
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

On Toll-like receptors and the innate immune response in sepsis caused by
Burkholderia pseudomallei (melioidosis)

Wiersinga, W.J.

Publication date
2008

Link to publication

Citation for published version (APA):
Wiersinga, W. J. (2008). On Toll-like receptors and the innate immune response in sepsis
caused by Burkholderia pseudomallei (melioidosis). [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/on-tolllike-receptors-and-the-innate-immune-response-in-sepsis-caused-by-burkholderia-pseudomallei-melioidosis(6faf0b78-49bb-4890-974d-917e8500b3f3).html


C
  h

  a
  p

  t
  e

  r14
Coagulation in sepsis

Update in Intensive Care and Emergency Medicine (44), Mechanisms of sepsis induced organ 

dysfunction and recovery; editor J.L. Vincent, Springer-Verlag (Heidelberg, Germany), 

p. 273-286,2007

W. Joost Wiersinga, Marcel Levi and Tom van der Poll

Center for Infection and Immunity Amsterdam, Laboratory of Experimental Internal Medicine 

and Department of Internal Medicine, Academic Medical Center, University of Amsterdam, the 

Netherlands

Proefschrift Wiersinga.indb   231 25-9-2008   11:18:49



Proefschrift Wiersinga.indb   232 25-9-2008   11:18:49



Coagulation in sepsis

233

INTRODUCTION

Activation of inflammatory and coagulation pathways is an important event in the pathogenesis of 

sepsis. In sepsis, which can be defined as the disadvantageous systemic host response to infection, 

the blood coagulation system is triggered. Activation of coagulation and deposition of fibrin as a 

consequence of inflammation can be considered instrumental in containing inflammatory activity 

to the site of infection. However, inflammation-induced coagulation may be detrimental in those 

circumstances when the triggered blood coagulation system is insufficiently controlled, which 

can lead to the clinical syndrome of disseminated intravascular coagulation and microvascular 

trombosis. In recent years, the vital roles of several elements of the hemostatic mechanism have, 

in part, been unraveled, including those of tissue factor (TF), thrombin, protease-activated cell 

receptors (PARs) and activated protein C (APC). Clinical trials of recombinant anticoagulants for 

sepsis have been conducted, of which only recombinant human APC reduced the 28-day mortality 

of sepsis patients. This chapter focuses on the new insights in the pathogenesis of sepsis offered 

by the impressive amount of research that has been conducted in recent years on the coagulation 

system in sepsis and their potential clinical implications for intensive care medicine.

COAGULATION AND TISSUE FACTOR

TF is regarded as the one of the primary initiators of the inflammation-induced coagulation 

cascade 1, 2. TF is constitutively expressed by different cell types in the extravascular compartment, 

including pericytes, cardiomyocytes, smooth muscle cells and keratinocytes. As a consequence 

of a disruption of the vascular integrity, TF-expressing cells located in the underlying cell layers 

will get into contact with bloodstream. In addition, during severe inflammation cells present in 

or lining the circulation, in particular monocytes and endothelial cells, will also start expressing 

TF. Interaction of TF with factor VIIa, which circulates at low levels in the bloodstream, results in 

the activation of factor X either directly, or indirectly through the activation of factor IX. Activated 

factor X converts prothrombin (Factor II) to thrombin, which finally induces the conversion of 

fibrin to fibrinogen, thereby inducing the formation of a blood clot. Amplification is required for 

adequate clot formation, which in particular takes place on phospholipid surfaces presented 

by activated platelets. Besides this more traditional role for cell-associated TF, more recent 

evidence points to a  role for blood-borne TF in blood clotting. Indeed, microparticles bearing TF 

and the P-selectin glycoprotein ligand-1 (PSGL-1, a protein expressed by leukocytes) have been 

found essential for the formation of thrombi at sites of injury (Figure 1). Such microparticles, 

that can be released by monocytes upon activation by bacterial agonists or cytokines, readily 

bind to activated platelets through an interaction between PSGL-1 within the particle and its 

natural counter receptor P-selectin expressed by platelets. As a consequence, at sites of injury 

activated platelets and TF rich microparticles assemble, allowing for a potent and concentrated 

procoagulant response. Hence, activation of platelets may accelerate fibrin formation in several 

ways: by providing a phospholipid surface at which amplification of coagulation is facilitated 

and by concentrating TF rich microparticles.
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The pivotal role of TF in activation of coagulation during a systemic inflammatory response 

syndrome, such as produced by endotoxemia or severe sepsis, has been established by many 

different experiments. Generation of thrombin in humans intravenously injected with a low dose 

of endotoxin, documented by a rise in the plasma concentrations of the prothrombin fragment 

F1+2 and of thrombin-antithrombin (TAT) complexes, was preceeded by an increase in TF mRNA 

levels in circulating blood cells, enhanced expression of TF on circulating monocytes and the 

release of TF containing microparticles 3, 4. In line with this observation, baboons infused with 

a lethal dose of Escherichia coli demonstrated a sustained activation of coagulation, which was 

associated with enhanced expression of tissue factor on circulating monocytes, and patients with  

severe bacterial infection have been reported to express TF activity on the surface of peripheral 

blood mononuclear cells 5.  More importantly, a number of different strategies that prevent the 

activation of the VIIa-TF pathway in endotoxemic humans and chimpanzees, and in bacteremic 

baboons abrogate the activation of the common pathway of coagulation. In healthy humans 

injected with endotoxin, intravenous infusion of recombinant TF pathway inhibitor (TFPI) at 

two different doses caused a dose-dependent inhibition of coagulation activation 6. Strategies 

that potently inhibited coagulation activation in endotoxemic or bacteremic primates include 

antibodies directed against TF or factor VII/VIIa, active site inhibited factor VIIa (Dansyl-Glu-

Gly-Arg chloromethylketone or DEGR-VIIa) and TFPI 7-10. 

 ANTICOAGULANT MECHANISMS 

Blood clotting is controlled by three major anticoagulant proteins: TFPI, antithrombin and APC 
1, 2. TFPI is an endothelial cell derived protease inhibitor that inactivates factor VIIa bound to 

TF. Antithrombin inhibits factor Xa, thrombin and factor IXa, as well as factor VIIa bound to 

TF; these anticoagulant activities of antithrombin are accelerated by vascular heparin-like 
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Figure 1: Role of monocytes, platelets and tissue factor rich microparticles in coagulation. Upon 
activation of monocytes by bacteria, endotoxin or cytokines, tissue factor (TF) expression is increased and 
microparticles containing TF and the adhesion molecule P selectin glycoprotein ligand 1 (PSGL-1) are released. 
TF rich microparticles bind to activated platelets via an interaction between PSGL-1 and P selectin.
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proteoglycans. The protein C system provides important control of coagulation by virtue of 

the capacity of APC to proteolytically inactivate factors Va and VIIIa, thereby preventing the 

procoagulant activities of factors Xa and IXa. In the protein C system thrombin functions as 

an anticoagulant: this pathway is triggered when thrombin binds to thrombomodulin on the 

vascular endothelium (Figure 2)11, 12. Thrombomodulin-bound thrombin mediates the activation 

of protein C, an event that is augmented by the endothelial protein C receptor (EPCR). Thrombin 

bound to thrombomodulin is efficiently inhibited by antithrombin and protein C inhibitor. 

Hence, thrombomodulin inhibits coagulation in various ways: by conversion of thrombin 

into an activator of protein C and by accelerating the inhibition of thrombin. Moreover, the 

thrombin-thrombomodulin complex can activate thrombin-activatable fibrinolysis inhibitor 

(TAFI), an endogenous fibrinolysis inhibitor that removes C-terminal lysine residues from fibrin 

thereby rendering fibrin less sensitive to the action of plasmin. Protein S serves as an essential 

cofactor for APC. Hemostasis is further controlled by the fibrinolytic system. Plasmin is the key 

enzyme of this system, which degrades fibrin clots. Plasmin is generated from plasminogen by 

a series of proteases, most notably tissue-type plasminogen activator (t-PA) and urokinase-type 

plasminogen activator (u-PA). The main inhibitor of PAs is PA inhibitor-1 (PAI-1), which binds 

to t-PA and u-PA. 

Seeveral preclinical studies have supported the anticoagulant potencies of TFPI, antithrombin 

and the protein C system in vivo. As discussed above, exogenous TFPI attenuated consumptive 

coagulopathy in septic primates 8. Similarly, antithrombin treatment inhibited the procoagulant 

response during severe sepsis in baboons 13. Infusion of APC into septic baboons prevented hyper-

coagulability and death, while inhibition of activation of endogenous protein C by a monoclonal 

antibody exacerbated the response to a lethal Escherichia coli infusion, and converted a sublethal 
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Figure 2: Multiple functions of the thrombomodulin-thrombin complex. Thrombomodulin is essential 
for thrombin (IIa)-mediated activation of PC (protein C), a step that is further amplified by the endothelial 
cell protein C receptor (EPCR). APC inactivates coagulation cofactors Va and VIIIa, thereby reducing thrombin 
generation, and also directly impacts on inflammation (see text). Thrombomodulin also more directly suppresses 
inflammation. In addition, thrombomodulin is a cofactor for thrombin-mediated activation of TAFI. Activated 
TAFI (TAFIa) cleaves basic C-terminal amino acid residues of its substrates, including fibrin, and thereby impairs 
efficient transformation of plasminogen to plasmin. TAFIa also inactivates the proinflammatory factors C3a, 
C5a and bradykinin. Lines ending with an arrow indicate activation/generation. Lines ending with a bullet 
indicate inhibition.
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model produced by a LD10 dose of Escherichia coli into a severe shock response associated with 

disseminated intravascular coagulation and death 14.  Furthermore, treatment of baboons with 

an anti-EPCR monoclonal antibody, thereby reducing the efficiency by which protein C can be 

activated by the thrombin-thrombomodulin complex, also was associated with an exacerbation of 

a sublethal Escherichia coli infection to lethal sepsis with disseminated intravascular coagulation 
15. Furthermore, interference with the bioavailability of protein S by administration of C4b binding 

protein, causing a decrease in free protein S levels, resulted in similar changes 16.

Severe sepsis is characterized by activation of TF-dependent coagulation with concurrent inhibi-

tion of anticoagulant mechanisms: while TF procoagulant activity is markedly enhanced, the 

activities of TFPI, antithrombin, the protein C – APC system and fibrinolysis are all impaired, 

resulting in a shift toward a net procoagulant state 17. During a severe systemic inflammatory 

response syndrome, antithrombin levels are markedly decreased due to impaired synthesis (as 

a result of a negative acute phase response), degradation by elastase from activated neutrophils, 

and –quantitatively most importantly-  consumption as a consequence of ongoing thrombin 

generation 1. Pro-inflammatory cytokines can also cause reduced synthesis of glycosaminoglycans 

on the endothelial surface, which will also contribute to reduced antithrombin function, since 

these glycosaminoglycans can act as physiological heparin-like cofactors of antithrombin.  The 

impairment of the protein C system during sepsis is the result of increased consumption of protein 

S and protein C, and decreased activation of protein C by downregulation of thrombomodulin 

on endothelial cells. Furthermore, protein S can be bound by the acute phase response protein 

C4b-binding protein, thereby reducing the biological availability of this important cofactor for 

protein C. In patients with severe meningococcal sepsis this downregulation of thrombomodulin 

and consequent impaired activation of protein C was confirmed in vivo 18. Finally, fibrinolysis is 

impaired in sepsis, primarily due to exaggerated release of PAI-1 1, 17.

INTERACTION BETWEEN COAGULATION AND 
INFLAMMATION

It is now generally accepted that bidirectional interactions exists between coagulation and 

inflammation 1, 2. Cytokines are crucial soluble mediators of inflammation. Several proinflam-

matory cytokines can activate the coagulation system in vivo, including tumor necrosis factor 

(TNF)- , interleukin (IL)-1, IL-6 and IL-12 19-22. Importantly, although anti-TNF-  treatment is 

highly protective against mortality in experimental sepsis induced by intravenous administration 

of live bacteria 23, elimination of TNF-  does not influence activation of coagulation in models of 

endotoxemia and sepsis 24, 25. These data indicate that mortality and activation of coagulation are 

not necessarily linked phenomena. Endogenous IL-6 may be involved in coagulation activation 

considering that in chimpanzees injected with low dose endotoxin, treatment with an anti-IL-6 

antibody prevented coagulation activation 26, although this IL-6 mediated procoagulant effect 

could not be confirmed in healthy humans challenged with endotoxin using another anti-IL-6 

antibody 27.
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Interestingly, inhibition of coagulation by some but not all interventions also influence the inflam-

matory response during experimental bacteremia. Interventions inhibiting the TF pathway in 

lethal Escherichia coli sepsis in baboons not only prevented disseminated intravascular coagula-

tion, but also resulted in an increased survival 7, 8, 10. These findings contrast with interventions 

that block the coagulation system more downstream: administration of factor Xa blocked in its 

active center (DEGR-Xa), failed to influence lethality of bacteremic baboons, while completely 

inhibiting the development of disseminated intravascular coagulation 28. Moreover, administration 

of exogenous APC or interference with the bioavailability of endogenous APC also impacts on 

survival in this model 14-16. In line, heterozygous protein C deficient mice demonstrated higher 

levels of proinflammatory cytokines and increased neutrophil invasion in their lungs after intra-

peritoneal injection of endotoxin 29. These observations have led to the hypothesis that inhibition 

of the VIIa-TF pathway and exogenous or endogenous APC protect against death not merely 

by an effect on the coagulation system, but (at least in part) through effects on inflammatory 

responses different from the procoagulant response. 

Figure 3: Activation of protease-acti-
vated receptors. The general mechanism 
by which proteases cleave and activate
PARs is the same: proteases cleave at 
specific sites within the extracellular 
amino terminus of the receptors; this 
cleavage exposes a new amino terminus 
that serves as a tethered ligand domain,
which binds to conserved regions in the 
second extracellular loop of the cleaved 
receptor, resulting in the initiation of signal 
transduction.

Table 1. Proteases that activate PARs

PAR-1 thrombin, factor Xa, APC, granzyme A, trypsin

PAR-2 trypsin, tryptase, factor VIIa, factor Xa, proteinase 3, Der P3 D9, acrosien

PAR-3 thrombin

PAR- thrombin, trypsin, cathepsin G

Proteases of the coagulation system as well as anticoagulant proteins can directly influence 

inflammatory processes. In this respect, PARs seem to play a pivotal role in linking coagulation 

and inflammation 30, 31. A typical feature of PARs is that they serve as their own ligand. Proteolytic 

cleavage by an activated coagulation factor, including thrombin, factors VIIa and Xa and APC 

(Table I),  leads to exposure of a neo-amino terminus, which activates the same receptor, initiat-

ing transmembrane signalling (Figure 3). Conversely, cathepsin G from granulocytes cleaves 

PAR-1 at a different site from thrombin to generate a disabled receptor that can not respond to 

thrombin anymore. The PAR family consists of four members, PAR-1 to PAR-4, that are localized 

in the vasculature on endothelial cells, mononuclear cells, platelets, fibroblasts and smooth 

muscle cells 30.  Low concentrations of thrombin activate PAR-1, whereas high concentrations 

are required to activate PAR-3 and PAR-4. In humans, thrombin activates platelets by cleavage 
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of PAR-1 and PAR-4, whereas thrombin activates mouse platelets by cleavage of a PAR-3–PAR-4 

complex. In primary endothelial cells, APC signalling is mediated through PAR-1, whereas 

TF-factor VIIa-factor Xa can signal when PAR-1 is blocked, indicating signalling through PAR-2. 

PAR-1 dependent APC signalling induces a number of genes that are known to down regulate 

proinflammatory signalling pathways and that inhibit apoptosis 32. Thrombin activation of PAR-1 

has been shown to induce the expression of proinflammatory cytokines and chemokines in vitro.

In addition, endotoxin and TNF- induction of IL-6 expression by cultured endothelial cells is 

enhanced by the activation of PAR-1 and PAR-2. Endotoxin and inflammatory cytokines also 

induce PAR-2 and PAR-4 expression in cultured endothelial cells. Most probably, the activation 

of multiple PARs by coagulation proteases enhances inflammation during sepsis. This is further 

underscored by a recent study showing that genetically modified mice expressing low levels of 

TF exhibited reduced IL-6 expression and increased survival in a mouse model of endotoxemia 

compared with control mice 33. In contrast, hirudin inhibition of thrombin or a deficiency in either 

PAR-1 or PAR-2 did not affect IL-6 expression or mortality in their model. However, combining 

hirudin treatment to inhibit thrombin signaling through PAR-1 and PAR-4 with PAR-2 deficiency 

reduced endotoxin-induced IL-6 expression and increased survival 33. Taken together, these 

studies suggest that activation of multiple PARs by coagulation proteases may contribute to 

inflammation in endotoxemia and sepsis.  In vivo evidence for a role of coagulation-protease 

stimulation of inflammation comes from recent experiments showing that the administration 

of recombinant factor VIIa to healthy human subjects causes a small but significant 3 to 4-fold 

rise in plasma levels of IL-6 and IL-8 34.

Antithrombin has also been found to impact on inflammation 2. For example, antithrombin can 

diminish the expression of 2 integrins on leukocytes and by binding to syndecan 4 (a proteoglycan 

on neutrophils) can inhibit chemokine-induced neutrophil migration. In addition, antithrombin 

can enhance prostacyclin formation and inhibit nuclear factor B signaling in endothelial cells 

and can decrease TF expression and IL-6 production by monocytes and endothelium. Much 

effort has been done to elucidate the mechanisms by which APC exerts its anti-inflammatory 

properties. APC inhibits inflammation indirectly through reducing thrombin generation and 

thereby thrombin-induced inflammation via PARs. However, APC also directly attenuates inflam-

mation by inhibiting monocyte expression of TF and TNF- , nuclear factor B translocation, 

cytokine signaling, TNF-  induced upregulation of cell surface leukocyte adhesion molecules 

and leukocyte-endothelial cell interactions 2, 12. Thrombomodulin exerts anti-inflammatory 

effects at multiple levels (Figure 2). First, thrombomodulin is essential for the activation of 

protein C to APC; as such, thrombomodulin is key to the anti-inflammatory properties of APC. 

Second, the activation of TAFI requires the thrombomodulin-thrombin complex and activated 

TAFI has been demonstrated to suppress bradykinin activity and complement activation 35.

Furthermore, the lectin domain of thrombomodulin likely plays a direct role in the orchestration 

of inflammatory reactions. Indeed, genetically modified mice that lack the N-terminal lectin-like 

domain of thrombomodulin displayed a reduced survival after systemic endotoxin administra-

tion, showed increased neutrophil recruitment to the lungs and responded with larger infarcts 

after myocardial ischemia/reperfusion injury 36. Importantly, deletion of the lectin-like domain 

of thrombomodulin did not influence the capacity of thrombomodulin to activate protein C, 
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indicating that the anti-inflammatory effects of this part of thrombomodulin are not mediated by 

APC. Finally, multiple interactions exists between inflammation and mediators of the fibrinolytic 

system 1, 37. Fibrinolytic activators and inhibitors may modulate the inflammatory response by 

their effect on inflammatory cell recruitment and migration. For instance,  uPAR (the receptor 

for u-PA) mediates leukocyte adhesion to the vascular wall or extracellular matrix components 

and its expression on leukocytes is strongly associated with their migratory and tissue-invasive 

potential. This is illustrated in a mouse model of bacterial pneumonia where uPAR deficient 

mice displayed a profoundly reduced neutrophil influx in the pulmonary compartment 38. The 

plasma concentrations of PAI-1 are strongly elevated in patients with sepsis, and such elevated  

circulating PAI-1 levels are highly predictive for an unfavorable outcome in sepsis patients 39.

It remains to be established whether the elevated PAI-1 levels merely are indicative of a strong 

inflammatory response of the host, rather than bearing any pathophysiological significance. 

Recent findings that a sequence variation in the gene encoding PAI-1 influences the development 

of septic shock in patients and relatives of patients with meningococcal infection has provided 

circumstantial evidence that PAI-1 might  play a functional role in the host response to bacterial 

Figure 4:  Proposed bidirectional relation between inflammation and coagulation in  sepsis. (1) Invading 
pathogens are recognized by the immune system through the Toll-like receptors (TLRs). After recognition, the 
coagulation cascade is activated by inducing tissue factor (TF) expression on monocytes and granulocytes. In 
sepsis decreased levels of free protein S and activated protein C (APC) are seen, ultimately leading to enhanced 
thrombin formation. (2) A fibrin clot with activated mononuclear cells is formed. In severe cases this may lead 
to disseminated intravascular coagulation. (3) The activated counteracting plasmin-mediated fibrinolysis leads 
to the formation of fibrin degradation products (FDP). (4) Furthermore, after binding to uPA the upregulated 
uPAR on monocytes and granulocytes will enhance the fibrinolytic pathway. PAI-1, which is strongly upregulated 
in sepsis, inhibits these fibrinolytic events. (5) Binding of among others TF and thrombin to specific PARs on 
inflammatory cells may affect inflammation by inducing release of proinflammatory cytokines, which will 
further modulate coagulation and fibrinolysis. Straight and dashed arrows indicate stimulatory and inhibitory 
effects, respectively.
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infection 40. Figure 4 presents a global overview of the bimodal interactions between coagulation 

and inflammation in sepsis.

COAGULATION ACTIVATION AND    
ORGAN FAILURE

Patients with sepsis almost invariably show evidence for activation of the coagulation system. 

Although the majority of these patients do not have clinical signs of disseminated intravascular 

coagulation, patients with a laboratory diagnosis of this syndrome are known to have a worse 

outcome than patients with normal coagulation parameters. A number of small clinical studies 

have suggested that sepsis-related disseminated intravascular coagulation is associated with 

not only a high mortality but also organ dysfunction and that attenuation of coagulation may 

ameliorate organ failure in this condition. In the placebo group of the PROWESS study (which 

addressed the efficacy of recombinant human APC in severe sepsis, see below) patients with 

disseminated intravascular coagulation displayed a mortality rate of 43% versus 27% in patients 

without disseminated intravascular coagulation 41. Similarly, in the KyberSept trial (addressing 

the effcicacy antithrombin in severe sepsis, see below) 28-day mortality among placebo-treated 

patients with disseminated intravascular coagulation was 40% versus 22% in patients without 

this syndrome 42. Data obtained from a large clinical study in 840 patients with severe sepsis have 

further suggested a direct relationship between coagulopathy and organ failure and death 43. In 

this cohort both baseline coagulation abnormalities (on admission) and first-day changes in the 

coagulation biomarkers antithrombin, prothrombin time and D-dimer correlated with 28-day 

mortality.  In addition, shifts in these coagulation markers during the first day of severe sepsis 

correlated with new organ dysfunctions, progression from single to multiple organ failure, and 

delayed resolution of existing organ dysfunction 43. Thrombocytopenia is a common feature of 

disseminated intravascular coagulation and in sepsis the extent of thrombocytopenia is correlated 

with an adverse outcome 44. These findings have led to the hypothesis that systemic activation 

of coagulation can contribute to organ failure by inducing tissue hypoxia. However, the causal 

link between disseminated intravascular coagulation and organ failure is still a matter of debate, 

arguing that if micovascular thrombosis contributes to organ dysfunction in sepsis, anticoagulants 

would reduce organ failure and improve outcome 45: as already alluded to above, down stream 

intervention in the coagulation cascade by DEGR-Xa did not influence lethality of bacteremic 

baboons, while completely inhibiting coagulation activation 28.

CLINICAL TRIALS WITH ANTICOAGULANTS 
IN SEPSIS

Following from the above many new potential anti-sepsis targets have been identified. After 

promising results from animal studies and small Phase II trials, three specific anticoagulant 
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proteins were evaluated in large multinational clinical trials to test their efficacy in the treatment 

of severe sepsis: recombinant human APC, antithrombin and TFPI 46-48. As discussed above, during 

inflammation-induced activation of coagulation such as seen in severe sepsis, the function of all 

of these endogenous anticoagulant pathways is impaired, which provides a clear rationale for 

exogenous administration of these agents. 

Recombinant human APC, also known as drotrecogin alfa (activated), possesses anti-

inflammatory, antithrombotic, and profibrinolytic properties. In the PROWESS study, in which 

1690 patients with severe sepsis were randomized to receive APC or placebo, APC significantly 

reduced morbidity and mortality 46. Patients treated with APC had a statistically and clinically 

significant reduction in 28-day mortality (24.7% in the treatment group and 30.8% in the placebo 

group; relative risk reduction, 19.4% [95% CI, 6.6%-30.5%]), representing the first published trial in 

sepsis showing a clear survival benefit. Importantly, APC is not effective in reducing mortality in 

patients with severe sepsis and a low risk of death (defined by an Acute Physiology and Chronic 

Health Evaluation [APACHE II] score <25 or single-organ failure) 49.

Antithrombin has been studied in a large phase 3 clinical trail involving 2314 patients (the 

KyberSept study) 47. Despite encouraging results obtained in earlier smaller trials 50, the phase 

3 study failed to demonstrate a benefit of the use of exogenous antithrombin concentrate in 

patients with severe sepsis. After completion of this trial questions were raised about the dose 

of antithrombin used, which was lower than used in preclinical animal studies which may have 

influenced the possible anti-inflammatory effects of antithrombin. In addition, the concurrent 

use of heparin may have affected the trial results: there was a trend toward a survival benefit in 

patients who received antithrombin without heparin 47. A recent posthoc analysis of this trial has 

indicated that antithrombin may improve outcome in patients with disseminated intravascular 

coagulation not receiving heparin. In these patients antithrombin reduced 28-day mortality by 

14.6% when compared with placebo 42. These highly interesting findings await confirmation in 

a prospectively designed clinical trial.  

TFPI (recombinant human TFPI, tifacogin) is the third anticoagulant that was tested in a large 

multicenter phase 3 trial in patients with severe sepsis (the OPTIMIST trial) 48.  In spite of promis-

ing phase 2 data 51, treatment with TFPI failed to affect all-cause 28-day mortality. Remarkably, 

TFPI appeared to be relatively effective in the first half of the trial, but ineffective in the second half. 

Several post-hoc exploratory analyses were unable to explain this changing mortality pattern. 

Heparin had a clear beneficial impact on the outcome in all the three phase 3 trials described. 

However, a firm conclusion can not be drawn from these data since the administration of heparin 

was a postrandomisation event.  However, the use of heparin in sepsis remains an appealing (and 

cheap) treatment option. It was recently shown in a murine model of disseminated intravascular 

coagulation that low molecular weight heparin could attenuate LPS-induced multiple organ 

failure 52. Therefore, a well-conducted randomized, placebo-controlled trial of heparin for severe 

sepsis is warranted .
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CONCLUSION

Severe sepsis triggers clotting, diminishes the activity of natural anticoagulant mechanisms and 

impairs the fibrinolytic system. Augmented interactions between inflammation and coagulation 

can give rise to a vicious cycle, eventually leading to dramatic events such as manifested in 

severe sepsis and disseminated intravascular coagulation. Unraveling the role of coagulation 

and inflammation in sepsis will pave the way for new treatment targets in sepsis that can modify 

the excessive activation of these systems. At present it remains unclear whether anticoagulant 

therapy improves survival in severe sepsis; in addition, it remains uncertain whether the beneficial 

effect of recombinant human APC derives from its anticoagulant properties. It is without doubt 

that our knowledge on the interplay between coagulation and inflammation during sepsis will 

further increase in the very near future.
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