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4.1  Sepsis and Coagulation

Sepsis is a very serious and potentially life-threatening complication of infection. 
Sepsis occurs when host defense mediators released into the circulation to combat 
the infection elicit systemic inflammatory responses throughout the body [1]. Sepsis 
is a frequently occurring medical condition with an incidence of about 2.5 per 
1000 in the Western world and an almost 10% annual rise over the last two decades 
[2]. About 20% of patients with sepsis die within the hospital, and severe sepsis 
leads to a mortality rate of approximately 40% [3, 4].

Sepsis is consistently associated with coagulation abnormalities [5]. These 
deviations range from delicate activation of coagulation that can only be iden-
tified by highly sensitive assays for hemostatic factor activation to somewhat 
more severe coagulation activation that may be noticeable by a subtle fall in 
platelet count and subclinical elongation of global clotting assays to fulminant 
disseminated intravascular coagulation (DIC), manifested by profuse microvas-
cular thrombosis in small- and mid-size vessels and simultaneous widespread 
hemorrhage from various sites [5–7]. Patients with sepsis and extensive forms of 
DIC may develop overt thromboembolic complications or clinically less appar-
ent microvascular clot formation that may contribute to multiple organ failures 
[7, 8]. In other cases, severe hemorrhage may be the dominant presentation [9], 
and frequently sepsis and DIC lead to simultaneous thrombosis and bleeding. 
Hemorrhage is due to consumption and subsequent depletion of coagulation 
factors and platelets, caused by ongoing activation of the hemostatic system 
[10]. In its most extreme manifestation, this combination may present as the 
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Waterhouse-Friderichsen syndrome, typically observed during fulminant menin-
gococcal septicemia, although many other microorganisms may cause this clini-
cal situation as well [11].

4.2  Frequency of Clinically Relevant Coagulopathy in Sepsis

Clinically relevant hemostatic changes may occur in up to 70% of septic patients, 
and approximately 35% of patients with sepsis will meet the criteria for DIC [12, 13]. 
The majority of septic patients will develop thrombocytopenia (platelet count 
<150 × 109/l) [14, 15]. Commonly, platelet count drops in the first 4 days following 
admission to the hospital [16]. The severity of sepsis correlates markedly with the 
decrease in platelet count [17]. Critical factors that cause thrombocytopenia in sepsis 
are decreased platelet production, enhanced consumption, obliteration, or sequestra-
tion in the spleen. Decreased production of megakaryocytes in the bone marrow may 
seem incongruous with the high levels of platelet production- stimulating pro-inflam-
matory mediators, such as tumor necrosis factor (TNF)-α and interleukin (IL)-6, and 
elevated levels of thrombopoietin in patients with sepsis, which theoretically should 
stimulate megakaryopoiesis [18]. However, in a substantial number of patients with 
sepsis, significant hemophagocytosis occurs, consisting of active phagocytosis of 
platelet precursors and other hematopoietic cells by mononuclear cells, presumably 
caused by elevated concentrations of macrophage colony- stimulating factor (M-CSF) 
in sepsis [19]. Platelet consumption is presumably also significant in sepsis, due to 
platelet activation secondary to continuous formation of thrombin. Platelet activa-
tion, consumption, and destruction take place at the endothelial surface as a result of 
the widespread endothelial cell-platelet interaction in sepsis, although the extent may 
differ between various vascular beds of different organs [20]. Prolonged global coag-
ulation assays (such as the prothrombin time (PT) or the activated partial thrombo-
plastin time (aPTT)) are detectable in 15–30% of septic patients [21]. Other 
coagulation assay changes include high fibrin degradation products (in more than 
95% of patients with sepsis) [22, 23] and low levels of physiological anticoagulants, 
such as antithrombin and protein C (90% of sepsis patients) [23, 24].

4.3  Pathways Leading to Coagulation Abnormalities 
in Sepsis

In the last three decades, the pathways involved in the coagulopathy of sepsis have 
been elucidated for an important part [6]. It is clear that various mechanisms in the 
coagulation system act simultaneously toward a prohemostatic state. Apparently the 
most important factors that mediate this derangement of the coagulation system 
during sepsis are cytokines. Ample evidence indicates an extensive cross talk 
between inflammation and coagulation, where besides inflammation-induced coag-
ulation activation, coagulation also markedly influences inflammatory activity 
(Fig.  4.1) [25]. Of note, systemic activation of coagulation and inflammation in 
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sepsis may manifest with organ-specific presentations that are relevant for the spe-
cific organ failure resulting from severe sepsis [26].

The most important initiator of thrombin formation in sepsis is tissue factor. 
Studies of experimental or human endotoxemia or cytokinemia have demonstrated a 
central role of the tissue factor/factor VIIa system in the initiation of thrombin gen-
eration [27]. Abrogation of the tissue factor/factor VII(a) pathway by specific inter-
ventions aimed at tissue factor or factor VIIa activity resulted in a complete abrogation 
of thrombin generation in experimental settings [28, 29]. Also, in severe 
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Fig. 4.1 Interaction between inflammation and coagulation in sepsis. Expression of tissue factor 
in mononuclear cells and subsequent exposure to blood results in thrombin generation followed by 
fibrinogen to fibrin conversion. Simultaneously, platelet vessel wall interaction and activation of 
platelets contribute to (micro)vascular clot formation. Platelet-derived P-selectin further enhances 
tissue factor expression. Binding of tissue factor, thrombin, and other activated coagulation prote-
ases to specific protease-activated receptors (PARs) and binding of fibrin to Toll-like receptor 
(TLR) 4 on inflammatory cells affect inflammation through the consequent release of pro- 
inflammatory cytokines and chemokines, which further modulate coagulation and fibrinolysis [6]
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Gram-negative sepsis, ex vivo tissue factor expression on monocytes of patients was 
demonstrated [30]. Experimental low-dose endotoxemia in healthy humans resulted 
in a 125-fold increase in tissue factor mRNA levels in blood monocytes [31]. An 
alternative source of tissue factor may be its localization on other blood cells [32], 
although it is not likely that these cells themselves produce tissue factor in substantial 
quantities [33]. Based on the assessment of transfer of tissue factor from mononu-
clear cells to activated platelets in an ex vivo perfusion setting, it was postulated that 
this “blood-borne” tissue factor is shuttled between cells through microparticles [34].

Platelets have a central role in the development of coagulation abnormalities in sep-
sis. Platelets can be triggered directly by pro-inflammatory mediators, such as platelet-
activating factor [35]. Generated thrombin will further activate platelets. Activation of 
platelets may also stimulate fibrin formation by alternative mechanism. The expression 
of P-selectin on the platelet membrane not only mediates the adherence of platelets to 
leukocytes and endothelial cells but also enhances the expression of tissue factor on 
monocytes [36]. The underlying molecular pathway relies on nuclear factor kappa-B 
(NFκB) expression, induced by binding of activated platelets to neutrophils and mono-
cytes. P-selectin can be shed from the surface of platelet membrane, and soluble 
P-selectin levels are indeed increased during systemic inflammation [36].

In normal circumstances activation of coagulation is controlled by three impor-
tant physiological anticoagulant pathways: the antithrombin system, the activated 
protein C system, and the tissue factor pathway inhibitor (TFPI). In sepsis all three 
pathways are importantly deranged [37]. Due to a combination of impaired synthe-
sis, ongoing consumption and proteolytic degradation (e.g., by neutrophilic elas-
tase) levels of all three coagulation inhibitors are low. Also, significant downregulation 
of thrombomodulin and endothelial protein C receptor (EPCR) in inflammatory 
conditions will cause impaired conversion of protein C to activated protein C. In 
addition, at the time of the greatest activation of coagulation in sepsis, endogenous 
fibrinolysis is largely turned off. After the acute release of plasminogen activators 
(i.e., tissue-type plasminogen activator (t-PA) and urokinase-type plasminogen acti-
vator (u-PA)) from storage sites in vascular endothelial cells during inflammatory 
conditions, the increase in plasminogen activation and subsequent plasmin genera-
tion is annihilated by a sustained increase in plasminogen activator inhibitor type 1 
(PAI-1) [38]. Of interest, studies have shown that a functional mutation in the PAI-1 
gene, the 4G/5G polymorphism, not only affected the plasma levels of PAI-1 but 
was also linked to the clinical outcome of Gram-negative sepsis. Patients with the 
4G/4G genotype had significantly higher PAI-1 concentrations and an increased 
mortality [39]. Other studies showed that the PAI-1 polymorphism increased the 
risk of developing septic shock from meningococcal infection [40].

4.4  Inflammation and the Coagulopathy of Sepsis

Like virtually all systemic inflammatory effects of infection, the derangement of the 
hemostatic system in sepsis is orchestrated by several cytokines. Most pro- 
inflammatory cytokines have been demonstrated to initiate coagulation activation 
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in vitro. In sepsis high levels of cytokines can be found in the circulation of affected 
patients and investigational infection or experimental endotoxemia results in the 
transient increase in plasma levels of these cytokines [27]. The cytokine tumor 
necrosis factor (TNF) is the first mediator that becomes detectable, followed by an 
increase in serum levels of several interleukins (IL), of which IL-6 and IL-1 are 
prominent. Simultaneously, anti-inflammatory cytokines (such as IL-10) may have 
an inhibitory role in the activation of coagulation.

As TNF is the principal cytokine to become detectable in the circulation upon 
bacteremia and this cytokine has potent procoagulant effects, it was initially 
believed that hemostatic activation in sepsis was mediated by TNF. However, in 
several trials using different strategies to block TNF activity, it was shown that 
endotoxin induction of TNF could be completely abrogated, whereas activation of 
coagulation was not affected, albeit that the effects on coagulation inhibitors and 
fibrinolysis seemed to be regulated by TNF [27]. Also, in animals infused with a 
lethal dose of E. coli, an anti-TNF antibody had little or no effect on fibrinogen 
consumption or clinical outcome [41]. In line with this, clinical trials with an anti-
TNF monoclonal antibody in septic patients did not show any advantage [42]. 
Interestingly, it was demonstrated in subsequent studies that strategies that blocked 
IL-6 caused a complete inhibition of endotoxin-induced activation of coagulation 
[43]. Also, studies in cancer patients with recombinant IL-6 showed that following 
the infusion of this cytokine, marked thrombin generation occurred [44]. Hence, 
these results suggest that IL-6 rather than TNF is important as a mediator for cyto-
kine-induced coagulation activation. Whereas IL-1 is a potent agonist of tissue 
factor expression in  vitro, its role has not been fully elucidated in  vivo. 
Administration of an IL-1 receptor antagonist partly blocked the procoagulant 
response in experimental sepsis models and inhibited thrombin generation in 
patients [45]. However, most of the alterations in coagulation occur well before 
IL-1 becomes detectable in the circulation, leaving a potential role of IL-1 in the 
coagulopathy of sepsis an unsettled issue.

Coagulation factors and anticoagulant proteins do not only play a role in hemo-
static activation but also interact with specific cell receptors leading to activation of 
signaling pathways (Fig.  4.1). Specifically, protease interactions that modulate 
inflammatory processes may be important in sepsis. The most significant pathway 
by which coagulation factors regulate inflammation is by binding to protease- 
activated receptors (PARs). PARs are transmembrane G-protein-coupled receptors, 
and four different types (PAR 1–4) have been recognized [46]. A typical property of 
PARs is that they serve as their own ligand. Proteolytic cleavage by an activated 
coagulation factor leads to exposure of a neo-amino terminus that is capable of 
activating the same receptor (and presumably adjacent receptors), leading to trans-
membrane signaling. PAR-1, PAR-3, and PAR4 are receptors that are activated by 
thrombin, while PAR-2 is triggered by the tissue factor/factor VIIa complex, factor 
Xa, and trypsin. PAR-1 is also a receptor for the tissue factor/factor VIIa complex 
and factor Xa.

It has become apparent that there is a significant cross talk between coagulation 
inhibitors and inflammatory mediators as well. Antithrombin can serve as a 
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regulator of inflammation, e.g., by direct binding to inflammatory cells, thereby 
reducing cytokine and chemokine receptor expression [47]. Also, there is ample 
evidence that the protein C system importantly regulates inflammatory activity [48]. 
Activated protein C has been demonstrated to attenuate endotoxin-induced produc-
tion of TNF-α, IL-1β, IL-6, and IL-8 by monocytes/macrophages [49]. In addition, 
activated protein C blocks cytokine release and leukocyte activation in experimental 
bacteremia in vivo [50]. Inhibition of the protein C pathway by a monoclonal anti-
body aggravates the inflammatory response, as shown by enhanced levels of pro- 
inflammatory cytokines and increased leukocyte activation and tissue damage [51]. 
Mice with a heterozygous protein C deficiency due to targeted disruption of the 
protein C gene have not only a stronger hemostatic response to experimental endo-
toxemia but also show marked differences in inflammatory responses (e.g., higher 
levels of circulating pro-inflammatory cytokines) [52].

4.5  Diagnosis of the Coagulopathy in Sepsis

There are several other causes for coagulation changes in septic patients. A low 
platelet count is almost invariably present in patients with severe sepsis, but throm-
bocytopenia may also be due to other (potentially concurrently present) conditions, 
such as immune thrombocytopenia, heparin-induced thrombocytopenia, thrombotic 
microangiopathies, or medication-induced bone marrow depression [53]. It is cru-
cial to adequately diagnose these differential causes of thrombocytopenia, as they 
may necessitate specific management strategies [20]. Laboratory assays can be use-
ful in differentiating the coagulopathy in sepsis from various other hemostatic con-
ditions, such as vitamin K deficit or liver insufficiency. As these disorders may be 
present at the same time with sepsis-associated coagulopathy, this differentiation is 
not always easy [54, 55].

According to the contemporary thinking about sepsis-associated coagulopa-
thy, the assessment of soluble fibrin in plasma appears to be important [56]. 
Generally, the sensitivity of assays for soluble fibrin for sepsis-associated coagu-
lopathy is better than the specificity. Some clinical investigations have shown 
that at certain concentrations of soluble fibrin sepsis-associated coagulopathy is 
highly probable [22]. Most of the clinical trials show a sensitivity of 90–100% 
but simultaneously a rather low specificity [57]. Fibrin degradation products 
(FDPs) may be assayed by specific ELISAs or by latex agglutination assays, 
enabling quick and bedside determination in urgent cases. None of the avail-
able tests for fibrin degradation products distinguishes degradation products of 
cross-linked fibrin or fibrinogen degradation, which may cause falsely abnormal 
results [58]. The specificity of high levels of fibrin split products is therefore 
modest, and a series of other clinical situations, such as trauma, recent surgery, 
inflammation, or venous thromboembolism, may cause elevated FDPs. More 
modern tests are specifically targeted at the determination of neo- antigens on 
degraded cross-linked fibrin. Typically these assays react with an epitope related 
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to plasmin-degraded cross-linked γ-chain, resulting in fragment D-dimer. These 
tests better distinguish degradation of cross-linked fibrin from fibrinogen or 
fibrinogen degradation products [59].

Ongoing coagulation activation results in depletion of coagulation factors in sep-
tic patients. Also, reduced synthesis, e.g., caused by impaired liver function or vita-
min K deficiency, and loss of coagulation factors, due to massive bleeding, may be 
important. Measurement of fibrinogen levels has been widely promoted as a helpful 
tool for the diagnosis of coagulation abnormalities in sepsis, but in fact this is not 
very helpful in most cases [10, 60]. Fibrinogen acts as an acute-phase reactant, and 
despite considerable turnover, plasma concentrations can be well within the normal 
range. In a consecutive series of patients, the sensitivity of a low fibrinogen level for 
the diagnosis of DIC was less than 30%, and hypofibrinogenemia was established in 
extreme cases of Gram-negative septicemia only. Sequential assessment of fibrino-
gen might be more helpful and yield diagnostic insight.

Thrombelastography is increasingly employed in critically ill patients with a 
hypercoagulable state, including those with DIC [61, 62]. Procoagulant as well as 
anticoagulant states in DIC as indicated with thrombelastography was demon-
strated to have a good correlation with clinically important organ dysfunction and 
survival although its advantage over usual coagulation assays has not yet been 
confirmed [63–65]. In a systematic review of 2 randomized controlled trials and 16 
observational studies in patients with sepsis, it was demonstrated that thrombelas-
tography was helpful in correctly identifying the endogenous fibrinolytic state 
[66]. The authors also found a correlation between hypocoagulability in sepsis and 
increased mortality. The accurate use of thrombelastography for the diagnosis of 
DIC has not been rigorously evaluated, although supporters believe that the assay 
may be helpful for appraising the state of coagulation in patients with critical ill-
ness [67, 68].

Based on retrospective analyses of databases from critically ill patients, compos-
ite scores for the diagnosis of sepsis-associated coagulopathy have been devised by 
the International Society on Thrombosis and Hemostasis (ISTH) [69]. The system is 
based on readily available laboratory tests, i.e., platelet count, prothrombin time, 
D-dimer, and fibrinogen levels. A diagnosis of DIC is compatible with a score of 5 or 
more points. The prothrombin time expressed in seconds in the scoring system may 
be replaced by the INR, making consistency between centers and standardization 
easier [70]. Validation analyses have shown a high diagnostic accuracy of the scoring 
system [71, 72]. The intensity of the coagulopathy as judged by this composite score 
is strongly associated with survival rates in critically ill patients [73]. Combining 
predictive intensive care measurement systems such as Acute Physiology and 
Chronic Health Evaluation (APACHE-II) with the DIC score seems to be a potent 
method to predict the prognosis in septic patients. Similar composite scores have 
been designed and studied in Japan [74]. The most relevant discrepancies between 
the ISTH and Japanese scores are a higher sensitivity and a higher proportion of 
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patients with hemato-oncological diseases that are diagnosed with DIC by the 
Japanese systems [75, 76].

4.6  Supportive Treatment of Coagulation Abnormalities 
in Sepsis

The foundation of the treatment of septic coagulopathy is adequate management of 
the sepsis, e.g., by appropriate antibiotics and source control. However, in many 
situations, adjunctive supportive treatment, aimed at the replacement of organ func-
tion, is necessary. Likewise, coagulation may need supportive measures as the coag-
ulopathy may proceed even after adequate sepsis treatment has been initiated. Some 
studies show that adjunctive interventions aimed at the derangement of coagulation 
may positively influence morbidity and mortality. The increase in the understanding 
of the various pathways that are important in coagulopathy of sepsis has indeed 
been helpful in the development of such adjunctive management strategies.

Low levels of platelets and coagulation factors may increase the risk of bleeding. 
However, plasma or platelet substitution therapy should not be instituted on the 
basis of laboratory results alone; it is indicated only in patients with active bleeding 
and in those requiring an invasive procedure or otherwise at risk for bleeding com-
plications [77]. The presumed efficacy of treatment with plasma, fibrinogen, cryo-
precipitate, or platelets is not based on randomized controlled trials but appears to 
be rational therapy in bleeding patients or in patients at risk for bleeding with a 
significant depletion of these hemostatic factors [37]. It may be required to use large 
volumes of plasma to restore normal concentrations of coagulation factors. 
Coagulation factor concentrates, such as prothrombin complex concentrate, may 
overcome this impediment, but these agents may lack important factors (e.g., factor 
V). Moreover, in older literature, caution is advocated with the use of prothrombin 
complex concentrates in systemic coagulation activation, as it may aggravate the 
coagulopathy due to small traces of activated factors in the concentrate. It is, how-
ever, less likely that this is still the case for the concentrates that are currently in use. 
Specific deficiencies in coagulation factors, such as fibrinogen, may be corrected by 
administration of purified coagulation factor concentrates [37].

Experimental studies have shown that heparin can at least partly inhibit the 
activation of coagulation in sepsis [78]. Uncontrolled case series in patients with 
sepsis and DIC have claimed to be successful. However, an advantageous effect of 
heparin on clinically important outcome events in patients with DIC has never been 
clearly demonstrated in controlled clinical trials [79], although there is cumulating 
evidence that heparin might be beneficial [80, 81]. In addition, there are several 
studies showing that critically ill patients with sepsis need adequate prophylaxis 
for venous thromboembolism, usually with (low molecular weight) heparin [82, 
83]. Therapeutic doses of heparin are indicated in patients with clinically overt 
thromboembolism or extensive fibrin deposition, like purpura fulminans or acral 
ischemia. Patients with sepsis may benefit from prophylaxis to prevent venous 
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thromboembolism, which may not be achieved with standard low-dose subcutane-
ous heparin [84].

Restoration of the levels of physiological anticoagulants in sepsis may be a ratio-
nal approach [85]. Based on successful preclinical studies, the use of antithrombin 
concentrates has been examined mainly in randomized controlled trials in patients 
with severe sepsis. All trials have shown some beneficial effect in terms of improve-
ment of laboratory parameters, shortening of the duration of the coagulopathy, or 
even improvement in organ function. In several small clinical trials, the use of very 
high doses of antithrombin concentrate showed even a modest reduction in mortal-
ity, however, without being statistically significant. A large-scale, multicenter, ran-
domized controlled trial also showed no significant reduction in mortality of patients 
with sepsis [86]. Interestingly, post hoc subgroup analyses of this study indicated 
some benefit in patients who did not receive concomitant heparin and in those with 
the most severe coagulopathy [87]. Recent propensity-adjusted retrospective data 
from Japan demonstrated a significant benefit of antithrombin-treated patients with 
severe infection and sepsis [88, 89]. However these observations still need prospec-
tive validation.

Adjunctive therapy with activated protein C (APC) has also been widely studied. 
A phase III trial of APC concentrate in patients with sepsis was prematurely stopped 
because of efficacy in reducing mortality in these patients [23]. All-cause mortality 
at 28 days after inclusion was 24.7% in the APC group versus 30.8% in the control 
group (a 19.4% relative risk reduction). And there was also an improvement of 
coagulation abnormalities and reduced organ failure in APC-treated patients. Of 
note, patients with the most severe coagulopathy benefited most from this treatment 
[73]. However, a series of negative trials in specific populations of patients with 
severe sepsis led to scepticism regarding the use of APC in sepsis, and meta- analyses 
of published literature concluded that the basis for treatment with APC, even in 
patients with a high disease severity, was not very strong or even insufficient [90]. 
On top of that, there was uncertainty regarding the bleeding risk of APC in patients 
with severe sepsis. The last large placebo-controlled trial in patients with severe 
sepsis and septic shock was prematurely stopped due to the lack of any significant 
benefit of APC [91]. Subsequently, the manufacturer of APC has decided to with-
draw the product from the market, which has resulted in a revision of current guide-
lines for treatment of DIC [92].

The most promising intervention at this moment is recombinant soluble throm-
bomodulin. Several preclinical studies in experimental sepsis models have shown 
that soluble thrombomodulin is capable of improving the derangement of coagu-
lation and may restore organ dysfunction [93]. In phases I–II clinical studies, the 
pharmacokinetic profile of recombinant soluble thrombomodulin was determined 
[94]. In a subsequent phase III randomized double-blind clinical trial in patients 
with DIC, administration of the soluble thrombomodulin had a significantly better 
effect on bleeding manifestations and coagulation parameters than heparin, but 
the mortality rate at 28 days was similar in the two study groups [95]. When limit-
ing these results to patients with severe infection and sepsis, DIC resolution rates 
were 67.5% in thrombomodulin-treated patients and 55.6% in the control group, 
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and 28-day mortality rates were 21.4% and 31.6%, respectively. Subsequently, 
soluble thrombomodulin was evaluated in a phase II/III clinical study in 750 
patients with sepsis and disseminated intravascular coagulation [96]. Twenty-
eight-day mortality was 17.8% in the thrombomodulin group and 21.6% in the 
placebo group. Markers of coagulation activation were lower in the thrombomod-
ulin group than in the placebo group. There were no differences between groups 
in bleeding or thrombotic events. The promising results with recombinant soluble 
thrombomodulin are supported by retrospective data in large series of Japanese 
patients and are currently being evaluated in a large international multicenter trial 
[97, 98].

4.7  New Pathways and Targets in the Management of DIC

In view of the overwhelming evidence for the central role of impaired natural anti-
coagulant pathways in the pathogenesis of DIC, much attention has been focused on 
the restoration of physiological anticoagulation as (adjunctive) treatment of DIC 
[6]. However, despite the fact that these interventions (such as recombinant human- 
activated protein C or antithrombin concentrate) have shown efficacy in reversing 
the coagulopathy, they have not resulted in an improvement on clinically relevant 
outcomes, such as survival or improvement of organ dysfunction [99]. One of the 
factors responsible for this may be that all these anticoagulants are clearly limited 
by the potential risk of major hemorrhage in critically ill patients. Therefore, it has 
been hypothesized that molecules that have less anticoagulant properties but have 
retained their anti-inflammatory effects may be promising new agents for the man-
agement of DIC. For example, non-anticoagulant heparin inhibits the expression 
and function of adhesion molecules, such as P-selectin and L-selectin. Moreover, 
this compound directly affects pro-inflammatory mediators, such as nuclear factor 
(NF)-κβ and cytokines, and attenuates endothelial cell dysfunction through the 
nitric oxide system. Non-anticoagulant heparin has a strong affinity for extracellular 
histones that result from cellular destruction during severe inflammation and that 
are robustly associated with endothelial dysfunction, organ failure, and death during 
sepsis [100]. Binding of this non-anticoagulant heparin to histones strongly inhib-
ited cytotoxic activity in vitro and translated to impaired inflammation and improved 
survival in animal models of systemic infection and inflammation. Similarly, recent 
experiments indicate a beneficial effect of activated protein C variants that have lost 
their anticoagulant properties [101].

Another interesting new target may the glycocalyx covering the endothelial sur-
face of the vascular bed [102]. The endothelium of the capillary bed is the most 
important interface in which the interaction between inflammation and coagulation 
takes place. All physiologic anticoagulant systems and various adhesion molecules 
that may modulate both inflammation and coagulation are connected to the endothe-
lium. In sepsis, endothelial glycosaminoglycans present in the glycocalyx are 
downregulated by pro-inflammatory cytokines, thereby impairing the functions of 
antithrombin (AT), tissue factor pathway inhibitor (TFPI), leukocyte adhesion, and 
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leukocyte transmigration. Because the glycocalyx also plays a role in other endothe-
lial functions, including maintenance of the vascular barrier function, nitric oxide- 
mediated vasodilation, and antioxidant activity, all these processes can be impaired 
in DIC. Moreover, specific disruption of the glycocalyx results in thrombin genera-
tion and platelet adhesion within a few minutes. Novel interventions aimed at resto-
ration of the glycocalyx may potentially maintain adequate physiological 
anticoagulation to balance activated coagulation in DIC [103].
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