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Abstract

Sepsis is a life-threatening condition characterized by a systemic response to microbial infection. Despite considerable 
progress in intensive care medicine, the incidence of sepsis and the number of sepsis-related deaths are increasing 
world-wide. There is a complex relationship between the coagulation, immune and inflammatory systems in sepsis. 
Activation of the coagulation cascade in sepsis is a result of a pathogen invasion and is a part of a immuno-inflammatory 
host response. In sepsis, the close cooperation of the immune and coagulation systems through cross signalling results 
in immunothrombosis. According to a recently described new theory, immunothrombosis is a immune response in 
which the local activation of coagulation facilitates the recognition and destruction of pathogens. Small amounts 
of clot formation are beneficial for the host because of bacteria trapping and prevention of the systemic spread 
of infection. Sepsis is a dynamic syndrome and in all patients with sepsis coagulation changes may progress from  
a normal profile to hypercoagulability and hypofibrinolysis, hyperfibrinolysis, and ultimately hypocoagulability.
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Sepsis is not a single disease, but a highly heterogene-
ous syndrome that is the net result of host and pathogen 
interactions [1]. According to the current Surviving Sepsis 
Campaign Guidelines, sepsis is defined as life-threatening 
organ dysfunction caused by a dysregulated host response 
to infection and a syndrome shaped by pathogen factors and 
host factors with characteristics that evolve over time [2].  
What differentiates sepsis from infection is an aberrant or 
dysregulated host response and the presence of organ 
dysfunction. One of the criteria for sepsis are coagulation 
abnormalities with INR > 1.5 or aPTT > 60 s and/or throm-
bocytopenia with a platelet count < 100 G L-1 [2]. 

Coagulopathy is highly prevalent in septic patients 
and may range from moderate thrombocytopenia to 
advanced disseminated intravascular coagulation (DIC). 
Thrombosis plays a significant role in early immune re-
sponse in sepsis. This defensive role of thrombosis is now 
referred to as immunothrombosis. Immunothrombosis 
includes TF, immune cells and thrombin, VIIa and Xa fac-
tors which generate clots. Microthrombi are antimicro-
bial matrices forming a physical barrier to the pathogen. 
Microthrombi create places that cumulate antimicrobial 

strategies regarding resident and recruited immune cells 
accelerating the recognition and destruction of patho-
gens [3]. However, if uncontrolled, immunothrombosis is  
a major source of the pathologies associated with sepsis 
and thrombosis [3].

Mechanism of sepsis associated 
haemostatic abnormalities

The microorganism and its derivatives drive the follow-
ing changes: 
a.	 monocytes-macrophages aberrant expression of tissue 

factor,
b.	 the impairment of anticoagulant pathways (antithrom-

bin, protein C pathway, TFPI), caused by dysfunctional 
endothelial cells (ECs),

c.	 the overproduction of PAI-1(plasminogen activator in-
hibitor-1) by ECs and thrombin-mediated activation of 
thrombin-activatable fibrinolysis inhibitor (TAFI) result-
ing in the suppression of fibrinolysis [4]. 
Hemostasis and inflammation are closely tied and 

can regulate each other when activated during infection. 
The eradication of the invading pathogen depends on 
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the coagulative and the inflammatory responses of the 
host. In sepsis, the haemostatic balance is shifted toward 
a pro-coagulation state. The coagulation cascade is medi-
ated by TF expression on monocytes, macrophages and by  
TF-expressing microparticles from platelets, monocytes and 
macrophages [5].

Monocytes and neutrophils are activated when they 
detect pathogen-associated molecular patterns (PAMPs) 
and/or damage-associated molecular patterns (DAMPs) [6].  
These elements are recognized via pattern recognition 
receptors (PRRs), with Toll-like receptors (TLRs) and the 
complement receptors involved. The PRRs activate the 
coagulation system through increased production of TF 
and by impairment of anticoagulation and fibrinolysis [7]. 
TF-expressing microparticles from platelets, monocytes, 
and endothelial cells initiate the coagulation cascade, with  
a concomitant sharp decrease of TFPI (Tissue Factor Pathway 
inhibitor), which is a major inhibitor of TF-FVIIa-initiated 
coagulation [8]. In addition to PAMPs, alarmins (histones, 
nucleosomes, HMGB1) originating from damaged host cells 
are also coagulation triggers. Cytokines such as TNF-a, IL-1,  
IL-6 are up-regulated after TF expression and influence nat-
ural anticoagulant suppression and endothelial damage.  
TF triggers the coagulation-independent signalling pathway 
mediated by PARs on immune cells. PAR-dependent signals 
induce pro- and anti-inflammatory pathways regulating 
the migration and proliferation of immune cells, as well as 
endothelial adhesion [9] (Fig. 1). 

In HMGB1 released after tissue damage all cysteines 
are in reduced form and this form of HMGB1, while this 
form of HMGB1 recruits leucocytes to the site of in-
jury without stimulating cytokine release. Histones are 
DNA‑binding proteins with a positive charge and are 
the most abundant proteins in the nucleus. Histones are 
classified as a new class of DAMPs while extracellular 
histones stimulate the migration of neutrophils, the ag-
gregation of platelets and endothelial cell damage [8].  
The procoagulant reaction is partially reversed by an in-
creased temporal expression of tPA which is quickly inhib-
ited by increased levels of PAI-1. The increase of TAFI activity 
results in amplifying the thrombogenic pathway. During 
sepsis, inflammation-induced coagulation results in exces-
sive thrombin formation. Thrombin is an important platelet 
agonist via protease activated receptor (PAR)1, PAR3 and 
PAR4, present on the platelet membrane [8]. Platelets activa-
tion accelerates thrombosis. Platelet P-selectin expression 
increases monocyte TF expression and platelet adhesion to 
leucocytes and the endothelium. Platelets adhered to the 
endothelium and leucocytes create a surface for thrombin 
generation [5].

In response to pathogen stimuli, TLR4 of activated plate-
lets has been shown to bind to neutrophils causing the 
secretion of nuclear content resulting in NET (Neutrophil 
extracellular trap) formation [10]. NETs include web-like 
structures of DNA, histones, neutrophil elastase, and my-
eloperoxidase able to entrap and kill microbes [3, 4], while 

Figure 1. Coagulation in sepsis, immunothrombosis. PAMPs and DAMPs trigger TF expression on monocytes and NET release by neutrophils. NETs 
create places for platelet binding and aggregation
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revealing proinflammatory and prothrombotic properties 
[4]. NETs activate factor XII, inactivate TFPI and provide plac-
es for platelet binding and aggregation [6]. NETs have been 
shown to intercalate within a fibrin clot and form a struc-
tural network that is resistant to lysis [6]. TF-mediated and 
NET-mediated immunothrombosis is a significant factor in 
early, innate immune response against bacterial spreading, 
facilitating the recognition and destruction of pathogens, 
but may lead to DIC, if uncontrolled [6] (Fig. 2).

Sepsis-associated haemostatic abnormalities range from 
the subclinical activation of blood coagulation to acute DIC, 
characterized by widespread microvascular thrombosis, 
the consumption of platelets and coagulation proteins, 
eventually causing bleeding. Sepsis-attributed mortality 
is as high as 30–50%, rising up to 70% in patients with an 
overt DIC [11].

Utility of TEG/ROTEM measurements  
in septic coagulopathy 

A reliable assessment of haemostatic status in sepsis 
may be provided by thromboelastography (TEG) [12], or 
thromboelastometry (ROTEM). Both rotational thromboe-
lastography (TEG) and thromboelastometry (ROTEM) are 
point-of-care tests, which evaluate whole-clot formation 
and dissolution. To describe these viscoelastic changes, both 
systems have their own terminology. The main parameters 
are reaction time (R)(TEG) or clotting time (CT) (ROTEM), 
which is the period from the initiation of the test until the 
beginning of clot formation and which depend on concen-
trations of coagulation factors/inhibitors. Moreover, K-time 
or clot formation time (CFT) (TEG/ROTEM) is the period from 
the start of clot formation until the curve reaches an ampli-

tude of 20 mm and reflects the propagation of clot forma-
tion. The kinetics of fibrin formation and cross-linking are 
expressed by the α-angle. Clot strength is represented by the 
maximal amplitude of the trace. The degree of fibrinolysis is 
reflected by the difference between the maximal amplitude 
and the amplitude measured after 30 and/or 60 min [13]. 

Adamzik et al. [14] revealed in a cohort study of 98 septic  
patients that the presence or absence of a single pathologi-
cal thromboelastometry finding is associated with differ-
ences in survival. Although thirty-day survival was 85.7% 
when all thromboelastometry variables were normal, this 
comprised 58.7% when at least one variable was patho-
logical (P = 0.005). A multivariate analysis revealed that the 
absence or presence of at least one pathological thromboe-
lastometry variable allows for better prediction of 30-day 
survival in severe sepsis than the SAPS II and SOFA scores 
(OR 4.1; P = 0.01), respectively [14]. Septic patients who 
were hypocoagulable with a prolonged reaction time (R), 
reduced α angle or decreased maximum amplitude (MA) 
had increased mortality [13].

The fibrinolytic system and its role 
Hemostasis is controlled by the fibrinolytic system, with 

plasmin as the key enzyme. Plasmin is generated from plas-
minogen by activators such as tPA and urokinase plasmi-
nogen activator (uPA), while the main inhibitor of tPA and 
uPA is PAI-1 (plasminogen activator inhibitor-1) [15]. Sepsis 
is associated with impaired fibrinolysis as a result of an 
increase of PAI-1 concentration in plasma. The fibrinolytic 
system also seems to be involved in pathogen clearance. 
According to the theory of immunothrombosis, a small 
amount of clot formation is beneficial for the host as bacteria 
and DAMPs are trapped, thus preventing systemic spread 
of infection [7, 16].

The hypercoagulability associated with hypofibrinolysis 
might be considered as an attempt to compartmentalize 
the infectious focus [11], and is followed by late fibrinolytic 
shutdown [17]. Savioli, in a study carried out in a group of 
patients with severe sepsis and septic shock, found that the 
coagulation and inflammatory response were unrelated 
with amount of organ failure and outcome, conversely in-
hibition of fibrinolysis was associated with morbidity and 
mortality though it was observed in a fraction of study 
group [18]. 

The two main markers used to quantify fibrinolysis are 
PAI-1 and TAFI. The balance between tPA and PAI-1 regulates 
fibrinolytic activity and TAFI, as well as neutrophil elastase 
modulate fibrinolysis. Dynamic changes in these molecules’ 
activity results in the impairment of fibrinolysis [19]. Entrap-
ment of bacteria by fibrin at the site of infection may limit 
their capacity to disseminate into nearby tissues, organs, 
and systemic circulation and explains why although the 

Figure 2. Immunothrombosis. Microthrombi with platelets and 
neutrophils. NETs +trapped pathogens
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impairment of fibrinolysis has a protective role in early host 
defence [19], elevated levels of PAI-1 and TAFI observed in 
septic patients were related to multiorgan failure and may 
possess value as prognostic markers in septic shock [20]. In 
the a study by Koyama et al. [21] in which 77 patients with 
sepsis were enrolled, 37 (48.1%) developed overt DIC within 
five days of their ICU stay. Patients who developed overt 
DIC were more severely ill with a higher APACHE II score, 
maximum SOFA scores and 28-day mortality, compared 
with patients who did not develop overt DIC. On Day 0, 
there were marked increases in TAT (thrombin-antithrombin 
complex) and PAI-1, and decreases in PC, plasminogen and 
a2-PI activities, which were particularly marked in patients 
with subsequent development of overt DIC. According to 
the authors, only TAT and PAI-1 at the baseline were signifi-
cant predictors of 28-day mortality among the biomarkers 
that had good discriminative power for the development 
of overt DIC. Based on the best calculated cut-off values, 
cut-off points at the baseline were set at 18 ng mL-1 for TAT 
and 270 ng mL-1 for PAI-1. The Kaplan-Meier survival curve 
for patients with sepsis demonstrated that TAT > 18 ng mL-1 
and/or PAI-1 > 270 ng mL-1 on admission were significantly 
correlated with higher mortality (P = 0.0024) [21].

The role of PARs , protein C , 
thrombomodulin and antithrombin 

Protease-activated receptors (PARs) form the molecu-
lar link between coagulation and inflammation. PAR1 in 
particular is implicated in sepsis [22], and while it exerts 
cytoprotective effects when stimulated by activated protein 
C (APC) or low-dose thrombin, it exerts disruptive effects on 
endothelial-cell barrier function when activated by high-
dose thrombin. APC cleaves PAR1 when it is associated with 
either the endothelial protein C receptor (EPCR) or CD11b/ 
/CD18, which results in broad cytoprotective effects mediat-
ed by sphingosine 1 phosphate (S1P) receptor 1 (S1P1). APC 
associated with EPCR cleaves PAR-1 initiating cell signalling 
with cytoprotective effects that includes anti‑inflammatory, 
anti-apoptotic activities and altered gene expression [9]. 
Activation of PAR1 by high dose thrombin results in barrier 
disruptive effects in endothelial cells via an S1P3 dependent 
mechanism. Thrombus formation results in reduced tissue 
oxygenation impaired by the loss of endothelial barrier 
function and a disturbed balance between S1P1 and S1P3 
within the vascular wall. This is in part due to induction of 
S1P3 through PAR1 as a result of a reduced ratio of APC 
to thrombin [22]. PC is activated by the thrombin–throm-
bomodulin complex on the endothelial surface, and this 
activation is facilitated by EPCR. APC exerts its anticoagulant 
activities through the proteolytic inactivation of factors Va 
and VIIIa aided by protein S on negatively charged phos-
pholipid membranes. The mechanisms responsible for the 

decrease in AT and PC activity in sepsis are thought to be 
their consumption during activated coagulation, impaired 
synthesis in the liver, degradation by neutrophil elastase and 
other enzymes, and leakage from the endovascular space. 

The capacity to generate activated protein C is impaired 
in part by reduced expression of thrombomodulin (TM) 
and the EPCR. Thrombomodulin (CD141) is an transmem-
brane glycoprotein which by binding thrombin, prevents 
fibrinogen conversion to fibrin and prevents thrombin from 
interacting with platelets [23]. Thrombomodulin accelerates 
the thrombin-catalyzed conversion of protein C to APC, 
which suppresses the release of TNF-a and IL-1b. TM binds to 
HMGB1 preventing its interaction with RAGE-products and 
supports the proteolytic cleavage of HMGB1 by thrombin.  
A novel biological agent, rhsTM (recombinant human soluble 
thrombomodulin), exhibits anti-inflammatory, anticoagu-
lant, antifibrinolytic properties. RhsTM binds to histones and 
neutralizes the prothrombotic action of histones providing 
a mechanism for its effectiveness in DIC [24]. A multicenter, 
double-blind, randomized trial performed in order to evalu-
ate the efficacy and safety of rhsTM (ART-123) for the DIC 
treatment, revealed that rhsTM therapy is more effective 
and safer than low-dose heparin. In a study of 86 patients 
with sepsis-induced DIC, lower mortality and improved SOFA 
scores were associated with an infusion of rTM (recombinant 
thrombomodulin) versus those not treated with rTM (37% vs. 
58%, P = 0.038) [25]. According to the newest data, Japan, 
during the 2010–2012 period, significantly increased the use 
of rhs-TM and decreased the use of AT, heparin and protease 
inhibitors in the treatment of sepsis-induced DIC [26].

AT is a single-stranded glycoprotein which is synthe-
sized in the liver and inhibits the activity of thrombin and 
activated factors VII, IX, X, XI and XII. Antithrombin forms  
a 1:1 complex with thrombin, inactivating its enzymat-
ic activity. Iba et al. [27] reported the results of a non-
randomized, multi-institutional, post-marketing survey 
performed in order to determine the optimal AT dose 
for septic DIC treatment. In the above-described survey,  
307 septic patients having an AT activity less than 40% 
and who had undergone AT substitution at a dose 1,500 IU  
per day, or 3,000 IU per day for 3 consecutive days, were 
analyzed. DIC was defined according to the Japanese As-
sociation for Acute Medicine DIC (JAAM DIC) criteria [27]. 
The scoring system included the SIRS score, platelet count, 
fibrin/fibrinogen degradation product (FDP), or D-dimer 
and prothrombin time ratio. They reported survival rates 
of 65.2% in patients receiving 1,500 IU per day of AT and 
74.7% in patients receiving 3,000 IU per day. A logistic 
regression analysis showed that the higher dose (3,000 IU  
per day) was associated with a better 28-day survival 
outcome without increasing the risk of bleeding in DIC 
patients [28]. 
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The role of glycocalyx and endothelium
Intact endothelium functions as an antithrombotic sur-

face preventing inappropriate activation of coagulation. 
Endothelial cells regulate haemostatic balance by the site-
specific release of pro- and anticoagulant factors. As the 
PC system and TFPI are connected to the endothelium, ECs 
maintain their anticoagulant function. ECs are the main pro-
ducer of proinflammatory, procoagulant and antifibrinolytic 
factors, as well as of those with the opposite actions- anti-
inflammatory anticoagulant, and profibrinolytic properties. 
ECs synthesize von Willebrand factor, protease-activated 
receptors (PARs), express prostacyclin , nitric oxide, TFPI, 
heparin sulfate, thrombomodulin, as well as EPCR. Once 
activated or injured, ECs secrete into the local environment 
mostly procoagulant or antifibrinolytic components, such 
as von Willebrand factor (vWF), thromboxane A2 (TXA2) 
or PAI-1.The expression or secretion of components with 
anticoagulant and profibrinolytic properties is significantly 
reduced [26]. 

Glycocalyx and EC damage are associated with conse-
quences like capillary leakage, inflammation with platelet 
activation, and microvascular thrombus formation [29]. 

Septic disturbances in platelets  
count and function

The function of the platelets goes beyond haemostatic 
regulation, and platelets are key mediators of the immu-
no-inflammatory response to infection. Platelets can be 
activated by PAF and thrombin. Thrombin is an important 
platelet agonist via PAR1, PAR3 and PAR4, which are present 
on the platelet membrane [30]. Platelets after activation 
with thrombin are able to express more than 300 proteins 
(coagulation factors, chemokines, mitogenic factors, adhe-
sive proteins) which undergo different patterns of release 
during their activation [30]. Platelets, by expressing selectin 
on their surface and/or by releasing soluble P-selectin, en-
hance the expression of TF on monocytes. The engagement 
of neutrophil TREM-1, for which platelets express a ligand, 
results in increased release of cytokines and chemokines. 
Endothelial cells are activated by platelet derived CD40L 
(ligand) and platelet derived IL1b-positive microparticles, 
after which ECs secrete adhesion molecules and TF [30].  
Activated platelets amplify thrombin generation by providing  
the anionic phospholipid surface onto which coagulation 
occurs. Sepsis-induced platelet activation results in the re-
lease of triggering a receptor expressed on myeloid cells-like 
(TREM-like) transcript-1 (sTLT-1).TLT-1 is a receptor expressed 
only on platelet and megakaryocyte lineage and moved to 
the platelet surface after activation with thrombin, LPS and 
collagen. TLT-1 seems to be a regulator of haemostasis dur-
ing sepsis via autocrine stimulation of increased platelet ag-
gregation [31]. Platelets may exert direct cytotoxic effects by 

releasing of granzyme B and cationic antimicrobial proteins 
while platelet derived microparticules may be cytotoxic as 
a result of containing superoxide.

Thrombocytopenia is a known risk factor for death and 
complications in sepsis and is included in severity scores that 
have been validated in sepsis, such as the Sequential Organ 
Failure Assessment (SOFA) [32]. Thrombocytopenia in sepsis 
occurs as part of DIC, as a result of impaired production due 
to inflammatory mediators, increased platelet consumption, 
or destruction due to the ongoing generation of fibrin, and 
mostly as a combination of these. A drop in a platelet count 
of 30% and more is an independent death predictor.

Measuring immature platelet fractions (IPF%) allows 
one to differentiate between thrombocytopenia caused 
by increased platelet destruction and bone marrow failure. 
Increased IPF% is related to thrombotic events including 
DIC in sepsis [30].

In research by Gafter-Gvili et al. [33] concerning a 1052 
patient cohort with Staphylococcus bacteremia, thrombo-
cytopenia was defined as a platelet count less than 150 G L-1  
and was present at the onset of sepsis in 235 patients 
(22.3%). The primary outcome was 30-day all-cause mor-
tality which was accelerated and significantly higher among 
patients with thrombocytopenia (unadjusted OR: 2.44; 95% 
CI: 1.82−3.28; P < 0.001). Higher and accelerated mortality 
was associated with the degree of thrombocytopenia: death 
occurred in 23 (76.7%) of 30 patients with platelet counts of 
< 50 G L-1 ; in 47 (62.7%) of 75 patients with platelet counts 
of 50–99 G L-1 ; in 62 (47.7%) of 130 patients with platelet 
counts of 100−149 G L-1 ; in 238 (35.1%) of 678 patients with 
platelet counts of 150–400 G L-1 [33]. 

The activated platelets undergo a shape change from 
disc-shaped cells into spherical-shaped cells, upregulate 
the expression of receptors like P-selectin, degranulate 
and aggregate promoting their own adhesion with the 
endothelium, other platelets and leucocytes, leading to 
the production of NETs [34]. In a study by Reddi et al. [35], it 
was revealed that poor platelet aggregation responses were 
associated with high SOFA and APACHE II scores. Amongst 
patients with septic shock, the aggregation response to 
both ADP (adenosine diphosphate) and arachidonic acid 
was inversely correlated with their SOFA score (n = 26,  
r = − 0.51 and −0.36, respectively, P < 0.05). The aggregation 
of platelets from septic shock patients was also inversely 
correlated with their APACHE II score (n = 26, r = −0.44 and 
−0.47 respectively, P < 0.05) (35).

Davies et al. [36] showed reduced platelet aggregometry 
measurements in patients with severe sepsis and septic 
shock when compared to SIRS and uncomplicated sepsis. 
Platelet aggregation is enhanced in the presence of lipopoly-
saccharide (LPS) in vitro, in blood, endotoxin directly binds 
to CD14 receptor on monocytes and binds to ECs after com-
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plexing with lipopolysaccharide binding protein (LBP) and 
TLR-4. In endotoxin-induced inflammatory settings, plate-
lets can be directly activated by proinflammatory cytokines 
or PAF. The activation of P2Y12 receptor, a chemoreceptor 
for ADP, is essential for ADP-mediated complete activation of 
glycoprotein (GP) IIb/IIIa and Ia/IIa. After platelets activation 
fibrinogen binds to multiple GPIIb/IIIa receptors, bridging 
platelets and facilitating platelet aggregation. 

Recently, the role of platelets in sepsis-associated en-
dothelial dysfunction has been reported. The data indicate 
that anti-platelet drugs could modulate the development 
of organ failure in sepsis, not only by an inhibition of the 
haemostatic function of platelets but also by an inhibition 
of their interaction with ECs [37]. Acetylsalicylic acid (ASA) 
suppress the production of prostaglandins and thrombox-
anes, and stimulates the synthesis of 15-epi-lipoxin A4, 
which increases the synthesis of nitric oxide, inhibiting 
the interactions between leukocytes and ECs. In a general 
population of ICU admissions, those on antiplatelet therapy 
have a decreased mortality [38] and have a decreased risk 
of developing multi-organ failure [39]. In ICU patients with 
septic shock treated with antiplatelet therapy, a reduction 
in mortality was observed [34].

Therapeutic options for septic 
coagulopathy

Despite developments in the pathophysiology of sep-
sis, there is no specific pharmacotherapy for septic coagu-
lopathy [40] while the main factor of septic coagulopa-
thy treatment is the management of sepsis/septic shock. 
Surviving Sepsis Campaign Guidelines and the Guidelines 
for Prevention of Venous Thromboembolism in Nonsurgi-
cal Patients have recommended thromboprophylaxis with 
UFH or LMWH for septic patients [2, 41]. Wang et al. [42]  
in a meta-analysis assessed the effects of heparin on short-
term mortality in adult patients with sepsis and severe sep-
sis. Nine publications were included in the meta-analysis. 
According to its results, heparin decreased 28-day mortality 
(n = 3,482, OR = 0.656, 95% CI: 0.562−0.765, P < 0.0001) 
in patients with severe sepsis while heparin had no ef-
fect on bleeding events in sepsis (7 RCTs, n = 2,726; OR =  
= 1.063; 95% CI: 0.834−1.355; P = 0.623; and I2 = 20.9). In their 
conclusions, the authors stated that the use of heparin for 
sepsis is safe with no increase in the risk of bleeding [42]. 
Zarychanski et al. [43], in systemic review and meta-analysis, 
evaluated the efficacy and safety of heparin in patients with 
sepsis, septic shock and DIC associated with infection. Nine 
trials enrolling 2,637 patients were included. According to 
these results, the authors stated that although heparin in 
patients with sepsis, septic shock and DIC associated with 
infection may be associated with decreased mortality, the 
overall impact remains uncertain [43]. In HETRASE study 

results (A Randomized Clinical Trial of Unfractioned Heparin 
for the Treatment of Sepsis) the efficacy of UFH for sepsis 
was denied [44].

Thrombomodulin is an anticoagulant converting throm-
bin into an APC generator. PAMPs, DAMPs and complements 
are sequestrated by lectin-like domain of rhsTM and these 
are APC-independent activities of rhsTM [45]. As the expres-
sion of thrombomodulin is downregulated during septic 
DIC, substitution with recombinant human soluble TM is 
a therapeutic option for the management of sepsis with 
coagulopathy [24]. RhsTM was approved in Japan for DIC 
treatment in 2008 [46]. An international phase III clinical trial 
evaluating the efficacy of TM in patients with severe sepsis 
and coagulopathy is ongoing in the USA, South America, 
Asia, Australia, the European Union, and other countries (htt-
ps://clinicaltrials.gov/ct2/show/NCT01598831?term=ART-
123&rank=2).

Wiedermann et al. [47] demonstrated the potential ef-
ficacy of antithrombin for septic DIC while an RCT con-
ducted by the JAAM/DIC Study Group demonstrated that 
antithrombin treatment resulted in significantly decreased 
DIC scores and better recovery rates from DIC compared 
with those observed in the control group (no AT treatment) 
on day 3. The incidence of minor bleeding complications did 
not increase, and no major bleeding related to AT treatment 
was observed. Although the platelet count significantly 
increased, AT did not influence the SOFA score or markers 
of coagulation and fibrinolysis on day 3 [48] According to 
the authors, the moderate dose of AT — 30 IU kg-1 day-1 in-
creases the DIC recovery rate without any risk of bleeding in 
patients with septic DIC. A study by Iba et al. [49], published 
in 2016, presented results from a group of 159 patients 
with septic DIC with AT ≤ 70% who had undergone AT sup-
plementation. The 28-day mortality in the study group was 
27%. Survivors exhibited a higher peak AT activity than non-
survivors (85.1% vs. 65.0%, P = 0.027). Bleeding events were 
observed in 4.13% (major bleeding: 1.65%) of the patients, 
and the coadministration of rTM did not increase the risk of 
bleeding (with rTM: 4.11% vs. without rTM: 4.17%). Heparin 
was concomitantly used in 22 (18.2%) cases, while its use 
non-significantly increased the bleeding risk (with heparins: 
9.09% vs. without heparins: 3.03%; P = 0.224) [49].

Since there is a significant heterogeneity regarding 
septic patients, in the treatment for septic DIC the proper 
choice of drug, timing and matched dose depend strictly 
on the patient’s coagulation results and clinical condition.

Conclusions
The host’s defence to infectious invasion is a highly regu-

lated process involving inflammatory and anti-inflammatory 
components. The important features in sepsis which con-
tribute to the outcome are the activation of coagulation and 
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downregulation of anticoagulation and fibrinolysis. Each 
targeted treatment for sepsis should restore the balance of 
haemostasis and should be tailored to preserve the function 
of the host’s defence mechanisms. A revised understanding 
of the molecular mechanisms responsible for the bidirec-
tional interaction between inflammation and hemostasis in 
sepsis may be helpful in revealing new therapeutic options 
concerning septic patients and creates the possibility for the 
reduction of mortality in sepsis.
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