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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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