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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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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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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 



Chapter 1 

 

20 

 

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

.  



Chapter 1 

 

24 

 

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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