more commonly affected by SAH than men.  

Delayed cerebral ischemia (DCI) is the most feared complication after SAH. DCI occurs 

in 30% of SAH patients
18

. From day 4 to day 10 after SAH, patients are at increased risk 

of developing DCI, which may present as headache, confusion, focal neurologic deficits, 
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and/or sometimes reversible, but may also progress to infarction, which is associated 

with increased mortality and severe disability.  

DCI is considered to be caused by vasospasm. Although vasospasm is associated with 

clinical deterioration and poor outcome after SAH, several studies indicate that the 

development of DCI cannot be fully attributed to the occurrence of radiologic 

vasospasm. Clinical studies show that DCI is associated with an activation of the 

coagulation cascade within a few days after SAH, preceding the time window during 

which vasospasm occurs. Furthermore, impaired fibrinolytic activity, and inflammatory 

and endotheliumrelated processes, lead to the formation of microthrombi, which 

ultimately result in DCI
19

. 

 

Disseminated Intravascular Coagulation 

The most important coagulopathy in Intensive Care Medicine is acute Disseminated 

Intravascular Coagulation (DIC). DIC occurs as a complication of a variety of underlying 

disorders such as sepsis, trauma, malignancy and other conditions
20

. According to the 

ISTH (International Society for Thrombosis and Hemostasis), disseminated 

intravascular coagulation (DIC) is a syndrome characterized by widespread 

intravascular activation of the coagulation system leading to intravascular deposition 

of fibrin in the (micro) vasculature and simultaneous consumption of coagulation 

factors and platelets.  

With ongoing coagulation, clotting factors, including fibrinogen and platelets, are 

consumed, and depletion of these factors as well as activation of proteins that 

promote fibrinolysis may lead to bleeding. Thus, thrombosis and hemorrhage may 

occur almost at the same time. In addition, microvascular thrombosis due to 

deposition of fibrin in blood vessels can contribute to multiple organ failure, resulting 

in increased mortality and morbidity. 

There are 2 clinical forms of DIC: acute and chronic. Acute DIC characterized by severe 

bleeding due to excessive consumption of hemostatic components, may develop 

when blood is exposed to large amounts of tissue factor over a brief period of time. 
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In chronic DIC, smaller amounts of tissue factor are involved, resulting in much less 

intense stimulation of the coagulation system and allowing the body to compensate 

for the consumption of coagulation proteins and platelets. Under these 

circumstances, clinical signs may be minimal or altogether absent, and most 

coagulation tests will be only slightly impaired. 

The Scientific Subcommittee on DIC of the International Society on Thrombosis and 

Haemostasis (ISTH) has proposed a scoring system for the diagnosis of overt DIC 

based on the outcome of a combination of several laboratory tests
21

. In this scoring 

Tabel 1: International Society of Thrombosis and Haemostasis disseminated 

intravascular coagulation (DIC) scoring system 

 

1. Risk assessment: Does the patient have an underlying disorder known to be 

associated with overt DIC? 

If yes, proceed; if no, do not use this algorithm. 

2. Order global coagulation tests (platelet count, prothrombin time, fibrinogen, 

soluble fibrin monomers, or fibrin degradation products). 

 

3. Score global coagulation test results. 

 platelet count (>100, 0; <100, 1; <50,2) 

 Elevated fibrin-related marker (e.g. soluble fibrin monomers/fibrin degradation products)  

(no increase, 0; moderate increase, 2; strong increase,3)                       

 Prolonged prothrombin time 

(<3 secs, 0; >3 secs but <6 secs,1; >6 secs, 2) 

 Fibrinogen level 

(>1.0 g/L, 0; <1.0 g/L, 1)  

 

4. Calculate score 

   

5. If≥5, compatible with overt DIC; repeat scoring daily. 

6. If <5, suggestive (not affirmative) for nonovert DIC; repeat next 1-2 days. 
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system, a suspicion of DIC is defined as a prolongation of the prothrombin time or 

aPTT, the occurrence of thrombocytopenia, or a decrease in platelets in a patient with 

an underlying disorder known to be associated with DIC. 

When DIC is suspected, global laboratory tests are ordered and results are assigned 

values as outlined in Table 1. The ISTH DIC score is the total of the scores obtained for 

each of the four global laboratory tests used, with a minimum score of 0 and a 

maximum of 8.  

In this system, a score of ≥5 is compatible with the diagnosis of overt DIC. A score 

below 5 is suggestive of but not definitive for DIC. Tests and scoring should be 

repeated daily until results normalize.  

 

 In vitro coagulation 

The Coagulation Laboratory offers a wide variety of testing to aid in the diagnosis, 

management, and monitoring of patients with bleeding disorders, or to aid in 

evaluating patients with thrombotic or fibrinolytic abnormalities.  Several techniques, 

including clot-based tests, chromogenic/fluorogenic substrate assays and ELISAs, are 

used for coagulation testing.   

Global haemostasis assays are assays designed to assess the risk of bleeding, 

thrombosis, fibrinolysis and response to antithrombotics in a single assay. The assays 

are affected by coagulation and platelet changes or abnormalities.  

Prothrombin time (PT) and activated partial thromboplastin time (aPTT) are by far the 

most common screening tests that are useful in the diagnosis of coagulation disorders 

and monitoring anticoagulant therapy. These tests correspond respectively to extrinsic 

and intrinsic pathways of the Waterfall or Cascade models. Both tests are based on 

fibrin generation time and performed in citrate anticoagulated plasma. 

The PT is performed by addition of tissue-factor and calcium to citrated plasma and 

measuring the clotting time. The PT should detect important deficiencies in factors II, 

V, VII and X, as well as very low fibrinogen concentration. The PT is also used for 

monitoring patients who are receiving vitamin K antagonist (VKA) therapy, such as 

warfarin. 
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 1 
The aPTT is a functional determination of the intrinsic pathway of coagulation (factors 

XII, XI, IX, VIII, V, II, I, prekallikrein, high molecular weight kininogen). This pathway is 

initiated by the interaction of factor XII with a negatively charged surface. The aPTT is 

utilized to detect congenital and acquired abnormalities of the intrinsic coagulation 

pathway and to monitor patients receiving heparin. PT and aPTT are also used for 

measuring the individual coagulation factor levels in plasma after dilution of patient 

plasma in factor deficient plasma..  

Since PT and aPTT are fibrin generation time assays, they provide information only on 

the early start of clot formation (initiation phase of coagulation) and they ignore the 

further development of thrombin generation since at the time of clot formation only 

1-6% of prothrombin is activated
22

. In addition, high trigger activity of reagents in 

both assays induces a rapid thrombin generation with short clotting times (10-14 for 

PT and 25-35 seconds for aPTT) as a consequence. Therefore these tests are insensitive 

to mild hypo- and hypercoagulation states.  

 

Thrombin generation assays 

The conversion of prothrombin to thrombin is the central event in the coagulation 

cascade
23

. The most important function of thrombin is cleavage of fibrinogen to form 

a fibrin clot. Thrombin also has important in vivo roles through activation of platelets, 

activation of coagulation factor XIII to XIIIa to stabilise fibrin monomers, the 

thrombomodulin-dependent activation of protein C to activated protein C and the 

activation of thrombin activatable fibrinolysis inhibitor (TAFI) to TAFIa. In addition to its 

role in coagulation, thrombin stimulates inflammatory and proliferative responses in a 

variety of target cells, including endothelial cells, smooth muscle cells, fibroblasts, and 

T lymphocytes. 

Given the importance of thrombin to in vivo haemostasis, its measurement in the 

laboratory would seem important for the detection of haemostatic abnormalities, 

including bleeding and thrombotic disorders, as well as for monitoring anticoagulant 

therapy. 

Thrombin generation tests are global assay of hemostasis that reflects the overall 

functional state of the clotting system. Thrombin generation can be measured in 
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vivo or ex vivo. Measurement of circulating levels of Prothrombin fragment 1+2 

(F1+2)
24

 or thrombin-antithrombin complexes (TAT), has been considered as specific 

markers of thrombin generation in vivo
25

. Ex vivo TG is performed in test tubes by 

monitoring thrombin generation after addition of a coagulation trigger (TF, Ca2+, 

phospholipids, kaolin etc.).  

In contrast to the classical clotting assays (PT and APTT), which only test the initiation 

phase of coagulation, thrombin generation assays also test the propagation phase 

(where the bulk of thrombin is generated via feedback loops on factors V, VIII and XI) 

and the termination phase (where thrombin formation is shut down by the 

anticoagulant pathways and all thrombin activity is inhibited by plasma protease 

inhibitors). 

There are two methods to detect thrombin generation, fibrin generation time and 

measuring the thrombin activity in time by a slow acting chromogenic/fluorogenic 

substrate. As samples citrated whole blood, platelet rich plasma (PRP) and platelet 

poor plasma (PPP) can be used.  

 

Calibrated automated thrombography (CAT) 

CAT is a commercially available global thrombin generation assay developed by 

Thrombinoscope bv according to Hemker et al.
26

. CAT measures the kinetics of 

thrombin generation and inactivation during ex vivo coagulation, in standardized 

conditions.  

The CAT assay is based on continuous monitoring of thrombin activity after triggering 

the coagulation by addition of a coagulation trigger (tissue factor) followed by 

measuring the consumption of a low-affinity fluorogenic substrate (Z-Gly-Gly-Arg-

AMC) in plasma. 

The assay is performed in platelet poor plasma or platelet rich plasma in a microtitre 

plate and fluorescence readings are automatically converted into thrombin generation 

curves (thrombogram) by the software. Several parameters can be derived from the 

thrombin generation curve, including lag time (the lag time of thrombin generation), 

time to peak (the time to reach the maximum thrombin concentration), peak height 
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(the maximum concentration of thrombin) and area under the curve (endogenous 

thrombin potential, ETP).  

One of the advantages of CAT assay is that experimental conditions can be easily 

modified for specific purposes. For example, coagulation can be initiated by different 

tissue factor concentrations (for example 1, 5 or 20 pM) or different triggers of 

coagulation (tissue factor, ellagic acid, polyphosphate, phospholipids etc.).  At a low TF 

concentration, the CAT assay is influenced by most coagulation factors; however, at a 

high TF concentration, only the factors of the extrinsic pathway are involved.  

Furthermore, the CAT assay can be performed in the absence and presence of soluble 

thrombomodulin (TM) or activated protein C (APC) to challenge the protein C 

anticoagulant pathway
27

. The inhibitory effect of APC and TM on the thrombin 

generation curve is significantly diminished in dysfunctions of the APC system, such as 

APC resistance, the use of oral contraceptives or factor V Leiden. 

In the laboratory, the CAT assay is also used for evaluating the TFPI activity in the 

down-regulation of thrombin formation. Using the CAT method, Hackeng et al., 

quantified the activity of TFPI/protein S system in plasma by measuring thrombin 

generation in the absence and presence of neutralizing antibodies against protein S or 

TFPI 
28

.   

 

Global fibrinolytic assays 

The global fibrinolytic assays are developed in an attempt to determine the overall 

fibrinolytic capacity in plasma and evaluation of fibrinolytic dysfunctions in a reliable 

manner. Various methods were developed for evaluation of the fibrinolytic system. 

The clot-lysis test is one of such assays. This assay is based on continuous 

spectrophotometric registration of fibrin formation and subsequent lysis of this fibrin 

network in citrated plasma. Coagulation in platelet-poor plasma is triggered by 

addition of recombinant tissue factor with purified phospholipids and calcium ions, 

and fibrinolysis is initiated by inclusion of recombinant tissue type-plasminogen 

activator in the starting reagent. Clot formation and subsequent lysis is continuously 

monitored by turbidity measurements at 405 nm in a spectrophotometer. 
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Several parameters can be derived from the clot-lysis curve, including clot-time, lysis 

time and clot-lysis time.  

Increased fibrinolytic activity can lead to an increased risk of haemorrhage while 

decreased fibrinolytic activity is associated with an increased risk of arterial and 

venous thrombosis.  The most common causes of increased fibrinolytic activity are: 

increased tPA secretion during cardiopulmonary bypass, reduced tPA clearance in 

patients with cirrhosis and other forms of liver disease and congenital deficiency of 

PAI-1 or alpha2-antiplasmin. The most common cause of reduced fibrinolytic activity 

is a hereditary or acquired elevation of PAI-1 activity 
29

. 

 

Whole blood coagulation assays 

Coagulation testing in whole blood has the advantage over classical coagulation tests 

(which are performed in platelet poor plasma) in offering a relatively rapid overview of 

the sum of the cumulative effects of plasma factors as well as interacting cellular 

components of the blood such as platelets, monocytes and red blood cells. Almost all 

of these whole blood global coagulation tests are based on detection of thrombus 

formation. 

 

Thromboelastography and thromboelastometry 

Thromboelastography is a diagnostic tool that analyses the kinetics of all stages of clot 

initiation, formation, stability, strength, and lysis in whole blood. There are two 

manufactures of analysers using this type of coagulation test, 

Rotational thromboelastometry (ROTEM) and classical thromboelastography (TEG)
30

.  

In the conventional TEG, a blood sample (mixed with a coagulation trigger such as 

Ca2+, kaolin etc.) is placed into a cup which is then rotated gently. When a sensor 

shaft is inserted into the sample a clot forms between the cup and the sensor. The 

speed and patterns of changes in strength and elasticity in the clot are measured and 

are depicted as a graph. In the rotative thromboelastography (ROTEM) the sensor 

shaft rather than the cup rotates.  

Thromboelastography is usually a “point-of-care” test and results are obtained more 

quickly than is the case when samples are sent to the laboratory. 
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Thromboelastography and thromboelastometry are useful for the rapid assessment of 

hemostasis in patients with coagulopathy including low coagulation factor levels, the 

anticoagulant effect of the drug heparin, a low platelet count or platelet dysfunction, a 

low fibrinogen level or impaired fibrin polymerisation, and excessive breakdown of clot 

once it is formed. 

 

Coagulation under flow conditions 

Coagulation processes under flow conditions are fundamentally different when 

compared to whole blood clotting in a tube. In the initiation of thrombosis, flow 

conditions near the vessel wall regulate how quickly reactive components are 

delivered to the injured site. In a blood vessel with high stress shear, red blood cells 

migrate toward the centre of the vessel wall and direct the platelets to the vessel wall. 

Hereby platelet concentrations are elevated several-fold in the plasma near the wall or 

thrombus.    

 

T-TAS whole blood coagulation analyzer 

Total Thrombus-formation Analyzing System (T-TAS) is a novel whole blood 

coagulation analyzer for monitoring thrombus formation under flow conditions. This 

method uses an automated microchip flow-chamber system for analyzing platelet 

aggregation and thrombus formation under different flow conditions. There are two 

types of disposable microchips available, AR-chip (assay for quantitative evaluation of 

thrombus formation) and PL-chip (used for analysing platelet function). 

The AR-chip consists of a capillary system which is coated with collagen and a low 

concentration of tissue factor. Recalcified whole blood containing corn trypsin 

inhibitor is perfused into the capillary under constant flow and at the same time the 

flow pressure changes are monitored by a flow-pressure sensor. Platelets and the 

extrinsic coagulation pathway are simultaneously activated by collagen and tissue 

factor, resulting in an increase in flow pressure. The back pressure on the pump is used 

as a readout system for measuring thrombus formation. Depending on the experiment 

the flow rates can be set at 4 μl/min or 10 μl/min, which correspond to the initial wall 

shear rate of 240 s
-1

 and 600 s
-1

.  
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The PL-chip is used for quantitative analysis of platelet thrombus formation
31

. This chip 

consists of a collagen-coated analytical path consisting of 25 capillary channels. 

Hirudin anticoagulated whole blood is perfused in the capillary system under constant 

flow. When blood flows through the analytical path of the microchip, platelets adhere 

and aggregate on the surface of the collagen-coated capillary channels. Small platelet 

aggregates gradually increase in size and eventually occlude the capillary, resulting in 

an increase on flow pressure.  

Several parameters can be derived from the flow-pressure curve, including; occlusion 

start time (time to onset of thrombus formation, time to 10 kPa), occlusion time (time 

to final occlusion, time to 80 kPa), occlusion speed (rate of thrombus growth) and area 

under curve (AUC). 

The T-TAS could be used for general screening of platelet function, to monitor anti-

platelet therapy
31

 and to potentially assess both risks of bleeding and/or thrombosis
32

. 

 

Outline of this thesis 

The aim of this thesis was to contribute to the current knowledge in the regulation of 

coagulation and hemostasis and to describe the use of different laboratory techniques 

in investigation of various coagulation diseases. 

In chapter 2 we validated the ISTH DIC scoring system for the diagnosis of 

disseminated intravascular coagulation (DIC), proposed by Committee of the 

International Society of Thrombosis and Haemostasis (ISTH). In addition, we also 

evaluated the biphasic waveform analysis during the activated partial thromboplastin 

time (aPTT) test in our prospective series of patients, since the presence of an 

abnormal biphasic waveform had been proposed as an accurate test for the presence 

of DIC. 

In chapter 3 we investigated the effect of endotoxaemia on APC resistance, analysed 

its determinants and evaluated the effect of TF/FVIIa inhibition by recombinant 

Nematode 

Anticoagulant Protein c2 (rNAPc2) on endotoxin-induced APC resistance. 

In chapter 4 we investigated whether Ethyl pyruvate (EP), an experimental anti-

inflammatory agent, influences coagulation besides its anti-inflammatory effects. For 
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this purpose, we investigated the effects of EP on the expression and function of tissue 

factor (TF), the principal initiator of coagulation activation in sepsis, in human 

monocytic (THP-1) cell cultures. 

The pathogenesis of delayed cerebral ischemia (DCI) after aneurysmal subarachnoid 

hemorrhage (SAH) remains unknown. Besides vasospasm, microthrombosis might play 

an important role. Therefore in chapter 5 we explored the role of microthrombosis in 

the involvement of DCI after SAH by comparing of ADAMTS13 and vWF in patients 

with and without DCI after aneurysmal SAH.  

In chapter 6 we studied the thrombin generation profiles in patients with liver disease 

undergoing a liver transplantation and compared these results with conventional 

coagulation tests. Furthermore we investigated the effect of adding thrombomodulin 

during thrombin generation to plasma of patients.  

In chapter 7 we investigated, the thrombin generation and fibrinolytic capacity in 

patients with acute liver injury/failure (ALI/ALF) in a case control study.  

In chapter 8 we aimed at elucidating the mechanism by which TIX-5, a Tick salivary 

protein, inhibits coagulation. 

In chapter 9 we studied the anti-fibrinolytic effects of recombinant factor VIIa in 

relation to thrombin generation (TG) and hemostatic parameters in hemophilia A 

patients with inhibitors. 
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Abstract 

Objectives: A diagnosis of disseminated intravascular coagulation (DIC) is hampered 

by the lack of an accurate diagnostic test. Based on the retrospective analysis of 

studies in patients with DIC, a scoring system (0–8 points) using simple and readily 

available routine laboratory tests has been proposed. The aim of this study was to 

prospectively validate this scoring system and assess its feasibility, sensitivity, and 

specificity in a consecutive series of intensive care patients. 

Design: Prospective cohort of intensive care patients. 

Setting: Adult intensive care unit in a tertiary academic center. 

Patients: Consecutive patients with a clinical suspicion of disseminated intravascular 

coagulation. 

Interventions: Patients were followed during their admission to the intensive care 

unit, and the DIC score was calculated every 48 hrs and compared with a “gold 

standard” based on expert opinion. In addition, an activated partial thromboplastin 

time (aPTT) waveform analysis, which has been reported to be a good predictor for 

the absence or presence of DIC, was performed. 

Measurements and Main Results: We analyzed 660 samples from 217 consecutive 

patients. The prevalence of DIC was 34%. There was a strong correlation between an 

increasing DIC score and 28-day mortality (for each 1 point increment in the DIC 

score, the odds ratio for mortality was 1.25). The sensitivity of the DIC score was 91% 

and the specificity 97%. An abnormal aPTT waveform was seen in 32% of patients and 

correlated well with the presence of DIC (sensitivity 88%, specificity 97%). In 19% of 

patients, the aPTT waveform-based diagnosis of DIC preceded the diagnosis based on 

the scoring system.  

Conclusions: A diagnosis of DIC based on a simple scoring system, using widely 

available routine coagulation tests, is sufficiently accurate to make or reject a 

diagnosis of DIC in intensive care patients with a clinical suspicion of this condition. 

An aPTT waveform analysis is an interesting and promising tool to assist in the 

diagnostic management of DIC.  

Keywords: disseminated intravascular coagulation; scoring system; diagnostic test 
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INTRODUCTION 

Disseminated intravascular coagulation (DIC) is a frequently occurring complication of 

severe sepsis, polytrauma, and several other conditions (1). DIC may contribute to the 

pathogenesis of multiple organ dysfunction and is an independent predictor of 

mortality (2). New therapeutic strategies aimed at modifying the coagulation and 

inflammation that occur in DIC, such as administration of recombinant activated 

protein C, have proven to be successful in clinical trials (3). Interestingly, the greatest 

benefit of this treatment in reducing mortality was seen in the subgroup of patients 

who had full-blown DIC. Hence, a diagnosis of DIC may have important clinical 

consequences. However, a proper diagnosis of DIC has been hampered by the lack of 

a specific diagnostic test. No single clinical sign or laboratory test has been found to 

possess sufficient diagnostic accuracy for confirming or rejecting the diagnosis of DIC 

(4).  

A combination of clinical and laboratory findings, including tests for molecular 

markers of thrombin generation and fibrin turnover, may in most cases allow for an 

adequate diagnosis of DIC (5, 6), but this is only helpful in a highly specialized and/or 

research setting since most of these complicated tests are not routinely available. For 

some years now, a Japanese scoring system for DIC has been developed but has not 

been widely adopted, potentially due to some practical limitations (7).  

To facilitate the diagnosis of DIC in the clinical situation, the subcommittee on DIC of 

the Scientific and Standardization Committee of the International Society of 

Thrombosis and Haemostasis (ISTH) has proposed a scoring system, based on the 

outcome of a combination of several laboratory tests (8). One of the advantages of 

this scoring system is that it uses simple, widely available routine coagulation assays 

(Table 1). Based on retrospective studies, a cutoff point of 5 was chosen; that is, a 

score of ≥5 is compatible with the diagnosis of overt DIC. Obviously, prospective 

validation of this scoring system is required.  

In this article, we report on the feasibility and the sensitivity and specificity of the ISTH 

DIC score for the diagnosis of DIC in a consecutive series of intensive care patients 

with a clinical suspicion of DIC. In addition, since the presence of an abnormal 

biphasic waveform during activated partial thromboplastin time (aPTT) measurement 
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on an automated coagulation machine has been proposed as an accurate test for the 

presence of DIC (9), we also evaluate this test in our prospective series of patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METHODS 

Patients.  

The study was approved by the Institutional Review Board of the Academic Medical 

Center in Amsterdam, the Netherlands. Consecutive patients who were admitted to 

the intensive care unit (ICU) in our hospital with a clinical and laboratory suspicion of 

DIC were eligible for the study. A suspicion of DIC was defined as a prolongation of 

the prothrombin time or aPTT, the occurrence of thrombocytopenia (<150 × 10
9
/L), or 

Tabel 1: International Society of Thrombosis and Haemostasis disseminated 

intravascular coagulation (DIC) scoring system 

 

7. Risk assessment: Does the patient have an underlying disorder known to be 

associated with overt DIC? 

If yes, proceed; if no, do not use this algorithm. 

8. Order global coagulation tests (platelet count, prothrombin time, fibrinogen, 

soluble fibrin monomers, or fibrin degradation products). 

 

9. Score global coagulation test results. 

 platelet count (>100, 0; <100, 1; <50,2) 

 Elevated fibrin-related marker (e.g. soluble fibrin monomers/fibrin degradation products)  

(no increase, 0; moderate increase, 2; strong increase,3)                       

 Prolonged prothrombin time 

(<3 secs, 0; >3 secs but <6 secs,1; >6 secs, 2) 

 Fibrinogen level 

(>1.0 g/L, 0; <1.0 g/L, 1)  

 

10. Calculate score 

   

11. If≥5, compatible with overt DIC; repeat scoring daily. 

12. If<5, suggestive (not affirmative) for nonovert DIC; repeat next 1-2 days. 
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a decrease in platelet count of >50 × 10
9
/L per 24 hrs in a patient with an underlying 

disorder known to be associated with DIC, according to the list of the ISTH (8). Global 

clotting times and platelet count were measured at least once per 24 hrs in every 

intensive care patient. Exclusion criteria were the use of anticoagulant agents, such as 

heparin at a therapeutic dose or vitamin K antagonists, the presence of a known 

congenital or acquired coagulation disorder or hematologic disease, and the inability 

to obtain informed consent from the patient or his or her relatives. None of the 

patients were receiving antithrombin or (activated) protein C concentrate. Fresh 

frozen plasma and platelet transfusion were given only in case of bleeding, according 

to the ICU protocol. 

 

DIC Score.  

The DIC score was calculated every 48 hrs during the ICU stay, from the beginning of 

the clinical suspicion of DIC until discharge. Platelets were measured by flow 

cytometry in a standard automated cell counter.  

Global clotting times for prothrombin time and aPTT were assayed according to 

standard onestage clotting assays on an automated clotting analyzer (STA-R, Roche 

Diagnostics, The Netherlands). Plasma levels of fibrinogen were assayed using STA 

Fibrinogen reagent (Diagnostica Stago, France) according to the method of Clauss 

(10). Fibrin-related marker D-dimer levels were assayed with a quantitative rapid 

enzyme linked immunosorbent D-dimer assay (Vidas DD; bioMérieux, Paris, France). A 

level of <0.4 µg/mL (the upper limit of normal of this D-dimer assay) was considered 

as normal, a level between 0.4 and 4.0 µg/mL was considered as moderately 

increased, and a level of >4.0 µg/mL (ten times the upper limit of normal) was 

considered as strongly increased. These cutoff values were used in a previous clinical 

study in patients with sepsis (11).  

“Gold Standard” for DIC by Expert Opinion. 

To compare the diagnostic accuracy of the DIC score for the presence or absence of 

DIC, the outcome of the score needs to be compared with a gold standard for DIC. In 

the absence of such a gold standard, we decided to use expert opinion and to 

perform in each sample an extensive series of coagulation tests, including highly 
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sensitive and specific assays for thrombin generation (prothrombin fragment F1+ 2 

and thrombin-antithrombin [TAT] complexes) (12) as well as assays for soluble fibrin, 

plasma levels of coagulation factors VII and V (to assess the potential presence of 

vitamin K deficiency), and plasma levels of antithrombin and protein C. The results of 

these assays, in combination with clinical data on organ failure and the occurrence of 

bleeding, were presented to a panel consisting of two experts in haemostasis and 

intensive care medicine. Each of the two panel members reached a decision on the 

presence or absence of DIC independently, and subsequently the results were 

compared. If no consensus was reached, a third (decisive) opinion was asked from a 

third expert. The experts were not involved in the clinical care of the patients in the 

study and were not aware of the DIC score of the patient. 

Measurement of F1+2 and TAT complexes was done by enzyme linked 

immunosorbent assays (Behringwerke AG, Marburg, Germany), according to the 

instructions of the manufacturers. Soluble fibrin was measured by spectrophotometric 

assay (Berichrom FM; Dade Behring, Leusden, Netherlands). Plasma levels of 

coagulation factors were determined by a one-stage clotting assay on an automated 

clotting analyzer (STA-R). Antithrombin  and protein C activity levels were measured 

by chromogenic assay (Chromogenix, Stockholm, Sweden). Organ failure was 

assessed with the Sequential Organ Failure Assessment (SOFA) score as previously 

published (13). 

 

Waveform Analysis.  

The aPTT waveform analysis was done on an MDA 180 (BioMerieux, Durham, NC) 

analyzer using Platelin LS. The methodology has been described in detail elsewhere 

(9). In brief, the MDA 180 uses a variable  wavelength photo-optical detection system 

that can quantify changes in light transmission when the plasma clots after activation 

and recalcification. A biphasic profile occurs when light transmission decreases before 

clot formation in the first part of the curve. On the MDA system, this abnormality is 

quantified by the slope-1 parameter, which is derived from the light transmission 

between time 0 (100%) and the value recorded at clot time. To define an abnormal 

slope-1, we analyzed 150 healthy volunteers and set a threshold limit for abnormal 
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slope-1 as the 99
th

 percentile of normal. The presence of a biphasic waveform was 

defined by a slope-1 of <-8 (NTU/sec). 

 

Statistical Analysis.  

To compare the distribution of baseline characteristics between patient groups with 

or without DIC, chi-square and Wilcoxon rank-sum tests were performed. To evaluate 

whether the presence of DIC was a predictor of 28-day mortality, a logistic regression 

model was fit to 28-day all-cause mortality using age, gender, SOFA score, and ISTH 

DIC score as continuous predictors. The continuous relation between the number of 

ISTH points and mortality was analyzed by analysis of variance. 

 

RESULTS 

Patients.  

Between January and December 2001, 263 consecutive ICU patients had a clinical 

suspicion for DIC. Of these, 46 patients were excluded from the study because of the 

use of anticoagulants (ten patients), presence of a hematologic disorder (six patients), 

or inability to obtain informed consent (30 patients). From the included patients, 660 

paired measurements of the DIC score and the gold standard were available for 

analysis. The kappa between the expert reviewers for the diagnosis of DIC was 0.81. 

Patient characteristics at study entry are given in Table 2. The majority of the patients 

were surgical patients, and the most frequent diagnoses were severe sepsis, trauma, 

major general surgery, and pneumonia with respiratory insufficiency. 

 

Prevalence of DIC and Prognosis.  

DIC was diagnosed according to the expert opinion using sensitive laboratory tests 

and clinical information in 74 patients (34%) during their clinical course on the ICU. 

DIC was more frequently seen in medical patients (incidence in medical patients 44% 

vs. 29% in surgical patients, p = .02). Patients with severe sepsis, urosepsis, and 

abdominal sepsis and a suspicion of DIC were more likely to have a diagnosis of DIC 

confirmed, whereas cardiac surgery patients with a clinical suspicion of DIC were less 

likely to have a diagnosis of DIC (Table 2). Organ failure, as reflected by a higher 
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cardiovascular and renal SOFA score, was significantly higher in patients with DIC. 

Also, Acute Physiology and Chronic Health Evaluation II scores were significantly 

higher in patients with DIC. A DIC score ≥5 according to the ISTH scoring system was 

present in 70 patients (32%) during their ICU admission (Fig. 1). The DIC score 

remained ≥5 for 2.8 (_2.2) days after the diagnosis of DIC. 

 

Table 2. Characteristics of all patients in the study and patients with or without DIC 

 

 AllPatientsn DIC NoDIC DICVs. 

 N= 217 N= 74 N= 143 NoDICGroup 

Meanage,yrs,mean(SD) 59.2(5.2) 61.7(6.5) 57.9(4.9) NS 

Malegender,n(%) 137(63) 45(61) 92(64) NS 
Medicalpatients,n(%) 70(32) 31(42) 39(27) .01 

Surgicalpatients,n(%) 147(68) 43(58) 104(73) .02 

Diagnosis,n(%)     
   Severesepsis(sourceunclear) 42(19) 21(28) 21(15) .02 
   Pneumonia +  respiratory 31(14) 11(15) 20(14) NS 

     insufficiency     
   Urosepsis 14(6) 8(11) 6(4) .05 
   Abdominalsepsis 25(12) 17(23) 8(6) .01 

   Majorgeneralsurgery 49(23) 5(7) 44(31) .01 

   Neurosurgery 14(6) 1(1) 13(9) NS 
   Trauma 35(16) 10(14) 25(17) NS 

   Otherdiagnosis 7(3) 1(1) 6(4) NS 

SOFA scores,mean(SD)     
   Cardiovascular 2.5(1.2) 3.0(1.3) 2.3(1.1) .01 
   Respiratory 2.4(1.0) 2.5(1.4) 2.4(1.0) NS 

   Renal 1.3(0.9) 1.7(1.2) 1.1(0.8) .04 

   Hepatic 1.1(0.5) 0.8(0.3) 1.2(0.5) NS 
APACHEIIscore,mean(SD) 21.3(4.3) 24.1(1.9) 18.2(2.4) <.001 

 

In patients who were diagnosed with DIC (according to the expert opinion) 28- day 

mortality was 45%, whereas 28-day mortality in patients without DIC was 25%. DIC 

was an independent predictor of mortality (odds ratio adjusted for age, SOFA, and 

Acute Physiology and Chronic Health Evaluation score, 2.39; 95%  confidence interval, 

1.32– 4.33). Mortality in comparison with the ISTH DIC score (at admission in the 

study) is shown in Figure 2. There was a strong correlation between an increased DIC 

score at inclusion and increased 28-day mortality (for each 1-point increment in DIC 

score, the odds ratio for mortality was 1.25). 
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Diagnostic Accuracy of the ISTH Scoring System.  

When comparing the confirmation or rejection of a diagnosis of DIC by means of the 

ISTH DIC score (based on the cutoff point of 5) with the expert opinion in each of the 

660 samples, the sensitivity of the ISTH DIC score was 91% and the specificity 97%. 

When the analysis was done on a per patient basis, the sensitivity was 93% and the 

specificity 98%. This means that in our consecutive series of ICU patients, the positive 

predictive value of an ISTH DIC score of ≥5 for the diagnosis of DIC is 96% and the 

negative predictive value of a score <5 for the absence of DIC is 97%. 

Most of the points in the DIC score were contributed by the platelet count, the 

prolongation of the prothrombin time, and increased levels of plasma D-dimer. A 

decreased plasma fibrinogen level (<1.0 g/L) was seen in only four patients with DIC 

(5.4%), and in only one patient this resulted in a positive ISTH DIC score where it 

otherwise would have been negative. 

Figure2. Relationship between International 

Society of Thrombosis and Haemostasis 

disseminated intravascular coagulation (DIC) 

score and increased 28-day mortality in the 

patients included in the study. The 

uninterrupted line in dicates patients with a 

diagnosis of DIC(according to the ISTH DIC 

criteria) and the dotted line those without 

overt DIC. The increase in mortality in 

patients with a higher DIC score is 

statistically significant (p= .03). 

Figure 1. Distribution of Inter-national 

Society of Thrombosis and Haemostasis 

(ISTH) disseminated intra-vascular coag-

ulation (DIC) scores in the 217 patients 

included in the study. White bars indicate a 

score < 5 (no overt DIC) and shaded bars a 

score of ≥ 5 (overt DIC). 
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Consequently, we hypothesized that exclusion of all fibrinogen levels from the 

calculation of the ISTH DIC score would hardly affect the accuracy of the scoring 

system. Indeed, when the sensitivity and specificity of the ISTH DIC score were 

recalculated without fibrinogen in each patient, the sensitivity was 92% and the 

specificity remained 98%. 

There was an interesting correlation between 

increased ISTH DIC scores and decreased 

plasma levels of antithrombin or protein C (Fig. 

3). However, no clear cutoff value for 

antithrombin or protein C could be identified 

that was helpful in discriminating between the 

presence and absence of DIC in individual 

patients. The mean results of the assays for 

antithrombin activity, protein C activity, TAT 

complexes, and soluble fibrin are given in Table 

3. There are significant differences for each of 

these assays between patients with and without 

DIC; however, none of these markers itself has 

sufficient diagnostic accuracy to confirm or 

reject a diagnosis of DIC. 

 

 

Table 3. Laboratory values of coagulation inhibitors and sensitive markers for coagulation activation of all 

patients in the study and patients with or without disseminated intravascular coagulation (D 

 
AllPatients DIC NoDIC DICVs. 

N= 217  N= 74 N= 143 NoDICGroup 

Antithrombinactivity,% 68± 4 52± 7 74± 12 .01 

ProteinCactivity,% 51± 3 43± 8 59± 5 .03 

Thrombin-antithrombincomplexes,µg/L 9.8±2.4 17.4± 8.2 6.3± 3.0 .01 

Solublefibrin,mg/L 149± 27 251± 29 111± 43 .02 

Valuesaremean± SD. 
 

 

 

    

Figure 3. Correlation of plasma levels of 

antithrombin activity (white bars) and 

protein C activity (gray bars)and increased 

International Society of Thrombosis and 

Haemostasis disseminated intravascular 

coagulation (DIC) scores. There is a 

relation between reduced levels of both 

protease inhibitors at higher DIC scores (p 

.02 for protein C activity and p .07 for 

antithrombin activity). A decrease in 

protein C levels seems to correlate more 

strongly with a higher DIC score than the 

decrease in antithrombin, but the 

differences are not statistically significant. 
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Biphasic Waveform Analysis.  

An abnormal biphasic aPTT waveform was seen in 65 of 74 patients with DIC (sensitivity 

88%). In five of 143 patients without a diagnosis of DIC, a biphasic waveform was observed 

(specificity 97%). The absence or presence of a biphasic aPTT against the ISTH DIC score is 

shown in Figure 4. In 14 patients with DIC 

(19%), an abnormal waveform was seen 48 

hrs before the DIC score became 

abnormal, whereas in two patients (3%) 

the DIC score was ≥5 in the sample taken 

48 hrs before the waveform became 

abnormal. In the majority of patients, the 

DIC score and the waveform analysis were 

abnormal at the same time point. If 

compared with test result of TAT 

complexes alone or soluble fibrin alone 

(with the normal values of these assays as 

cutoff points), the biphasic waveform had a somewhat lower sensitivity (93% for the 

TAT assay and 95% for the soluble fibrin assay), but its specificity of 97% compared 

favorably with the specificity of each of these two assays (79% for TAT assay and 70% 

for soluble fibrin assay). Patients with a biphasic aPTT waveform had a higher 

mortality in comparison to patients with a normal aPTT waveform (45% vs. 32%, p = 

.02). 

 

DISCUSSION 

 

In virtually all critically ill patients, some degree of activation of coagulation is 

detectable (5, 14). Coagulation activation spans a spectrum from minimal activity that 

can only be detected by highly sensitive tests for molecular markers of coagulation 

activation to stronger activation, which is reflected in consumption of platelets and 

coagulation factors. The activation of coagulation is insufficiently counterbalanced by 

an impaired function of physiologic anticoagulant systems, such as antithrombin or 

Figure 4. Distribution of patients with a normal 

(gray bars)and biphasic activated partial 

thromoboplastin time waveform (white bars)in 

patients with various International Society of 

Thrombosis and Haemostasis disseminated 

intravascular coagulation scores. 
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protein C (1, 2). This is due to impaired 

synthesis of these proteins, leakage in the 

extravascular space, and degradation by 

elastase from activated neutrophils. The 

protein C pathway is further harmed by a 

downregulation of protein C activation, due 

to a down-regulation of endothelial 

thrombomodulin. Antithrombin activity may 

be particularly low due to consumption, 

since this protease inhibitor forms 1:1 

complexes with thrombin. In its most 

fulminant form, systemic and widespread 

activation of coagulation occurs with 

consequent deposition of fibrin in small and 

midsize vessels and thereby contributes to 

organ dysfunction, which has been termed 

disseminated intravascular coagulation. The relevance of the presence of DIC has 

been shown in clinical and experimental studies (15, 16). However, the clinical 

management of full blown DIC has for a long time been hampered by lack of 

consensus criteria for its diagnosis, which makes clinical studies more difficult. In 2001, 

the Subcommittee on DIC of the ISTH proposed a simple scoring system based on 

routinely available laboratory tests. Based on retrospective observations, a cutoff 

value of 5 was chosen to discriminate between the presence and absence of DIC. In 

this study, we present our prospective validation of the DIC score in a sample of 

consecutive ICU patients with a clinical suspicion of DIC. The feasibility of the scoring 

system was demonstrated as we were able to obtain a score in all patients included in 

the study. Comparing the DIC score with the expert diagnosis based on an extensive 

panel of simple and sophisticated coagulation assays and clinical information on the 

patient, we determined the diagnostic accuracy of the DIC score in a blinded fashion. 

The sensitivity of the DIC score was 93% and the specificity 98%. Although this is not 

perfect, we believe that with this simple scoring system, clinicians in virtually all clinical 
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settings would be able to confirm or reject a diagnosis of DIC with sufficient 

confidence. Importantly, this scoring system also allows for a more standardized 

patient stratification in clinical trials of critically ill patients who are treated with 

interventions that are aimed at the coagulation system. Interestingly, a recent post hoc 

analysis of the pivotal phase III clinical trial of recombinant human activated protein C 

in patients with severe sepsis (3) revealed that the presence of DIC, as calculated with 

the ISTH DIC score, identified a subgroup of patients who had numerically much 

larger benefit of activated protein C (11). The relative risk reduction in mortality of 

patients with sepsis and a DIC score of ≥5 who received activated protein C was 38%, 

compared with a relative risk reduction of 18% in patients with sepsis who had a DIC 

score of <5. At present, it is not clear whether subgroups of patients with DIC in the 

recent two trials of antithrombin or recombinant TFPI in patients with severe sepsis 

(17, 18), which turned out to be negative for the whole group of patients included, 

would show a benefit of these interventions. Clearly, such a benefit demonstrated by 

post hoc analysis would subsequently need confirmation in a prospective trial. 

Good diagnostic accuracy of a DIC scoring system would also be important to test 

new diagnostic modalities that can further improve or facilitate the diagnosis of DIC. 

In our study, we have evaluated the presence of a biphasic waveform pattern during 

aPTT measurement on an MDA coagulation analyzer. Previous studies had indicated 

that there is a correlation between this abnormal waveform and the presence of DIC 

(9, 19, 20). In our prospective series, sensitivity and specificity of an abnormal 

waveform for a diagnosis of DIC were 88% and 97%, respectively, which are in line 

with previous studies. Therefore, detection of an abnormal biphasic waveform in 

patients with a clinical suspicion of DIC may be a helpful test. However, this test can 

only be done on the MDA coagulation analyzer, which is available in a limited number 

of laboratories. It may be that detection of a similar abnormal clotting pattern on 

other equipment can be a helpful tool for the diagnosis of DIC in the future. 

Our studies have focused on the validation of the scoring system for overt DIC, as 

defined by the ISTH subcommittee on DIC. Currently, a scoring system for nonovert 

DIC is under construction (8). This system is likely to use additional coagulation assays, 

such as assays for antithrombin or protein C. Our results show that there is a fair 

2 
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correlation with increasing DIC scores and decreasing concentrations of these 

anticoagulant proteins, which indeed seem to play an essential role in the 

pathogenesis of DIC (21). Also, the nonovert scoring system may be more appropriate 

to assess the coagulation disturbances over time, which can be less well studied with 

the algorithm for overt DIC.  

A limitation of our study may be that a 100% accurate gold standard for the diagnosis 

of DIC is not available. We think, however, that with our studies we have tried to 

approach the most accurate replacement that is practically feasible. The fact that the 

presence or absence of DIC by this method correlates well with 28-day mortality adds 

to the suggestion that this diagnosis of DIC is a relevant clinical observation. 

 

CONCLUSIONS 

Our prospective study confirms the utility of the ISTH DIC scoring system by 

demonstrating an acceptable accuracy for the diagnosis of DIC in critically ill patients 

with a clinical suspicion of this syndrome. The scoring system appears to 

correlate well with clinical outcome and may be useful in clinical practice or in clinical 

studies to better define or stratify subgroups of patients. New diagnostic tests (such 

as detection of the aPTT biphasic waveform) may further facilitate the diagnosis of 

DIC in the future and can be calibrated against the ISTH DIC score. 
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Summary 

Systemic inflammation activates the tissue factor/factor VIIa complex (TF/FVIIa), 

leading to a procoagulant state, which may be enhanced by impairment of 

physiological anticoagulant pathways, such as the protein C system. Besides impaired 

protein C activation, resistance to activated protein C (APC) may occur. We studied 

the effect of endotoxaemia on APC resistance, analysed its determinants and 

evaluated the effect of TF/FVIIa inhibition on endotoxin-induced APC resistance. 

Sixteen healthy male volunteers participated in the study, eight receiving endotoxin 

alone and eight receiving the combination of endotoxin and recombinant Nematode 

Anticoagulant Protein c2 (rNAPc2), a potent inhibitor of TF/FVIIa. 

Parameters of coagulation were subsequently studied. The sensitivity to APC was 

determined by two tests: a test based on the endogenous thrombin potential and a 

test based on the activated partial thromboplastin time. In response to endotoxaemia, 

both tests detected a transient APC resistance that was predominantly mediated by 

an increase in factor VIII and was not influenced by TF/FVIIa inhibition. In vitro tests 

confirmed that an increase in factor VIII induced APC resistance, as measured by both 

tests. This finding suggests that APC resistance might play a role in the procoagulant 

state occurring during human endotoxaemia. 

 

Keywords: protein C pathway, inflammation, risk factors, thrombosis, factor 

VIII. 
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In recent years, it has become clear that sepsis and endotoxaemia entail a 

procoagulant response. A variety of inflammatory stimuli, including bacterial cell 

products and cytokines, promote the expression of tissue factor (TF) on the surface of 

monocytes and endothelial cells. This expression activates the extrinsic coagulation 

pathway, leading to thrombin generation (Creasey & Reinhart, 2001). The 

procoagulant response is regulated under normal conditions by various endogenous 

anticoagulant systems, involving antithrombin, protein C and TF pathway inhibitor 

(TFPI; Esmon, 2004). 

The protein C pathway is uniquely poised to regulate thrombin formation. The 

pathway is initiated when thrombin binds to the endothelial surface protein 

thrombomodulin, leading to rapid activation of protein C (Esmon, 2000). Once 

activated protein C (APC) is generated, it binds to protein S and this complex 

inactivates factors Va and VIIIa, thus inhibiting thrombin generation. It has been 

shown that the protein C pathway plays a critical role in antagonising the 

procoagulant response during sepsis (Esmon, 2003). Treatment of septic patients with 

recombinant human APC resulted in a 19% reduction in the relative risk of death 

(Bernard et al, 2001). The efficacy of this treatment is explained by the fact that 

protein C activity is downregulated during sepsis. This downregulation is usually 

ascribed to several facts: first, protein C is degraded by neutrophil elastase, which is 

released during sepsis; secondly, the conversion of protein C to APC is impaired 

because of endothelial dysfunction (leading to downregulation of thrombomodulin 

and the endothelial protein C receptor); thirdly, the biosynthesis of protein C is 

inadequate (Dhainaut et al, 2002). In addition, the level of free protein S, the cofactor 

of APC, may be decreased due to the acute phase increase in C4b-binding protein, 

although the relevance of this mechanism has been contested (Garcia de Frutos et al, 

1994). An additional phenomenon that could lead to impairment of the protein C 

system is acquired resistance to APC. Although APC resistance is a well-known risk 

factor for hypercoagulability (de Visser et al, 1999; Rodeghiero & Tosetto, 1999), the 

ability of endotoxemia to induce APC resistance has never been investigated. To 

elucidate this question, we measured APC sensitivity ratios in a human endotoxemia 

model. In addition, as activation of protein C is dependent on thrombin generation 
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initiated by TF, we also assessed the effect of specific TF inhibition by recombinant 

nematode anticoagulant protein c2 (rNAPc2) on APC resistance during endotoxemia. 

Hence, the present study had three aims to: (i) study the effect of endotoxemia on 

APC resistance in healthy humans, (ii) elucidate the mechanism by which this occurs 

and (iii) study the effect of a single intravenous dose of rNAPc2 on endotoxin-induced 

APC resistance. 

 

Methods 

 

Study design 

The effect of rNAPc2 on parameters of coagulation and inflammation has been 

published (de Pont et al, 2004). The study was approved by the institutional scientific 

and ethics committee. Sixteen healthy men (age 18–35 years) volunteered to 

participate in the study. Written informed consent was obtained from each subject 

before the start of the study. None of the subjects had abnormalities on physical 

examination or routine laboratory investigation. The subjects did not take any 

medication and did not smoke or use illicit drugs. Eight 

subjects received endotoxin alone and eight subjects received the combination of 

endotoxin and rNAPc2. All subjects fasted overnight before endotoxin administration. 

Endotoxin (Escherichia coli lipopolysaccharide, lot G-1, US Pharmacopeia, Rockville, 

MD, USA) was administered as a single i.v. dose of 4 ng/kg body weight. The 

combined treatment group received rNAPc2 as a single i.v. dose of 7.5 µg/kg body 

weight, immediately followed by endotoxin. Oral temperature, blood pressure, heart 

rate and oxygen saturation were measured at 

hourly intervals (Dinamap 1846 SX; Criticon, Tampa, FL, USA). Clinical symptoms, such 

as headache, shivering, nausea, vomiting, tiredness and malaise, were recorded 

throughout the study period using a graded scale (0 = absent, 1 = weak, 2 = 

moderate, 3 = severe). 
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Blood collection 

Blood was collected from an intravenous cannula at 10 min before endotoxin 

administration, and at 5, 15 and 30 min and 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48 and 72 h 

after endotoxin administration. Blood samples were collected in citrated vacutainer 

tubes. Plasma was prepared by centrifugation of blood at 1800 g for 20 min at 16°C, 

followed by storage at )80°C until assays were performed. 

 

Assays 

Resistance to APC can be determined in vitro by comparing the ability of plasma to 

generate thrombin in the presence and absence of APC. There are two ways to do 

this: by calculating the ratio between two activated partial thromboplastin times 

(APTTs), one in the presence and one in the absence of APC (APTT-based test), or by 

determining the ratio between the values of the endogenous thrombin potential (ETP) 

measured in the presence and absence of APC (ETP-based test). 

The APC-mediated prolongation of the clotting time, as measured by the APTT-based 

test, was first described by Dahlbäck et al (1993). Resistance to APC decreases the 

result of the APTT-based test. In the present study, an APTT-based APC sensitivity test 

(Protein C Global, Dade Behring, Marburg, Germany) was performed according to the 

instructions of the manufacturer. Normal levels for the APTT-based test exceeded a 

ratio of 0.8.  

The need of a single test that combined an accurate representation of overall 

thrombin generation with sensitivity to hypercoagulant states, led Hemker et al (1986) 

to introduce the ETP, defined as the area under the thrombin generation curve. The 

ETP-based APC sensitivity test was first described by Nicolaes et al (1997). It is defined 

as the ratio of time integrals of thrombin formation, determined in the presence and 

absence of APC, divided by the same ratio of normal plasma. Several years earlier, a 

linear relationship was demonstrated between the ETP and the amount of alpha 2-

macroglobulin– thrombin complex (α2M–IIa) that accumulated in plasma during 

thrombin generation (Duchemin et al, 1994). As the α2M–IIa complex still possesses 

amidolytic activity, one can calculate APC resistance by determining the ratio between 

the end levels of the amidolytic activities of the α2M–IIa complex in the presence and 
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absence of APC (Nicolaes et al, 1997). To obtain the so-called ETP-based test, this 

ratio is divided by the ratio determined in normal pool plasma. Resistance to APC 

increases the result of the ETP-based test. The normal range for the ETP-based APC 

sensitivity ratio in men is 0.65–1.28.  

Tissue factor pathway inhibitor activity was measured on the Behring Coagulation 

System (BCS) according to a method described previously (Sandset et al, 1987). 

Coagulation factors II, V, VIII, IX and X activity were determined in one-stage clotting 

assays in a BCS with reagents and protocols from the manufacturer (Dade Behring). 

Protein C was determined using the Coamatic protein C activity kit (Chromogenix, 

Milano, Italy). Total protein S antigen was assayed by enzyme-linked immunosorbent 

assay using antibodies from Dakopatts (Glostrup, Denmark). Free protein S was 

measured by precipitating the C4b-binding protein-bound fraction with polyethylene 

glycol 8000 and measuring the concentration of free protein S in the supernatant. 

 

In vitro experiments 

In order to clarify the influence of factor VIII on both APC sensitivity tests, pooled 

plasma of healthy males was spiked with recombinant factor VIII (Baxter, Deerfield, IL, 

USA). In each sample, the factor VIII activity level, the ETP and both the ETP-based and 

the APTT-based APC sensitivity were measured. In addition, the influence of factor V 

on the ETP-based test was evaluated by spiking the pooled plasma with factor V 

(Hematologic Technologies Inc., Essex Junction, VT, USA). In 

each sample, factor V activity level, ETP and ETP-based APC sensitivity were measured.  

 

Statistical analysis 

Data were analysed using the Statistical Package for the Social Sciences (spss) for 

Windows, version 11.0 (SPSS, Chicago, IL, USA). Differences in coagulation parameters 

between the two treatment groups were tested by analysis of repeated measures, 

using mixed linear models. Changes of coagulation parameters from baseline to a 

certain time point within the same group were analysed by a paired Student’s t-test. 

Mixed linear models were also used to determine the impact of different coagulation 

factors on the APC sensitivity tests. Both a univariate and a multivariate analysis were 
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performed. The influence of coagulation factors on the ETP-based APC sensitivity test 

was calculated in the endotoxin group only, as thrombin generation was completely 

blocked by rNAPc2. For the calculation of the influence of coagulation factors on the 

APTT-based test, the endotoxin group and the endotoxin + rNAPc2 group were 

combined. Significance was defined as P < 0.05. 

 

Results 

The administration of endotoxin induced a febrile response, together with a 

tachycardia and transient flu-like symptoms including headache, nausea, malaise and 

chills. In addition, endotoxin administration caused activation of neutrophilic 

granulocytes, as described elsewhere (de Pont et al, 2004).  

 

 

Fig 1. Influence of the administration of endotoxin and recombinant Nematode Anticoagulant Protein c2 

(rNAPc2) on activated protein C (APC) resistance in healthy humans. Results of the endogenous thrombin 

potential (ETP)-based APC sensitivity ratio (ETP-based test, left panel) and the activated partial 

thromboplastin time (APTT)-based APC sensitivity ratio (APTT-based test, right panel) after administration of 

a single i.v. dose of 4 ng/kg endotoxin (O) or the combination of a single i.v. dose of 4 ng/kg endotoxin and 

a single i.v. dose of 7.5 µg/kg rNAPc2 ( ) to healthy male volunteers. Data represent mean ± SD. 

 

As illustrated in Fig 1, administration of endotoxin elicited a significant resistance to 

APC, as confirmed by both the ETPand APTT-based tests. In the ETP-based test, the 

APC resistance increased to 2.8 times baseline, reaching a maximum after 6 h. In the 

APTT-based test, the APC sensitivity declined to 67% of baseline levels, reaching a 

nadir after 3 h. After administration of rNAPc2, the APC sensitivity could not be 
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determined by the ETP-based test, because of complete inhibition of thrombin 

generation. The APC sensitivity, as determined by the APTT-based test, was not 

affected by the administration of rNAPc2.  

To elucidate by which mechanism the endotoxin-induced resistance to APC was 

elicited, the dynamics of TFPI, coagulation factors II, V, VIII, IX and X activities, protein 

C, and total and free protein S were studied. Among all coagulation parameters 

studied, factor VIII activity showed the greatest change over time: after the 

administration of endotoxin, factor VIII activity increased to more than 2.5 times 

baseline, reaching a maximum after 3 h in both treatment groups (Fig 2).  

Analysis of repeated measurements was performed to determine the impact of the 

different parameters on both APC sensitivity tests. The results of the univariate analysis 

showed that the increase in the ETP-based test was significantly dependent on factor V 

(P = 0.014) and factor VIII activity (P = 0.008). In the multivariate analysis, factor V (P < 

0.001) and factor VIII activity (P = 0.001) remained the only two factors that 

independently influenced the ETP-based APC sensitivity test. The increase in the ETP-

based test was independent of the levels of factor II activity, free protein S and TFPI. 

We also determined the impact of the different parameters on the APTT-based APC 

sensitivity test. Results of the univariate analysis of repeated measurements showed 

that the APTT-based test was significantly dependent on TFPI and the activity of 

coagulation factors II, VIII, IX and X. In the multivariate analysis, only factor VIII (P < 

0.001) and factor IX activity (P = 0.004) independently influenced the APTTbased 

APC sensitivity test.  

 

The influence of factors V and VIII on APC sensitivity as measured by the ETP-based 

test, was further investigated by spiking normal pooled plasma with recombinant 

factors V and VIII. As illustrated in Fig 3, addition of both factors V and VIII resulted in 

an increase in APC resistance as measured by the ETP-based test. Addition of factors V 

and VIII did not have an effect on thrombin formation, because the ETP remained 

stable. The influence of factor VIII on the APTT-based test was also evaluated. As 

illustrated in Fig 4, addition of factor VIII to normal pooled plasma produced APC 

resistance, as reflected by a decrease in the APTT-based APC sensitivity ratio. 
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Fig 2. Influence of the administration of endotoxin and recombinant Nematode Anticoagulant Protein c2 

(rNAPc2) on different coagulation parameters in healthy humans. Levels of tissue factor pathway inhibitor 

(TFPI), factors II, V, VIII, IX, X, protein C, total and free protein S after administration of a single i.v. dose of 4 

ng/kg endotoxin (O) or the combination of a single i.v. dose of 4 ng/kg endotoxin and a single i.v. dose of 

7.5 µg/kg rNAPc2 () to healthy male volunteers. The level of free protein S is expressed as the percentage 

of the total protein S level. The levels of all other parameters are expressed as the percentage of the level 

present in pooled plasma of healthy hospital personnel. Due to the nature of the test, TFPI levels could not 

be determined in the presence of rNAPc2.  Data represent mean ± SD. 
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Fig 4. Influence of the in vitro addition of factor VIII on activated protein C (APC) sensitivity as 

determined by the activated partial thromboplastin time (APTT)-based test. Influence of the addition of 

factor VIII to VIII-deficient plasma on the APTT-based APC sensitivity ratio (APTT-based test). 

 

Fig 3. Influence of the in vitro addition of factors V and VIII on endogenous thrombin potential (ETP) 

and activated protein C (APC) sensitivity as determined by the ETP-based test. Influence of the 

addition of factor V (O, left panels) and factor VIII ( , right panels) to normal pooled plasma on the 

ETP (lower panels) and the ETP-based APC sensitivity ratio (ETP-based test, upper panels). 
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Discussion 

This study demonstrated that endotoxaemia elicited a transient APC resistance in 

healthy humans, as measured by two different tests. This transient APC resistance was 

predominantly mediated by an increase in factor VIII activity and was independent of 

TF/FVIIa inhibition.  

To our knowledge, this is the first time endotoxaemia has been demonstrated to 

induce APC resistance in humans. APC resistance is a well-known risk factor for venous 

thromboembolism (Folsom et al, 2002; Tans et al, 2003). It is often associated with a 

mutation in factor V (factor VLeiden), which causes the replacement of an amino acid 

(Arg506  Gln) at a predominant APC cleavage site in factor Va. This results in 

impaired inactivation of factor Va by APC and in enhanced thrombin generation 

(Curvers et al, 2002). APC resistance can also be acquired during oral contraceptive 

use, pregnancy and cancer (Curvers et al, 1999, 2002; Paspatis et al, 2002; Nijziel et al, 

2003; Tans et al, 2003).  

After the administration of endotoxin, the APTT-based APC sensitivity test decreased 

to 67% of baseline levels and the ETPbased APC sensitivity test increased to 277% 

baseline. This means that the extent of endotoxin-induced APC resistance, as 

measured by the ETP-based test, is even more pronounced than the APC resistance of 

individuals heterozygous for the factor VLeiden mutation. In a recent study, Brugge et al 

(2005) demonstrated that in individuals heterozygous for the factor VLeiden mutation, 

the APTT-based APC sensitivity ratio was reduced to approximately 55% of the normal 

value, whereas the ETP-based APC sensitivity ratio was increased to 193% of the 

normal value (Brugge et al, 2005).   

 

Endotoxin-induced APC resistance is predominantly mediated by an increase in factor 

VIII activity, as demonstrated by two different tests and in vitro spiking of normal 

pooled plasma with recombinant factor VIII. The increase in factor VIII in response to 

endotoxin was recently described (Reitsma et al, 2003). The endotoxin-induced factor 

VIII response found by Reitsma et al (2003) was more pronounced than in the present 

study, which may be due to the fact that factor VIII antigen levels were measured, 

whereas in our study, factor VIII activity was determined. It was hypothesised that 
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endotoxin has a direct effect on liver-derived factor VIII release (Reitsma et al, 2003). A 

relationship between an elevated level of factor VIII and resistance to APC has been 

noted before (Gorog et al, 1998). In the Progetto Lombardo Atero-Trombosi (PLAT) 

study, factor VIII was identified as an independent univariate predictor of vascular 

disease events (Cortellaro et al, 1992). 

However, this is the first time that a rise in factor VIII activity has been demonstrated 

to be a major determinant of endotoxin-induced APC resistance.  

 

The ETP-based APC sensitivity test was originally described by Nicolaes et al (1997). In 

this test, the complex of α2M and thrombin was assayed and was shown to be 

proportional to the ETP (Nicolaes et al, 1997). The ETP-based test has previously been 

shown to be sensitive to levels of protein S and prothrombin and to the factor VLeiden 

mutation (Curvers et al, 2002; Nijziel et al, 2003), but not to other factors. In a large 

case–control study, de Visser et al (2005) demonstrated the sensitivity of the ETP-

based test to free TFPI and free protein S. However, in all these studies, blood was 

collected only once. This is the first time that the time course of APC resistance has 

been studied in relation to other coagulation factors in healthy individuals exposed to 

endotoxin. In our study, the ETP-based APC sensitivity test was only influenced by 

factors V and VIII activity. The endotoxin-induced decline in factor II activity and 

protein S was probably too small to influence the ETP-based test.  

 

The influence of factor VIII on the APTT-based APC sensitivity ratio is well known. de 

Ronde and Bertina (1994) described the influence of protein S and coagulation factors 

II, VIII, IX and X on the APTT-based test. In another study(Henkens et al, 1995), factor 

VIII was identified in a multiple regression model as one of the two independent 

factors influencing the APTT-based test. In our study, the dependency of the APTT-

based test on the activity of coagulation factors II,  VIII, IX and X was confirmed. The 

multivariate analysis showed that the APTT-based test is only influenced by factors IX 

and VIII activity. The level of protein S did not influence the APTT-based test. This can 

be explained by the fact that in our study, protein S levels decreased by only 20%, 
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whereas in the study by de Ronde and Bertina (1994), the APTT-based APC sensitivity 

ratio only declined when protein S levels decreased by 80% or more.  

 

As APC is a natural inhibitor of factor VIII, it is conceivable that an increase in factor VIII 

activity leads to relative resistance to APC. A rise in factor VIII might induce APC 

resistance by inhibition of protein S function. Koppelman et al (1995) demonstrated 

that factor VIII binds to protein S in a reversible and specific manner.  

The ability of endotoxaemia to increase factor VIII levels and induce APC resistance in 

humans adds to the current knowledge regarding the procoagulant state induced in a 

human endotoxaemia model. The endotoxin-induced increase in thrombin generation 

in healthy humans is predominantly due to activation of the TF pathway, as it can be 

attenuated by inhibitors of this pathway, such as TFPI and rNAPc2 (de Jonge et al, 

2000; de Pont et al, 2004). Derhaschnig et al (2003) demonstrated that this increase in 

thrombin generation could not be prevented by treatment with recombinant human 

APC. Whether this phenomenon can be explained by endotoxininduced APC 

resistance, remains to be investigated. Interestingly, Kerlin et al (2003) demonstrated in 

both mice and humans that sepsis survival was better in individuals that were 

heterozygous for the prothrombotic factor V mutation factor VLeiden. However, the 

treatment benefit of recombinant human APC was equal in both groups (Kerlin et al, 

2003). The questions why the factor VLeiden mutation protects against mortality due to 

severe sepsis, and why this carriership does not affect the benefit of treatment with 

recombinant human APC, remain to be elucidated.  

 

In conclusion, this study demonstrated that the administration of endotoxin to healthy 

humans could induce APC resistance, which was predominantly mediated by an 

increase in factor VIII and was independent of TF/FVIIa inhibition.  
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Summary  

Sepsis is characterized by a concurrent activation of inflammation and coagulation. 

Recently, recombinant human activated protein C was shown to decrease mortality in 

patients with severe sepsis presumably due to a combined anti-inflammatory and 

anticoagulant effect.These promising findings led to a search for other products that 

influence both the inflammatory and the procoagulant response to severe infection. 

Ethyl pyruvate (EP) was recently identified as an experimental anti-inflammatory agent 

during endotoxemia and sepsis. The aim of the present study was to investigate 

whether EP influences coagulation besides its anti-inflammatory effects. For this we 

investigated the effects of EP on the expression and function of tissue factor (TF), the 

principal initiator of coagulation activation in sepsis, in human monocytic (THP-1) cell 

cultures. EP dose-dependently inhibited the production of tumor necrosis factor 

(TNF)-α , macrophage inflammatory protein (MIP)-1 α and MIP-1β by 

lipopolysaccharide (LPS)-stimulated THP-1 cells at mRNA and protein level, thereby 

confirming its anti-inflammatory properties in this in-vitro system. In addition, EP 

dose-dependently attenuated the increases in TF mRNA levels, TF-protein-surface 

expression and cell-surface-associated TF activity in LPS-stimulated THP-1 cells. These 

results demonstrate for the first time that EP is a compound with combined anti-

inflammatory and anticoagulant effects. 

 

Keywords 

Tissue factor, ethyl pyruvate, sepsis, lipopolysaccharide, THP-1 monocytic cells 
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Introduction 

Sepsis is associated with concurrent activation of inflammation and coagulation, both 

of which can contribute to organ damage (1, 2). The recent success of recombinant 

human activated protein C, a compound with combined anti-inflammatory and 

anticoagulant properties, to reduce mortality in patients with severe sepsis (3) has 

triggered renewed interest in products that influence both the inflammatory and the 

procoagulant response to severe infection. Ethyl pyruvate (EP), an aliphatic ester 

derived from the endogenous metabolite pyruvic acid, is an experimental anti-

inflammatory therapeutic that protects mice against lethal systemic inflammation 

caused by either endotoxemia or sepsis at least in part by inhibiting the systemic 

release of both “early” (tumor necrosis factor [ TNF] - α) and “late” (high mobility 

group box 1) cytokines (4). Furthermore, EP reduced organ injury in animals subjected 

to mesenteric ischemia and reperfusion (5, 6) and hemorrhagic shock (7, 8), among 

others. We were interested in whether EP would have anticoagulant effects in addition 

to its anti-inflammatory properties. Tissue factor (TF) is considered to be the principal 

initiator of coagulation activation during sepsis and systemic inflammation, and 

monocytes likely are the main source of TF in these pathological circumstances (2). 

Therefore, the primary aim of the present study was to determine whether EP 

influences TF cell-surface expression and function in human monocytic cells. 

 

Materials and methods 

Cell culture 

Suspensions of human monocyte-like THP-1 cells (American Type Culture Collection, 

Rockville, MD, USA) were cultured in RPMI 1640 (Bio Whittaker, Verviers, Belgium) 

with 2 mM L-glutamine and supplemented with FCS, penicillin and streptomycin 

(GibcoBRL, Life Technologies, Rockville, MD, USA). Cells were washed with medium 

and grown over night. The next day cells (5x10
5
 /ml) were incubated with 

lipopolysaccharide (LPS; from E. coli O111:B4, 0.1 or 1 µg/ml, Sigma-Aldrich, St. Louis, 

MO, USA) and EP (10, 5 or 1 mM, kindly provided by Critical Therapeutics, Inc., 

Lexington, MA, USA), freshly prepared in Ringer’s Lactated Solution (RLS, Baxter, 

Deerfield, IL, USA). These EP concentrations were based on previous in-vitro studies 
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(4, 9–11); these levels can not be related to EP plasma levels since EP rapidly 

disappears from the circulation after intravenous administration. Supernatants were 

collected and stored at –80ºC until assayed, and the cell pellets were used for RNA 

isolation, flow cytometry or a functional coagulation assay (see below). 

 

Multiple ligation-dependent probe amplification 

Cells were dissolved in 1 ml Trizol and stored at –80ºC until used for RNA isolation. 

RNA was isolated and analyzed by multiplex ligation-dependent probe amplification 

(MLPA) as described before (12). 

 

TNF- α , MIP-1α and MIP-1β measurements 

TNF-α protein levels were measured by cytometric bead array multiplex assay (BD 

Biosciences, San Jose, CA, USA). MIP-1α and MIP-1β protein levels were measured by 

ELISA according to the manufacturer’s instructions (R&D Systems Inc., Minneapolis, 

MN, USA). 

 

Flow cytometry 

Cells were washed and resuspended (to 2x10
5
/ml) in FACS buffer (PBS supplemented 

with 0.5% BSA, 0.01% NaN3 and 0.35 mM EDTA). Immunostaining for cell-surface TF 

was performed for 30 minutes at 4ºC using R-phycoerythrin (R-PE)–conjugated mouse 

monoclonal (IgG1, κ ) anti-human TF antibodies (BD Pharmingen, San Diego, CA, 

USA). After incubation, the cells were washed and resuspended in FACS buffer. The 

mean channel fluorescence intensity (MFI) of 10,000 events was determined for each 

sample using a FACSCalibur (Becton Dickinson Immunocytometry Systems, San Jose, 

CA, USA). Cell viability was assessed using annexin V (IQ products, Groningen, The 

Netherlands) and            7-amino-actinomycin D (7AAD, Pharmingen, San Diego, CA, 

USA) as recommended by the manufacturers. 

 

Thrombin generation time 

Cell-surface TF actitvity was measured by determining the thrombin generation time 

(TGT). TGT was measured spectrophotometrically by the fibrin polymerization method. 
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After incubation, cells were washed and resuspended in PBS (to 0.25x10
5
 /ml) and kept 

at 4ºC. Seventy-five µl of cell suspension samples or TF standard concentrations were 

added to 100 µl of pooled human citrated plasma (from >150 healthy volunteers). 

Thrombin generation was initiated by the addition of 75 µl calcium chloride (38 mM). 

The clotting time was measured spectrophotometrically and expressed as T½ max 

(time to reach the mid-point of clear to maximum turbid density). TF activity was 

quantified as TF pg/ml per 1x10
6
 cells measured by reference to a TF (Innovin, Dade 

Behring, Marburg, Germany) standard curve. 

 

Statistical analysis 

All analyses were performed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). 

Overall differences between groups were calculated using a non-parametric ANOVA 

test with rank transformed values (Kruskall-Wallis). A p-value <0.05 was considered 

statistically significant. 

 

Results 

EP dose-dependently inhibits LPS-induced cytokine and chemokine production by 

THP-1 cells 

The anti-inflammatory effects of EP have been demonstrated using various cell types 

in vitro (9, 10). We first wished to confirm the anti-inflammatory properties of EP on 

THP-1 cells. As expected, incubation of THP-1 cells with LPS (0.1 µg/ml) resulted in a 

transient increase of TNF-α , MIP-1α and MIP-1β expression with peak levels at 1, 1–2 

and 2 hours (h), respectively (Fig. 1A, C and E). Maximal mRNA expression preceded 

peak protein levels for the corresponding cytokines (4, 4–24 and 8–24 h, resp.; Fig. 1B, 

D and F). EP dose-dependently inhibited these LPS-induced effects with maximal 

effects achieved at concentrations of 10 mM. LPS  (0.1 µg/ml) and/or EP did not 

influence cell viability as determined by annexin V and 7-AAD staining (data not 

shown).  
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Figure 1: EP dose-dependently inhibits LPS-induced TNF- α , MIP-1α and MIP-1β mRNA and protein 

levels in human monocytic cells. mRNA (left panels; A, C and E) and protein (right panels; B, D and F) 

levels of TNF-α , MIP-1α and MIP-1 β (A and B, C and D, E and F, resp.). 

THP-1 cells were incubated with LPS (0.1 µg/ml) in the absence or presence of EP (10, 5 or 1 mM) for 

indicated time periods. Data are means ± SEM (n = 2–4). †: p<0.005 and ¶: p<0.0005 for LPS vs. medium; 

*: p<0.005 and #: p<0.0005 for LPS vs. LPS+EP 10, 5 or 1 mM. 
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EP reduces LPS-induced TF mRNA levels in THP-1 cells 

LPS (0.1 µg/ml) increased relative TF mRNA levels with peak levels at 1 and 2 h (Fig. 

2A). After 4 h, the TF mRNA levels had returned to basal levels. Incubation with 

medium or EP alone did not induce TF mRNA (Fig. 2A and data not shown). EP 

inhibited the LPS-induced TF mRNA levels at a dose of 10 mM. 

 

EP dose-dependently decreases LPS-induced TF cellsurface expression 

LPS (1 µg/ml) enhanced TF cell-surface expression, becoming apparent after 4 h and 

peaking after 6 h (Fig. 2B). Incubation with medium or EP alone did not influence TF 

expression. LPSinduced TF expression was dose-dependently inhibited by EP with 

maximal effects at a dose of 10 mM. 

  

Figure 2: EP dose-dependently inhibits 

LPS-induced coagulation in human mono-

cytic cells via down-regulation of TF.  EP 

effects on LPS-induced TF mRNA (A), cell-

surface antigen (B) and cell-surface activity 

(C) levels on THP-1 cells. THP-1 cells were 

incubated with LPS (0.1 or 1 µg/ml) in the 

absence or presence of EP (10, 5 or 1 mM) 

for indicated time periods. Data are means ± 

SEM (n = 2–5). §: p<0.05 and ¶: p<0.0005 for 

LPS vs. medium; *: p<0.005 for LPS vs. 

LPS+EP 10 mM (n=2–5). 
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EP dose-dependently decreases LPS-induced cellsurface procoagulant activity 

Finally, EP was studied for its ability to inhibit LPS (1 µg/ml) induced  TF activity as 

measured by the TGT. TF activity of THP-1 cells was enhanced at 2 h and reached peak 

levels at 6 h in response to LPS (Fig. 2C). Furthermore, the kinetics of enhanced TF 

activity paralleled those in TF cell-surface protein levels. Medium or EP alone did not 

affect TF activity. EP dose-dependently attenuated the effects of LPS with a maximal 

effect at 10 mM. 

 

Discussion 

Several studies have documented anti-inflammatory effects of EP, raising considerable 

interest in this compound as a potential novel therapeutic for conditions characterized 

by systemic inflammation, including sepsis and ischemia reperfusion injury (4–6). Here 

we report for the first time that EP also exerts anticoagulant effects: EP dose-

dependently inhibited the expression and function of TF, the main initiator of 

coagulation activation, in human monocytic cell cultures.  

 

THP-1 cells have been used extensively to study TF procoagulant production and 

activity (13). Since the effects of EP had not been studied in THP-1 cells before, we first 

showed that EP is capable of inhibiting LPS-induced pro-inflammatory cytokine 

and chemokine production by these human monocytic cells, thereby confirming and 

extending previous in-vitro studies with EP in experiments using human Caco-2 

enterocyte-like and murine macrophage-like RAW 264.7 cells (9, 10). Likely, these anti-

inflammatory effects of EP are at least in part mediated by EP-induced inhibition of 

NF-κ B signalling by directly targeting the p65 subunit of this transcription factor (11). 

Next, we established that EP dose-dependently inhibits LPS-induced TF-dependent 

procoagulant effects in THP-1 cells. Indeed, EP attenuated the effect of LPS on TF 

mRNA, protein and activity. Of note, the anti-inflammatory effects of EP (inhibition of 

cytokine and chemokine production) became apparent at lower concentrations (5 mM) 

than the effect of EP on TF (10 mM), suggesting that the effect of EP on inflammation 

may be more potent. The apparent discrepancy in our study following LPS treatment 

between TF mRNA and cell-surface antigen on one hand and TF cell-surface activity on 
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the other hand deserves comment. Two hours after LPS incubation, TF cell-surface 

activity was already enhanced (Fig. 2C), while TF cell-surface antigen was barely 

increased at this time point (Fig. 2B). Furthermore, addition of EP 10 mM to LPS-

treated cells leads to a reduction of TF mRNA and cell-surface protein expression to 

levels comparable with medium incubation alone (Fig. 2A, B), whereas LPS-induced TF 

cell-surface activity was affected to a lesser extent by incubation with EP 10 mM (Fig. 

2C). A possible explanation for these two apparent discrepancies might be that THP-1 

cells constitutively express encrypted (functionally inactive) TF (14) which is 

deencrypted (activated) by LPS, reflected by a rapid increase in TF cell-surface activity 

(Fig. 2C) without a change in TF cell-surface antigen levels (Fig. 2B). EP might not 

inhibit this deencryption, reflected by the initial unchanged LPS-induced TF cell-

surface activity at 2 h. In addition, LPS induces TF mRNA levels (Fig. 2A), which may 

lead to de-novo protein synthesis (Fig. 2B), further increasing TF cell-surface 

expression (Fig. 2C). Likely, this de-novo synthesis is inhibited by EP, as indicated by 

reduced TF mRNA, cell-surface antigen levels and cell-surface activity at 4–6 h after 

LPS incubation.  

 

In a recent study, EP treatment was associated with a reduction in TF mRNA levels in 

kidneys of aged mice with acute renal failure and multiple organ damage due to 

abdominal sepsis caused by cecal ligation and puncture (15). Considering that TF 

mRNA levels were determined in whole kidney homogenates, this study left 

unanswered to what extent the effect of EP on TF mRNA levels was due to inhibition of 

migration of cells (with increased TF mRNA levels) originating from the blood or to a 

(more direct) reduction in TF mRNA levels in residential kidney cells. Our present data 

suggest that EP indeed may directly influence TF expression and function. Further 

studies are warranted to examine the in-vivo effects of EP on TF expression and 

coagulation activation in conditions featuring a combined proinflammatory and 

procoagulant response. 
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Summary 

The pathogenesis of delayed cerebral ischemia (DCI) after aneurismal subarachnoid 

hemorrhage (SAH) remains unknown. Besides vasospasm, microthrombosis might 

have an important function. As in patients with thrombotic thrombocytopenic purpura 

an A Disintegrin And Metalloprotease with ThromboSpondin repeats-13 (ADAMTS13) 

deficiency leads to higher concentrations of large von Willebrand factor (vWF) 

multimers resulting in microthrombosis, our purpose was to compare ADAMTS13 and 

vWF in patients with and without DCI after aneurysmal SAH. We measured ADAMTS13 

activity, vWF antigen, vWF propeptide, and vWF ristocetin cofactor activity in plasma 

at standard intervals. Thirty-one patients were included. Eleven patients (35%) 

developed DCI. No differences were observed in baseline characteristics between 

patients with and without DCI. Patients with DCI had a stronger decrease in 

ADAMTS13 activity, and a more profound increase in vWF antigen, vWF propeptide, 

and vWF activity in the first few days after the hemorrhage (P-values for difference in 

polynomial time trend 0.0001, 0.020, 0.004, and 0.188, respectively). No indication of 

correlation between vWF antigen and ADAMTS13 was found (r =_0.027, P= 0.736). 

Our results suggest that microthrombosis has a role in the pathogenesis of DCI, as a 

result of decreased ADAMTS13 activity and endothelium dysfunction.  

Journal of Cerebral Blood Flow & Metabolism (2009) 29, 1734–1741; 

doi:10.1038/jcbfm.2009.88; published online 

8 July 2009 

Keywords: ADAMTS13; delayed cerebral ischemia; subarachnoid hemorrhage; von 

Willebrand factor 
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Introduction 

Delayed cerebral ischemia (DCI) is a common complication after aneurysmal 

subarachnoid hemorrhage (SAH), which occurs in approximately 30% of patients (Roos 

et al, 2000). Although DCI is common, the pathogenesis of DCI has not yet been 

elucidated. Clinical signs and symptoms of DCI are often attributed to macrovascular 

vasospasm shown by angiography. However, DCI can occur in the absence of 

vasospasm, and, conversely, severe vasospasm can occur in the absence of symptoms 

of DCI. In an autopsy study, cortical infarcts were found in 78% of cases and 

represented the most common infarct pattern (Neil-Dwyer et al, 1994; Stoltenburg-

Didinger and Schwarz, 1987). These lesions typically occurred in areas covered with 

subarachnoid blood, suggesting local effects of the clot. Especially for these cortical 

infarctions, several factors other than macrovascular spasm can be responsible, such as 

microthrombosis, embolic infarcts, microvascular spasm, and cortical spreading 

ischemia (Vergouwen et al, 2008; Romano et al, 2002; Dreier et al, 2006).  

 

Von Willebrand factor (vWF) is a glycoprotein that induces platelet adhesion and 

aggregation at sites of vascular injury or under stress conditions. VWF is secreted as 

UltraLarge von Willebrand factor (ULvWF) multimers from Weibel–Palade bodies in the 

vascular endothelium and from a-granules of platelets. Under normal circumstances 

ULvWF is cleaved by a protease called A Disintegrin And Metalloprotease with 

ThromboSpondin repeats-13 (ADAMTS13) (Dong et al, 2002). As large vWF multimers 

are more potent mediators of platelet thrombus formation than small vWF multimers, 

cleavage of ULvWF by ADAMTS13 results in lower-molecular weight vWF forms with 

reduced adhesive and aggregation potential. In contrast, an ADAMTS13 deficiency, 

such as in patients with thrombotic thrombocytopenic purpura, leads to higher 

concentrations of ULvWF, which results in microthrombosis followed by ischemic 

complications, such as cerebral infarction (Moake et al, 1982).  

 

As in patients with aneurysmal SAH microthrombosis might have a role in the 

pathogenesis of DCI, the purpose of this study was to investigate whether a similar 

pathogenesis of microthrombi, as has been shown in thrombotic thrombocytopenic 
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purpura, is also present in SAH. Therefore, we compared serial measurements of vWF 

and ADAMTS13 in patients with and without DCI after aneurysmal SAH.  

 

Materials and methods 

We used plasma samples from an exploratory single center, prospective, randomized, 

double-blind, placebo-controlled trial investigating the effects of simvastatin on 

endothelial function, coagulation, fibrinolysis, and inflammation in patients with 

aneurysmal SAH (Vergouwen et al, 2009). This study was registered in the International 

Standard Randomised Controlled Trial registry (ISRCTN45662651) and approved by 

the local Institutional Review Board. In this study, use of simvastatin did not influence 

any parameters of endothelial function (including vWF antigen), coagulation, 

fibrinolysis, and inflammation, and no effect was observed on vasospasm as detected 

with transcranial Doppler (TCD) or clinical signs and symptoms of DCI (Vergouwen et 

al, 2009). Therefore, all patients of the study, except one patient who had no aneurysm 

on angiography, were included in this study. 

 

Patients 

Patients with signs and symptoms of aneurysmal SAH admitted to the Academic 

Medical Center, Amsterdam, the Netherlands were included if a computed 

tomography (CT) scan showed an aneurysmal or perimesencephalic bleeding pattern, 

in combination with the presence of an appropriate aneurysm at angiography, and if 

written informed consent was obtained. Exclusion criteria were (1) under 18 years of 

age; (2) if death seemed imminent; (3) patients using aspirin, warfarin, or statins; (4) 

more than 72h after SAH; (5) contraindication for simvastatin (active liver disease, liver 

alanine aminotransferase, or aspartate aminotransferase more than three times the 

normal upper limit, myopathy); (6) kidney insufficiency; and (7) pregnancy or lactation. 

All patients received standard care including treatment with nimodipine 360mg a day 

orally (60mg every 4 h). Initiation of hypertension and hypervolemia therapy was at the 

discretion of the treating neurosurgeon, according to the Academic Medical Center 

Subarachnoid Hemorrhage Treatment guideline to which all neurologists, 

neurosurgeons, and intensive care physicians adhere.  
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At baseline, several baseline characteristics were recorded such as age, sex, Glasgow 

Coma Scale, presence of focal neurologic deficits, loss of consciousness during ictus, 

warning leak, blood pressure at admission, smoking, history of hypertension, and 

location of aneurysm.  

DCI was defined as the gradual onset of new focal neurologic impairment and/or a 

decreased level of consciousnessof at least two points as recorded on the Glasgow 

Coma Scale, either with cerebral infarction on CT scan compatible with clinical 

presentation or proven at autopsy, or in case no CT scan or autopsy was obtained, 

suspect for infarction with exclusion of other causes by appropriate laboratory studies 

(Van Gijn et al, 1994). Events were scored by one investigator (MDIV), and in case of 

uncertainty discussed with another investigator (YBWEMR).  

 

Ancillary Investigations  

The amount of blood on admission CT scan was calculated using the Hijdra score 

(Hijdra et al, 1990). Blood withdrawals were performed at six standardized moments 

during hospitalization: 2±1, 4±1, 7±1, 10±1, 14±1, and 17±1 days after SAH, between 

8 a.m. and 9.30 a.m. avoiding the effect of diurnal fluctuations in blood parameters. 

During the first blood withdrawal at day 2, and the last at day 17 after SAH, patients 

did not use study medication. All blood withdrawals were performed by the same 

investigator (MDIV). In case of hospital discharge before day 17 after SAH, patients did 

not return to the hospital for the remaining blood withdrawals. After withdrawal, blood 

was directly processed and stored in a _801C freezer, until laboratory analyses were 

performed. In citrate plasma we measured ADAMTS13 activity (Kokame et al, 2005), 

vWF antigen (ELISA using antibodies from DAKO, Glostrup, Denmark), vWF propeptide 

(ELISA from Sanquin, Amsterdam, the Netherlands), and vWF ristocetin cofactor 

activity (BC von Willebrand, Dade Behring, Marburg, Germany). ADAMTS13 antigen 

and autoantibodies against ADAMTS13 were determined with Imubind ELISA kits from 

American Diagnostica, only at day 7 after SAH (Greenwich, CT, USA). A plasma sample 

was considered positive for autoantibodies if the value exceeded that of a locally 

prepared pooled normal plasma (pool of more than 200 healthy volunteers). 

Measurements of prothrombin fragment F1 + 2 (Dade Behring) were performed by 
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ELISA. Interleukin (IL)-6 and tumor-necrosis factor-a (TNF-a) were measured by 

cytometric beads array multiplex assay (BD Biosciences, San Jose, CA, USA). The 

detection level for IL-6 and TNF-a was 2.5 pg/ml.  

 

Table 1. Characteristics of patients with and without delayed cerebral ischemia 

 

  

Total(n 

=31) 

NoDCI(n 

=20) 

DCI(n 

=11) 
P-value 

Mean age, year (s.d.)  53 (11)  52 (11)  55 (10)  0.52
a
  

No. of women (%)  19 (61)  13 (65)  6 (55)  0.71
b
  

No. of patients with history of hypertension (%)  6 (19)  4 (20)  2 (18)  > 0.99
b
  

No. of patients smoking (%)  11 (36)  6 (30)  5 (46)  0.45
b
  

Median WFNS-score (range)  2 (1–5)  2 (1–5)  3 (1–5)  0.27
c
  

Median GCS score on admission (range)  
14 (5–

15)  
14 (5–15)  13 (5–15)  0.32

c
  

No. of patients with initial GCS score of 15 (%)  9 (29)  6 (30)  3 (27)  > 0.99
b
  

No. of patients with focal neurologic impairment 

(%) 
9 (29) 5 (25) 4 (36)  0.68

b
  

No.ofpatientswithlossofconsciousnessduringictus 
    

    Yes (%)  17 (55)  10 (50)  7 (64)  0.71
b
  

    No (%)  12 (39)  8 (40)  4 (36)  
 

    Unknown (%)  2 (7)  2 (10)  —  
 

Meanbloodpressureonadmission(s.d.) 
    

    Systolic  161 (34)  156 (32)  171 (38)   0.28
a
 

    Diastolic  91 (18)  90 (14)  95 (25)  0.53
a
  

    Median Hijdra-score admission CT-scan 

(range)  

23 (2–

37)  
23 (2–37)  

28 (17–

31) 
 0.06

c
  

Locationofaneurysm 
    

    Anterior circulation (%)  27 (87)  17 (85)  10 (91)  > 0.99
b
  

    Posterior circulation (%)  4 (13)  3 (15)  1 (9)  
 

    Number of patients using simvastatin during                      

___hospitalization (%)  
15 (48)  9 (45)  6 (55)  0.61

d
  

 

DCI, delayed cerebral ischemia; s.d., standard deviation; GCS, Glasgow Coma Scale; WFNS, World Federation 

of Neurological Surgeons. 
a
Based on Student’s t-test. 

b
Based on Fisher’s exact test. 

c
Based on Mann–Whitney U test. 

d
Based on 

2
. 
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Statistics and Analyses  

To investigate differences in baseline characteristics between patients with and 

without DCI we used the unpaired t-test, Mann–Whitney test, w2, or Fisher’s exact test 

where appropriate.  

The possible differences over time in ADAMTS13 activity, vWF antigen, vWF 

propeptide, and vWF cofactor activity, between the groups of patients with and 

without DCI were investigated with a linear random effects model, using the nlme 

package in the R statistical program (R Development Core Team, 2008). As in the 

analysis of ADAMTS13 activity levels first decreased and than increased, and in the 

analyses of vWF antigen, vWF propeptide, and vWF cofactor activity first increased and 

than decreased over time, a polynomial trend over time was assumed, which was 

allowed to differ by treatment group. Furthermore, because ADAMTS13 activity might 

be influenced by IL-6, TNF-a, and thrombin, the associations of these parameters (for 

thrombin the related parameter prothrombin fragment 1 + 2 was used) with 

ADAMTS13 were investigated by calculation of correlation coefficients, using the 

measurements at all time points simultaneously. We used Pearson or Spearman 

correlation coefficients depending on the observed distribution of the markers. In the 

same way, the associations between vWF antigen and vWF cofactor activity, vWF 

antigen and vWF propeptide, and vWF antigen and ADAMTS13 activity were 

investigated. Finally, the associations were investigated 

between ADAMTS13 activity and ADAMTS13 antigen, and ADAMTS13 activity and 

autoantibodies, at day 7 after SAH. 

 

Results 

After written informed consent was obtained, 31 patients were included in this study. 

Baseline characteristics are listed in Table 1. In twenty-four patients (77%) the 

aneurysms were coiled and in seven patients (23%) clipped. Median day of aneurysm 

treatment after SAH was day 1 (range 0 to 30).  

Eleven patients (35%) developed DCI. Signs of DCI started at a median of 6 days (range 

4 to 10 days). No differences were observed in baseline characteristics between 

patients with and without DCI occurrence, although patients with DCI had, as 
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expected, a higher Hijdra score on admission CT scan (P = 0.06). Patients with DCI 

showed a stronger decrease of ADAMTS13 in the first few days after SAH (P-value for 

difference in polynomial time trend 0.0001) (Figure 1A). 

Autoantibodies could be measured in all samples 7 days after SAH, however in only 

three patients autoantibodies were above the threshold for positivity (1 out of 11 

patients with DCI; 2 out of 20 patients without DCI). In patients who developed DCI 

vWF antigen, vWF propeptide, and vWF activity showed a more profound increase in 

the first few days; however, for vWF activity this difference was not significant (P-values 

for difference in polynomial time trend 0.020, 0.004, and 0.188 respectively) (Figures 

1B–1D).  

     

 

Figure 1 (A) ADAMTS13 activity of patients with and without DCI. On x-axis consecutive blood withdrawals. 

Symptoms of DCI started at a median of 6 days (range 4 to 10 days). (B) vWF antigen level  of patients with 

and without DCI. On x-axis consecutive blood withdrawals. Symptoms of DCI started at a median of 6 days 

(range 4 to 10 days). (C) vWF propeptide level of patients with and without DCI. On x-axis consecutive blood 

withdrawals. Symptoms of DCI started at a median of 6 days (range 4 to 10 days). (D) vWF cofactor activity 

boxplots of patients with and without DCI. On x-axis consecutive blood withdrawals. Symptoms of DCI 

started at a median of 6 days (range 4 to 10 days). 

 



Reduced ADAMTS13 activity in DCI after SAH 

79 

 

 5 

Several correlations were investigated. No correlation was found between ADAMTS13 

and IL-6 (Spearman correlation coefficient r =-0.033, P = 0.676), or between 

ADAMTS13 and prothrombin fragment 1 + 2 (Spearman correlation coefficient r =-

0.38, P = 0.634). As in all plasma samples TNF-a levels were below the detection level, 

no correlation between ADAMTS13 and TNF-a was calculated. VWF antigen was 

strongly correlated to both vWF propeptide (Spearman correlation coefficient r = 

0.765, P < 0.001) and vWF activity (Pearson correlation coefficient r = 0.88, P < 0.001). 

No indication of correlation between vWF antigen and ADAMTS13 was found (r =-

0.027, P = 0.736). A strong correlation was observed between ADAMTS13 activity and 

ADAMTS13 antigen at day 7 after SAH (r = 0.89, P < 0.0001). A trend was observed 

toward a correlation between ADAMTS13 activity and autoantibodies against 

ADAMTS13 on the samples from day 7 (r =-0.34, P = 0.07). 

 

Discussion 

 

The results of our study show that patients with DCI after aneurysmal SAH have a 

significantly different development of ADAMTS13 and vWF over time compared with 

patients without DCI. Patients with DCI had a stronger decrease in ADAMTS13. 

Interestingly, there was no correlation between vWF antigen and ADAMTS13 activity. 

In addition, the decrease in ADAMTS13 activity could not be explained as a result of 

suppression by IL-6, TNF-a, or thrombin (investigated using the substitute parameter 

prothrombin fragment 1 + 2). The decrease in ADAMTS13 could have been caused by  

autoantibodies against the protein, because a trend was found toward a correlation 

between ADAMTS13 activity and autoantibodies. However, because only three 

samples were above the threshold for positivity of the assay, and positivity was equally 

distributed in patients with and without DCI, this might actually not be the cause. 

Furthermore, the results of this study show that patients with DCI had a more 

profound increase of vWF antigen, vWF propeptide, and vWF activity in the first few 

days after the hemorrhage, although for vWF activity this difference was not 

statistically significant. von Willebrand factor antigen was strongly correlated to both 

vWF propeptide and vWF activity.  
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ADAMTS13 has never been studied before in patients with aneurysmal SAH. However, 

some studies investigated ADAMTS13 in ischemic stroke (Bongers et al, 2006; Zhao et 

al, 2008). In a case–control study of 124 first-ever ischemic stroke patients and 125 

age- and sex-matched controls, vWF antigen and vWF activity were associated with 

the occurrence of acute ischemic stroke (Bongers et al, 2006). This association was not 

affected by ADAMTS13 activity. As vWF and ADAMTS13 were negatively associated, 

similar to earlier observations (Mannucci et al, 2004), the question in that study 

remains whether low levels of ADAMTS13 resulted in higher vWF levels, or whether 

increased vWF levels resulted in lower ADAMTS13 levels (Bongers et al, 2006). 

However, in our study investigating DCI after SAH no correlation between vWF and 

ADAMTS13 was observed. Nevertheless, it cannot be ruled out whether other factors 

as a result of ischemia decreased ADAMTS13. Recently, a more causal relation between 

ADAMTS13 and cerebral ischemia was found in an SAH animal model. It was observed 

that ADAMTS13-deficient mice had approximately 20% larger infarcts after induction 

of cerebral ischemia (Zhao et al, 2008). Interestingly, infusion of recombinant human 

ADAMTS13 in ADAMTS13-deficient mice immediately before reperfusion 2 h after 

occlusion significantly reduced infarct volume with approximately 30% (Zhao et al, 

2008).  

 

The results of this study add to an accumulating body of evidence that DCI cannot be 

fully explained by macrovascular vasospasm. The results of this study suggest that, 

besides vasospasm-related hypoperfusion, microthrombosis has a more important 

function in the pathogenesis of DCI than is generally accepted (Vergouwen et al, 

2008). Indeed, in autopsy studies microthrombi have been observed consisting of 

fibrin and activated platelets (Suzuki et al, 1983; Suzuki et al, 1990). Patients who died 

from DCI had significantly more microthrombi in clinically ischemic regions and in 

areas showing cerebral infarction on computed tomographic scan, when compared 

with patients who died from rebleeding or acute hydrocephalus (Suzuki et al, 1990). 

Furthermore, in up to 70% of SAH patients microembolic signals can be observed with 

transcranial Doppler ultrasonography, with a trend toward an increased incidence of 

microemboli in patients with symptomatic vasospasm (Romano et al, 2002). 
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Interestingly, in the described study the incidence of microembolic signals was lower in 

vessels with radiologic vasospasm compared with those without vasospasm, although 

not significantly different, which suggests that microemboli are probably not a direct 

result of macrovascular vasospasm.  

 

As not all patients with DCI have macrovascular vasospasm, and conversely, not all 

patients with vasospasm have DCI, cerebral microthrombosis might be a conditio sine 

qua non. In other words, it could be that patients who have angiographic vasospasm 

only develop symptoms of DCI when at the same time the coagulation cascade is 

activated or the fibrinolytic system impaired. Patients without macrovascular 

vasospasm can also have symptoms of DCI as a result of microthrombosis. As several 

studies found a strong association between angiographic vasospasm and DCI, 

vasospasm might be a confounder. This is probably the explanation why treatments 

aiming to prevent macrovascular vasospasm, for example endothelin receptor 

antagonists or prophylactic balloon angioplasty, had no beneficial effects, despite the 

fact that vasospasm is associated with DCI (Shaw et al, 2000; Zwienenberg-Lee et al, 

2008). Recently, a large double-blind, placebo-controlled phase II study investigating 

the effect of the endothelin receptor antagonist clazosentan in patients with 

aneurysmal SAH for the first time showed a 65% relative risk reduction (95% 

confidence interval 47% to 78%) of angiographically demonstrated vasospasm in the 

group of patients treated with the highest dose of clazosentan (15 mg/h), however 

without an effect on the clinically more important predefined combined morbidity and 

mortality endpoint (Macdonald et al, 2008). It has been suggested that the 

pathogenesis of DCI should be reconsidered (Macdonald et al, 2007; Pluta et al, 2009).  

 

As vWF is a parameter of endothelium function and an important contributor of 

thrombus formation, the results of this study suggest that endothelium dysfunction 

and the hemostatic system are involved in the development of DCI. The mechanism by 

which ADAMTS13 decreases in patients with DCI remains to be elucidated. A plausible 

explanation might be that an increased use of ADAMTS13 results from higher vWF 

antigen levels, however in our study no correlation was found between ADAMTS13 
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activity and vWF antigen. Earlier it has been shown that thrombin and plasmin 

potentiate the proteolytic inactivation of ADAMTS13, and therefore another 

explanation might be that ADAMTS13 activity is suppressed by thrombin and plasmin 

present in the subarachnoid space after the hemorrhage (Crawley et al, 2005). 

However, in our study no correlation was found between ADAMTS13 activity and 

prothrombin fragment 1 + 2, and therefore it is unlikely that the decrease in 

ADAMTS13 activity in DCI is caused by thrombin. ADAMTS13 activity might also be 

suppressed by IL-6, because IL-6 inhibits the cleavage of ULvWF by ADAMTS13 under 

flow conditions (Bernardo et al, 2004). In patients with aneurysmal SAH increased 

levels of IL-6 are associated with DCI (Hendryk et al, 2004). However, in our study no 

correlation was found between ADAMTS13 activity and IL-6. Finally, decreased 

ADAMTS13 activity might be caused by locally present neutralizing antibodies against 

ADAMTS13. However as discussed above, although we found a trend toward a 

correlation between ADAMTS13 activity and autoantibodies, the evidence from this 

study that autoantibodies are the cause of the decrease in ADAMTS13 activity is weak.  

 

The results of this study imply that antithrombotic or anticoagulant drugs might be 

beneficial in the prevention of DCI. However, earlier attempts to influence 

procoagulant activity in SAH patients were not successful or inconclusive. A 

randomized controlled trial investigating the effect of aspirin was stopped 

prematurely, after an interim analysis showed that the probability of a beneficial effect 

was negligible (Van den Bergh et al, 2006). Explanations provided were that a dose of 

100mg once daily might not be appropriate, or that aspirin might not be the right 

antiplatelet drug for the prevention of DCI. Another explanation could be that the 

effect of aspirin is too selective by only inhibiting platelet function. A Cochrane 

analysis investigating the effect of antiplatelet therapy showed a strong trend toward a 

decreased incidence of DCI and poor outcome, but because the results were not 

statistically significant and antiplatelet therapy was associated with an increased risk of 

intracranial hemorrhagic complications, the conclusion was that antiplatelet use could 

not be recommended in SAH patients (Dorhout Mees et al, 2007). Earlier, in a single-

blind controlled trial no effect of dipyridamole on the incidence of postoperative 
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ischemic deficits was observed (Shaw et al, 1985). Two randomized controlled trials 

investigating the effect of enoxaparin showed contradictory results, and therefore it 

remains unknown whether enoxaparin is effective (Wurm et al, 2004; Siironen et al, 

2003). In conclusion, earlier studies showed that investigated drugs influencing the 

coagulation pathway were inconclusive, and therefore large, well-powered, 

randomized controlled trials are needed to investigate the effects of these drugs on 

the incidence of DCI.  

 

A possible limitation of our study is that only systemic levels of biomarkers were 

assessed instead of local levels from the cerebral circulation. Therefore, the results 

might not be a good representation of pathophysiological processes in the cerebral 

circulation. However, our results may also be interpreted as diluted values of locally 

increased levels, and therefore an underestimation of the local pathophysiological  

processes. Another limitation is that our study was not designed to measure 

ADAMTS13 and vWF levels at the days of clinically manifest DCI. Therefore, many 

blood samples were not taken on the day of first signs of DCI, and our data only 

indicate that ADAMTS13 decreases and vWF antigen level increases in the time period 

that DCI develops. Furthermore, this study was a post hoc study from an exploratory 

randomized placebo-controlled study in which the biologic effects of simvastatin in 

SAH patients were investigated. Although in the original study no effect of simvastatin 

on endothelial function was observed, statins have effects on endothelium function, 

such as eNOS, in animals. Finally, the use of CT instead of magnetic resonance imaging 

limits the study, because the sensitivity of magnetic resonance imaging is higher for 

smaller lesions.  

As in this study no explanation was found for the decrease in ADAMTS13 activity in 

patients with DCI, and the role of ADAMTS13 and vWF in the development of DCI 

should be further investigated, we conclude that the results of this study have an 

important translational aspect, from bedside to bench. Little is known about the 

factors that increase coagulation activity in the pathogenesis of DCI. The role of 

Weibel–Palade bodies in the vascular endothelium needs further investigation. 

Weibel–Palade bodies are storage sites in both the microvascular and macrovascular 
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endothelium, which can rapidly respond to changes in its microenvironment by the 

release of various substances. Well-known stimulators of Weibel–Palade bodies are 

(among others) thrombin, complement factors, and epinephrine. In patients with SAH, 

Weibel–Palade bodies are probably activated by thrombin, present in the 

subarachnoid space as a direct result of the hemorrhage, inflammatory reactions, or 

from the stress response. After stimulation, Weibel–Palade bodies release substances 

such as vWF, endothelin, tissue plasminogen activator, P-selectin, and IL-8. Recent 

studies indicate that substance release from Weibel–Palade bodies can be selective 

(Babich et al, 2008). Therefore, in patients with DCI only procoagulatory substances 

might be released, and not substances such as tissue plasminogen activator, which is 

profibrinolytic. The fact that substance release from Weibel–Palade bodies can be 

selective might also explain why macrovascular vasospasm does not always result in 

clinical signs and symptoms of DCI, and vice versa, not all patients with DCI have 

vasospasm. For instance, in patients with macrovascular vasospasm without symptoms 

of DCI, endothelin might be released from Weibel–Palade bodies in the macrovascular 

endothelium, resulting in vasospasm, without release of procoagulatory substances. In 

patients with symptoms of DCI without macrovascular vasospasm procoagulatory 

substances are released without release of endothelin from the macrovascular 

endothelium. In the latter group of patients it could also be that endothelin is released 

from the microvascular endothelium, resulting in microvascular vasospasm. In patients 

with both macrovascular vasospasm and symptoms of DCI both endothelin and 

procoagulatory substances are released. 

 

Although it would be interesting to further investigate the role of Weibel–Palade 

bodies in the pathogenesis of DCI, it is currently not an easy scenario, because it is not 

possible to study Weibel–Palade bodies in vivo in humans. Presently, Weibel–Palade 

body function can only be studied indirectly by measuring vWF in blood. Furthermore, 

although SAH animal models can be used to investigate whether the animal develops 

spastic arteries, it is much more difficult to evaluate whether the animal develops signs 

and symptoms of DCI. A better approach to investigate Weibel–Palade bodies in 

animals would be to compare Weibel–Palade bodies in animals with and without 
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cerebral infarctions at postmortem examination. Furthermore, ADAMTS13 should be 

further studied in animal models. For example, local levels of ADAMTS13 activity and 

autoantibodies in the cerebral circulation should be investigated. A more causal 

relation between ADAMTS13 and cerebral infarction after SAH can be studied by 

comparing ischemic stroke volume in ADAMTS13-deficient and –sufficient animals. 

Finally, it would be interesting to investigate the effect of infusion of recombinant 

human ADAMTS13 in SAH animal models.  

 

We conclude that patients with DCI after aneurismal SAH show a stronger decrease in 

ADAMTS13 activity and a more profound increase of both vWF antigen and vWF 

propeptide levels within the first days after the hemorrhage compared with patients 

without DCI. Although the results of this study do not prove a causal relationship 

between decreased ADAMTS13 activity and the pathogenesis of DCI, our results 

suggest that microthrombosis has a role in the pathogenesis of DCI. 
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Summary  

Background & Aims: Patients with liver disease often show substantial changes in 

their hemostatic system, which may aggravate further during liver transplantation. 

Recently, thrombin generation in patients with stable disease was shown to be 

indistinguishable from controls provided thrombomodulin, the natural activator of the 

anticoagulant protein C system, was added to the plasma. These results indicated that 

the hemostatic balance is preserved in patients with liver disease, despite 

conventional 

coagulation tests suggest otherwise. 

Methods: Here we examined thrombin generation profiles in serial plasma samples 

taken from ten consecutive patients undergoing liver transplantation. 

Results: At all time points, the endogenous thrombin potential (ETP) was slightly 

lower compared to healthy volunteers, despite substantially prolonged PT and APTT 

values. However, when thrombin generation was tested in the presence of 

thrombomodulin, the ETP was equal to or even higher than that in healthy subjects. In 

fact, thrombin generation was hardly affected by thrombomodulin, while thrombin 

generation in healthy subjects decreased profoundly upon the addition of 

thrombomodulin. In 

patients undergoing liver transplantation, efficient thrombin generation n the 

presence of thrombomodulin may be explained by decreased levels of protein C, S, 

and antithrombin, and by elevated levels of FVIII. 

Conclusions: Thrombin generation in patients undergoing liver transplantation is 

equal or even superior to thrombin generation in healthy volunteers when tested in 

the presence of exogenous thrombomodulin. These results support the  recently 

advocated restrictive use of plasma during liver transplantation and warrants further 

study of the prophylactic use of anticoagulants to reduce thromboembolic 

complications after transplantation.  

©2009 European Association for the Study of the Liver. Published by Elsevier B.V. All 

rights reserved. 

Keywords: Coagulation; Liver transplantation; Thrombin; Thrombomodulin; 

Prothrombin time. 
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Introduction 

Cirrhosis of the liver may result in substantial changes in the hemostatic system 

including thrombocytopenia and reduced platelet function, and decreased levels of 

pro-coagulant and anti-fibrinolytic proteins [1]. Although these alterations result in a 

reduced prohemostatic capacity, they are all, at least to a certain extent, balanced by 

compensatory factors. The reduced platelet count and function are balanced by highly 

increased levels of the platelet adhesive protein von Willebrand factor [2]. Reduced 

levels of pro-coagulant proteins are balanced by reduced levels of natural 

anticoagulant proteins [3], and the reduced levels of anti-fibrinolytic proteins are 

balanced by reduced levels of profibrinolytic proteins [4]. 

 

Traditionally, the hemostatic changes in patients with liver disease are thought to 

result in a hemostatic-dependent bleeding tendency [5]. However, recent clinical and 

laboratory data have challenged this theory which has led to the concept of 

‘rebalanced hemostasis’ in patients with liver disease [6–8]. The hemostatic capacity of 

patients with liver disease appears to be preserved, but the balance is more easily 

disturbed as compared to healthy individuals. Indeed, patients with liver disease can 

present with hemostasis-related bleeding episodes, but may also be at risk for 

developing thromboembolic complications [9,10]. These thrombotic complications 

even occur in patients with liver disease while they are being treated with 

anticoagulant drugs [9]. 

 

The concept of rebalanced hemostasis has been elegantly exemplified by 

examinations of the thrombin generating capacity of plasma from patients with liver 

disease [3]. Thrombin generation is considered an essential step in the generation of a 

fibrin clot, and is traditionally assessed in routine clinical practice by the prothrombin 

time (PT) and activated partial thromboplastin time (APTT). In patients with liver 

disease, both PT and APTT are frequently prolonged, and the prolongation is 

proportional to the severity of the disease. Thrombin generation, as tested by 

calibrated automated thrombinography (CAT) was shown to be decreased in patients 

with liver disease, in line with prolonged PT values. However, when a soluble form of 
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the endothelial transmembrane protein thrombomodulin, which is involved in 

activation of the natural anticoagulant protein C, was added to the test mixture, 

thrombin generation in patients with stable liver disease was indistinguishable from 

that in healthy volunteers [3]. In other words, thrombin generation tests performed 

under conditions in which the natural anticoagulant systems are fully activated 

revealed a completely preserved thrombin generation in patients with (end-stage) 

liver disease.  

 

CAT results in thrombin generation profiles which are characterized by an initial 

increase in thrombin generated in time, followed by a decline in thrombin generated 

as a result of the actions of the natural anticoagulant systems. A widely used 

parameter to estimate total thrombin generating capacity is the area under the 

thrombin generation curve, or endogenous thrombin potential (ETP) [11]. This 

parameter was previously used to estimate thrombin generation in patients with liver 

disease [3]. However, additional parameters derived from the thrombin generation 

curve, specifically the peak height, the time required to reach the peak, and the initial 

rate of thrombin generation may give relevant additional information.  

 

In patients with cirrhosis, additional changes in the hemostatic system occur during 

liver transplantation [12]. These alterations are traditionally believed to contribute to 

the bleeding tendency during this major surgical procedure [13]. However, transfusion 

requirements during liver transplantation have dropped tremendously during the last 

decade, and a substantial proportion of patients can now undergo this lengthy 

procedure without the requirement for any blood transfusion [14,15]. Althoughmany 

factors including better surgical and anesthesiological techniques have contributed to 

the decline in transfusion requirements, a liver transplantation in a truly coagulopathic 

patient (e.g., a patient with hemophilia) would probably never be possible without 

factor replacement or transfusion. The large proportion of patients that can nowadays 

undergo a liver transplantation without transfusion requirement, suggest that the 

hemostatic potential is in balance during liver transplantation even though the 

conventional coagulation tests suggest otherwise. In fact, although bleeding was a 
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major concern during liver transplantation in the past, nowadays the concern has 

shifted towards the risk of thrombotic complications in the post-operative period [8]. 

Liver-related thrombosis, such as thrombosis of the hepatic artery or portal vein may 

occur following liver transplantation, but also systemic thromboembolic complications 

such as intracardiac thrombosis and pulmonary embolism have been reported [16]. 

Some investigators have suggested that a dysregulated hemostatic system may play a 

role in the occurrence of these potentially devastating thromboembolic complications 

[17,18].  

 

Here we aimed to examine the thrombin generating capacity in patients undergoing 

liver transplantation. Serial plasma samples were taken during and after liver 

transplantation to perform a detailed analysis of several parameters derived from the 

thrombin generation curves in the absence and presence of thrombomodulin, and to 

examine changes in the anticoagulant pathways.  

 

Materials and methods  

Patient characteristics 

Ten adult patients undergoing a liver transplantation between July 2007 and March 

2008 who gave written informed consent were included in this study. The study 

protocol was approved by the Medical Ethical Committee of the University Medical 

Center Groningen, The Netherlands. Median age was 55 (range 25–60), and four were 

female. Patients received a transplant for primary sclerosing cholangitis (n = 2, one 

retransplant for recurrent disease 6 years after the initial transplant), cryptogenic 

cirrhosis (n = 2, one retransplant for recurrent disease 3 years after the initial 

transplant), hepatitis C, autoimmune hepatitis, acute liver failure, alcoholic cirrhosis 

and hepatocellular carcinoma (HCC), non-alcoholic steatohepatitis and HCC, and 

erythropoietic protoporphyria complicated by biliary cirrhosis. The mean model for 

end-stage liver disease score was 18 (range 11–27). Nine patients received red blood 

cell transfusion, and six of them required more than two units. Fresh frozen plasma 

was administered in four patients, and platelet concentrates in two. 
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Blood samples 

Blood samples were taken at the following time points during and after surgery: 30 

min after induction of anesthesia, 30 min after the start of the anhepatic phase, 30 min 

after reperfusion, at the end of surgery, and at days 1, 5, and 10 after surgery. 

Blood samples were obtained from a dedicated non-heparinized arterial line and were 

drawn into 3.2% sodium citrate (9:1, v/v). To obtain platelet-poor plasma, samples 

were centrifuged twice at 1000g for 10 min, after which the samples were stored at _80 

°C until use. Individual plasma samples from 40 healthy volunteers from our laboratory 

were used to establish reference values for the ETP parameters. Individual plasma 

samples from 60 healthy volunteers from our laboratory were used to establish 

reference values for protein C and S, antithrombin, and FVIII. Pooled normal plasma 

was obtained by combining plasma from 200 healthy volunteers from our laboratory. 

 

Assays 

Coagulation assays prothrombin time (PT) and activated partial thromboplastin time 

(APTT) were performed on an automated coagulation analyzer (Behring Coagulation 

System, BCS) with reagents and protocols from the manufacturer (Siemens Healthcare 

Diagnostics, Marburg, Germany). Total protein S antigen was assayed by ELISA using 

antibodies from DAKO (Glostrup, Denmark). Free protein S was measured by 

precipitating the C4b-binding protein-bound fraction with polyethylene glycol 8000 

and measuring the concentration of free protein S in the supernatant. Protein C was 

determined using the Coamatic protein C activity kit from Chromogenix (Mölndal, 

Sweden). Antithrombin activity was determined with Berichrom Antithrombin (Siemens 

Healthcare Diagnostics, Marburg, Germany). Factor VIII antigen levels were determined 

using the FVIII Asserachrom Assay (Diagnostica Stago, Asnieres Sur Seine, France). 

Levels are given as percentages relative to pooled normal plasma. 

 

The Calibrated Automated Thrombogram assays the generation of thrombin in 

clotting plasma using a microtiter plate reading fluorometer (Fluoroskan Ascent, 

ThermoLab systems, Helsinki, Finland) and Thrombinoscope software 

(Thrombinoscope BV, Maastricht, The Netherlands). The assay was carried out as 
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described by Hemker et al. [11] and the Thrombinoscope manual. Coagulation was 

triggered by recalcification in the presence of 1 pM recombinant human tissue factor 

(Innovin, Siemens Healthcare Diagnostics, Marburg, Germany), 0.8 lM phospholipids, 

and 417 µM fluorogenic substrate Z-Gly-Gly-Arg-AMC (Bachem, Bubendorf, 

Switzerland). Fluorescence was monitored using the Fluoroscan Ascent fluorometer 

(ThermoLabsystems, Helsinki, Finland), and the ETP, peak, time-to-peak, lag time and 

velocity index were calculated using the Thrombinoscope® software 

(Thrombinoscope, Maastricht, The Netherlands). The peak and velocity index were 

normalized with pooled normal plasma from 200 healthy volunteers as described 

previously [19]. 

The effect of thrombomodulin on thrombin generation was tested by the addition of 

rabbit lung thrombomodulin (2 nM, American Diagnostica, Greenwich, CT) to the 

plasma. The ETP was then determined as described above. A normalized ratio (TM-SR) 

was determined by dividing the ETP in the presence of thrombomodulin of an 

individual by the ETP in the presence of thrombomodulin of pooled normal plasma. A 

TM-SR > 1 reflects a decreased anticoagulant response to thrombomodulin in 

comparison to pooled normal plasma.  

 

Statistical analysis 

Statistical analysis was performed using the GraphPad InStat software package 

(GraphPad, San Diego, CA). Differences in ETP parameters were examined by standard 

one-way analysis of variance (ANOVA) using the Dunnett post-test. In these analyses, 

values were compared either with the group of healthy volunteers, or with values 

measured at the start of surgery. P values less than .05 were considered statistically 

significant. 

 

Results 

Tissue factor-induced thrombin generation in platelet-poor plasma taken during 

and after liver transplantation  

We estimated the thrombin generating capacity of plasma by assessment of various 

parameters derived from the thrombin reduced total thrombin generating capacity, 
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the time to peak was slightly, but not significantly shorter in patients at the start of 

surgery compared to controls (Fig. 1A). Furthermore, the time to the peak of the 

thrombin generation curve progressively shortened during surgery and returned 

towards normal levels at postoperative day 1. The velocity of thrombin generation was 

similar in patients at the start of surgery compared to controls (Fig. 1E). However, at 

post-operative day 5 and 10, the velocity index was substantially elevated. Similarly, 

the maximal thrombin concentration generated (peak thrombin) was similar in patients 

at the start of surgery compared to controls, and was substantially elevated at post-

operative day 10 (Fig. 1F). However, after reperfusion and at the end of surgery, the 

thrombin peak was significantly lower compared to healthy volunteers.  

 

At multiple time points during and after surgery, the ETP was decreased compared to 

healthy volunteers despite a comparable or even increased velocity index and peak 

thrombin in patients compared to healthy volunteers, which is explained by a more 

generation curve generated using platelet-poor plasma in which thrombin formation 

was initiated by tissue factor and phospholipids. At the start of surgery, the ETP was 

slightly but significantly decreased compared to values observed in healthy volunteers 

(Fig. 1A). The ETP dropped substantially, although not significantly compared to the 

preoperative values after reperfusion, and increased again at post-operative day 1. 

Despite the reduced total thrombin generating capacity, the time to peak was slightly, 

but not significantly shorter in patients at the start of surgery compared to controls 

(Fig. 1D). Furthermore, the time to the peak of the thrombin generation curve 

progressively shortened during surgery and returned towards normal levels at 

postoperative day 1. The velocity of thrombin generation was similar in patients at the 

start of surgery compared to controls (Fig. 1E). However, at post-operative day 5 and 

10, the velocity index was substantially elevated. Similarly, the maximal thrombin 

concentration generated (peak thrombin) was similar in patients at the start of surgery 

compared to controls, and was substantially elevated at post-operative day 10 (Fig. 

1F).   However, after reperfusion and at the end of surgery, the thrombin peak was 

significantly lower compared to healthy volunteers. 
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Fig. 1. Parameters derived from thrombin generation curves at various time points during and after 

liver transplantation, compared with values found in 40 healthy volunteers. Thrombin generation 

was induced by addition of tissue factor (1 pM) and phospholipids (0.8 nM) and was assessed in 

absence (panels A, D, E, and F) or presence (panels B, C, G, H, and I) of 2 nM thrombomodulin. (A) 

Endogenous thrombin potential, (B) endogenous thrombin potential in the presence of 

thrombomodulin, (C) thrombomodulin sensitivity ratio, (D,G) time-to-peak, (E,H) normalized velocity 

(pooled normal plasma set at 100%), (F,I) normalized peak (pooled normal plasma set at 100%). *p < 

0.05, **p < 0.01 compared to controls. +p < 0.05, ++p < 0.01 compared to start of surgery. 

 

 6 

 

At multiple time points during and after surgery, the ETP was decreased compared to 

healthy volunteers despite a comparable or even increased velocity index and peak 

thrombin in patients compared to healthy volunteers, which is explained by a more 

rapid decay in thrombin generation after the peak thrombin has been reached in 

patients. In other words, the width of the thrombin generation curve is smaller in 

patients as compared to healthy volunteers. The concomitant decrease in pro- and 
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Fig. 2. PT and APTT at various time points 

during and after liver transplantation. The small 

horizontal lines indicate medians, whereas the 

larger linerepresents the upper limit of normal. 

Samples that did not clot during the course of 

the assay are indicated with ‘no clot’. 

anticoagulant factors in patients results in a relative increase in anticoagulant potency, 

a phenomenon that has been recognized previously in models of hemodilution 

(reviewed in [20]).  

 

Defective regulation of thrombin generation by thrombomodulin in plasma taken 

during and after liver transplantation 

 

Total thrombin generation in plasma from 

healthy volunteers was substantially 

decreased upon addition of soluble 

thrombomodulin (ETP without TM: 1752 nM 

min, range [987–2665], mean ETP with TM: 

761 [125–1766], p < 0.0001). However, 

thrombin generation in patients before liver 

transplantation was only minimally affected 

by thrombomodulin (Fig. 1B). Moreover, 

during and after surgery the ETP was similar 

in all samples in the presence or absence of 

thrombomodulin. In fact, thrombin 

generation in the presence of 

thrombomodulin was significantly elevated 

compared to healthy volunteers at the start 

of surgery, in the anhepatic phase, and at 

post-operative days 5 and 10, whereas after 

reperfusion and at the end of surgery 

thrombin generation in the presence of 

thrombomodulin was not significantly 

different from that of healthy volunteers. 

When these data were recalculated to a thrombomodulin sensitivity ratio, it became 

evident that at all time points during and after liver transplantation, thrombomodulin 

was ineffective at regulating thrombin generation (Fig. 1C). To substantiate that 
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Fig. 3. Plasma levels of protein C, total protein S, antithrombin (AT), and factor VIII at various time 

points during and after liver transplantation. The large horizontal lines represent the upper and 

lower limit of reference values of each parameter, which was determined in healthy laboratory 

volunteers. Small horizontal lines represent medians. 

 6 

thrombomodulin was indeed ineffective at regulating thrombin generation in patients 

undergoing liver transplantation, we also evaluated the time to peak, velocity index, 

and peak heights, which were essentially not altered by addition of thrombomodulin, 

with the exception of the normalized peak values, which were slightly higher in the 

presence of thrombomodulin (Fig. 1G, H, and I).  

 

Apparent intact thrombin generating capacity is not reflect ed by PT and APTT 

values  

At the start of surgery, both PT and APTT were substantially prolonged compared to 

normal reference values (Fig. 2). After reperfusion, both PT and APTT were extensively 
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prolonged, even to an extent that no clot formation was observed during the course of 

the assay in some samples. PT and APTT reduced towards normal levels at post-

operative day 1. When excluding the samples in which no clot formation in PT or APTT 

was observed, a reasonable correlation between ETP without thrombomodulin and PT 

(r = 0.55, p < 0.0001) or APTT (r = 0.41, p = 0.015) was observed.  

 

Partial deficiencies of the natural anticoagulants and persistently elevated levels 

of FVIII may explain the apparent intact thrombin generating capacity in the 

presence of thrombomodulin  

 

We subsequently examined plasma levels of the natural anticoagulants protein C, 

protein S, and antithrombin during and after liver transplantation (Fig. 3). Levels of all 

three proteins were substantially decreased compared to reference values at the start 

of surgery (all approximately 50% of normal), and progressively decreased during 

surgery. Nadir levels were around 25% of normal and levels of all proteins started to 

recover towards normal levels at post-operative day 1. Also, free protein S levels were 

decreased (data not shown), as these showed a strong correlation with protein S levels 

(r = 0.91, p < 0.0001). Factor VIII levels were substantially elevated at the start of 

surgery, dropped slightly towards normal values during surgery, but were substantially 

elevated post-operatively until day 10. FVIII levels correlated well with VWF antigen 

levels (r = 0.54, p < 0.0001). 

 

Discussion 

This study shows remarkable dysregulation of thrombin generation in plasma samples 

taken during and after liver transplantation. Most notably, samples taken during and 

after liver transplantation were without exception profoundly resistant to 

thrombomodulin, the physiological activator of the natural anticoagulant protein C. 

Whereas in healthy individuals thrombin generation substantially decreased when 

thrombomodulin was added to plasma samples, essentially no effect of 

thrombomodulin was observed in plasma samples taken from patients undergoing 
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liver transplantation. Consequently, thrombin generation in the presence of 

thrombomodulin was higher than that of healthy volunteers at the start and during the 

anhepatic phase of surgery, and at post-operative days 5 and 10. Furthermore, peak 

thrombin generation and the velocity of thrombin generation were significantly higher 

in the post-operative period. These results provide evidence that the coagulation 

potential in patients with endstage liver disease undergoing liver transplantation is 

normal or even elevated, compared to healthy controls. These findings reinforce the 

recent notion that the hemostatic system in patients with cirrhosis is sufficiently 

competent to allow a large surgical procedure such as liver transplantation without the 

requirement for (major) blood transfusion [14,15]. In fact, these patients may be at an 

increased risk for post-operative thrombosis as a result of this hypercoagulable status.  

 

The intact thrombin generating capacity before and during liver transplantation is not 

reflected by the routine assays that are used to test for hemostatic competence in 

clinical practice. In fact, the PT and APTT are substantially prolonged from the start of 

surgery up until day 5, although thrombin generation in the presence of 

thrombomodulin is higher or equal to thrombin generation observed in healthy 

volunteers. This confirms that the PT does not give clinically relevant information in 

patients with complex alterations in the hemostatic system, as the PT and APTT are 

only sensitive for levels of pro-coagulant proteins [21]. It is therefore also questionable 

whether the PT and APTT should be used to guide plasma transfusion during liver 

transplantation. Aswehave argued previously, the therapeutic efficacy of plasma 

transfusions in patients with liver disease have not yet been convincingly shown [22]. 

In fact, plasma transfusions may even contribute to bleeding as a result of volume 

overload resulting in exacerbation of portal hypertension, and by augmentation of 

anticoagulant proteins.  

 

The thrombomodulin resistance during surgery is in part explained by the decreased 

levels of protein C and its cofactor protein S. Combined with the low levels of 

antithrombin this results in normal or even supranormal thrombin generation during 

or after liver transplantation, despite decreased levels of procoagulant proteins. The 
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reason for the persistent thrombomodulin resistance in the post-operative period is 

less clear, as the levels of protein C and S were almost normalized at post-operative 

day 5, which would allow for a normalization of thrombomodulin-mediated inhibition 

of thrombin generation. However, levels of factor VIII remain substantially elevated, 

and since high levels of factor VIII have been shown to induce APC resistance in an 

ETP-based test, this is likely an explanation for the persistent thrombomodulin 

resistance after liver transplantation. Indeed, when we spiked factor VIII deficient 

plasma with purified factor VIII, we observed a dose-dependent increase in TM-SR, 

which reached a plateau of a TM-SR of around 1.5 at 400% of factor VIII (data not 

shown).  

 

Our results are in line with previous observations made by Tripodi and co-workers, 

who demonstrated that thrombin generation in patients with stable liver disease is 

similar to that in healthy volunteers provided thrombomodulin is added to the 

reaction mixture [3]. In contrast to our results, Tripodi et al. showed that addition of 

thrombomodulin reduced thrombin generation in patients with liver disease, albeit to 

a lesser extent than in control subjects. These investigators, therefore, also found that 

plasma from patients with cirrhosis is thrombomodulin resistant, but not to the extent 

as was observed in the current study. This small discrepancy in resultsmaybe explained 

by slight differences in experimental conditions. Most notably, the source of 

thrombomodulin differed between the studies (human vs. rabbit).  

 

It has to be noted that our thrombin generation tests were executed in the absence of 

platelets. Tripodi and co-workers also showed that in those patients with a low platelet 

count, thrombin generation in the presence of thrombomodulin was slightly decreased 

compared to healthy volunteers, who had substantially higher platelet levels [23]. 

Platelet count in our patients was also substantially decreased compared to reference 

values (median 55 G/l, range 24–223), and thus thrombin generation in vivo may be 

somewhat lower than suggested by the results in this study. Nevertheless, it is clear 

from our data that the coagulation capacity in patients undergoing liver 
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transplantation is not as poor as traditionally believed based on conventional 

coagulation tests such as PT and APTT.  

 

The post-operative increased velocity and peak levels in thrombin generation curves 

likely reflect the hypercoagulable status in the early post-operative period which has 

been described previously [24]. These results, combined with the recently described 

post-operative dysbalance in the von Willebrand factor/ADAMTS13 axis [25], strongly 

suggest that patients after liver transplantation have a hypercoagulable status in both 

the primary and the secondary hemostatic system.  

 

In conclusion, thrombin generation in samples taken during and after liver 

transplantation is equal or superior to thrombin generation in healthy volunteers in 

the presence of exogenous thrombomodulin, which may be attributable in part to a 

profound thrombomodulin resistance. These results support the recently advocated 

restrictive use of plasma during liver transplantation. Furthermore, the results of our 

study support exploration of more extensive use of anticoagulants in the post-

operative period to reduce the incidence of potentially devastating thromboses of the 

hepatic artery or portal vein.  
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Summary 

 

Background: It has been well established that hemostatic potential in patients with 

chronic liver disease is in a rebalanced status due to a concomitant decrease in pro- 

and antihemostatic drivers. The hemostatic changes in patients with acute liver 

injury/failure (ALI/ALF) are similar but not identical to the changes in patients with 

chronic liver disease and have not been studied in great detail.  

Objective: To assess thrombin generation and fibrinolytic potential in patients with 

ALI/ALF.  

Methods: We performed thrombin generation tests and clot lysis assays in platelet-

poor plasma from 50 patients with ALI/ALF. Results were compared with values 

obtained in plasma from 40 healthy volunteers.  

Results and conclusion: The thrombin generation capacity of plasma from patients 

with ALI/ALF sampled on the day of admission to hospital was indistinguishable from 

that of healthy controls, provided thrombomodulin was added to the test mixture. 

Fibrinolytic capacity was profoundly impaired in patientswithALI/ALF on admission (no 

lysis in 73.5%of patients, compared with 2.5%of the healthy controls),whichwas 

associated with decreased levels of the plasminogen and increased levels of 

plasminogen activator inhibitor type 1. The intact thrombin generating capacity and 

the hypofibrinolytic status persisted during the first week of admission. Patients with 

ALI/ALF have a normal thrombin generating capacity and a decreased capacity to 

remove fibrin clots. These results contrast with routine laboratory tests such as the 

PT/INR,which are by definition prolonged in patients with ALI/ALF and suggest a 

bleeding tendency.  

Keywords: acetaminophen, acute liver failure, acute liver injury, coagulation, 

fibrinolysis, thrombin. 
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Introduction 

 

The liver plays a key role in the hemostatic system as it synthesizes most of the 

proteins involved in coagulation and fibrinolysis. Consequently, patients with liver 

disease may have profound changes in their hemostatic system [1]. It has now been 

well established that the hemostatic alterations in patients with chronic liver disease 

result in a ¢rebalanced¢ hemostatic status due to a concomitant decrease in both pro- 

and anticoagulant mechanisms [2]. Importantly, the anticoagulant systems are not 

reflected in the outcome of routine laboratory tests such as the prothrombin time (PT) 

or activated partial thromboplastin time (APTT). Laboratory evidence for a rebalanced 

coagulation system in chronic liver disease has been provided by studies in which 

thrombin generation was tested in the presence of activators of the anticoagulant 

protein C system [3,4]. Furthermore, global laboratory tests of the fibrinolytic system 

also have suggested rebalanced fibrinolysis in chronic liver disease [5], although there 

are also reports of hyperfibrinolysis in chronic liver disease [6].  

 

The hemostatic alterations in chronic liver disease have been much more extensively 

studied as compared with the hemostatic changes in acute liver injury (ALI) or acute 

liver failure (ALF). Acute liver injury and acute liver failure (ALI/ALF) are syndromes of 

diverse etiology in which patients without previously recognized liver disease sustain a 

liver injury that results in rapid loss of hepatic function [7]. ALI/ALF is defined 

 , as an international normalized ratio (INR) of > 1.5 is required for the 

diagnosis. ALF represents a more severe liver injury than ALI, resulting in hepatic 

encephalopathy. As patients with ALI/ALF have by definition an elevated INR, it is 

evident that hemostatic alterations affect all patients with acute liver failure [8].  

 

The hemostatic changes in acute liver failure are similar to those observed in chronic 

liver disease [8,9]. There are, however, notable differences. Patients with acute liver 

failure have a more severe decrease in levels of pro- and anticoagulant proteins as 

compared with patients with chronic liver disease. This is reflected by the substantial 

proportion of patients with acute liver failure with substantially elevated INRs. One 
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study showed that 14% of patients with acute liver failure had an INR between 5 and 

10 upon admission, and 5% of patients even had an INR > 10 [10]. This degree of 

coagulopathy is exceptional in patients with chronic liver disease.  

 

Recently, we have provided evidence for a rebalanced hemostatic status in patients 

with ALI/ALF [11]. Using kaolinactivated whole blood thromboelastography, we 

demonstrated that two-thirds of patients with ALI/ALF had thromboelastographic 

traces that were within the normal range, whereas 8% of patients even had evidence of 

hypercoagulability, despite severely reduced levels of coagulation factor levels. 

Surprisingly, we observed normal clot formation despite the absence of an activator of 

the anticoagulant protein C system in the test. Interestingly, in this large series of 

patients, the number of thrombotic events was higher as compared with the number 

of bleeding events, suggesting that these patients do not have a bleeding tendency as 

suggested by abnormal routine laboratory tests (PT/INR and APTT). 

 

Given the limitations of kaolin-induced thromboelastography and the absence of a 

precise molecular mechanism behind the normal thromboelastographic tracings in 

patients with ALI/ALF despite abnormal levels of coagulation proteins and profoundly 

abnormal routine tests of coagulation (PT/INR, APTT and platelet count), we set out to 

perform a more indepth analysis of the hemostatic system in these patients. 

Specifically, we performed overall tests of coagulation and fibrinolysis, and in addition 

analyzed individual levels of crucial fibrinolytic proteins in samples taken from a 

relatively large cohort of patients with ALI/ALF on admission to hospital. Finally, we 

compared hemostatic potential in samples taken on the day of admission with 

samples taken at later time-points during the first week of hospitalization. 

 

Patients and methods 

Patients 

The study population consisted of 50 patients admitted consecutively for acute liver 

injury/acute liver failure (ALI/ ALF) to Virginia Commonwealth University Medical 

Center between March 2009 and May 2011. Forty of the 50 patients have previously 
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been described in detail [11]. Informed consent was obtained from either the patient 

or their next-of-kin, depending on the patient_s level of hepatic encephalopathy, and 

the study was approved by the local Institutional Review Board. Inclusion criteria 

included: (i) an INR of ‡ 1.5; (ii) absence of a previous history of liver disease; and (iii) 

illness £ 26 weeks duration. Patients with ALF were also required to have altered 

mental status ascribed to their liver injury (hepatic encephalopathy). Patients who 

received procoagulant treatments other than vitamin K prior to enrollment were 

excluded. Individual plasma samples from 40 healthy volunteers from our laboratory 

were used to establish reference values for the various tests performed in this study. 

For patients, blood samples were collected using an 18G butterfly needle or were 

drawn directly from an arterial line into a 5-mL citrated Vacutainer
®

 , and a 21G needle 

was used for the controls. Samples were centrifuged within 2 h of withdrawal at 1700·g 

at room temperature for 15 min, followed by a centrifugation step of 15 min at 3000·g 

(controls) or just once at 3000·g at room temperature for 15 min (patients). Plasma was 

immediately placed at )80 °C and stored until assayed. Definitions of outcomes and 

complications (bleeding and thrombosis) have been provided previously [11].  

 

Thrombin generation testing  

The Calibrated Automated Thrombogram was used to determine the generation of 

thrombin in clotting plasma as described previously [12]. Coagulation was triggered by 

recalcification in the presence of 1 pMrecombinant human tissue factor (Innovin; 

Siemens HealthcareDiagnostics,Marburg,Germany; 1:10000 dilution), 4 µM 

phospholipids and 417 µM fluorogenic substrate Z-Gly-Gly-Arg-AMC (Bachem, 

Bubendorf, Switzerland) in the presence or absence of rabbit lung thrombomodulin (2 

nM; American Diagnostica, Greenwich, CT, USA). The assay was run at 37 °C, and the 

plate was incubated in the reader for 10 min prior to addition of the fluorogenic 

substrate and calcium. The endogenous thrombin potential (ETP), peak, time-to-peak, 

lag time and velocity index were calculated using the Thrombinoscope software 

(version 4.0, Thrombinoscope BV, Maastricht, the Netherlands). The peak and velocity 

index were normalized to pooled normal plasma from > 200 healthy volunteers as 

described previously [12]. A normalized ratio of the ETP in the presence or absence of 
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thrombomodulin (TM-SR) was determined by the following equation: TM-SR = 

(ETP+TM / ETP_ TM)
sample

/ (ETP+TM / ETP_ TM) 
Pooled normal plasma

 . A TM-SR > 1 reflects a 

decreased anticoagulant response to thrombomodulin in comparison to pooled 

normal plasma.  

 

Overall fibrinolytic potential  

Overall plasma fibrinolytic potential was determined using an in-house assay as 

previously described [13]. Briefly, 50 µL plasma was mixed with 50 µL of a solution 

containing phospholipid vesicles (40% L-a-dioleoylphosphatidylcholine, 20% L-a-

dioleoylphosphatidylserine and 40% L-a-dioleoylphosphatidylethanolamine, final 

concentration 10 µM), t-PA (final concentration 56 ng mL
-1

), recombinant human tissue 

factor (Innovin; Siemens Healthcare Diagnostics, 10 nM, final dilution 1/1000) and 

CaCl2 (final concentration 17 mM) diluted in HEPES buffer (25 mM HEPES [N-2-

hydroxytethylpiperazine- N’-2-ethanesulfonic acid], 137 mM NaCl, 3.5 mM KCl, 

3 mM CaCl2, 0.1% bovine serum albumin, pH 7.4). The plate was incubated at 37°C in a 

Spectramax 340 kinetic microplate reader (Molecular Devices Corporation, Menlo Park, 

CA, USA), and the optical density at 405 nm was monitored every 20 s, resulting in a 

clot-lysis turbidity profile. The clot lysis time (CLT) was derived from this clot-lysis 

profile and defined as the time from the midpoint of the clear to maximum turbid 

transition, representing clot formation, to the midpoint of the maximumturbid to clear 

transition, representing the lysis of the clot. 

 

Assays of individual proteins 

Free tissue factor pathway inhibitor (TFPI) antigen levels were determined using an 

enzyme-linked immunosorbent assay (ELISA) according to the instructions of the 

manufacturer (TFPI Asserachrom; Diagnostica Stago, Asnieres sur Seine, France). 

Plasminogen and antiplasmin activity levels were determined by chromogenic kits 

from Siemens Healthcare Diagnostics and Chromogenix (Molndal, Sweden), 

respectively. Antigen levels of tissue-type plasminogen activator (tPA) were  

determined by ELISA kits according to the instructions of the manufacturer (American 

Diagnostica, Stamford, CT,USA), as were levels of plasminogen activator inhibitor-1 
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 Characteristic 
N (%) or mean [SD] or 

median [range] 

Age (years)  43.1 [13.5] 

Gender (female)  32 (64) 

Race (Caucasian)  29 (58) 

BMI (kg m
-2

)  28.2 [6.8] 

Etiology 

 APAP  25 (50) 

HBV  7 (14) 

Idiosyncratic drug  6 (12) 

AIH 5 (10) 

Indeterminate 3 (6) 

Heat stroke  1 (2) 

Malignancy  1 (2) 

Amanita  1 (2) 

Ischemia  1 (2) 

Hepatic encephalopathy 

 Admission  39 (78) 

Maximal grade 3 or 4  24 (48) 

Mean arterial pressure onadmission (mmHg) 84.8 [14.5] 

NAC treatment  44 (88) 

Admission SIRS 

 WBC (× 10
9
)  10.7 [5.7] 

Pulse (beats min
-1

)  98.8 [22.4] 

Respirations (per min)  20.3 [6.3] 

Temperature (°C)  36.7 [1.0] 

SIRS (2–4 components present)  28 (56) 

Admission laboratory tests 

 AST (IU L
-1

)  4990.3 [4377.8] 

ALT (IU L
-1

)  3578.6 [2765.1] 

Creatinine (mg dL
-1

)  1.0 [0.4–7.5] 

Total bilirubin (mg dL
-1

)  5.0 [0.3–44.2] 

INR  3.4 [1.8] 

aPTT (s)  47.4 [14.7] 

Platelet count (g L
-1

)  193 [99] 

Hemoglobin (g L
-1

)  12.0 [2.2] 

Lactate (mg dL-1)  5.9 [5.6] 

Venous ammonia (µM)  80.3 [45.3] 

Phosphate (mg dL
-1

)  3.3 [2.2] 

pH  7.35 [0.13] 

HCO3 (mg dL
-1

)  19.7 [7.7] 

Complications 

 Renal failure (requiring renal replacement 

therapy) 

18 (36) 

Infection  13 (26) 

Intracranial hypertension  3 (6) 

Thrombosis  9 (18) 

Bleeding  9 (18) 

Outcome 

 Transplant-free survival  28 (56) 

Liver transplantation  7 (14) 

Death  15 (30) 

Table 1. Clinical chara-

cteristics and outcome of 

study population. Data are 

expressed as number (N) 

and percentage, mean [SD] 

or median [range] 
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(PAI-1), which were determined using an ELISA kit purchased from Hyphen Biomed 

(Neuville-Sur-Oise, France). Plasma levels of thrombin activatable fibrinolysis inhibitor 

(TAFI) were determined using an in-house ELISA as described [14]. 

 

Statistical analyses 

All calculations were performed using the GRAPHPAD INSTAT software package 

(GraphPad, San Diego, CA, USA). P values < 0.05 were considered statistically 

significant. Values derived from the thrombin generation curves were compared using 

one-way analysis of variance (ANOVA), using the Tukey or Kruskal–Wallis post-test as 

appropriate, with the exception of the TM-SR values, which were compared using the 

Mann–Whitney U-test. CLT values were dichotomized (lysis within 3 h vs. no lysis 

within 3 h) and analyzed using the Fishers exact test. Levels of individual proteins were 

analyzed using t-test or Mann–Whitney U-test as appropriate.  

 

Results 

Patient characteristics and clinical course  

Baseline demographics, vital signs and laboratory test results on admission and 

outcomes of the study population are presented in Table 1. The mean age of study 

participants was 43 years, 64% were female, 58% Caucasian, and the mean BMI was 28 

kg m
-2

. The etiologies of ALI/ALF were acetaminophen (APAP) in 50%, hepatitis B virus 

(HBV) in 14%, idiosyncratic drug reactions in 12%, autoimmune hepatitis (AIH) in 10%, 

indeterminate in 6%, and heat stroke, Amanita mushroom poisoning, malignant 

infiltration and hepatic ischemia in 2% each. Thirty-nine patients (78%) had hepatic 

encephalopathy on admission, and 24 (48%) progressed to high-grade 

encephalopathy (grade 3 or 4) at some point over the first week of admission. All 

patients with APAPinduced ALI/ALF were treated with N-acetylcysteine (NAC), as were 

19 patients with non-APAP-induced liver injury. The systemic inflammatory response 

syndrome (SIRS, defined as the presence of 2–4 SIRS components) was present in 28 

(56%) patients on admission to the study. Admission laboratory test results included a 

median creatinine and bilirubin of 1.0 and 5.0 mg dL
-1

, respectively, and mean pH of 

7.35, bicarbonate 19.7 mg dL
-1

, lactate 5.9 mg dL
-1

, phosphate 3.3 mg dL
-1

 and INR 3.4 
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(assayed in this study using the Innovin reagent, which has an International Sensitivity 

Index of 0.9).  

 

Complications of the study population included renal failure requiring renal 

replacement therapy in 18 (36%), infection in 13 (26%), intracranial hypertension in 3 

(6%) and thrombosis or bleeding in 9 (18%) patients. Fifteen (30%) patients died, 7 

(14%) underwent liver transplantation and 28 (56%) recovered without liver 

transplantation.  

 

Intact thrombin generation in patients with ALI/ALF on admission  

We performed thrombin generation tests in samples taken from patients with ALI/ALF 

on admission to the hospital. Total thrombin generation as assessed using the ETP was 

substantially lower in patients as compared with healthy controls in the 

absence of thrombomodulin, the physiological activator of the protein C system (Fig. 

1A). However, when thrombomodulin was added to the test mixture, the ETP was not 

significantly different between patients and controls. Furthermore, whereas 

the ETP decreased substantially in the controls upon addition of thrombomodulin, 

patients were fully resistant to the action of thrombomodulin, because there was 

virtually no change in the ETP when thrombomodulin was added to patient plasma 

(Fig. 1B), which is compatible with the profound protein C deficiency in these samples 

(median 5%of normal) as described previously [11].  

 

A more detailed inspection of the thrombin generation curves revealed no differences 

in the lag time, which is the time fromstart of the assay until the first thrombin is being 

detected, between patients and controls (Fig. 2A). However, patients showed a 

decreased time to the peak of thrombin generation as compared with the controls, 

indicating that once thrombin generation has started, it progresses more rapidly in 

ALI/ALF patients as compared with controls (Fig. 2B). The increased velocity index in 

patients confirms a more rapid increase in thrombin generation over time in patients 

as compared with controls (Fig. 2C). The lag time and velocity index were not 

significantly affected by addition of thrombomodulin in both patients and controls,  
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Fig. 1. Thrombin generation in ALI/ALF. (A) Box-and-whisker plots summarizing endogenous thrombin 

potential (ETP) values derived from thrombin generation curves in the presence or absence of 

thrombomodulin (TM) from plasma of 40 healthy controls and 50 patients with ALI/ALF sampled on the 

day of admission. (B) Box-and-whisker plots summarizing thrombomodulin sensitivity ratios (TM-SR) 

from the data in panel A. A TM-SR> 1 indicates a decreased anticoagulant response to TM in 

comparison to pooled normal plasma. ***P < 0.001. 

Fig. 2. Thrombin generation characteristics in ALI/ALF. Box-and-whisker plots summarizing parameters 

derived from thrombin generation curves generated in the presence or absence of thrombomodulin 

(TM) from plasma of 40 healthy controls and 50 patients with ALI/ALF sampled on the day of admission. 

*P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant. 
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whereas the time-to-peak was reduced by addition of thrombomodulin only in the 

controls. The peak thrombin level was higher in controls as compared with patients in 

the absence of thrombomodulin, but was similar in patients and controls when 

thrombomodulin was present in the test mixture (Fig. 2D). 

 

Previously, we have reported substantially decreased levels of both pro- and 

anticoagulant proteins in this patient cohort, with the exception of FVIII, which was 

substantially increased compared with healthy controls [11]. In the current study, we 

also assessed plasma levels of TFPI, which were not measured in the previous study. 

Plasma levels of TFPI were substantially increased in patients with ALI/ALF as 

compared with healthy controls (39 ng mL
-1

 [11–215] in patients vs. 16 ng mL
-1

 [5– 

48] in controls, median [range], P < 0.001). 

 

The ETP in the presence of thrombomodulin was not significantly different between 

patients that had spontaneous recovery or thosewhodied or received a liver transplant 

(736 nM IIa · min [343–1153] vs. 798 [493–1247], median [range], P = 0.24). 

Furthermore, the ETP in the presence of thrombomodulin was not different between 

patientswithAPAP-induced ALI/ALF and patients with other etiologies (671 nM IIa · min 

[484–846] vs. 846 nM IIa · min [343–1247], median [range], P = 0.11). Also, the ETP in 

the presence of thrombomodulin did not discriminate between patients with bleeding 

complications (nobleeding 770 nMIIa · min [507–1247] vs. patientswith bleeding 

complication 678 [343–1014], median [range], P = 0.14) or thrombotic events (no 

thrombosis 772 [343– 1247] vs. patientswith thrombotic events 671 [484–888],median 

[range], P = 0.28). Routine diagnostic tests (INR and APTT) also did not discriminate 

between patients that did or did not have bleeding complications (data not shown). A 

pronounced hypofibrinolytic status in patients with ALI/ALF on admission Using a 

plasma-based global fibrinolytic assay, we assessed plasma fibrinolytic potential in 

samples from patients with ALI/ALF taken on admission to the hospital in comparison 

with healthy controls. Whereas the CLT, the time from halfway through the formation 

of the clot until halfway through the lysis of the clot, is on average around 1 h in 

controls, 73.5% of clots generated from plasma from patients had not reached the 
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Fig. 3. Fibrinolysis in ALI/ALF. Overall fibrinolytic potential derived from plasma-based clot-lysis 

experiments (panel A) and box-and-whisker plots summarizing plasma levels of individual fibrinolytic 

factors (panels B–F) in healthy controls or patients with ALI/ALF sampled on the day of admission. 

***P < 0.001. 

point of halfmaximal lysis after 3 h, which is the maximal time the assay was run (Fig. 

3A). In the control group, only 2.5% of clots did not lyse within 3 h. The proportion of 

patients showing extreme hypofibrinolysis (i.e. no lysis within 3 h) was not significantly 

different between patients that had spontaneous recovery or those who died or 

received a liver transplant.Also, the proportion of patients with extreme 

hypofibrinolysis did not discriminate between patients with bleeding complications or 

thrombotic events, nor was it different between patients with APAP-induced ALI/ALF 

and patients with other etiologies (data not shown).  

 

Plasma levels of fibrinolytic proteins in patients with ALI/ALF on admission  

The plasma fibrinolytic potential is determined to a large extent by plasma levels of 

the profibrinolytic protein plasminogen, and the antifibrinolytic factors antiplasmin, 

PAI-1 and TAFI [15]. Plasminogen levels (Fig. 3B)were substantially and significantly 

decreased in patients compared with controls, as were levels of antiplasmin (Fig. 3C) 

and TAFI (Fig. 3D). Levels of tPA and PAI-1 were both significantly and substantially 

increased in patients as compared with controls (Fig. 3E,F).Previous studies showed 
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that isolated plasminogen levels below 50% or elevated PAI-1 levels (> 125 ng mL)1) 

resulted in a lack of clot lysis within 3 h [5]. Indeed, in those plasma samples that did 

not lyse within 3 h,median plasma levels of plasminogen were lower and median PAI-1 

levels were higher as compared with those samples that did showlysiswithin 3 h. 

Plasminogen levels in the samples that showed lysis within 3 h were 38% (17–60), and 

21%(9–62) in those samples without lysis in3 h(median [range], P = 0.03). PAI-1 levels 

were 38 ng mL
-1

 (18–149) in those samples that lysed within 3 h, compared with 83 ng 

mL)1 (18–376) in those that did not (median [range], P = 0.02).  

 

Plasma levels of TAFI were substantially higher in patients with APAP-induced ALI/ALF 

as compared with patients with other etiologies (58 ± 25% for patients with APAP-

induced ALF vs. 40 ± 22%, [mean ± SD], P = 0.014). Also, plasma levels of PAI-1 were 

substantially higher in patients with APAP-induced disease (106 ng mL)1 [28–1023] vs. 

39 [18–385], median [range], P = 0.0015). Plasma levels of tPA, plasminogen and 

antiplasmin were not different between patients with APAP-induced ALF and patients 

with other etiologies (data not shown). 

 

Persisting normal thrombin generation and hypofibrinolysis during the first 7 

days after admittance 

From a subset of patients who survived the first day of admission, plasma samples 

taken one or more days after admission were also studied. We compared total 

thrombin generation and fibrinolytic potential in those patients for whom two or more 

samples were available (n = 45). Total thrombin generation in the presence or absence 

of thrombomodulin was slightly but significantly higher in samples taken  

between day 2 and day 7 after admission, as compared with samples taken on day 1 

(Fig. 4). Samples taken between day 2 and day 7 still showed full thrombomodulin 

resistance.  

 

The proportion of samples with extreme hypofibrinolysis (i.e. no lysis within the 3 h of 

the assay) was lower in samples taken between day 2 and day 7, as compared with 

samples taken on admission (50% vs. 73.5%, P < 0.001), but was still elevated as 
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Fig. 4. Unchanged thrombin generation in 

ALI/ALF in the first week of admission. Box-

and-whisker plots summarizing endogenous 

thrombin potential values in the absence or 

presence of thrombomodulin in patients 

with ALI/ALF sampled either on the day of 

admission, or one or more 

times between the 2nd and 7th day after 

admission. *P < 0.05. 

compared with the controls, for whom only 2.5% of samples showed extreme 

hypofibrinolysis (P < 0.001). In accordance with these findings, plasma levels of PAI-1, 

which are the most important determinant of CLT, were significantly lower in samples 

taken between days 2 and 7 as compared with samples taken on day 1 (median 

[range] 60 ng mL
-1

 [18–1023] vs. 31 [7–389] ng mL
-1

, P = 0.002), but still elevated 

compared with controls, for whom median PAI-1 levels were 5.1 ng mL
-1

 (1.4–55.4) (P 

< 0.001). 

 

 

 

 

 

   

Discussion  

 

In this study we performed an in-depth analysis of coagulation and fibrinolysis in 

patients with ALI/ALF to assess the hemostatic balance in these patients at the time of 

hospital admission and at later time-points during the first week of admission. On 

admission, total thrombin generation was similar in patients as compared with healthy 

controls when thrombomodulin, the physiological activator of the anticoagulant 

protein C system, was added to the test mixture. Plasma fibrinolytic potential was 

markedly impaired, with the majority of patients showing no fibrin clot lysis during the 

course of the experiment. Over time, total thrombin generation slightly increased, 

whereas hypofibrinolysis persisted. The intact thrombin generation combined with a 



Intact TG and decreased fibrinolytic capacity  

121 

 

 7 

defective capacity to remove fibrin clots suggests that patients with ALI/ALF are in a 

normal hemostatic status, or may even be hypercoagulable. The normo- or 

hypercoagulable status as assessed withmodern global tests of coagulation and 

fibrinolysis is in sharp contrast to results of routine diagnostic tests, such as the PT and 

APTT, which suggest a bleeding tendency. Thrombin generation capacity at the day of 

admission as assessed by the ETP did not discriminate between patients with bleeding 

or thrombotic events or clinical outcome.  

 

The results of this study are in line with hemostatic testing using thromboelastography 

in the same patients we reported on previously [11]. Clot formation assessed by 

kaolin-initiated thromboelastography was shown to be preserved despite profoundly 

abnormal levels of coagulation factors and inhibitors, and substantially prolonged 

routine tests of coagulation (PT and APTT). In this study we used tissue factor-induced 

coagulation in plasma to assess thrombin generation profiles in time. Calibrated 

automated thrombography allows detailed analyses of thrombin generation in plasma 

that is clotted by the physiological activator of coagulation. The decreased total 

thrombin generation in the absence of thrombomodulin is consistent with the 

decreased plasma levels of procoagulants. When thrombomodulin, the physiological 

activator of the anticoagulant protein C, was added to the test mixture, total thrombin 

generation in patients was indistinguishable from that in controls, which is likely to be 

attributable to a concomitant decrease in pro- and anticoagulant proteins similar to 

the rebalanced hemostatic status in cirrhosis [2]. Surprisingly, total thrombin 

generation in the presence of thrombomodulin was similar in ALI/ALF patients and 

healthy controls despite the substantially elevated levels of TFPI, an important inhibitor 

of initiation of coagulation, in the patients.  

 

A more detailed inspection of the thrombin generation curves revealed that once 

thrombin generation has started, the velocity of thrombin generation is higher in 

ALI/ALF patients as compared with healthy controls. A higher velocity of thrombin 

generation has been shown to affect the characteristics of the fibrin clot [16]. Thinner 

fibers that form networks with smaller pores are formed at higher rates of thrombin 
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generation, and these less permeable networks are less susceptible to fibrinolysis [17]. 

Part of the thrombin generation profile thus suggests hypercoagulability, which is in 

line with the clinical observation that thrombotic complications are common in 

patients with ALI/ALF [11]. Furthermore, besides systemic thrombotic complications, 

there is evidence of intrahepatic thrombus formation in patients with acute liver failure 

[18]. Animal models of acute liver failure have demonstrated that intrahepatic 

thrombus formation contributes to the progression of acute liver failure, and have 

demonstrated that anticoagulant treatment alleviates liver injury induced by 

acetaminophen or Fas ligand [19,20]. Thus, also this local intrahepatic thrombotic 

phenomenon may be (in part) related to a hypercoagulable status. 

 

Patients with ALI/ALF show a profound hypofibrinolytic status, which is in sharp 

contrast to the normo- or hyperfi- brinolytic status that has been reported in patients 

with cirrhosis [5,6]. Hypofibrinolysis as assessed with the assay used in this study has 

been shown by us and others to be associated with a substantially increased risk of a 

first venous or arterial thrombosis [15,21,22]. Dysregulated fibrinolysis may thus also 

explain the thrombotic episodes in some of the patients, and may contribute to 

progression of the disease as intrahepatic thrombi cannot be removed by endogenous 

fibrinolysis. The hypofibrinolytic state is likely to be attributed to the combination of 

very low levels of plasminogen and substantially elevated PAI-1 levels. It has to be 

noted that the PAI-1 levels assessed by ELISA in this study reflect both free PAI-1 and 

PAI-1 in complex with tPA. However, given the much higher PAI-1 antigen levels in 

comparison to the tPA antigen levels, the majority of the PAI-1 antigen in the patients 

will not be complexed with tPA. Previously, we have shown substantially decreased clot 

lysis in this assay at plasminogen levels below 50% and at PAI-1 levels above 125 ng 

mL)1 [5], both of which are frequent in the patients studied. The decreased levels of 

fibrinolytic proteins plasminogen, TAFI and antiplasmin may be explained by 

decreased synthesis and/or consumption, whereas the increased plasma levels of tPA 

and PAI-1 may be explained by endothelial cell activation as a result of systemic 

stresses induced by the disease.  
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The combined results of our laboratory investigations may have important clinical 

consequences. Whereas there appears to be consensus that prophylactic correction of 

the PT/INR to avoid spontaneous bleeding in patients with ALI/ALF is not indicated [9], 

it is still common practice in many centers to try to correct the coagulopathy in these 

patients by infusion of plasma concentrates or recombinant factor VIIa prior to 

invasive procedures [10,23]. Prohemostatic therapy is initiated based on the 

assumption that the prolonged PT/INR is indicative of a bleeding risk. Both clinical and 

laboratory evidence, including the data of the present study, suggest that hemostasis 

is preserved in patients with ALI/ALF due to the concomitant decrease of both pro- 

and antihemostatic drivers [8,11]. We believe that prohemostatic therapy should be 

cautiously used in patients with liver disease for a number of reasons. First, transfusion 

of blood products is associated with the risk of general transfusion reactions, some of 

which may even be higher in patients with liver disease [24]. Second, partial correction 

of the PT/INR requires transfusion of massive amounts of fresh frozen plasma, which 

carries a significant risk of volume overload, which may exacerbate intracranial 

hypertension. Third, administration of prohemostatic therapy might result in 

exacerbation of intrahepatic thrombus formation, which may result in a more rapid 

progression of the disease [19,20]. Given the profound hypofibrinolytic status, 

exacerbation of intrahepatic thrombosis with prohemostatic therapy appears to be an 

important concern. This may be particularly the case when rFVIIa is given as a 

prohemostatic drug, because there appears to be an increased thrombotic risk 

associated with the drug in patients with liver disease [25,26]. Fourth, whereas the INR 

is not useful in predicting bleeding in patients with ALI/ALF, it is a useful indicator of 

recovering or worsening liver function, and this indicator is obscured by administration 

of fresh frozen plasma or rFVIIa.  

 

A potential limitation of our study is the fact that blood samples of the healthy 

controls that have been used to establish reference values for the various parameters 

studied have not been treated identically in terms of blood draw and sample 

processing. Nevertheless, even with this potential caveat in mind, the differences in the 
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major parameters studied (TM-SR and CLT) are so large that they are unlikely to be 

explained by subtle differences in sample collection and processing.  

 

In conclusion, patients with ALI/ALF are capable of generating similar amounts of 

thrombin as compared with controls, whereas the fibrinolytic system is profoundly 

inhibited. This intact hemostatic capacity as tested bymodern tests is in sharp contrast 

to the results of routine diagnostic tests of hemostasis, such as the PT and APTT. The 

intact hemostatic potency is confirmed by clinical observations, and suggests that 

prohemostatic therapy should be used cautiously in these patients. 
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Abstract 

Background - Generation of active procoagulant cofactor FVa to the enzyme FXa to 

form prothrombinase complex is a pivotal initial event in blood coagulation and has 

been the subject of investigative effort, speculation and controversy. The current 

paradigm assumes that FV activation is initiated by limited proteolysis by traces of 

(meizo)thrombin.  

Methods and Results – Recombinant tick salivary protein TIX-5 was produced and 

anticoagulant properties were studied using plasma, whole blood and purified 

systems. We here report that anticoagulant tick salivary protein TIX-5 specifically 

inhibits FXa-mediated FV activation involving the B-domain of FV and show that FXa 

activation of FV is pivotal for plasma and blood clotting. In line, tick feeding is 

impaired on TIX-5 immune rabbits displaying the in vivo importance of TIX-5.  

Conclusions - Our data elucidate a unique molecular mechanism by which ticks 

inhibit the host’s coagulation system. Based on our data we propose a revised blood 

coagulation scheme wherein direct FXa-mediated FV activation occurs in the initiation 

phase during which thrombin-mediated FV activation is restrained by fibrinogen and 

inhibitors. 

 

Key Words – anticoagulants, coagulation, tick salivary protein, initiation phase. 
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Introduction  

Ixodes ticks feed for several days on a vertebrate host to obtain a blood meal and 

potentially transmit various pathogens, including the causative agent of Lyme 

borreliosis Borrelia burgdorferi. Ticks tear their way into the dermis and damage small 

blood vessels after embedding their mouthparts in the host’s skin
1
, which will initiate 

blood coagulation. To counteract host defense mechanisms ticks introduce saliva at 

the bite site, containing a variety of proteins with immunosuppressive and 

anticoagulant properties
2
.  

Coagulation can be activated via either the contact activation (or intrinsic) pathway or 

by the tissue factor (TF) (or extrinsic) pathway
3, 4

. The contact and TF pathway 

converge at the common pathway, which starts at the level of FX. Activated FX (FXa) 

forms the prothrombinase complex together with factor Va (FVa) on a phospholipid 

membrane surface, leading to thrombin generation
5
. Thrombin catalyzes several 

coagulation-related reactions and converts soluble fibrinogen to fibrin, which forms a 

solid blood clot together with erythrocytes and platelets
6
. Activation of the 

coagulation system can be divided into two phases; the “initiation phase” and 

“propagation phase”. The “initiation phase”, with concurrent FV and FVIII activation 

and only limited FIX and FX activation
7
, is characterized by low rates of thrombin 

generation while the “propagation phase” is characterized by rapid, quantitative 

activation of all available prothrombin. During the initiation phase, low concentrations 

of enzyme activate the first traces of FV necessary to generate the prothrombinase 

complex. Traces of thrombin or the active prothrombin activation-intermediate 

meizothrombin are hypothesized to be responsible for initial FV activation under 

physiological conditions
8-11

. However, despite several decades of intensive research 

on FV activation, the question is still open as to whether FV has some degree of 

intrinsic activity before activation, and/or whether FXa plays a significant role in FV 

activation. The latter is complicated by the extremely rapid feed-forward activation of 

FV by thrombin, and the lack of specific inhibitors of either thrombin-dependent FV 

activation or FXa-dependent FV activation. Present knowledge of the behavior and 

function of the trace active reactants during the initiation phase of coagulation is 

partly based on extrapolation of clotting times
12

 and computational analysis using 
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models constructed based on the kinetics of the isolated reactions in which FXa 

activation of FV was assumed to be insignificant
13

.  

We here characterize the anticoagulant properties of a tick salivary protein previously 

designated as P23
14

, which dose-dependently postpones activation of the coagulation 

system by specifically preventing activation of FV through FXa. Hence, the tick salivary 

protein P23 was renamed to ‘Tick Inhibitor of factor Xa towards factor V’ (TIX-5).  

Methods 

Ticks and rabbits 

Ixodes scapularis adult ticks were obtained from a tick colony at the Connecticut 

Agricultural Experiment Station in New Haven CT, USA. Ticks were maintained at 23°C 

and 85% relative humidity under a 14 hour light, 10 hour dark photoperiod. For the 

immunization studies, approximately 6 week old inbred New Zealand white rabbits 

(Charles River Laboratories, USA) were used. The work reported in this study was fully 

compliant with and approved by institutional policies pertinent to biosafety and 

animal care protocols. The protocol for the use of mice and rabbits was reviewed and 

approved by the Yale Animal Care and Use Committee (protocol number 2008-07941, 

approval date is 03/31/10 to 3/31/11). 

 

Purification of recombinant Ixodes scapularis salivary protein  

Cloning and expression of TIX-5 (previously designated as P23
14

, GenBank: AEE89467) 

and p19 (as a control tick salivary protein) in the Drosophila Expression System 

(Invitrogen, USA) and purification of recombinant protein was performed as described 

before
14

. Briefly, for the purification of recombinant TIX-5 (rTIX-5) and recombinant 

P19 (rP19) the coding sequence of TIX-5 and p19 was cloned into the pMT/Bip/V5-

HisA plasmid in frame with a His tag and a V5 epitope (Invitrogen, USA), and validated 

by sequencing. Drosophila melanogaster S2 cells were transfected with the plasmids 

containing TIX-5 or p19 and the blasticidin selection vector pCOBlast using the 

Calcium Phosphate Transfection Kit (Invitrogen, USA). Subsequently, cells expressing 

TIX-5 or p19 were selected with blasticidin (25 µg/ml), and were grown in large 
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spinner flasks for 3 days. Thereafter, recombinant protein expression was induced in 

Drosophila cells with copper sulfate at a final concentration of 500 µM for 4 days and 

centrifuged at 1,000g for 15 min. The supernatant was filtered using a 0.22 µm filter 

(Millipore, USA) and rTIX-5 or rP19 was purified from the supernatant by binding to a 

Ni-NTA Superflow column (Qiagen, USA) and elution with 250 mM imidazole. The 

eluted fractions were filtered through a 0.22 µm filter and concentrated with a 5-kDa 

concentrator (Sigma-Aldrich, USA) through centrifugal concentration at 4°C, washed 

and dialyzed against PBS. The purity of the purified rTIX-5 and rP19 was checked by 

SDS-PAGE followed by Coomassie blue staining and the concentration was 

determined by BCA protein assay kit (Thermo Fisher Scientific inc., USA).  

 

Deglycosylation of recombinant TIX-5 

Deglycosylation of recombinant TIX-5 with N-Glycosidase (PNGase) F (Sigma, USA) 

(95.000 U/mg protein) was performed in 0.75% TRITON
® 

X-100 in PBS for 24 hours at 

37ºC. As a control, equal amounts of rTIX-5 were incubated in 0.75% TRITON
® 

X-100 

in PBS for 24 hours at 37ºC.  Equal amounts of purified recombinant salivary proteins 

(1 µg), were electrophoresed on 12% SDS-PAGE and protein was stained with 

Coomassie blue.  

 

Human plasma and coagulation factors 

Human FXa was purchased from Enzyme Research Laboratory (UK). Human FV and 

FVa were obtained from Haematologic Technologies Inc. (USA). FXI, FIX and Protein S 

deficient plasmas were purchased from Siemens Healthcare Diagnostics (Germany). 

Antithrombin deficient plasma was purchased from Affinity Biological (USA). TFPI 

deficient plasma was purchased from American Diagnostica (USA). Protein C deficient 

plasma was obtained from Kordia (NL). Defibrination of normal human pool plasma 

was carried out by mixing plasma with 0.4 BU (batroxobin Units) / ml reptilase (Roche, 

USA) and was incubated for 10 min at 37°C, kept on room temperature for 10 min and 

the fibrin clot was removed. Platelet rich plasma (PRP) was prepared from citrated 

blood after centrifugation at 200g for 10 min at 25 degrees. Recombinant full-length 

TFPI produced in Escherichia coli was obtained from American Diagnostica Inc (USA). 
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FVIII was obtained from Baxter (NL). Thrombin was kindly provided by Dr. W. Kisiel. 

FIXa was prepared by activation of FIX (Baxter) by FXIa and purified by an anti-FIX 

column. Stable R155A meizothrombin was prepared fresh and used immediately as 

previously described
15

. 

 

Thrombin generation 

Calibrated Automated Thrombogram (CAT) was used to assay the generation of 

thrombin in clotting plasma using a Fluoroskan Ascent microtiter plate reading 

fluorometer (Thermo Labsystems, Finland) and Thrombinoscope software 

(Thrombinoscope BV, the Netherlands) according to the manufacturer’s instructions 

and Hemker et al
16

. Thrombin generation was initiated by recalcification of citrated 

pooled human plasma or citrated rabbit plasma (Harlan, UK) in the presence of 

recombinant human TF (Innovin, Siemens Healthcare Diagnostics, Germany), 4 µM 

phospholipids (PC:PS:PE 60%:20%:20%), 2.5 mM fluorogenic substrate (Z-Gly-Gly-Arg-

AMC from Bachem, Bubendorf, Switzerland) with or without rTIX-5. Thrombin 

formation was followed for 20-60 minutes and measurements were taken at 20 

second intervals. Fluorescence intensity was detected at wavelengths of 355 nm 

(excitation filter) and 460 nm (emission filter). In some cases, coagulation was initiated 

with a lyophilized silica reagent (Pathromtin SL, 8 times diluted, Siemens Healthcare 

Diagnostics, Germany), FIXa or FXa. The following parameters were derived: ETP, the 

area under the curve represents the total amount of thrombin generated over time; 

lag time, the time to the beginning of the explosive burst of thrombin generation; 

peak, the maximal thrombin concentration; time to peak (TTP), the time until the 

thrombin peak is reached. Experiments were performed in triplicate and repeated 

three times. Thrombin generation in a purified system was determined in the presence 

of the prothrombin complex concentrate Cofact® (Sanquin), which is prepared from 

human plasma and contains the vitamin K-dependent proteins factors II, VII, IX, X, 

protein S and protein C. Cofact® was diluted so that the assay was performed under 

near physiological concentrations of these factors. Assays were performed in the 

presence of TFPI, FV, phospholipids (PC:PS:PE 60%:20%:20%), 3 mM CaCl2 and FVIII. 

Thrombin activation was initiated by the addition of recombinant 1 pM TF or 8 pM 
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FIXa in the presence of rTIX-5 or rP19 as a control. At specific time intervals, aliquots 

were removed and diluted in 20 mM EDTA, 100 mM NaCl, 25 mM Tris (pH 7.5) to stop 

prothrombin activation. Thrombin generation was quantified by adding a final 

concentration of 0.3 mM of thrombin chromogenic substrate S2238 (Chromogenix) 

and substrate hydrolysis was measured kinetically by determination of absorbances at 

405 nm using a kinetic microplate reader. All experiments were carried out in 

triplicate. Prothrombin activation and FV activation were determined in the purified 

system by Western blotting. At specific time intervals, aliquots were removed and 

added to SDS sample buffer with or without 2% 2-Mercaptoethanol. Samples were 

electrophoresed on SDS polyacrylamide gels and transferred to PVDF membranes. 

The membranes were blocked with PBS containing 5% milk powder and the 

immunoblots were probed with either a sheep anti-human prothrombin antibody 

(Kordia, NL) or mouse anti-human FV heavy chain monoclonal antibody AHV-5146 

(Haematologic Technologies Inc, USA). Immunoreactive bands were visualized using 

horseradish peroxidase conjugated anti-sheep or anti-mouse secondary antibodies 

(Cell Signaling tech., MA) and the enhanced chemiluminescence Western Blotting 

Detection System (GE Healthcare, NJ). 

 

Fibrinogen and whole blood clotting assay 

Thrombin-generation time was measured spectrophotometrically
 

by the fibrin 

polymerization method as previously described
17

. Thrombin generation was
 
initiated 

in citrated plasma by addition of recombinant TF and 12 mM CaCl2, and results
 
were 

expressed as T 1/2 (time to reach the midpoint of clear
 
to maximal turbid density of 

the polymerized fibrin measured at 450 nm). Whole blood coagulation time was 

assessed by preincubating fresh citrated human blood with various concentrations of 

rTIX-5, or PBS as a control, at 37ºC for 15 minutes and then recalcified by mixing with 

IMDM medium containing 12 mM CaCl2. Tubes were incubated at 37ºC, tilted every 

30 seconds and clotting times were recorded. Experiments were performed in 

triplicate.   
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FXa chromogenic assay 

A single-stage chromogenic assay of FXa activity was used to assess the FXa inhibitory 

activity of rTIX-5. Human FXa was diluted to 2 nM in 10 mM HEPES (pH 7.5) 

containing 0.3% bovine serum albumin and 150 mM NaCl. Recombinant TIX-5 (with a 

final concentration 6.5 μM) was incubated with 100 µl of FXa for 15 min at 37ºC. Fifty 

microlitres of 1 mM S2222 (Chromogenix) was added subsequently and substrate 

hydrolysis was determined by measuring absorbance at 405 nm over a period of 5 

min using a kinetic microplate reader. All experiments were carried out in triplicate.  

 

Immunization of rabbits with recombinant I. scapularis proteins 

Three rabbits were immunized subcutaneously with 3 doses containing 50 μg of rTIX-

5 emulsified with Complete Freund’s Adjuvant (first dose) and two subsequent 

booster injections emulsified in Incomplete Freund’s Adjuvant at 3-week intervals. 

Control rabbits were immunized with adjuvant and 50 μg of ovalbumin (OVA) or rP19. 

To demonstrate that the sera from immunized rabbits recognize tick salivary proteins, 

2 g adult I. scapularis salivary gland extract (SGE) prepared as described earlier
18

, was 

electrophoresed on a SDS 12% polyacrylamide gel and transferred to PVDF 

membranes. Immunoblotting was performed using the same methods as described 

above with the exception that the immunoblots were probed with 1:250 dilution of 

rabbit serum and immunoreactive bands were visualized using horseradish peroxidase 

conjugated anti-rabbit secondary antibodies (Cell Signaling tech, MA). Two weeks 

after the last immunization, rabbits were infested with 15 I. scapularis adult couples on 

the ear of each rabbit and were kept in place using small socks attached to each ear. 

Ticks were allowed to feed to repletion until they naturally detached from the host. 

From 90 hours post attachment the rabbits were examined twice a day for detached 

ticks and tick weights after repletion were recorded.  

 

Recombinant FV variants 

Cloning, expression and characterization of the recombinant FV variants that contain 

mutations at the three thrombin and FXa cleavage sites have been described 

previously
19

. The FV variants were named according to which amino acid replaced the 
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Arg-residue present at each cleavage site
20

, i.e. WT FV (Arg
709

, Arg
1018

, and Arg
1545

), 

RIQ (Arg
709

, Ile
1018

, and Gln
1545

), QRQ (Gln
709

, Arg
1018

, and Gln
1545

), QIR (Gln
709

, Ile
1018

, 

and Arg
1545

) and QIQQQ (Gln
709

, Ile
1018

, Gln
1545

, Gln
1761

, and Gln
1765

). The FV variant 

lacking the B-domain region (FV des 827-1499) was named FV B-dom Δ. Transient 

expression and collection of the FV variants was performed as previously described
20

. 

Proteins were secreted and collected in serum-free medium (Optimem Glutamax, 

Gibco) and protein concentration was determined using a FV-ELISA as previously 

described
20

.   

 

Determination of rate of FV activation by thrombin and FXa in the presence of 

rTIX-5 

The effect of rTIX-5 on FV activation by FXa, thrombin and meizothrombin was 

determined using a method previously described by Safa et al.
21

. Briefly, purified 

human FV (133 nM final concentration) was incubated at 37ºC with purified human 

thrombin (1 nM final concentration) with purified FXa (10 nM final concentration) or 

R155A meizothrombin (0.2 nM final concentration) and 4 µM phospholipid vesicles 

(PC:PS:PE 60%:20%:20%) in HBSA buffer containing 150 mM NaCl, 25 mM HEPES (pH 

7.5), 3 mM CaCl2, and 0.3% bovine serum albumin. At specific time intervals, aliquots 

were removed and diluted in 100 mM NaCl and 20 mM Tris (pH 7.5) to evaluate FV 

activation immediately in a prothrombin time using FV-deficient plasma. As an 

alternative approach FV activation was determined by Western blot assessment as 

described
22

. For this, a final concentration of 20 nM purified human FV was incubated 

at 37ºC with purified human thrombin (1 nM final concentration) or with purified FXa 

(10 nM final concentration) in the presence or absence of 4 µM phospholipid vesicles 

(PC:PS:PE 60%:20%:20%) in HBSA buffer. At specific time intervals, aliquots were 

removed and added to SDS sample buffer. Samples were electrophoresed on a SDS 

5% polyacrylamide gel and transferred to PVDF membranes. Immunoblotting was 

performed using the same methods as described above with the exception that the 

immunoblots were probed with the mouse anti-human FV heavy chain monoclonal 

antibody AHV-5146 (Haematologic Technologies, USA). The effect of rTIX-5 on the 

activation of the various FV variants described above by FXa and thrombin was 
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determined using a method previously described
20

. In this assay, the FVa cofactor 

activity was determined via FXa-catalyzed thrombin generation. Briefly, 250 pM of 

various recombinant FV variants were activated by 5 nM FXa or thrombin in the 

presence or absence of rTIX-5. At different time points FV concentrations were 

measured by prothrombin activation in a reaction mixture with  25 mM HEPES pH 7.5, 

150 mM NaCl, 3 mM CaCl2, 1 μM prothrombin, 0.33 nM FXa, 20 μM phospholipid 

vesicles (PC:PS 90%:10%) and 0.5 mg/ml ovalbumin. A final concentration of 1 μM 

Pefabloc TH was added to the mixture to prevent feedback activation of FV by 

thrombin. Activation of prothrombin was stopped by dilution in ice-cold EDTA buffer 

and generated thrombin was measured using the chromogenic substrate S2238 by 

measuring absorbance at 405 nm over a period of 5 min using a kinetic microplate 

reader.  

 

Statistical analysis 

The significance of the difference between the mean values of the groups was 

analyzed using the Student t test with Prism 5.0 software (GraphPad Software, USA). p 

≤ 0.05 was
 
considered statistically significant. 

 

Results 

Both contact- and TF-mediated activation of coagulation is inhibited by 

recombinant TIX-5 in a dose-dependent manner  

 Ixodes scapularis protein TIX-5 was recently identified as an antigenic salivary 

protein after a Yeast Surface Display screen with I. scapularis immune rabbit serum 

(designated as P23) and showed anticoagulant activity by significantly prolongation of 

the lag time of thrombin formation in human plasma after initiation of coagulation 

with 1 pM TF
14

. We now show that recombinant (r)TIX-5 dramatically prolonged lag 

time and time to peak of thrombin generation initiated in plasma through the contact 

activation route (Fig.1a) as well as by 1 pM and 5 pM TF (Fig.1b,c), with more subtle 

effects on the total amount of thrombin formed (Endogenous Thrombin Potential, 

ETP). rTIX-5 retained its anticoagulant properties after initiation of the TF coagulation 

pathway in both FVIII (Fig.1d) and FXI (Fig.1e) deficient plasma, which indicates that  
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Fig.1 Both the contact activation and the TF coagulation pathway are inhibited by recombinant rTIX-

5 in a dose-dependent manner. Thrombin generation was initiated in normal human plasma by addition 

of 4 µM phospholipids and (a) 8 times diluted silica-based APTT reagent, (b, f) 1 pM TF, (c) 5 pM TF or (d) in 

FVIII deficient plasma with 5 pM TF or (e) FXI deficient plasma with 1 pM TF. (f) Thrombin generation in 

platelet-rich plasma (PRP) was initiated with 1 pM TF. Data are means ± SEM. (h) Recalcification of citrated 

whole blood in the presence of PBS (Control), 3.25 µM rTIX-5 or 6.5 µM rTIX-5. The time to clot formation 

was measured. Unpaired t-tests were performed to determine significance (* p<0.01). Representatives of at 

least two experiments are shown. 
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TIX-5 does not exert its inhibitory action through interference with FVIII activity or 

generation of thrombin through feedback activation via FXI
23

. rTIX-5 also showed a 

prolonged lag time and decreased thrombin formation in platelet-rich plasma when 

coagulation was initiated with 1 pM TF (Fig.1f). The effect of rTIX-5 was dose-

dependent (Fig.1g), and confirmed in a fibrinogen-dependent plasma clotting assay 

(Supplementary Fig.1). Upon degradation by proteinase K, rTIX-5 lost its 

anticoagulant properties (Supplementary Fig.2). Spontaneous clotting of human 

whole blood was also dose-dependently extended by rTIX-5 (Fig.1h), underscoring its 

efficacy in a more relevant system.  

 

Immunization with recombinant TIX-5 impairs adult tick feeding on rabbits 

To elucidate the biological importance of TIX-5 in tick feeding, rabbits were 

immunized with rTIX-5. Immunization induced an antibody response that recognized 

native TIX-5 in salivary gland extract (SGE) of I. scapularis adults (Fig.2a). Immune 

serum antibodies detected multiple bands in the range from 23 to 30 kDa 

representing differentially glycosylated forms of TIX-5 (Fig.2a and Supplementary 

Fig.3). Serum from OVA immunized rabbits showed no reaction with proteins in SGE. 

Antisera to a tick salivary control protein rP19 recognized native P19, but not native 

TIX-5 (Fig.2a). Adult tick engorgement weights after spontaneously detachment were 

significantly lower after feeding on rTIX-5 immune rabbits compared to OVA and rP19 

immune control rabbits (Fig.2b). In line, rTIX-5 inhibited TF or contact activation 

pathway initiated thrombin generation in rabbit plasma as well (Fig.2c,d). 

 

rTIX-5 inhibits FXa-driven thrombin generation independent of the active site 

and phospholipids 

 Since rTIX-5 inhibited the coagulation system initiated via either the contact 

activation or TF pathway, we assessed whether rTIX-5 inhibited the common pathway 

of coagulation. When thrombin formation was initiated in plasma by 30 pM FXa and 

varying concentrations of phospholipids, rTIX-5 inhibited thrombin generation 

(Fig.3a). To assess whether rTIX-5 inhibited FXa generation through feedback- 
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Fig.2 Impaired adult Ixodes scapularis feeding on rTIX-5 immunized rabbits. (a) Adult salivary gland 

extract probed with antiserum from OVA, rP19 or rTIX-5 immunized rabbits. (b) I. scapularis post 

engorgement weights recovered from the OVA, rP19 and rTIX-5 immunized rabbits. Each group consisted 

of three rabbits. Upon challenge of the immunized rabbits with I. scapularis adult ticks, similar numbers of 

ticks fed to repletion and spontaneously detached on the control and experimental animals. The horizontal 

bars represent the medians of the respective groups. Unpaired t-test was used to determine statistical 

significance. Thrombin generation was initiated in normal rabbit plasma by addition of 4 µM phospholipids 

and 8 times diluted APTT reagent (c) or 5 pM TF (d). 

 

 

activation we initiated coagulation with 30 pM FXa in FX-deficient plasma and 

demonstrated that rTIX-5 retained its anticoagulant properties (Fig.3b). Tick saliva 

contains active site inhibitors of FXa, among which Salp14
24

. However, rTIX-5 did not 

show a direct effect on FXa in a chromogenic assay (Fig.3c), indicating that rTIX-5 is 

not an active site inhibitor of FXa. Since the effect of rTIX-5 was more evident in the 
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presence of lower concentrations of phospholipids (Fig.3a), we assessed whether 

rTIX-5 was able to neutralize phospholipids. In the presence of high concentrations of 

phospholipids (20 µM), rTIX-5 still inhibited TF-initiated thrombin generation (Fig.3d), 

indicating that rTIX-5 does not simply neutralize phospholipids. 

 

Inhibitors of the initiation phase of coagulation reinforce the anticoagulant 

effect of rTIX-5 

 We assessed whether physiological inhibitors of the human coagulation 

system influenced the anticoagulant properties of rTIX-5. Fibrinogen, also referred to 

as antithrombin I, reduces thrombin generation by binding thrombin with high 

affinity
25

. Defibrination of normal human plasma resulted in a clear reduction of the 

lag time when coagulation was triggered with 1 pM or 5 pM of TF (Fig.4a), in line with 

a study performed by de Bosch et al
26

. When coagulation was triggered with 1 pM TF, 

rTIX-5 prolonged the lag time by 1.5 min in the absence and 5.7 min in the presence 

of fibrinogen (Fig.4a). Activation of coagulation by 5 pM TF with rTIX-5 resulted in a 

prolongation of lag time by 2.0 and 3.2 min in the absence and presence of 

fibrinogen, respectively (Fig.4a). Fig.4 

Thus, the inhibitory effect of rTIX-5 is greatly reduced in fibrinogen depleted plasma. 

In line with this observation, the absence of other physiological inhibitors of the 

initiation phase, e.g. antithrombin, TF pathway inhibitor (TFPI) and protein S resulted 

in a reduced anticoagulant effect of rTIX-5 (Supplementary Fig.4). The absence of 

protein C, which is not an inhibitor of the initiation phase, did not influence the effect 

of rTIX-5 (Supplementary Fig.4).  

 

Preactivation of prothrombin and FV bypasses the anticoagulant effect of rTIX-5 

Since the absence of thrombin inhibitors or thrombin generation inhibitors dampened 

the anticoagulant activity of rTIX-5, we further investigated if rTIX-5 was able to inhibit 

coagulation in the presence of preactivated prothrombin. In the presence of 3 nM 

thrombin, rTIX-5 was not able to inhibit further thrombin generation via the feedback 

loop through FXI activation (Fig.4b). Next, we studied the anticoagulant effect of rTIX-

5 in the presence of preactivated FV. Interestingly, rTIX-5 significantly inhibited 

8 
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Fig.3 rTIX-5 has anticoagulant activity in the presence of FXa, but is not an active site inhibitor of 

FXa and is not dependent on phospholipids. Thrombin generation was initiated with 30 pM FXa in (a) 

normal human plasma or (b) FX deficient plasma in the absence (0 µM) or by addition of (a) 0.25 µM, (a) 1 

µM or (a,b) 4 µM phospholipids. (c) FXa mediated cleavage of substrate S2222 was measured in the 

presence (white bars) or absence (black bars) of 6.5 µM rTIX-5. Unpaired t-test was used to determine 

statistical significance. (d) Coagulation was initiated in normal human plasma with 1 pM TF in the absence 

or by addition of 4 µM or 20 µM phospholipids. Graphs show a representative of 2 separate experiments. 
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Fig.4 The effect of rTIX-5 is abrogated in the presence of preactivated FV and thrombin and in the 

absence of fibrinogen. (a) Coagulation was initiated with 1 pM (solid lines) and 5 pM TF (dashed lines) in 

human normal pool plasma (NHP) or in fibrinogen depleted pool plasma (Fib def) by addition of 4 µM 

phospholipids and lag time was measured. (b) Coagulation was initiated with 3 nM thrombin in normal 

human plasma in the presence of 4 µM phospholipids. FIX deficient and FXI deficient plasma were used as a 

negative control and both lie on the x-axis. (c) FV deficient human plasma was complemented with 20 nM 

purified human FV or FVa. Thrombin generation was initiated by addition of 4 µM phospholipids and 1 pM 

TF in the presence (dashed lines) or absence (solid lines) of 6.5 µM rTIX-5. (d) Thrombin was generated in a 

purified system as described in Experimental Procedures and at specific time intervals aliquots were 

withdrawn for analysis of thrombin formation by the rate of conversion of the thrombin specific 

chromogenic substrate S2238. (e) Additionally, the aliquots were subjected to Western blot analysis under 

reduced conditions and the thrombin B-chain (FIIa-BC;30 kDa) was visualized with anti-prothrombin 

antibody. (f) Simultaneously, FV heavy chain (FVa-HC;100 kDa) formation was visualized by Western blot 

analysis. Graphs show a representative of 2 separate experiments. 
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coagulation when 20 nM FV was added to FV deficient plasma, whereas this effect 

was abrogated in the presence of 20 nM FVa (Fig.4c), which suggested that rTIX-5 

postpones the activation of FV leading to reduced activation of prothrombin. Human 

plasma contains numerous factors or proteins that could be involved in the inhibitory 

effect of rTIX-5 on FV activation. We therefore investigated the anticoagulant effect of 

rTIX-5 on thrombin generation in a partially purified system containing the vitamin K 

dependent coagulation factors (Cofact©) supplemented with FV, FVIII, TFPI, 

phospholipids and CaCl2. In this system thrombin generation was inhibited by rTIX-5 

after initiation with 1 pM TF (Fig.4d), as well as when initiated with 8 pM FIXa 

(Supplementary Fig.5a). Thus, by using this system of purified coagulation factors, 

we showed by Western blotting that thrombin generation (Fig.4e) as well as FV 

activation (Fig.4f) was postponed in the presence of rTIX-5. These data prompted us 

to study whether  rTIX-5 inhibits coagulation activation by interference with FV 

activation. 

 

rTIX-5 specifically inhibits FXa-mediated FV activation  

To elucidate the mechanism by which rTIX-5 prolonged FV activation we explored the 

role of rTIX-5 in the direct activation of FV. Since thrombin and the active 

prothrombin activation-intermediate meizothrombin have been hypothesized to be 

the most significant contributors in formation of FVa (reviewed in 
9, 10

 [9,10]), we 

determined whether FV activation by these was inhibited by rTIX-5. We here 

demonstrate that rTIX-5 did neither affect the activation of FV by 1 nM thrombin 

(Fig.5a) nor by 0.2 nM meizothrombin (Fig.5b) in the presence of phospholipids as 

evaluated by both Western blot analysis (upper panels) and FVa clot assay (lower 

panels). Strikingly, rTIX-5 abrogated activation of FV by 10 nM FXa-phospholipid 

(Fig.5c), demonstrated by both Western blotting of active fragments of FV  and FVa 

clot assay. Activation of FV by FXa in the absence of phospholipids was negligible 

(data not shown). Presently it is assumed that small amounts of thrombin are 

generated by FXa when assembled on a membrane surface which subsequently 

activate sufficient FV to induce prothrombinase activity. Importantly, direct activation 

of prothrombin by FXa in the absence of FV was not impaired by rTIX-5 (Fig.5d), 
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Fig.5 rTIX-5 specifically prevents activation of FV by FXa on a phospholipid membrane in a B-

domain dependent mechanism. Time course of FV activation by (a) 1 nM thrombin or (b) 0.2 nM 

meizothrombin or (c) 10 nM FXa in the presence of phospholipids as described in Methods was evaluated 

by Western blotting (upper panels) using an anti-FV heavy chain antibody. Reaction time points in minutes 

are indicated above the lanes. As an alternative approach, FV activation was determined by measuring FVa 

activity in FV deficient plasma (lower panels) at the indicated time points as described in the Methods. (d) 

Thrombin concentration was measured by the rate of conversion of a thrombin specific chromogenic 

substrate at the indicated time points when 1.4 µM prothrombin was activated with 35 nM FXa in the 

presence of 0.7 µM phospholipids. Activation of various FV variants was described by Segers et al
20

. Wild 

type FV was activated by either (e) 1 nM thrombin or (f) 10 nM FXa. (g) The effect of rTIX-5 on the 

activation of the various FV variants by 10 nM FXa. Percentage FVa generation was calculated by dividing 

the rate of FVa generation in the presence of TIX-5 by rate of FVa generation in the absence of TIX-5 x 

100%. See also supplemental figure 6. (h) FV B-domain deletion mutant was activated with 10 nM FXa.  
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which corroborates that rTIX-5 is not a FXa active site inhibitor, nor binds to an 

exosite of FXa involved in prothrombin activation. Collectively, these data 

demonstrate that rTIX-5 is a highly specific inhibitor of FXa-mediated FV activation.  

 

Inhibitory action of rTIX-5 on FV activation is B-domain dependent 

To further pinpoint the anticoagulant effect of TIX-5, we used FV mutants that either 

lack one, several or all Arg residues involved in the proteolytic activation of FV, or miss 

the central B-domain as described by Segers et al.
20

 Also using this method, rTIX-5 

inhibited FXa-catalyzed (Fig.5e) but not thrombin-mediated (Fig.5f) FV activation. FXa 

activation of the FV mutants that lacked one or more activation sites was still inhibited 

by rTIX-5 (Fig.5g), while TIX-5 specifically failed to inhibit FXa activation of mutants 

lacking the central B-domain (Fig.5h, Supplementary Fig.6). TIX-5 did not affect 

activation of the FV mutants by thrombin (data not shown). These results indicate that 

TIX-5 is not simply inhibiting the proteolysis of one specific cleavage site but 

interferes via a B-domain dependent mechanism. 

 

Discussion 

We here report that TIX-5, a major antigen in tick saliva, inhibits blood coagulation by 

specific inhibition of FXa-dependent FV activation. The mechanism by which TIX-5 

specifically inhibits FXa-mediated FV activation involves the central B-domain of FV, 

which contains the initial preferential cleavage site for FXa
11

. Most importantly, 

delineation of the molecular anticoagulant mechanism of TIX-5 provides for the first 

time evidence that FXa is a physiological relevant activator of FV, challenging the 

dogma that thrombin or the active prothrombin activation-intermediate 

meizothrombin are the only physiologic activators of FV in the initiation phase of 

coagulation
9-12, 27

. 

It is of crucial importance that enzymes of the coagulation system and their cofactors 

circulate in an inactive form under physiological conditions and are activated 

promptly, but only when necessary. Traces of activated FV are likely inactivated by 

activated protein C. The latter is a crucial antithrombotic mechanism as shown by the 

association of the FV-Leiden mutation with thrombosis, which renders APC-resistant 
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FVa
28

. In the common pathway of coagulation, FX and FV are activated to FXa and FVa 

respectively. FVa is the non-enzymatic cofactor of the prothrombinase complex, which 

accelerates the conversion of prothrombin to thrombin by FXa approximately 300,000 

times
29, 30

. The high efficiency of FXa to generate thrombin in the presence of only 

minute traces of FVa, together with the relative poor activation of FV by FXa and 

extremely efficient FV activation by (meizo)thrombin, have hampered studies to the 

contribution of FV activation by FXa in relevant thrombin generating systems. 

Activation of FV involves cleavages in the procofactor form that release the central 

gatekeeper B-domain to generate active FVa, a non-covalent complex formed by the 

N-terminal derived heavy chain and the C-terminal derived light chain
11

 

(Supplementary Fig.7). While thrombin directly cleaves FV at Arg709 and 

subsequently at Arg1545 to liberate the respective heavy chain and light chain, the 

sequence of events is different for FXa. FXa preferentially first cleaves the FV B-

domain at Arg1018 and subsequently at position Arg709 and Arg1545
19

. Using 

mutant FV molecules, we were able to show that TIX-5 only inhibited FV activation by 

FXa when the B-domain was present in the procofactor form. A FV mutant that lacks 

the B-domain was activated by FXa in a manner that is not inhibited by TIX-5, showing 

that TIX-5 inhibits FXa-catalyzed FV proteolytic activation in a B-domain dependent 

mechanism.  

It has been proposed that the α-thrombin responsible for early FV activation is 

produced directly by FXa on phospholipids during the initial phase of coagulation
9, 31

. 

TIX-5 did not affect direct activation of prothrombin to thrombin on phospholipids by 

FXa, nor did it affect the enzymatic activity of FXa or thrombin towards small 

chromogenic substrates. Consistent with these observations and characteristic for its 

mode of action TIX-5 did not inhibit thrombin generation in plasma in the presence of 

FVa or started by traces of thrombin and positive feedback by FXI activation, whereas 

both the contact activation and TF pathway of coagulation were inhibited by TIX-5. 

 

Furthermore, by using TIX-5 as a tool we uncovered that the importance of FXa-

dependent FV activation for thrombin generation in plasma is largely dependent on 

the presence of fibrinogen. This underscores the notion that fibrinogen, also referred 
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to as antithrombin I, binds and inhibits thrombin
25, 32

, thereby shifting the role of FXa 

to a crucial FV activator in plasma. In a reconstituted system with purified coagulation 

factors we were able to confirm the inhibitory role of TIX-5 on thrombin generation in 

complete absence of fibrinogen which indicates that the action of TIX-5 is not 

dependent, but more efficient in the presence of fibrinogen. Similar observations were 

made regarding the other physiologic coagulation inhibitors that regulate the 

initiation phase of thrombin generation, among which antithrombin-III
22

, TFPI and 

protein S
33, 34

, indicating that TIX-5 efficiently exploits the halt on thrombin generation 

provided by the host coagulation inhibitors. Thus, we observed that rTIX-5 inhibits 

thrombin generation profoundly when the initiating trigger is low and when thrombin 

formation and function are counterbalanced by coagulation inhibitors of the host.  

 

The coagulation system is triggered immediately after the tick’s mouthparts penetrate 

and damage the host’s tissue. In order to secure their blood meal, ticks have been 

shown to target several parts of the host coagulation system, among which platelets, 

thrombin, FXa and fibrinogen
35

 by alternating phases of sucking blood and secreting 

saliva into the feeding pit with each phase lasting as long as 5-20 minutes
36

. 

Interestingly, non-anticoagulated whole blood was kept in a fluid state for 19.5 

minutes by rTIX-5 compared to 5.5 minutes in the absence of rTIX-5. Considering ticks 

have a wide repertoire of anticoagulant proteins, the anticoagulant effect of these 

additional inhibitors is most likely enhanced in the presence of TIX-5, since TIX-5 

inhibits the generation of FVa, which stabilizes and protects FXa against inhibition
37

. 

Interestingly, by performing a bioinformatics analysis of TIX-5, we identified beside 

several homologues in I. scapularis also a partial amino acid sequence coding for an 

annotated homologue in Ornithodoros coriaceus (Supplementary Fig.8 and 

Supplementary Table 1). Since Ornithodoros is part of a distinct family of ticks, i.e. 

Argasidae
38

, it is likely that TIX-5 is a member of a larger protein family in ticks. Anti-

tick vaccines to prevent pathogen transmission are the topic of extensive investigation 

and TIX-5 or its homologues could be employed, possibly in combination with other 

tick proteins, in efforts to develop vaccines that render ‘tick immunity’ or ‘tick 

resistance’
39

. In line with this, we here show that adult I. scapularis weights were 
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dramatically reduced after feeding on rTIX-5 immunized rabbits, which is a major 

parameter indicative of tick immunity
40

.  

 

In conclusion, our findings show evidence for facilitation of rapid thrombin generation 

by direct FXa-mediated FV activation under physiological blood and plasma clotting  

 

 

Fig.6 Molecular anticoagulant mechanism of TIX-5 and an adapted model for the subsequent phases 

of thrombin generation depicting the role of FXa in FV activation. Ticks introduce tick salivary proteins 

at the feeding pit in order to suppress host inflammation and coagulation responses including the 

anticoagulant protein TIX-5. The specific anticoagulant action of TIX-5 through interference with FXa-

catalyzed FV activation shows that this pathway is of paramount importance in the initiation phase of 

coagulation activation (left panel). In this model, the FXa dependent activation of FV becomes of crucial 

importance because traces of thrombin formed in the ‘initiation phase’ are captured by physiological 

thrombin inhibitors such as fibrinogen and antithrombin (AT). Once FXa activates sufficient FV to form the 

prothrombinase complex, prothrombin conversion is amplified resulting in rapid thrombin-catalyzed FV 

activation in the ‘transition phase’ and the formation of a blood clot. Next, thrombin generation accelerates 

once more and all prothrombin is converted during the propagation phase.  
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conditions. This was accomplished by using a novel anticoagulant tick protein, TIX-5, 

that inhibits the coagulation system in a unique way. Thus, we propose a scheme for 

blood coagulation as shown in Fig.6 in which FXa-dependent FV activation is pivotal 

during the initiation phase while traces of initial thrombin are captured by 

physiological thrombin inhibitors. By formation of the initial prothrombinase 

complexes, thrombin generation enters the ‘transition phase’ with complete FV 

activation leading to the explosive propagation phase of thrombin generation. This 

study, using TIX-5 as a tool to inhibit FXa-mediated activation of FV, has broad 

implications for the comprehension of the initiation phase of coagulation and 

indicates that inhibition of FV activation by FXa may provide an alternative therapeutic 

strategy for thrombotic diseases. 
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Supplementary Fig.1 rTIX-5 dose-dependently inhibits coagulation in a fibrinogen-clotting assay. 

Fibrinogen clotting assay was initiated with (a) 0.25 pM, (b) 1 pM or (c) 5 pM TF in normal human plasma. 

Graphs show a representative of 2 separate experiments.  

 

 

 

 

Supplementary Fig.2 Proteinase K treatment abolished the anticoagulant effect of rTIX-5. Purified 

rTIX-5 or BSA (Control) was digested with Proteinase K (Sigma) treatment for 30 minutes at 37ºC followed 

by incubation at 70°C for 15 minutes to inactivate Proteinase K. Thrombin generation was initiated in 

normal human plasma by addition of 4 µM phospholipids and 1 pM TF. 
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Supplementary Fig.3 N-linked glycosylation of Ixodes scapularis protein TIX-5. (a) Predictive N-

glycosylation sites using the web based NetNGlyc prediction software 

(http://www.cbs.dtu.dk/services/NetNGlyc). (b) Coomassie staining of rTIX-5 on SDS-PAGE before and after 

deglycosylation with PNGase F. 

 

 

 

 

Supplementary Fig.4 Physiological inhibitors of the initiation phase of coagulation support the 

anticoagulant function of rTIX-5. Thrombin generation was initiated with 1 pM TF and 4 µM 

phospholipids in normal human plasma (NHP), protein C deficient (Prot. C def), antithrombin deficient (AT 

def), TFPI deficient (TFPI def) or protein S deficient (Prot. S def) human plasma in the presence (white bars) 

or absence (black bars) of 6.5 µM rTIX-5. 
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Supplementary Fig.5 Thrombin generation measured in a purified system. Thrombin was generated in 

a purified system as described in Methods. At specific time intervals aliquots were withdrawn for analysis of 

thrombin formation by the rate of conversion of the thrombin specific chromogenic substrate S2238. 

Thrombin generation was initiated with 8 pM FIXa in the presence of 6.5 µM rTIX-5 or 6.5 µM rP19 as a 

control.  

 

 
 

Supplementary Fig.7 Schematic representation of FV activation by thrombin and FXa.   

Thrombin-mediated activation of FV proceeds via sequential cleavage at Arg
709

, Arg
1018

 and Arg
1545

, while 

FXa-catalyzed FV activation proceeds via initial proteolysis at Arg
1018

, followed by limited proteolysis at 

Arg
709

, Arg
1545

 and Arg
1761

/Arg
1765

. Scissors symbolize cleavage sites at Arg
709

, Arg
1018

 and Arg
1545

 and 

Arg
1761

/Arg
1765

. 
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Supplementary Fig.6 TIX-5 inhibits FV activation by FXa in a B-domain dependent mechanism. Wild 

type FV was activated by either (a) 1 nM thrombin or (b) 10 nM FXa. (c) Mutant QIR, (d) RIQ, (e) QRQ, (f) 

QIQQQ and (g) B-domain deletion mutant were activated by 10 nM FXa. FVa generation per minute in the 

absence (green line) and presence (red line) of 6.5 µM rTIX-5 were derived from the initial slopes of the 

curves. 
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Supplementary Fig.8 TIX-5 shows homology with several I. scapularis proteins and with a protein in 

Ornithodoros coriaceus Multiple sequence alignment of I. scapularis TIX-5 aligned with three annotated 

homologues in I. scapularis (GenBank: XP_002405271.1, GenBank: AAY66581.1 and GenBank: 

XP_002435217.1) and one annotated homologue in Ornithodoros coriaceus (GenBank: ACB70374.1). Amino 

acids in white on a black background are identical; residues in white on a grey background are similar. 

Region inside the grey box shows the predicted signal sequence.  

 

Supplementary Table 1. Amino-acid and nucleotide identity and similarity of TIX-5 and its 

homologues in Ixodes scapularis and Ornithodoros coriaceus. 
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Abstract 

 

Background: Recombinant activated factor VIIa (rFVIIa) is a hemostatic agent that is 

used for the treatment of patients with hemophilia A and inhibitors. However, clinical 

response to rFVIIa is variable and unpredictable with currently available laboratory 

assays.  

Objectives: To investigate the anti-fibrinolytic effects of rFVIIa in relation to thrombin 

generation (TG) and other hemostatic parameters in patients with hemophilia and 

inhibitors. 

Patients/Methods: Nineteen patients with hemophilia A and inhibitors were included. 

A clot-lysis assay was performed in plasma with the addition of rFVIIa. TF-dependent 

and TF-independent thrombin generation and parameters involved in coagulation, 

anticoagulation and fibrinolysis were assessed. 

Results: The clot-lysis test distinguished two groups of patients: a group (n=8) with 

normal and a group (n=11) with impaired anti-fibrinolytic response to rFVIIa. The 

addition of rFVIIa showed a dose-dependent increase in TF-dependent- and TF-

independent TG in all individuals. There was a significant difference in TF-independent 

TG parameters between the normal and impaired response groups. In addition, there 

was a difference between the normal and impaired response group in prothrombin 

time, which could be explained by significantly higher levels of coagulation factors V, 

X, VII and IX in the normal response group. In addition, soluble thrombomodulin was 

decreased in the impaired response group. 

Conclusions: We observed different in vitro responses on rFVIIa addition in plasma of 

patients with hemophilia A and inhibitors. The different responses could be partially 

attributed to a difference in levels of procoagulant proteins and soluble 

thrombomodulin.  
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Introduction 

 

In hemophilic patients who develop high-responding inhibitors (historical inhibitor 

peak > 5 BU/ml), bleeds are treated with bypassing agents such as recombinant FVIIa 

(rFVIIa). rFVIIa (NovoSeven, Novo Nordisk) has been approved by the European 

Medicine Agency (EMA) for treatment of bleeding episodes in patients with 

hemophilia and inhibitors in 1996. The initial licensed dosing regimen was 90 µg/kg 

body weight every 2-3 hours until bleeding resolution. 

 

Since then, a substantial amount of clinical evidence has been generated suggesting 

that rFVIIa could be safely used at higher doses with a similar efficacy but a higher 

convenience especially in those patients with problematic venous accesses as children 

[1-5]. In particular the observation of a faster clearance of the drug in children 

suggested that in this subgroup of patients the drug should be used at higher doses 

to be as effective as in adults [6]. With this new information as background, in 2007, 

the single high dose of 270 µg/kg was approved by regulatory agencies.  

 

It is not completely understood why higher doses of rFVIIa may be more effective; one 

possible explanation is that higher doses of rFVIIa increase thrombin generation, 

which in turn, enhances fibrin formation, structure and stability [7-11].  Recent studies 

indicated that inhibitor patients who were treated with higher doses of rFVIIa 

experienced fewer re-bleedings [12] and required less rescue medication in a 

randomized cross-over double-blind clinical study [5].  

 

Several mechanisms have been described via which rFVIIa would lead to inhibition of 

fibrinolysis [11], among them the (indirect) activation of thrombin-activatable 

fibrinolysis inhibitor (TAFI). Lisman et al demonstrated that rFVIIa concentrations 

required for inhibition of fibrinolysis in plasma of hemophilia patients with inhibitors 

varied considerably [13]. In the present study, we investigated the determinants of the 

rFVIIa-mediated clot lysis inhibition in the plasma of 19 patients with hemophilia and 

inhibitors.  
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Materials and methods 

 

Patients 

Patients (age > 8 years) affected with severe hemophilia A and inhibitors from 3 

hemophilia treatment centers (Angelo Bianchi Bonomi Hemophilia and Thrombosis 

Center, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, Milan, Italy; Van 

Creveldkliniek, University Medical Center, Utrecht, the Netherlands and University 

Hospital, Maastricht, the Netherlands) were included in this study. All patients had 

detectable inhibitor titers at time of blood sampling. All patients provided written 

informed consent prior to blood drawing and the study was approved by the Medical 

Ethical Committees of the participating hemophilia centres. 

 

Materials 

Recombinant human tissue factor (TF; Innovin) was obtained from Siemens Healthcare 

Diagnostics (Marburg, Germany). Carboxypeptidase inhibitor (CPI) from potato was 

purchased from Sigma (St. Louis, MO, USA). Recombinant tissue plasminogen 

activator (Actilyse) was obtained from Boehringer Ingelheim (Ingelheim, Germany). 

1,2-dioleoyl-sn-glycero-3-phosphatidylserine (DOPS), 1,2-dioleoyl-sn-glycero-3-

phosphatidylethanolamine (DOPE) and 1,2-dioleoyl-sn-glycero-3-phosphatidylcholine 

(DOPC) were purchased from Avanti Polar Lipids (Albaster, AL, USA). Small unilamellar 

phospholipid vesicles composed of a mixture of DOPC, DOPS and DOPE (60/20/20) 

were prepared as described before [14]. The PPP (provide the definition in extent, this 

is the first time) low and MP (provide the definition in extent, this is the first time) 

reagents, fluorogenic substrate (Z-Gly-Gly-Arg- AMC) with calcium in Hepes buffer 

(FluCa-Kit®) and the calibrator (thrombin calibrator®) were commercial preparations 

purchased from Thrombinoscope BV (Maastricht, the Netherlands). rFVIIa was a gift 

from Novo Nordisk (Bagsvaerd, Denmark). 

A mouse monoclonal antibody Phx-01 against the EGF 5 domain of thrombomodulin 

(TM), capable of blocking TM cofactor activity, was purchased from Covance 

(Princeton, New Jersey, USA). 
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Clot lysis assay 

Lysis of a TF-induced plasma clot by exogenous tissue-type plasminogen activator 

(tPA) was studied as described previously with some minor modifications [15]. Briefly, 

citrated plasma (75 µl) was mixed with an equal volume of recombinant human tissue 

factor (4 x 10
4
 dilution of Innovin), phospholipid vesicles (final concentration 10 µM), 

CaCl2 (final concentration 17 mM) and tPA (final concentration 0.30 µg/ml; Actilyse) in 

buffer (25 mM Hepes, 150 mM NaCl, 0.1% bovine serum albumin, pH 7.4). Clot 

formation and subsequent clot lysis was continuously monitored by turbidity 

measurements at 405 nm. Clot lysis time (CLT) was defined as the time from the 

midpoint of the clear to maximum turbid transition, which characterizes clot 

formation, to the midpoint of the maximum turbid to clear transition, which 

represents clot lysis. A high CLT reflects a reduced fibrinolytic capacity. To assess the 

contribution of TAFI activation to CLT, experiments were performed in which CPI (final 

concentration 56 µg/ml), a specific inhibitor of activated TAFI, was added to the 

plasma. The TAFIa-dependent prolongation was defined as the difference in clot-lysis 

time in the absence and presence of CPI. The effect of rFVIIa on inhibition of 

fibrinolysis in hemophilic plasma was determined by addition of different 

concentrations of rFVIIa (Novo Nordisk AS). Several parameters were assessed: 

clotting time, clot-lysis time and increase in clot-lysis time and were compared to 0 

nM rFVIIa. 

 

Thrombin generation assay 

Thrombin generation (TG) in platelet-poor plasma (PPP) was measured with the 

Calibrated Automated Thrombogram (Thrombinoscope BV, Maastricht, the 

Netherlands) as previously described [16].  TG was assessed by two different methods: 

a TF-independent method in which only phospholipids were used as trigger and a TF-

dependent method in which TF plus phospholipids were used as trigger. Briefly, 80 µl 

plasma was added to 20 µl of trigger reagent and incubated for 10 min at 37°C. We 

used MP reagent (4 µM phospholipids) for TF-independent TG and PPP LOW (1 pM TF 

and 4 µM phospholipids) for TF-dependent TG as trigger. TF-dependent TG was also 

assessed at very low TF concentration (0.25 pM TF and 4 µM phospholipids) using a 
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1:4 mixture of the PPP low and MP reagent. TG was initiated by adding 20 μl 

Hepes/BSA buffer containing 100 mM CaCl2 and 2.5 mM fluorogenic substrate Z-

GGR-AMC. Fluorescence was read in a Fluoroskan Ascent reader (Thermo Labsystems 

OY, Helsinki, Finland) equipped with a 390/460 filter set and thrombin generation 

curves were calculated with Thrombinoscope software, version 4.0.0.200 

(Thrombinoscope BV, Maastricht, Netherlands). Four parameters were derived from 

the thrombin generation curves: lag time, endogenous thrombin potential (ETP), peak 

height and velocity index (slope). 

 

Hemostatic Assays 

Prothrombin time (PT), activated partial thromboplastin time (APTT), and the level of 

factors II, V, VII, VIII, X (what about the missing ones? FIX, XI and XII), antithrombin, 

alpha2-antiplasmin and fibrinogen were determined with standard assays on an 

automated coagulation analyzer (Behring Coagulation System, Siemens Healthcare 

Diagnostics, Marburg, Germany) with reagents and protocols from the  manufacturer 

(Siemens Healthcare Diagnostics). Factor XI antigen levels (it is peculiar to have 

antigen and not clotting assay for FXI) were determined by enzyme-linked 

immunosorbent assay (ELISA, Affinity Biologicals, Ancaster, Canada). Factor VIII- and 

factor IX antigen (as for FXI) levels were measured using ELISA kits from Diagnostica 

Stago (Asnieres Sur Seine, France). Factor XIII activity was measured using a 

spectrofotometric assay (Berichrom FXIII, Siemens Healthcare Diagnostics) according 

to the manufacturer’s instructions. Protein C levels were determined using a 

chromogenic assay (Chromogenix, Mölndal, Sweden). Total protein S antigen levels 

were determined by a home-made ELISA method using rabbit-polyclonal antibodies 

(DAKO, Glostrup Denmark) against human protein S. Free protein S was measured by 

precipitating the C4b-binding protein-bound fraction with polyethylene glycol 8000 

and measuring the concentration of free protein S in the supernatant. 

 

Assays of total and free tissue factor pathway inhibitor (TFPI) were performed with 

specific monoclonal antibody-based ELISA’s (Asserachrom, Diagnostica Stago). TAFI 

antigen levels were assayed by ELISA as described by Mosnier et al [17]. TAFIa activity 
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was measured using the arginine kinase assay as previously described [18]. Plasmin-

α2-antiplasmin complex (PAP) levels were measured with a commercially available 

ELISA kit (DRG, Marburg, Germany). Soluble tissue factor (s-TF) antigen was measured 

by ELISA (Imubind, American Diagnostica, Greenwich, CT, USA). Soluble 

thrombomodulin (sTM) antigen levels were analyzed by ELISA (Asserachrom, 

Diagnostica Stago). 

 

Statistical analysis 

Statistical analyses were carried out using Graph Pad Prism software version 5.0.1 

(Graph Pad Software Inc, San Diego, California, USA). Statistical differences between 

patients with normal- and impaired anti-fibrinolytic group were determined by the 

independent student’s t-test. P values < 0.05 was considered statistically significant. 

 

Results 

Nineteen patients with severe hemophilia A and high responding inhibitors were 

included in the study. The median age of the study participants was 38 years (range 8-

75) and median inhibitor titre at the time of blood sampling was 26 BU (range 0.8-

750).  

 

Clot lysis test  

A clot lysis test was used to study the effects of increasing concentrations of rFVIIa on 

the inhibition of fibrinolysis in plasma from hemophilia patients with inhibitors. This 

test is dependent on the activation of TAFI [17]. In the absence of rFVIIa, only 2 

patients showed a marked TAFIa-dependent prolongation of clot-lysis (Figure 1). In 

contrast, the anti-fibrinolytic response of rFVIIa was completely dependent on the 

thrombin-mediated TAFI activation, since the addition of an inhibitor to TAFIa (potato 

carboxypeptidase inhibitor) blocked the increase in clot-lysis time completely (data 

not shown).  

The clot-lysis profiles showed marked differences between patients (Figures 2 and 3). 

Three groups of patients could be identified: 8 patients were ‘good responders’ 

(Figure 2A), 8 were ‘delayed responders’ (Figure 2B), and 3 were ‘weak responders’ 
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Figure 1. TAFIa-mediated prolongation in clot lysis time in hemophilia patients with inhibitors. Clot-

lysis was performed in the plasmas of 19 hemophilia patients with inhibitors in the absence and 

presence of potato carboxypeptidase inhibitor, a potent inhibitor of activated TAFI. The difference in 

clot-lysis time (TAFIa-mediated prolongation of clot-lysis) is depicted for each patient. 

(Figure 2C). The different response of patients can be easily visualized by the 

representation in Figure 3A, in which the increase in clot lysis time (compared to the 0 

nM rFVIIa control) was depicted according to the added rFVIIa concentration. Using a 

cut-off at 100 nM rFVIIa, the patients with weak or delayed responses were pooled 

and are, from now on, referred to as “impaired (anti-fibrinolytic response group)”. Age 

was similar between the normal (38 years, range 11-75) and impaired (39 years, range 

8-55) anti-fibrinolytic response groups. Inhibitor titres were 32 BU (range 0.8-75) and 

22 BU (range 4-750) for the normal and impaired anti-fibrinolytic response groups, 

respectively.  

 

 

Strikingly, addition of rFVIIa to the impaired response group resulted at low 

concentrations in an increased fibrinolytic response. The reason for this paradoxical 

effect of rFVIIa is not yet known. Despite the relative large differences in clot lysis 

times, only modest effects were seen on clot times. In the clot lysis assay, the clot time 

is not a very sensitive parameter, and, therefore, we have further assessed the effect of 

rFVIIa on thrombin generation with a more suitable method. 
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Thrombin generation 

 

TF-independent thrombin generation 

In the TF-independent TG, the lag time was shortened significantly in all patients upon 

addition of rFVIIa. Furthermore, the addition of rFVIIa increased the peak height, ETP 

and slope in a dose-dependent manner in the plasma of all patients (Figure 4). At 

every rFVIIa concentration tested, there were significant differences in TG parameters 

between the impaired anti-fibrinolytic and normal groups. In the absence of rFVIIa no 

TG was observed. TF-independent TG parameters correlated with the response in the 

clot-lysis test, but only at low rFVIIa concentrations. Above 50 nM rFVIIa, the 

correlation between thrombin generation and increase in clot-lysis time was no longer 

observed (data not shown). This indicated that the impaired response on clot-lysis was 

not only due to a decreased thrombin generation.  

 

Figure 2. Representative clot-lysis pro-

files of hemophilia patients with 

inhibitors with a good (A; n=8), delayed 

(B; n=8) or weak (C; n=3) response upon 

the addition of rFVIIa at different doses 

(black line, 0 nM; red line, 25 nM; blue 

line, 100 nM; green line, 500 nM). 
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Figure 3. Increase in clot-lysis time upon addition of factor rVIIa in plasma from representative 

hemophilics with inhibitors with a normal- (filled circle), delayed- (filled squares) or weak anti-

fibrinolytic (filled triangle) response are depicted in (panel A). The individuals with a delayed (filled 

squares) or weak (red squares) response were combined in an impaired anti-fibrinolytic group, and the 

response to 25, 100 and 500 nM rFVIIa in comparison with the normal group are shown in panel B. 

 

 

 

 

TF-dependent thrombin generation 

TF-dependent TG was assessed at two different TF concentrations: 0.25 pM (Figure 5), 

which was equivalent to the used TF concentration in the clot lysis assay, and 1 pM 

(Figure 6).  

The addition of rFVIIa shortened the lag time significantly in all patients independent 

of the TF concentration. At low TF concentration (0.25 pM), TG parameters, ETP and 

peak height were significantly lower in the impaired anti-fibrinolytic group compared 

to the normal group. However, these differences were not observed when TG was 

triggered with a higher TF concentration (1 pM).  
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Figure 4. TF-independent thrombin generation of patients with normal (filled circles) or impaired (filled 

squares) anti-fibrinolytic response to rFVIIa in the clot-lysis test. Data are given as mean (SEM). * p<0.05 

for the comparison between the normal and impaired response groups. 

Figure 5. TF-dependent thrombin generation (triggered with 0.25 pM TF) of patients with normal (filled 

circles) or impaired (filled squares) anti-fibrinolytic response to FVIIa in the clot-lysis test. Data are given 

as mean (SEM). * p<0.05 for the comparison between the normal and impaired response groups. 
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Figure 7. PT, sTM and coagulation factor levels in hemophilia patients with inhibitors stratified 

according to their rFVIIa-mediated inhibition of fibrinolysis (normal or impaired). The individuals 

with a delayed (filled squares) or weak (red squares) response were combined in the impaired anti-

fibrinolytic group. 

 

 

 

 

Analysis of procoagulant, anticoagulant and fibrinolytic markers  

To assess if other determinants than thrombin generation contributed to the 

variations observed in the clot lysis assay, we tested a number of components of 

coagulation and fibrinolysis in the plasma samples of all inhibitor patients. The results 

are summarized in Table 1. Prothrombin time (PT) was increased (12.7 versus 11.6 sec, 

Figure 6. TF-dependent thrombin generation (triggered with 1 pM TF) of patients with normal (filled 

circles) or impaired (filled squares) anti-fibrinolytic response to FVIIa in the clot-lysis test. Data are 

given as mean (SEM). * p<0.05 for the comparison between the normal and impaired response groups. 
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p=0.018) in the impaired anti-fibrinolytic group compared to the normal group 

(Figure 7). This could be explained by the lower concentrations of coagulation factors 

V (112±20 versus 160±38%, p=0.003), factor VII (91±14 versus 121±38%, p=0.028), 

factor X (85±16 versus 120±41%, p=0.023) and factor IX (69±12 versus 84±15%, 

p=0.021) in the impaired anti-fibrinolytic group. Soluble thrombomodulin (sTM) was 

significantly decreased (19.3 versus 26.3 ng/ml, p=0.002) in the impaired anti-

fibrinolytic group compared to the normal group.  

 

 
Normal anti-

fibrinolytic activity 

Impaired anti- 

fibrinolytic activity 
P value 

PT (sec) 11.6 ± 0.7 12.7 ± 1.0 0.018* 

APTT (sec) 100.8 ± 6.8 100.7 ± 6.0 0.908 

FII (%) 121 ± 65 95  ± 28 0.719 

FV (%) 160 ± 38 112  ± 20 0.003** 

FVII (%) 121 ± 38 91  ± 14 0.028* 

FX (%) 120 ± 41 85  ± 16 0.023* 

FIX-Ag (%) 84 ± 15 69  ± 12 0.021* 

FXI-Ag (%) 94 ± 33 97  ± 17 0.828 

Fibrinogen (g/l) 3.0 ± 0.7 2.9 ± 0.7 0.686 

AT (%) 100 ± 16 100 ± 13 0.964 

PCact (%) 116 ± 35 98 ± 26 0.198 

PSTot (%) 101 ± 18 86 ± 19 0.099 

PSFree (%) 98 ± 32 81 ± 18 0.141 

FXIIIact (%) 91 ± 24 91 ± 16 0.967 

a2AP (%) 114 ± 10 108 ± 12 0.214 

PAP (µg/ml)) 660 ± 201 572 ± 242 0.404 

TFPIag Tot (ng/ml) 81 ± 22 67 ± 19 0.151 

TFPIag Free (ng/ml) 15.3 ± 5.0 13.2 ± 3.5 0.287 

TAFIact (%) 104 ± 19 91 ± 19 0.126 

TAFIag (%) 117 ± 17 115 ± 21 0.804 

sTF (pg/ml) 113 ± 20 101 ± 28 0.537 

sTM (ng/ml) 26.3 ± 4.8 19.3 ± 4.0 0.002** 

 

Table 1.  Coagulation and fibrinolytic parameters in hemophilia patients with inhibitors stratified to normal 

and impaired anti-fibrinolytic response in the clot-lysis test. PT, prothrombin time; APTT, activated partial 

prothrombin time; FII, factor II; FV, factor V; FVII, factor VII; FIX-Ag, factor IX-antigen, FX, factor X; FXI, factor 

XI; AT, antithrombin; PCact, protein C activity; PSTot, total protein S; PSfree, free protein S; FXIIIact, factor XIII 

activity; a2AP, alpha2-antiplasmin; PAP, plasmin-alpha2-antiplasmin complex; TFPIagTot, total TFPI antigen; 

TFPIagFree, free TFPI antigen, TAFIact, thrombin-activatable fibrinolysis inhibitor activity; TAFIag, thrombin-

activatable fibrinolysis inhibitor antigen; sTM, soluble thrombomodulin. Data are given as mean (SD). 

Statistics was performed with independent student’s t-test, * p<0.05.  
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Contribution of sTM to the anti-fibrinolytic effect of rFVIIa 

To investigate the role of sTM in in-vitro activation of TAFI, the clot-lysis assay was 

performed in the presence of an anti-TM antibody (Phx-01) which blocks the 

interaction of TM with thrombin. Addition of anti-TM to pooled plasma diminished 

the cofactor activity of exogenous recombinant TM thereby inhibiting activation of 

TAFI by thrombin (data not shown).  

We evaluated the effect of the anti-TM antibody in plasma of 4 patients with different 

anti-fibrinolytic responses (2 patients per group) upon addition of 25 and 100 nM 

rFVIIa (Figure 8). Inhibition of sTM in plasma blocked the TAFIa-mediated 

prolongation of clot-lysis in the patient groups with delayed- and normal- responses, 

but not in the patients with weak anti-fibrinolytic response. These results suggest that 

the endogenous TM-mediated activation of TAFI in patients with weak anti-fibrinolytic 

response is impaired even at high concentrations of rFVIIa. 

 

 

 

  

Figure 8. Clot-lysis times in the absence (left panels) and presence of CPI in four hemophilia patients 

with inhibitors with a normal- (A; n=2) or impaired anti-fibrinolytic response (B; n=2). The effect upon 

addition of 25nM or 100 nM rFVIIa, an inhibiting anti-TM antibody or the combination thereof is 

depicted. 
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Discussion 

In this in vitro study, we evaluated the effect of rFVIIa on anti-fibrinolytic response in 

plasma of hemophilia patients with inhibitors in an attempt to better understand the 

individual variable responses of inhibitor patients to rFVIIa observed in the clinical 

setting. As observed earlier [13], the response upon addition of rFVIIa varied 

considerably between individual patients and three groups of responses could be 

identified: a ‘normal’, ‘delayed’ and ‘weak’ response.  The normal group reacted dose-

dependently on the addition of rFVIIa. The delayed group needed higher 

concentrations of rFVIIa to obtain a normal anti-fibrinolytic response. The anti-

fibrinolytic response of the weak group was hardly affected even at very high levels of 

rFVIIa. Because the weak group constituted only three patients, we decided to 

combine the delayed and weak response groups in a group with impaired anti-

fibrinolytic response.  

 

There are several possible explanations for the differences in anti-fibrinolytic 

response. First, the inhibitor titer could determine the assignment of the patients to a 

certain response group. This was not the case in our study as there was no correlation 

of inhibitor titers with any of the determined parameters (data not shown).  

 

Second, a decreased thrombin generation could result in an increase in clot lysis time 

and a reduced response after the addition of rFVIIa. The thrombin generating capacity 

of hemophilia patients varies widely [8;19;20]. In our study, there was a significant 

difference in thrombin generation at 0 and 0.25 pM tissue factor between the 

impaired and normal response groups. Even at the highest rFVIIa concentration used, 

there was still a difference in thrombin generation between the groups. Thrombin 

generation capacity by itself is therefore not the sole determinant for the anti-

fibrinolytic response in the individual patient, since we did not observe statistically 

significant differences in increase in clot lysis time at the highest rFVIIa concentrations 

between the normal and impaired groups.  

Although there was a difference in thrombin generation at low tissue factor 

concentrations between the normal and impaired response groups, this difference 
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disappeared at 1 pM. This finding may be clinically relevant, since it is especially at low 

tissue factor concentrations that factor VIII becomes important for thrombin 

generation [21;22] and tissues with low tissue factor are the predominant sites of 

bleeding in hemophilia patients [23].  

 

A difference in thrombin generation could also be seen in the prothrombin time, 

where the impaired response group had significantly prolonged clotting times 

compared to the normal group. The differences in prothrombin time may be 

explained by higher levels of the coagulation factors V, VII, IX and X in the normal 

compared to the impaired anti-fibrinolytic response group.   

 

A third explanation for a reduced anti-fibrinolytic response could be a reduced 

activation of the thrombin-activatable fibrinolysis inhibitor (TAFI). TAFI becomes 

activated by thrombin during coagulation to an enzyme (TAFIa) that has basic 

carboxypeptidase activity, which inhibits the lysis of a fibrin clot by the removal of C-

terminal lysine residues that are the binding site for both tissue plasminogen activator 

and plasminogen. The clot lysis test that was used in our study is very sensitive to the 

concentration, activity and stability of TAFI(a). The anti-fibrinolytic potential of TAFI is 

dependent on the time that TAFIa is above a certain threshold [24;25]. The threshold 

mechanism may provide an elegant explanation for the anti-fibrinolytic response 

variability between patients because it may be possible that TAFIa levels of the 

impaired anti-fibrinolytic response patients did not even reach the required TAFIa 

threshold levels to initiate the anti-fibrinolytic activity of TAFIa. In case of delayed 

responders, TAFIa levels may have surpassed the TAFIa threshold at higher rFVIIa 

levels due to the increased thrombin generation. Weak responders may never reach 

the TAFIa threshold, even at the highest rFVIIa concentrations tested, because of their 

limited intrinsic thrombin generation capacity. This explanation of our results is also in 

line with previous clinical observations that showed good efficacy of rFVIIa in oral 

cavity bleedings if rFVIIa was administered by bolus injections but not if rFVIIa was 

administered by continuous infusion [26]. Fibrinolytic activity is particularly high in the 

oral cavity [27;28] and high levels of thrombin generation to reach (and stay above) 



Clot lysis phenotype and respons to rFVIIa 

173 

 

 9 

TAFIa thresholds may have been needed to protect the clots against premature lysis 

and cause re-bleedings. In fact, previous work already indicated an inverse correlation 

between the individual TAFIa activation rate in vitro and and the individual bleeding 

tendency of hemophilia patients [29]. 

 

The time above TAFIa threshold is determined by a number of parameters: the 

concentration of TAFI, the stability of the enzyme (TAFIa), and the concentration of 

the fibrinolytic activator (in our assay tissue-plasminogen activator). There were no 

statistically significant differences in TAFI antigen or activity levels between the 

groups, and as expected, there was a high correlation between TAFI antigen and 

activity, that did not vary over the groups. The stability of TAFIa is an intrinsic property 

of the protein and is not affected by environmental factors [30]. Only genetic variation 

may affect stability [30]. Unfortunately, no DNA was available from the patients, and 

therefore, we could not assess the polymorphisms in TAFI that affect stability of the 

enzyme. The tissue plasminogen activator concentration was constant in our assay, 

and although it may have been affected by variations in levels of plasminogen 

activator inhibitor-1, the concentration of tPA was in a large excess.  

 

A very important contributor to TAFI activation could be the concentration of soluble 

thrombomodulin (sTM). In vitro studies have shown that thrombomodulin enhances 

the thrombin-mediated TAFI activation in plasma of healthy individuals [31] and 

hemophilia patients [32;33]. Small variations in the circulating levels of sTM may 

seriously affect the activation of TAFI. In fact, we could demonstrate statistically 

significant lower levels of sTM levels in patients with an impaired response and that 

this affected the response in the clot-lysis time. It has been shown that circulating sTM 

is active as cofactor for thrombin-mediated TAFI activation [34]. Also, increased levels 

of sTM were associated with increased bleeding complications during warfarin 

treatment [35]. Thrombomodulin has dual effects on coagulation in that it has pro-

fibrinolytic effects via thrombin-mediated activation of protein C and anti-fibrinolytic 

effects via thrombin-mediated activation of TAFI. It was earlier shown that this 

thrombomodulin-paradox is dependent on the concentration of thrombomodulin 
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whereby at low concentrations of thrombomodulin especially the thrombin-mediated 

activation of TAFI is enhanced, and at relatively high concentrations the thrombin-

mediated activation of protein C becomes stimulated [36]. In the setting of patient 

plasma, the levels of sTM are low and variation in the level will therefore mainly affect 

thrombin-mediated TAFI activation and anti-fibrinolytic response. In normal 

individuals, this may not greatly influence the anti-fibrinolytic response, but in the 

case of a compromised coagulation system, such as in hemophilia patients (this study) 

or in patients treated with warfarin [35], even slight changes in thrombomodulin may 

result in a variable anti-fibrinolytic response. 

 

It is tempting to speculate that our in vitro assay determining the anti-fibrinolytic 

response upon addition of rFVIIa in combination with sTM concentration, may predict 

the clinical response. Unfortunately, we do not have the clinical data to establish a 

causal relationship. Nevertheless, it is our opinion that it is of great importance to 

confirm such a relationship, since it has been shown that re-bleedings are the main 

clinical problem in hemophilia. 

 

One of the limitations of our study is that we performed multiple comparisons. We 

did not perform statistical adjustment such as Bonferroni correction, since we consider 

our data as hypothesis-generating. Further studies are necessary to corroborate our 

findings. 

 

In conclusion, we identified different anti-fibrinolytic response upon addition of rFVIIa 

in the plasmas of patients with hemophilia and inhibitors. These differences may be 

explained by a reduced thrombin generating capacity, especially at low tissue factor 

levels. Increasing the dose of rFVIIa normalized the anti-fibrinolytic response in most, 

but not all impaired response patients. Furthermore, the activation of TAFI was 

compromised in the impaired response group both because of the diminished 

thrombin generation and lower levels of soluble thrombomodulin.  
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Summary 

 

Haemostasis can be considered as control of bleeding within the finely tuned balance 

of procoagulant, anticoagulant, fibrinolytic, and antifibrinolytic activities. 

Understanding of the physiology of bleeding and clotting in coagulation disorders is 

critical in achieving a balance between hemorrhage and pathologic thrombosis. 

Although there are many publications available in coagulation and fibrinolysis, and 

there are numerous assays available to monitor coagulation abnormalities in patients, 

there is still an urgent need for faster, more accurate and sensitive assays to better 

understand, diagnose and intervene in patients with aberrant coagulation. In 

particular, incisive analysis of the function of coagulation in vivo under various 

circumstances has often so far not been elucidated. The goal of this thesis was to 

develop novel assays or optimize/modify the already existing tests for the screening of 

coagulation parameters in clinic. 

 

Chapter 1 contains a comprehensive background of coagulation and fibrinolysis 

systems in both normal and pathological states, and the available lab methods and 

assays used in clinic to screen patients with abnormalities in blood coagulation.  

 

The Scientific Subcommittee on DIC of the International Society on Thrombosis and 

Haemostasis (ISTH) has proposed a scoring system for the diagnosis of overt DIC 

based on the outcome of a combination of several laboratory tests(1). In chapter 2 we 

evaluated prospectively this scoring system and assessed its feasibility, sensitivity, and 

specificity in a consecutive series of intensive care patients. We analyzed 660 samples 

from 217 consecutive patients with a clinical suspicion of disseminated intravascular 

coagulation (DIC). Patients were followed during their admission to the intensive care 

unit, and the DIC score was calculated every 48 hrs and compared with a “gold 

standard” based on expert opinion in combination with laboratory tests. In addition, 

an activated partial thromboplastin time (aPTT) waveform analysis, which had been 

reported to be a good predictor for the absence or presence of DIC (2), was 
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performed. The evaluation of the ISTH DIC scoring system showed that this scoring 

system is sufficiently accurate to make or reject a diagnosis of DIC in intensive care 

patients with a clinical suspicion of this condition. Furthermore an abnormal aPTT 

waveform correlated well with the presence of DIC and we found that the aPTT 

waveform-based diagnosis of DIC preceded the diagnosis based on the scoring 

system. 

 

In chapter 3 we studied the effect of endotoxaemia on activated protein C resistance, 

analysed its determinants and evaluated the effect of TF/FVIIa inhibition by 

recombinant Nematode Anticoagulant Protein c2 (rNAPc2)(3) on endotoxin-induced 

APC resistance. Sixteen healthy male volunteers participated in the study, eight 

receiving endotoxin alone and eight receiving the combination of endotoxin and 

rNAPc2. Several coagulation parameters were then analysed in the samples collected 

from subjects participating in this study. The APC sensitivity was determined by two 

tests: 1- a test based on the endogenous thrombin potential and 2- a test based on 

the activated partial thromboplastin time. This study demonstrated that the 

administration of endotoxin to healthy humans could induce APC resistance, which 

was predominantly mediated by an increase in factor VIII and was independent of 

TF/FVIIa inhibition. This finding suggests that APC resistance might contribute to the 

procoagulant state occurring during human endotoxaemia. 

 

Ethyl pyruvate (EP) was recently reported as an experimental anti-inflammatory agent 

during endotoxemia and sepsis (4;5). In chapter 4 we designed a study to examine 

whether EP influenced the coagulation state besides its anti-inflammatory effects. For 

this reason, we investigated the effects of EP on the expression and function of tissue 

factor (TF) in THP-1 (a human acute monocytic leukemia cell line) cells treated with 

and without LPS as inflammation inducer. We showed that EP dose-dependently 

attenuated the increases in TF mRNA levels, TF-protein-surface expression and cell-

surface-associated TF activity in LPS-stimulated THP-1 cells. These results 

demonstrated for the first time that EP is a compound with combined anti-

inflammatory and anticoagulant effects. 
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The pathogenesis of delayed cerebral ischemia (DCI) after aneurysmal subarachnoid 

hemorrhage (SAH) remains unknown. Besides vasospasm, microthrombosis might 

have an important function(6). In chapter 5 we investigated the possible role of 

microthrombosis in the pathogenesis of delayed cerebral ischemia after aneurysmal 

subarachnoid hemorrhage. For this study, we included 31 patients and compared serial 

measurements of von Willebrand factor (vWF antigen, vWF propeptide and vWF 

ristocetin cofactor activity), and ADAMTS13 in patients with and without DCI after 

aneurysmal SAH. We demonstrated that patients with DCI had a stronger decrease in 

ADAMTS13 activity, and a more profound increase in vWF antigen, vWF propeptide, 

and vWF activity in the first few days after the hemorrhage. Our results suggest that 

microthrombosis plays indeed a role in the pathogenesis of DCI, as a result of 

endothelium dysfunction and decreased ADAMTS13 activity. 

 

In chapter 6 we examined the thrombin generating capacity in patients undergoing 

liver transplantation. The aim of this study was to gain more knowledge in the 

coagulation and the anticoagulant pathways during liver transplantation. Serial plasma 

samples were taken during and after liver transplantation, and a detailed analysis was 

performed of several parameters derived from the thrombin generation curves in the 

absence or presence of thrombomodulin. Our results demonstrated that in the 

presence of exogenous thrombomodulin, thrombin generation in samples taken 

during and after liver transplantation was equal or superior to thrombin generation in 

healthy volunteers which may be attributable in part to a profound thrombomodulin 

resistance. These results supported the recently advocated restrictive use of plasma 

during liver transplantation. Furthermore, the results of our study support exploration 

of more extensive use of anticoagulants in the post-operative period to reduce the 

incidence of potentially devastating thromboses of the hepatic artery or portal vein.  

 

It has been well established that hemostatic potential in patients with chronic liver 

disease represents a rebalanced state due to a concomitant decrease in pro- and anti-

hemostatic drivers. The hemostatic changes in patients with acute liver injury/failure 
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(ALI/ALF) are similar, but not identical to the changes in patients with chronic liver 

disease and have not been studied in great detail. In chapter 7, we investigated the 

thrombin generation and fibrinolytic potential in patients with ALI/ALF. We performed 

thrombin generation tests and clot lysis assays in platelet-poor plasma from patients 

with ALI/ALF and compared this to plasma collected from healthy volunteers. In order 

to gain more insight into changes in the anticoagulant pathways, the thrombin 

generation was measured in the absence or presence of thrombomodulin. The results 

from this study demonstrated that patients with ALI/ALF are capable of generating 

similar amounts of thrombin compared to controls, whereas the fibrinolytic system 

was profoundly inhibited. These results contrasted with routine laboratory tests such 

as the PT or INR, which were prolonged in patients with ALI/ALF and suggested a 

bleeding tendency. The intact hemostatic potency was confirmed by clinical 

observations, and suggested that prohemostatic therapy should be used cautiously in 

these patients. 

 

In a recent study Schuijt et al (7) identified a novel tick salivary protein called TIX-5 

which delayed coagulation in a unique way. In chapter 8, we characterized the 

anticoagulant properties of this protein. Our data showed that TIX-5 specifically 

inhibited factor Xa-mediated factor V activation in the initiation phase of coagulation 

and this inhibitory action of rTIX-5 on factor V activation was B-domain dependent. 

Our data not only further delineated the molecular mechanisms by which ticks inhibit 

the host’s coagulation system, but also challenged the paradigm that thrombin is the 

only physiological activator of factor V and demonstrated that factor Xa plays a crucial 

role in the activation of FV during initiation of coagulation. 

 

In chapter 9 we designed an in vitro study to investigate the anti-fibrinolytic effects of 

recombinant factor VIIa (rFVIIa) in relation to thrombin generation (TG) and 

haemostatic parameters in the plasma of hemophilia A patients with inhibitors. In this 

study, 19 haemophilia A patients with inhibitors participated. We performed clot lysis 

tests and thrombin generation assays, and assessed main parameters involved in 

coagulation, anticoagulation and fibrinolysis. The clot-lysis test distinguished two 
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groups: a group with normal and a group with impaired anti-fibrinolytic response to 

rFVIIa. The addition of rFVIIa showed a dose-dependent increase in TF-dependent- 

and TF-independent TG in all individuals. We observed a significant difference in TF-

independent TG parameters between the normal and impaired response groups. In 

addition, there was a significant difference between the normal and impaired 

response group in prothrombin time (11.6 vs 12.7 sec, p<0.018), which could be 

explained by significantly higher levels of coagulation factors V, X, VII and IX in the 

normal response group. Furthermore soluble thrombomodulin was decreased in the 

impaired response group (19.3 vs 26.3 ng/ml, p<0.002). It remains to be determined if 

this test could predict clinical efficiency of rFVIIa in these patients. 
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Samenvatting 

 

De hemostase wordt beschouwd als een complex proces dat gericht is op het 

voorkómen van bloedverlies na beschadiging van een bloedvat. De hemostase wordt 

zeer strikt geregeld en is een ingewikkeld samenspel tussen procoagulante, 

anticoagulante, fibrinolytische en antifibrinolytische activiteiten. Inzicht in de 

fysiologie van de bloeding en stolling bij stollingsaandoeningen is van cruciaal belang 

om een evenwicht tussen bloeding en trombose te bereiken bij therapeutische 

interventie. 

 

Hoewel er vele publicaties beschikbaar zijn over stolling en fibrinolyse, en er tal van 

testen beschikbaar zijn voor de diagnose van stollingsafwijkingen bij patiënten, is er 

nog steeds dringend behoefte aan snellere, meer accurate en gevoeligere testen voor 

de diagnose en prognose bij patiënten met een afwijkende bloedstolling. In het 

bijzonder specifieke analyse van de functie van de bloedstolling in vivo onder 

verschillende fysiologische condities is tot nu toe niet volledig opgehelderd. 

 

Hoofdstuk 1 bevat een uitgebreide achtergrond van de stolling en fibrinolyse in 

zowel normale als pathologische omstandigheden. Verder worden beschikbare 

laboratorium methodes besproken die in de kliniek worden gebruikt voor het 

screenen van patiënten met afwijkingen in de bloedstolling.  

 

De wetenschappelijke subcommissie diffuse intravasale stolling (DIS) van de 

International Society on Thrombosis and Haemostasis (ISTH) heeft een nieuw 

scoresysteem voorgesteld voor de diagnose van acute DIS. Het scoresysteem is 

gebaseerd op basis van de uitkomst van een combinatie van verschillende 

laboratoriumtesten (1). In hoofdstuk 2 werd, door middel van een prospectieve 

studie, dit scoresysteem geëvalueerd. Daarvoor hebben we de haalbaarheid, 

gevoeligheid en specificiteit van het scoresysteem in een opeenvolgende reeks van 

intensive care patiënten bepaald. We analyseerden 660 monsters van 217 patiënten 

met een klinische verdenking van diffuse intravasale stolling. De patiënten werden 



Nederlandse samenvatting 

189 

 

tijdens hun opname op de intensive care gevolgd, en de DIS score werd iedere 48 uur 

berekend en vergeleken met een "gouden standaard", gebaseerd op de diagnose van 

de behandelende arts in combinatie met laboratoriumtesten. Daarnaast werd bij deze 

monsters de aPTT waveform analyse test uitgevoerd, die als een goede voorspeller 

van DIS (2) was gerapporteerd.  

De evaluatie van de ISTH DIC score liet zien dat deze voldoende nauwkeurig is om 

een diagnose van DIS bij de intensive care patiënten te bevestigen of uit te sluiten. 

Daarnaast is de abnormale aPTT waveform goed gecorreleerd met de aanwezigheid 

van DIC en vonden we dat de aPTT waveform-gebaseerde diagnose DIS voorafging 

aan de diagnose op basis van het ISTH scoresysteem. 

 

In hoofdstuk 3 bestudeerden we het effect van endotoxemie op geactiveerde 

proteïne C resistentie en analyseerde we de determinanten daarvan. Verder 

evalueerde we het effect van TF/FVIIa remming met behulp van het recombinant 

Nematode Anticoagulant Protein c2 (rNAPc2) (3) op endotoxine-geïnduceerde APC 

resistentie. Zestien gezonde vrijwilligers namen deel aan deze studie, acht hiervan 

ontvingen alleen endotoxine en acht vrijwilligers de combinatie van endotoxine en 

rNAPc2. Vervolgens werden verschillende stollingsparameters in de monsters van 

patiënten geanalyseerd. De APC gevoeligheid werd bepaald door middel van twee 

methodes: 1 - een test op basis van de endogene trombine potentiaal en 2 - een test 

gebaseerd op de APTT. Deze studie toonde aan dat de toediening van endotoxine 

aan gezonde mensen APC resistentie veroorzaakt, voornamelijk door een toename 

van de factor VIII concentratie. Deze bevinding suggereert dat de APC resistentie zou 

kunnen bijdragen aan de procoagulante staat die ontstaat tijdens endotoxemie. 

 

Ethyl-pyruvaat (EP) is onlangs gerapporteerd als een experimenteel anti-inflammatoir 

middel tijdens endotoxemie en sepsis (4, 5). In hoofdstuk 4 wordt het effect 

beschreven van  EP op de stolling. Hiervoor hebben we het effecten van EP 

onderzocht op expressie en functie van tissue factor (TF) in THP-1 (humane 

monocyten acute leukemie cellijn) cellen behandeld met en zonder LPS als 

ontstekingsinductor. We hebben aangetoond dat EP een dosis afhankelijke verlaging 
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laat zien van TF mRNA niveaus,  TF-eiwit-expressie en celoppervlakte geassocieerde 

TF activiteit op LPS-gestimuleerde THP-1-cellen. Deze resultaten tonen voor het eerst 

aan dat EP zowel anti-inflammatoire als antistollingseffecten heeft. 

 

De pathogenese van cerebrale ischemie na een aneurysmatische subarachnoïdale 

bloeding (SAB) is nog onbekend. Naast vasospasmen kan microtrombose (6) ook een 

belangrijke rol spelen. In hoofdstuk 5 onderzochten we de mogelijke rol van 

microtrombose bij de pathogenese van cerebrale ischemie na aneurysmatische 

subarachnoïdale bloeding. Voor deze studie hebben we 31 patiënten met SAB 

geïncludeerd. Bij deze studie hebben we gekeken naar metingen van “von Willebrand 

factor ” (vWF antigeen, vWF propeptide en vWF ristocetine cofactor activiteit), en 

ADAMTS13 bij patiënten met en zonder cerebrale ischemie na SAB. We hebben 

aangetoond dat patiënten met cerebrale ischemie, een sterkere daling van de 

ADAMTS13 activiteit en een grotere toename van het vWF-antigeen, vWF propeptide 

en vWF activiteit in de eerste paar dagen na de bloeding hadden. Onze resultaten 

suggereren dat microtrombose een rol speelt bij de pathogenese van cerebrale 

ischemie na SAB, als gevolg van endotheel dysfunctie en verminderde ADAMTS13 

activiteit. 

 

In hoofdstuk 6 beschrijven we de trombine generatie capaciteit bij patiënten die een 

levertransplantatie ondergingen. Het doel van deze studie was om meer kennis van 

de stolling en antistollingsroutes tijdens levertransplantatie te vergaren. Bij deze 

patiënten werd een gedetailleerd onderzoek uitgevoerd naar verschillende 

parameters van de trombine generatie curve in aan- en afwezigheid van 

trombomoduline.  

De resultaten toonden aan dat in de aanwezigheid van trombomoduline, de 

trombinegeneratie tijdens en na transplantatie gelijk of zelfs hoger was in vergelijking 

met gezonde vrijwilligers. Dit fenomeen wordt deels veroorzaakt door verlaagde 

niveaus van proteïne C, S en antitrombine, en een verhoogde concentratie van FVIII..  

Onze resultaten ondersteunen het onlangs bepleit restrictief gebruik van plasma 

tijdens levertransplantatie. Bovendien ondersteunen de resultaten van ons onderzoek 
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ook een ruimer gebruik van anticoagulantia in de post-operatieve periode om de 

incidentie van potentieel levensbedreigende trombose van de leverslagader of 

poortader te verminderen. 

 

Het is bekend dat de hemostatische balans bij patiënten met een chronische 

leverziekte in evenwicht blijft als gevolg van een gelijktijdige daling van zowel de pro- 

en anticoagulante factoren. De hemostatische veranderingen bij patiënten met acute 

leverbeschadiging of leverfalen (ALI/ALF) zijn vergelijkbaar, maar niet identiek aan de 

veranderingen bij patiënten met een chronische leverziekte. In hoofdstuk 7 hebben 

we gekeken naar trombine generatie en fibrinolyse capaciteit in patiënten met 

ALI/ALF. We bepaalden de trombine generatie en clot-lysis test in plasma van 

patiënten met ALI/ALF en vergeleken deze met gezonde vrijwilligers. Om meer inzicht 

in de antistollende route te krijgen werd  trombine generatie gemeten in aan- en 

afwezigheid van trombomoduline. Onze resultaten laten zien dat deze patiënten een 

intacte trombine generatie en een aanzienlijk verminderde fibrinolytische activiteit 

hebben. De intacte trombine generatie in combinatie met een verminderde 

fibrinolytische capaciteit suggereert dat patiënten met ALI/ALF in een normale 

hemostatische balans of mogelijk zelfs hypercoagulabele status zijn.  

 

In een recente studie van Schuijt et al. (7) werd een nieuw speeksel eiwit van teken, 

genaamd TIX-5, geïdentificeerd. TIX-5 was in staat om het stollingssysteem op een 

unieke manier te remmen. In hoofdstuk 8 hebben we onderzocht op welke manier 

dit teken eiwit aangrijpt op het stollingssysteem. Onze data laten zien dat TIX-5 

specifiek de factor Xa-gemedieerde factor V activering in de initiële fase van de 

stolling remt. Daarbij bleek dat deze remmende werking van rTIX-5 afhankelijk was 

van het B-domein van factor V. Onze gegevens laten niet alleen zien hoe dit teken 

eiwit het stollingssysteem vertraagt maar het betwist ook het paradigma dat trombine 

de enige belangrijke fysiologische activator van factor V is, en toonde aan dat factor 

Xa een cruciale rol speelt bij de activatie van FV tijdens de initiële fase van de stolling. 
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In hoofdstuk 9 ontwierpen we een in vitro onderzoek naar de anti-fibrinolytische 

effecten van recombinant factor VIIa (rFVIIa) met betrekking tot trombine generatie 

(TG) en de hemostatische parameters in plasma van hemofilie A patiënten met 

remmers. In deze studie namen 19 patiënten met hemofilie A met remmers deel. We 

voerden de clot lysis-, en trombine generatie testen uit en  onderzochten de 

belangrijkste determinanten die betrokken zijn bij de stolling, antistolling en 

fibrinolyse. De clot lysis test onderscheidde twee groepen patiënten: een groep met 

een normale, en een groep met verstoorde anti-fibrinolytische respons op rFVIIa. De 

toevoeging van rFVIIa zorgde voor een dosis afhankelijke toename aan van de TF-

afhankelijke en TF-onafhankelijke trombine generatie in alle individuen. We zagen een 

significant verschil in TF-onafhankelijke trombine generatie parameters tussen de 

patiënten met een normale en patiënten met een verstoorde anti-fibrinolytische 

respons. Daarnaast was er een significant verschil in de protrombinetijd (11,6 vs 12,7 

sec, p<0,018), die zou kunnen worden verklaard door beduidend hoger niveaus van 

stollingsfactoren V, X, VII en IX in de patiënten groep met de normale respons. Verder 

was soluble trombomoduline verlaagd in de patiënten met verstoorde anti-

fibrinolytische respons (19,3 vs 26,3 ng/ml, p<0,002). In vervolgonderzoek zal 

vastgesteld moeten worden of deze test de klinische efficiëntie van rFVIIa kan 

voorspellen bij deze patiënten. 
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