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Anticoagulant Therapy in Sepsis.
The Importance of Timing
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Abstract
Sepsis associated coagulopathy is due to the inflammation-induced activation of coagulation pathways concomitant
with dysfunction of anticoagulant and fibrinolytic systems, leading to different degrees of haemostasis dysregulation.
This response is initially beneficial, contributing to antimicrobial defence, but when control is lost coagulation activation leads to widespread microvascular thrombosis and subsequent organ failure. Large clinical trials of sepsis-related anticoagulant therapies failed to show survival benefits, but posthoc analysis of databases and several smaller
studies showed beneficial effects of anticoagulants in subgroups of patients with early sepsis-induced disseminated
intravascular coagulation. A reasonable explanation could be the difference in timing of anticoagulant therapy and
patient heterogeneity associated with large trials. Proper selection of patients and adequate timing are required for
treatment to be successful. The time when coagulation activation changes from advantageous to detrimental represents the right moment for the administration of coagulation-targeted therapy. In this way, the defence function of
the haemostatic system is preserved, and the harmful effects of overwhelming coagulation activation are avoided.
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Introduction

According to recent publications, sepsis is defined as a
“life-threatening organ dysfunction due to a dysregulated host response to infection” [1, 2]. Haematological disturbances are commonly encountered in critical care patients [3]. In septic patients a spectrum of
coagulation activation is often noted, ranging from
mild abnormalities on standard laboratory tests to disseminated intravascular coagulation (DIC), leading to
bleeding complications and organ dysfunction [4]. The
pathophysiology of sepsis-associated DIC was extensively investigated in recent studies and is a topic of interest, especially in the light of targeted antithrombotic
therapies.
This article outlines the pathophysiology of inflammation-induced coagulation activation and reviews the
anticoagulant-targeted therapies used for modulation
of sepsis-associated coagulopathy.

*

Inflammation-induced

activation of
coagulation
Coagulation derangement during sepsis is mainly attributed to tissue factor-mediated thrombin generation, dysfunction of normal physiologic anticoagulant
systems and fibrinolytic mechanisms. This results in an
enhanced fibrin formation followed by impairment of
fibrin removal [5].
Coagulation activation during infections is triggered
by the release of pro-inflammatory cytokines leading
to the expression of tissue factor (TF) by different cell
types [6]. Generally, TF is expressed in the extravascular compartments on cells which come in contact with
blood only after vascular injury. During inflammation,
circulating cells, mostly monocytes, and endothelial
cells express TF on the membrane surface [6, 7].
On contact with blood, TF forms a complex with
FVIIa. This complex activates FX and FIX, eventually
leading to a thrombin burst with fibrin formation on
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phospholipid surfaces [8]. During inflammatory states,
TF is not only expressed on endothelial or immune
cells, but also on microparticles. These are circulating
cell fragments derived from activated or apoptotic cells
[9]. Neutrophils or eosinophils cannot express TF but
can acquire it from monocyte-derived micro particles
[10]. In this way, microparticles play a significant role
in haemostasis activation and intercellular communication.
Neutrophil cells are involved in the early immune
response, being directed by cytokines to infected tissues where the pathogens are destroyed either by intracellular killing after phagocytosis or by the use of
extracellular traps (NETs). NETs are made up of DNA
with histones and antimicrobial proteins [11]. Substances with antibacterial proprieties are released into
the circulation by NETs and efficiently kill pathogens
by surrounding them in an extracellular matrix [11,
12]. NETs can activate both the extrinsic and intrinsic
coagulation pathways, promote platelet activation and
endothelial wall damage and provide a platform for
platelet or red blood cell adhesion and fibrin deposition
[12]. Local coagulation activation by NETs contributes
to the compartmentalization of bacteria. Thus NETs
have important functions in antimicrobial defence, but
when their production is uncontrolled, thrombus formation, tissue and organ damage can ensue [11].
Under normal conditions, the pro-coagulant response is followed by activation of fibrinolysis and
clot dissolution. In the early stages of sepsis, increased
expression of tissue plasminogen activator followed
by increased fibrinolysis is noted only for a limited
time. Afterwards, a rapid inhibition of fibrinolysis usually occurs due to increased synthesis of plasminogen
activator inhibitor (PAI 1) and thrombin-activated
fibrinolysis inhibitor (TAFI) [13, 14]. Fibrinolysisrelated markers have been the subject of studies investigating their role as diagnostic, prognostic biomarkers
in septic patients [15].

Therapeutic

implications
Organ dysfunction in sepsis can be regarded as the consequence of uncontrolled inflammatory and pro-coagulant response to infection [5]. Inhibiting coagulation
activation could be a useful tool to improve the effects
of sepsis. However, it seems that local thrombosis plays
a significant physiological role in immune defence, a
concept called immunothrombosis. A small amount of
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local clot formation leads to the physical entrapment of
pathogens by fibrin, limiting their dissemination into
the circulation or nearby tissues [12, 16].
It is important to determine the exact timing for the
start of coagulation-targeting therapy as this treatment
may lead to bleeding complications if the coagulation
system is already depleted [17]. However, a study using Pseudomonas Aeruginosa induced lung injury in
animals, demonstrated that early inhibition of fibrin
formation was associated with poorer outcomes [18].
Activated Protein C
Protein C is cleaved to form Activated Protein C (APC)
on the endothelial cell surface, a process involving
endothelial protein C receptor (EPCR) and thrombomodulin. EPCR is important for binding Protein C to
the endothelium and the thrombin-thrombomodulin
complex is necessary for Protein C activation [19]. APC
and the cofactor Protein S irreversibly inactivate coagulation factors Va and VIIIa, thus limiting thrombin
generation [12, 19]. APC has significant profibrinolytic
actions as it can inhibit both PAI-1 and TAFI [9]. Until
recently, the current thought was that the anti-inflammatory activity of APC is due to the anticoagulant effect
of decreasing thrombin generation [19]. According to
recent research, APC has important anti-inflammatory
proprieties independent of its anticoagulant activity.
APC has multiple cytoprotective effects mediated by
EPCR and a protease-activated receptor PAR-1. APC
down-regulates the production of pro-inflammatory
cytokines, of TF expression on activated leukocytes,
decreases neutrophil adherence to endothelium and
endothelial, and contributes to the endothelium stabilisation [9, 19]. APC has additional beneficial effects by
degrading histones from NETs [19].
Protein C levels are reduced in severe inflammatory
states due to decreased synthesis and ongoing degradation by neutrophil elastases [5, 12]. Furthermore, a
significant downregulation of TM and EPCR due to
inflammatory cytokines decreases protein C activation. In sepsis, low levels of free protein S contribute
to the malfunction of the protein C system, resulting
in a disruption of the balance between pro- and anticoagulant factors and a potential pro-thrombotic state
[5, 20]. Recent studies revealed that severe protein C
deficiency is septic patients is linked to the severity of
organ dysfunction [20, 21]. Based on the significant
role of Protein C deficiency in the pathophysiology of
sepsis-associated coagulopathy and subsequent organ
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failure, it appears logical to prescribe activated protein
C as a treatment for sepsis.
The landmark “Protein C Evaluation in Severe Sepsis” (PROWESS) study showed a significant reduction
in mortality at 28 days associated with the use of recombinant human activated protein C (rhAPC) [22].
Based on this study, the use of rhAPC was approved
for treatment of septic patients with APACHE II scores
of at least 24 [12]. Considering the high mortality associated with sepsis, the question arose as to whether
rhAPC treatment could be extended to less sick patients. The follow-up multicentre trial [23] failed to
show a survival benefit in patients treated with rhAPC.
It was concluded that this therapy should not be used
in patients with sepsis and single-organ failure or an
APACHE II score of less than 25. A subsequent study
(PROWESS-SHOCK) included patients with septic
shock and failed to confirm an improved outcome
associated with the use of rhAPC [24]. Based on this
result, the manufacturer withdrew rhAPC from the
market [25]. A Cochrane review confirmed the lack of
benefits regarding survival in patients with severe sepsis and septic shock treated with rhAPC [25].
The disappointment expressed by the withdrawal
of rhAPC based on the results of a single clinical trial,
prompted the continued investigation of the benefits of
this drug [5]. After analysing a large number of patients
from the Surviving Sepsis Campaign’s Database, Casserly et al. (2012) reported a reduction in in-hospital
mortality rate associated with the use of rhAPC in septic patients with multiorgan failure [26]. A subgroup
analysis of septic patients with overt DIC, defined according to a slightly modified ISTH criteria, revealed a
greater relative risk reduction in mortality in rhAPCtreated patients compared to non-treated patients [27].
Small studies confirm the benefits of using plasma
based APC which is still used in Japan [28, 29].
In conclusion, the failure of rhAPC trials may be
related to treating septic patients without DIC. However, the uncertainty of when therapy should be initiated and the underestimation of bleeding risks remains
controversial [9].
Antithrombin
Antithrombin (AT), a protease synthesised by the liver, is a natural inhibitor of thrombin as well as factors
VIIa, IXa, Xa, XIa, XIIa [9, 12]. Without heparin, AT
action is slow, the presence of heparin results in at least
a 1000 fold increase in AT activity [5, 9]. Endogenous
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glycosaminoglycans on vessel walls promote AT-mediated inhibition of coagulation enzymes similar to heparin [5]. Independent of its anticoagulant function, AT
possesses anti-inflammatory properties, increasing the
production of prostacyclin from endothelial cells and
decreasing the adhesion of leukocytes to endothelial
cells by binding to receptors on neutrophils, monocytes
and lymphocytes [30, 31]. AT protects endothelial cells
by binding and stabilising glycosaminoglycans that
coat vascular endothelium, thus leading to decreased
capillary permeability and leukocyte adhesion [32]. In
severe inflammatory states, levels of circulating AT are
usually low due to decreased AT synthesis, degradation
by elastase from activated neutrophils and consumption by the formation of the thrombin-antithrombin
complexes as a consequence of increased thrombin
generation [5]. AT function is also reduced in inflammation due to the downregulation of glycosaminoglycans on the endothelial surface in response to proinflammatory cytokines [5, 9]. The plasmatic level of AT
was shown to be associated with the severity of organ
failure in severe inflammatory states [33].
AT supplementation was another anticoagulant
therapy tested in septic patients. The results of the
largest trial, (KyberSept Trial, 2001) were interpreted
contrarily in different countries, leading to differences
in AT treatment recommendations [9]. The KyberSept
trial failed to reveal efficacy concerning survival associated with the use of high-dose AT in severe sepsis patients but showed a trend towards a reduction in
mortality at 28 and 90 days in the subgroup of patients
without concomitant heparin therapy [34]. The concomitant use of heparin leads to decreased AT binding
to glycosaminoglycans on cells membranes, reduces its
anti-inflammatory action and endothelium-protective
action [12]. A subsequent analysis, (Kienast et al. 2006)
of a subgroup of patients with DIC and without heparin use, revealed decreased mortality at twenty-eight
days [35] and corroborated the results from other trials
and meta-analysis [36-39]. Monitoring AT levels offers
guidance in the selection of patients and appropriate
dosages [40].
However, a Cochrane review (Allingstrup, 2016)
found insufficient evidence to support the use of AT in
critically ill patients [41]. Considering the contradictory results, it is not surprising that the recommendations for AT use, differ. AT is recommended for treatment of septic DIC in Japanese guidelines, but not in
those in Europe or the UK [9]. In Japan, anticoagulant
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therapy is commonly used in sepsis-associated DIC
treatment, aimed at achieving AT levels within the normal range, a concept called “target activity-directed AT
supplementation” [42].
The Japanese guidelines for the management of sepsis recommend the use of the Japanese Association of
Acute Medicine (JAAM) DIC diagnostic criteria and
AT plasmatic levels for selecting patients and the timing of anticoagulant therapy in sepsis. This is based on
the assumption that treatment is appropriate only if administered in the earliest stage of DIC in patients with
AT levels less than 70% [42, 43].
Thrombomodulin
Thrombomodulin (TM), a thrombin receptor on the
endothelial cell surfaces, has a major role in decreasing
thrombin generation by causing protein C activation.
TM has both APC-dependent and independent antiinflammatory effects, as well as an anticoagulant effect
[42, 44]. TM binds several inflammatory effectors as
high-mobility group protein B1, histones or LPS.[12].
As the expression of TM is downregulated in sepsis, the
therapeutic value of supplemental TM (recombinant
thrombomodulin- rhTM) administration has been
tested in several trials.
A randomised multicentre, double-blind controlled
trial revealed significantly better resolution of DIC associated with the use of rhTM compared to heparin,
in patients with haematologic malignancy or sepsis
[45]. In a retrospective subgroup analysis of patients
with sepsis-induced DIC included in this study, and
treated with rhTM compared to heparin, there was a
tendency towards a reduction in mortality at 28 days
[46]. A Phase 2b, international, multicentre, doubleblind, randomized, placebo-controlled, parallel group,
screening trial [47] proved that rhTM treatment was
associated with a decrease in coagulation activation in
patients with sepsis and DIC, but although mortality
was reduced in the treatment group, it did not reach
the efficacy target set at the beginning of the study.
rtTM treatment proved safe when used as an adjunct to
heparin [47]. Subsequent analysis revealed a significant
reduction in thrombin generation markers in patients
treated with rhTM compared to the placebo group [48].
In patients with sepsis-induced DIC, rhTM treatment was associated with a higher DIC resolution rate
and improved mortality at twenty-eight days without
any increase in the risk of bleeding [49].
A recent meta-analysis of all RCTs and observational
studies, on the use of rhTM in patients with severe sep-
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sis, confirmed the trend towards a reduction in mortality rates [50]. Considering those encouraging results
and the fact that rhTM treatment is recommended in
sepsis-induced DIC treatment only in Japan, the results
of the ongoing Phase 3 trial (ClinicalTrials.gov Identifier NCT01598831) are eagerly awaited.
TFPI
TFPI inhibits both factor Xa directly and complex VIIa-TF in a factor Xa-dependent manner. Through the
ability to reduce thrombin generation, TFPI also decreases the activation of protease-activated receptors
(PAR) resulting in an overall anti-inflammatory effect
[51]. Reduced TFPI activity was demonstrated in sepsis, using animal models, probably due to degradation
by plasmin and proteases [52, 53].
A large-scale a randomised controlled trial [54]
showed that rTFPI in severe sepsis patients was effective in reducing thrombin activation markers, but failed
to demonstrate a decrease in mortality in patients with
a high INR. Post-hoc analysis revealed a trend towards
reduced mortality rates in patients treated without
concomitant heparin therapy [54]. Another large trial
of rTFPI treated patients with severe community-acquired pneumonia, also failed to show a survival benefit [55].
Recently, two isoforms of TFPI have been described
in humans. TFPIα and TFPI β are expressed in different cell types and elevated under different conditions
[51]. TFPI α has a major role in limiting clot growth,
while TFPI β inhibits TF mediated inflammation and
cellular migration [9, 51].
Heparin
Unfractionated heparin (UFH) acts by way of maximising the effect of antithrombin, decreases platelet aggregation and prevents platelet-histone interaction [12].
When used in the placebo arms of several trials, heparin therapy was associated with a non-statistically significant reduction in mortality [12, 22, 34, 56]. A larger
reduction in mortality in the Low Molecular Weight
Heparin (LMWH) group compared with the UFH
group, was shown in patients treated with drotrecogin
alpha and concomitant prophylactic heparin [57].
A prospective randomised, double-blind study failed
to demonstrate a benefit in either 28-day mortality or
organ dysfunction scores, in heparin-treated patients
compared to a placebo [58]. A small prospective study
found that low-dose heparin improved organ failure
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scores and decreased the number of days of mechanical ventilation and hospitalisation when administered
in the early stage of DIC [59].
A meta-analysis of trials investigating the use of
heparin in septic patients, concluded that heparin reduced 28 days mortality rates without an increase in
the bleeding risk [60]. A more recent systematic review
and meta-analysis stated that the overall impact of heparin use in septic patients remains uncertain and more
research is needed [61, 62].
In sepsis, histones play a significant role in activating
coagulation contributing to endothelial dysfunction,
microvascular thrombosis and organ failure [11]. Both
unfractionated heparin (UFH) and non-anticoagulant
heparin, bind histones, prevent histone-platelet interactions, decrease NETs-driven thrombin generation
and mortality in animal models [9, 28, 63]. The use of
non-anticoagulant heparin was associated with nonsignificant prolongation of bleeding time compared
to UFH together with a reduction in the bleeding risk
[63].
NET- targeted therapy
NETs are beneficial in the early phases and detrimental
in the later stages of severe systemic infections. Targeting NETs or histones may be effective in improving the
outcome of septic patients when NETs become deleterious [11]. Anti- NETs therapy is achieved by targeting NET derived extracellular DNA using DNAse or
by targeting histones using antihistone antibodies or
unfractionated heparin [11, 63].

Conclusions

The overall failure of trials to prove a reduction in mortality in septic patients, may be readressed by studies
which identify the precise moment when the pro-coagulant response changes from a beneficial to a detrimental process. The assessment of coagulation either
by using a panel of standard coagulation tests or global
haemostasis tests, is mandatory for identifying patients
who will benefit from anticoagulant therapy. Hitting
upon the right time allows the avoidance of unwanted
effects of too early administration of anticoagulants,
but also of the unbeneficial late treatment, in patients
with already exhausted haemostasis.
Overall, anticoagulant-targeted therapy seems to be
an appropriate therapy to combat the deleterious effects of sepsis-associated coagulopathy.
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