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CHAPTER 88 

Coagulation Abnormalities in Sepsis
Kelly R. Genga and James A. Russell

OBJECTIVES
This chapter will:
1. Review the normal process of coagulation and describe 

the sepsis-induced coagulation abnormalities.
2. Delineate the interaction between coagulation and inflam-

mation during sepsis.
3. Outline the pathogenesis of sepsis-associated coagu-

lopathy and discuss relevant factors associated with its 
diagnosis, clinical presentation, associated outcomes, and 
management.

Sepsis now is defined as a life-threatening organ dysfunction 
resulting from a dysregulated host response to infection.1 
The subsequent systemic inflammatory response is accom-
panied by the activation of the coagulation system, initiating 
the cross-talk between inflammation and coagulation, which 
plays a pivotal role in sepsis pathogenesis.2

Virtually all patients with sepsis develop some coagula-
tion abnormalities, with a wide range of severity.3 Sepsis-
associated coagulopathy (SAC) is a frequent complication 
of sepsis, and around 35% of septic patients evolve to 
disseminated intravascular coagulation.3 The hemostatic 
pathways related to SAC are so intricate that a patient can 
have, simultaneously, an impaired ability to clot and a 
thrombotic state.4

NORMAL COAGULATION

The coagulation system works to reach two objectives: (1) 
the maintenance of the intravascular blood in a fluid state 
and free of clots and (2) in the presence of any kind of 
vascular injury, the induction of clot formation (thrombus) 
in a rapid, regulated, and localized manner.5 Regulatory 
mechanisms are crucial for the hemostatic process, because 
the initiation of the clotting cascade later must lead to 
thrombus elimination by fribrinolysis.6

The major phases of the hemostasis are described below. 
These ubiquitously complex and dynamic phases are 
presented in a simplified review.

Platelet Plug Formation
After vascular injury, platelets are recruited promptly to 
the site of injury to “seal the break” of a closed, high-pressure 
circulatory system. The exposure of subendothelial elements 
(that normally are concealed) is the major signal for the 
initiation of platelet deposition. Platelet activation takes 
place at the site of injury, followed by adhesion, aggregation, 

granule secretion, and procoagulant activity. All of the 
following processes occur in a coordinated manner for the 
formation of the platelet plug7:
•	 Activation: Collagen, adenosine diphosphate (ADP), and 

thrombin are key players of this step. Collagen is one 
of the subendothelial factors exposed after any vascular 
injury, important for platelet activation and adhesion8; 
ADP is released by activated platelets at the site of injury 
and mediates platelet aggregation (paracrine and autocrine 
function) after binding to G-protein receptors P2Y1 and 
P2Y129; thrombin activates platelets by binding to 
protease-activated receptors-1 (PAR-1) and PAR-4 on the 
platelet surface, contributing to platelet aggregation.10

•	 Adhesion: Adhesive glycoproteins exposed in the 
subendothelium (mostly collagen and von Willebrand 
factor [vWF)]), bind to glycoprotein (GP) receptors on 
the surface of platelets: vWF binds to GP Ib/IX/V, whereas 
collagen binds to GP Ia/IIa (integrin α2β1) and GP VI.11,12

•	 Aggregation: Mediated by the binding between fibrinogen 
(or vWF) and integrin αIIbβ3 (GPIIb/IIIa) present on two 
neighboring platelets. GPIIb/IIIa functions as a cross-
linking receptor.13

•	 Granule secretion: Secretion of fibrinogen, vWF, thrombo-
spondin, platelet-derived growth factor (PDGF), platelet 
factor 4, P-selectin (contained in the alpha granules), and 
adenosine diphosphate (ADP), adenosine triphosphate 
(ATP), ionized calcium, histamine, and serotonin (present 
in dense granules) enhances to synergize the activation, 
recruitment, adhesion, and aggregation of platelets.14

•	 Platelet procoagulant activity: Synthesis or activation 
of tissue factor (TF), formation of procoagulant mic-
roparticles rich in factor Va (FVa), and exposure of 
negatively charged phospholipids (mainly phosphati-
dylserine). Consequently, there is an increase in thrombin 
generation and further platelet activation.14

Clotting Cascade and Clot Propagation
The clotting cascade function depends on the sequential 
reactions necessary for activation of zymogens into enzymes, 
and inactive procofactors into cofactors, with the objective 
of generating thrombin. Subsequently, fibrin is produced 
to consolidate the platelet plug.15 The amount of fibrin 
produced is controlled by feedback loops in the clotting 
cascade that prevent systemic and continuous fibrin produc-
tion.6 The traditional model of the clotting cascade is based 
on intrinsic and extrinsic pathways, in which exposure of 
blood to a negatively charged surface triggers the intrinsic 
pathway, and TF, at the site of injury, initiates the extrinsic 
pathway. These two pathways activate factor X, leading to 
thrombin formation, followed by the conversion of fibrinogen 
to fibrin.15 Then activated factor XIII stabilizes fibrin and 
regulates the size of the clot (by controlling the volume of 
red cells trapped within a thrombus)16 (Fig. 88.1A). This 
model has been modified, but it is still a good tool for the 
interpretation of in vitro coagulation tests.15
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Termination of Thrombosis
AT, tissue factor pathway inhibitor (TFPI), and the protein 
C pathway are the major factors involved in termination of 
thrombosis.15 Antithrombin complexes irreversibly to several 
coagulation factors (mostly thrombin, and factors Xa, IXa, 
XIIa, and IXa), leading to their neutralization. This process 
can be enhanced 1000- to 4000-fold when heparins (endog-
enous or exogenous) bind to an antithrombin heparin-binding 

The revised version of the clotting cascade includes the 
procoagulant activities (positive feedback loops) of TF and 
thrombin. TF activates factor IXa (FIXa), whereas thrombin 
activates factors V, VIII XI, and platelets, amplifying the 
cascade’s self-generation (via the traditional intrinsic 
pathway).6,15 Negative feedback loops are also present in 
this revised version, which comprises activated protein C 
(APC), thrombin-thrombomodulin complex, protein S, and 
lipid cofactors (discussed later in this chapter) (Fig. 88.1B).6
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FIGURE 88.1 A, Simplified representation of the traditional model of coagulation cascade. B, Revised version of coagulation cascade with 
procoagulant effects of TF and thrombin. Black arrows indicate positive feedback loops, green arrows indicate negative feedback loops, 
dashed green arrows indicate inactivation of factors Va and VIIIa mediated by activated Protein C. APC, Activated protein C; EPCR, 
endothelial protein C receptor; TF, tissue factor; TM, thrombomodulin. (A and B, Modified from Mosnier LO, Griffin JH: Control of 
coagulation reactions. In Kaushansky K, Lichtman MA, Prchal JT, Levi MM, Press OW, Burns LJ, Caligiuri M (eds): Williams Hematology, 
9e. New York, NY: McGraw-Hill, 2016.)
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hepatic dysfunction and/or vitamin K deficiency decreases 
synthesis of coagulation factors, whereas DIC is the major 
cause of increased consumption of coagulation factors 
and the leading cause of bleeding in septic patients.21 The 
coagulation system is activated in sepsis even in the absence 
of overt DIC, also contributing to greater consumption of 
coagulation factors. The consequent thrombin generation 
promotes fibrinolysis and production of fibrin degradation 
product (FDP), such as D-dimer, although sepsis is associated 
with impaired fibrinolysis.22

THROMBOCYTOPENIA IN SEPSIS

Sepsis-induced thrombocytopenia is extremely common 
in sepsis and is caused by impaired platelet production, 
increased consumption or destruction, and/or sequestration 
of platelets in the spleen.21 Although the most important 
cause of platelet consumption during sepsis is SAC, the 
continuous generation of thrombin in sepsis (even in the 
absence of DIC) also activates and enhances platelets 
consumption, contributing to thrombocytopenia.21 Other 
factors associated with thrombocytopenia in sepsis are 
heparin-induced thrombocytopenia (HIT), hemophagocytosis 
(phagocytosis of megakaryocytes), and neutrophil extracel-
lular traps (NETs). HIT is caused by a heparin-induced 
antibody that binds to the heparin-platelet factor-4 complex 
on the platelet surface, leading to massive platelet activa-
tion and consumption and arterial and venous thrombosis. 
Hemophagocytosis may be attributed to increased levels of 
macrophage colony stimulation factor in sepsis.21 NET forma-
tion involves the participation of activated platelets and also 
may decrease platelet count because of increased platelet  
consumption.23

PROTHROMBOTIC STATE OF SEPSIS

The production and release of cytokines into the circulation 
during sepsis is likely the major mediator of the imbalance 
in the coagulation system in favor of a prothrombotic state.3 
Other factors include increased TF expression,3 decreased 
levels of natural anticoagulants, ADAMTS-13 (a disintegrin 
and metalloproteinase with thrombospondin motifs 13), 
along with increased levels of VWF24 and PAI-1.3 Tumor 
necrosis factor (TNF), interleukin-1 (IL-1), IL-6, and comple-
ment upregulate TF in sepsis,25 the principal initiator of 
thrombin generation.26 During pathogen invasion, after 
the recognition of pathogen-associated molecular patterns 
(PAMPs) by the innate immune system, TF is exposed on 
endothelium and on the membranes of monocytes and 
neutrophils,25 triggering a brisk prothrombotic phenotype. 
The anticoagulant pathways (antithrombin, protein C 
system, and TFPI) are impaired in sepsis,3 either by higher 
consumption (by ongoing thrombin generation), or by 
increased degradation by elastase from neutrophils.27 Also, 
the endogenous anticoagulant thrombomodulin (TM) expres-
sion on the endothelium is downregulated, contributing to 
the procoagulant state of sepsis.25 Platelets are additional 
important mediators of the prothrombotic state of sepsis 
and are activated by proinflammatory mediators such as 
cytokines and by thrombin,21 promoting platelet aggregation 
and activation. The expression of P-selectin mediates the 
adherence of activated platelets to leukocytes, and leukocytes 
to endothelial cells, creating a positive feedback loop that 
contributes to diffuse microvascular injury.25 von Willebrand 

site.17 TFPI, also named lipoprotein-associated coagulation 
inhibitor or extrinsic pathway inhibitor, is present at very 
low concentrations compared with AT and circulates mostly 
in association with lipoproteins. TFPI is synthesized by 
endothelial cells, megakaryocytes, and smooth muscle 
cells. TFPI’s inhibitory effect is mediated by a quaternary 
protein complex formed by two binary complexes, TF/FVIIa 
and TFPI/FXa, which leads to neutralization of FXa and 
FVIIa.18 The protein C pathway is one of the most relevant 
participants of the negative feedback reactions of the clotting 
cascade. The activation of protein C is mediated by its 
binding to surface endothelial protein C receptor (EPCR) and 
by proteolysis of the thrombin-thrombomodulin complex. 
APC triggers anticoagulant activity by proteolytic inactiva-
tion of factors Va and VIIIa, with contribution of proteins 
and lipid cofactors, including protein S, phospholipids on 
platelet surfaces, lipoproteins (HDL), and microparticles 
from endothelial cells.19

Thrombus Elimination and Fibrinolysis
After thrombus formation, the thrombus must be removed 
from the vessels to restore vessel patency. The activation 
of plasminogen by plasmin is critical for thrombus removal. 
Plasminogen is activated by tissue-type plasminogen activa-
tor (tPA) and urokinase plasminogen activator (uPA) to form 
plasmin, which cleaves fibrin at multiple sites and releases 
fibrin degradation products (FDPs), mostly D-dimer. Plasmin 
also can minimize the cross-linking of fibrin by induction 
of cleavage of FXIIIa.15 Fibrinolysis (lysis of fibrin) is regu-
lated by plasminogen activator inhibitor 1 (PAI-1), α2-
antiplasmin, and thrombin-activatable fibrinolysis inhibitor 
(TAFI): PAI-1 decreases plasmin formation through tPA 
inhibition; α2-antiplasmin inhibits fibrinolysis by direct 
inhibition of plasmin; and TAFI lowers the rate of fibrinolysis 
by decreasing the incorporation and activation of plasmino-
gen into the clot.15

COAGULATION IN SEPSIS

SAC refers to changes in the coagulation system induced 
by sepsis, manifested as hyper- and/or hypocoagulability. 
Several pathologic derangements of coagulation occur in 
patients with sepsis20 (e.g., decreased production of coagula-
tion factors, increased coagulation factor destruction, and 
increased platelet destruction), which may induce bleeding 
and/or thrombotic complications because of the prothrom-
botic state induced by sepsis. SAC includes asymptomatic 
patients with slight changes in coagulation parameters; 
patients with nonovert disseminated intravascular coagula-
tion (DIC); and patients with overt DIC.

DECREASED COAGULATION FACTOR 
PRODUCTION AND INCREASED 
COAGULATION FACTOR DESTRUCTION  
IN SEPSIS

Sepsis-induced hepatic dysfunction, deficiency of vitamin K 
(because of inadequate dietary intake, use of antibiotics that 
alter the gut flora), use of vitamin K antagonists, and SAC are 
factors associated with decreased production or increased 
destruction of coagulation factors in sepsis. Sepsis-induced 
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circulating anticoagulants, impaired fibrinolysis, enhanced 
platelet-vessel wall interactions,33 and increased levels of 
cytokines.25 Table 88.1 summarizes the interaction between 
cytokines and the coagulation system in DIC.

The ongoing activation of the coagulation system in 
DIC with increased consumption of coagulation factors 
and platelets can culminate in extreme cases in clinical 
bleeding.32 On the other hand, thrombotic complications 
also occur as a result of DIC because of continuous thrombin 
formation and vascular fibrin deposition. Thus it is ironic to 
consider that thrombosis and bleeding can happen simul-
taneously or sequentially in the same patient, making the 
treatment of DIC into a great challenge.3 A serious clinical 
feature of sepsis-induced DIC is symmetric acrocyanosis, 
which potentially can progress to significant reduction of 
extremity(s) perfusion and oxygen delivery, sometimes 
complicated by necrotic extremities and need for finger, 
toe, or even limb amputation(s).33 The diagnosis of DIC 
is made by the use of a scoring system recommended by 
the International Society for Thrombosis and Haemostasis 
(ISTH) Sub-Committee of the Scientific and Standardization 
Committee (SSC) on DIC (Table 88.2). The ISTH criteria 
have a five-component diagnostic algorithm to diagnose 

factor (vWF), a multifunctional acute-phase glycoprotein 
with a central role in primary hemostasis, is increased in 
sepsis.24 Proinflammatory cytokines and thrombin stimulate 
VWF exocytosis from endothelial Weibel-Palade bodies. 
The newly secreted vWF contains a unique family of pro-
coagulant molecules, the ultra-large multimers (ULvWF) 
with high spontaneous platelet-binding potential. The levels 
of the natural inhibitor of vWF, ADAMTS-13, a specific 
metalloproteinase that cleaves ULvWF, converting them 
in smaller and less thrombogenic units, also decrease in 
sepsis.24 The level of the imbalance of the ratio of vWF and 
ADAMTS-13 in sepsis—high levels of the former and low 
levels of the latter—is correlated negatively with platelet 
count and positively correlated with the severity of inflam-
mation and the degree of organ failure.28 Lower ADAMTS-13 
levels also are associated with increased mortality resulting 
from sepsis-induced organ failure.29 Sepsis is also associated 
with impaired fibrinolysis (hypofibrinolysis) because of a 
sustained and delayed increase in PAI-1, a compensatory 
mechanism caused by the acute release of tPA and uPA from 
storage sites in vascular endothelial cells during sepsis.3 
It is important to emphasize that the prothrombotic state 
of sepsis is not all bad; the prothrombotic state of sepsis 
may have beneficial effects in sepsis. Coagulation proteins 
are necessary for eradication of pathogens30 and kininogen 
(from the original intrinsic pathway of coagulation cascade) 
recognizes microorganisms and releases peptides with 
antimicrobial properties.31 Fig. 88.2 illustrates some of 
the potential consequences of the activation of coagulation 
system during sepsis.30

DISSEMINATED INTRAVASCULAR 
COAGULATION

DIC is caused by widespread and ongoing activation of 
coagulation,20 enhanced generation of thrombin,32 and 
vascular and/or microvascular fibrin deposition. Although 
sepsis is one of the most frequent causes of DIC, other clinical 
conditions also cause DIC (Box 88.1). The pathogenesis of DIC 
involves initiation of coagulation by a tissue factor–dependent 
mechanism; amplification of thrombin generation by the 
presence of defective physiologic anticoagulant mechanisms; 
and propagation of fibrin deposition in the microvasculature 
by insufficient fibrin degradation, resulting from impaired 
fibrinolysis22 (Fig. 88.3). Multiple factors are associated to 
the inability of the anticoagulation system to counterbal-
ance the activated coagulation present in DIC, such as 
endothelial injury, consumption, and downregulation of 

Prothrombotic state of sepsis

• Release of antibicrobial peptides
by plasma contact system

• Limitation of pathogen spread by
fibrin-mediated hemostatic containment

• Microvascular thrombosis

• Hypoxia

• Tissue damage

• Multiorgan failure

FIGURE 88.2 Potential consequences of activation of 
coagulation in sepsis. (Modified from Fiusa MM et al. 
Causes and consequences of coagulation activation in 
sepsis: an evolutionary medicine perspective. BMC 
Med. 2015;13:105.)

BOX 88.1

Clinical Conditions Associated With Disseminated 
Intravascular Coagulation

Sepsis/septic shock
Trauma
Pregnancy complications

•	 HELLP	syndrome
•	 Abruptio	placentae
•	 Amniotic	fluid	embolism
•	 Eclampsia,	preeclampsia
•	 Septic	abortion

Malignancy
•	 Trousseau	syndrome
•	 Acute	promyelocytic	leukemia

Toxic reactions
•	 Snake	venoms	and	viper	venoms

Acute hemolytic transfusion reaction
Purpura fulminans
Liver disease

•	 Fulminant	hepatic	failure
•	 Reperfusion	after	hepatic	transplant

Vascular abnormalities
•	 Hemangiomas
•	 Aortic	aneurysm

Heat stroke
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SEPSIS-ASSOCIATED COAGULOPATHY AS A 
MARKER OF ENDOTHELIAL INJURY

SAC is induced by endothelial injury, so SAC is one of a 
number of markers of the nearly universal endothelial injury 
of sepsis. Pathways that regulate hemostasis and pathways 
associated with the regulation of the endothelial barrier30 
are activated during sepsis to facilitate the access of leu-
kocytes to tissues through diapedesis, contributing to 
pathogen clearance.30 In addition, in SAC and DIC, there 
is often widespread endothelial injury and dysfunction in 
the microcirculation, coincident with stimulation of inflam-
matory cells and release of proinflammatory mediators.22 
Endothelial cells play important roles in SAC:
1. Endothelial cells may be a source of TF and endothelial 

cell injury initiates coagulation activation,22 because TF 
is the key trigger for activation of coagulation.35

2. The capillary bed from the endothelium is the most 
important interface of the interaction between inflam-
mation and coagulation.

3. Physiologic anticoagulant systems and adhesion molecules 
involved in inflammation and coagulation are connected 
to the endothelium.

4. Proinflammatory cytokines in sepsis contribute to the 
downregulation of the endothelial glycosaminoglycans (in 
the glycocalyx) and decreased function of antithrombin, 
TFPI, and leukocyte adhesion and transmigration.22

5. Important glycocalyx-associated functions, such as nitric 
oxide–mediated vasodilation, antioxidant activity, and 
vascular barrier, may be impaired in SAC.36

6. Glycocalyx disruption is another source of thrombin 
generation and increases platelet adhesion in SAC.37

Moreover, the endothelial perturbation during sepsis 
leads to activation of mononuclear cells by cytokines and 
hormonal signals, upregulation of other cytokines and 
surface receptors, activation of procoagulant proteins and 
platelets, prevention of fibrinolysis, and the generation of 
an endothelium with procoagulant properties.22 In summary, 

DIC. Simple laboratory tests usually available in almost all 
hospital laboratories are sufficient for DIC score calculation.32

DIC is an independent predictor of mortality in septic 
patients,34 because DIC can induce organ failure mediated 
by decreased blood flow and tissue hypoxia. Accordingly, 
it has been suggested that amelioration of the hemostatic 
defect present in DIC could improve organ function and 
survival in experimental models20 and in human sepsis.

SEPSIS

Cytokines

Increased expression of
TF on monocytes and

neutrophils

Impairment of natural
anticoagulants Impaired fibrinolysis

Microvascular thrombosis

FIGURE 88.3 Factors involved in disseminated 
intravascular coagulation pathogenesis during 
sepsis: role of cytokines as the major factors 
associated to coagulation activation in sepsis. 
TF, Tissue factor. (Derived from Levi M, 
Seligsohn: Disseminated intravascular coagula-
tion. In Kaushansky K, Lichtman MA, Prchal 
JT, Levi MM, Press OW, Burns LJ, Caligiuri M 
(eds): Williams Hematology, 9e. New York, NY: 
McGraw-Hill, 2016.)

TABLE 88.1

International Society for Thrombosis and Haemostasis 
Diagnostic Scoring System for Disseminated 
Intravascular Coagulation

LABORATORY TESTS SCORE

Platelet Count
100 × 109/L 0
<100 × 109/L 1
<50 × 109/L 2
Fibrin markers (D-dimer or FDP)
No increase 0
Moderate increase 2
Strong increase 3
Prothrombin Time
<3 seconds 0
>3 but <6 seconds 1
≥6 seconds 2
Fibrinogen
>1 g/L 0
<1 g/L 1
Scoring Calculation
≥5 = Compatible with overt DIC
<5 = Suggestive for nonovert DIC

FDP, Fibrin degradation products.
Modified from Levi M et al. Guidelines for the diagnosis and management 
of disseminated intravascular coagulation. British Committee for 
Standards in Haematology. Br J Haematol. 2009;145(1):24-33.
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contents, morphologic changes, aggregation, mobilization 
of intracellular calcium, and translocation of P-selectin and 
CD40 ligand to the cell surface.35 In endothelial cells, FVIIa 
and thrombin induce PAR-mediated signaling, with subse-
quent upregulation of vascular cell adhesion molecule-1 
(VCAM-1) and intercellular adhesion molecule-1 (ICAM-1), 
mediated by the former, and enhancement of coagulation 
and inflammation by the latter.35 The following thrombin 
effects on endothelial cells occur: thrombomodulin sup-
pression, expression of PAI-1, monocyte chemoattractant 
protein-1 (MCP-1), and IL-8, release of P-selectin (CD62), 
vWF, platelet factor 4 (PF4), and CD40 ligand, contributing 
for the recruitment, adhesion, and activation of platelets 
and leukocytes, further expression and production of che-
mokines and proinflammatory cytokines, and the formation 
of neutrophil extracellular trap (NET).35 NETs are important, 
recently emerging features of the inflammation-coagulation 
connection. NETs are weblike structures that function as 
a trap for cells, histones, DNA, proteases, and proteins.38 
NETs are produced and released from activated neutrophils 
through consecutive steps (known as NETosis), including 
mobilization of neutrophil elastase and myeloperoxidase 
from cytoplasmic granules into the nucleus; degradation 
of histones and chromatin untangling39; disruption of 
granules and nuclear membranes; and cell cytolysis.35 NETs 
are associated with the pathogenesis of inflammatory and 
thrombotic disorders40: during inflammation, the interaction 
between neutrophils and platelets and between neutrophils 
with the endothelium are the initiators of NET. NETosis 
also can be induced by endotoxins, bacteria, and reactive 
oxygen species (ROS).35 NETs are very relevant to thrombotic 
disorders because NET has procoagulant effects associated 
with its major constituent, histones.41

Histones are key features of the pathogenesis of sepsis 
because histones promote platelet and endothelial cell 
activation42 and contribute to thrombin generation by the 
induction of autoactivation of prothrombin and neutral-
ization of antithrombin.35,43 Extracellular histones induce 
endothelial cytotoxicity, organ failure, and death, as shown 
in an animal model of sepsis,44 so histones could be a 
target for a sepsis therapeutic(s). Thrombomodulin acts in 
part through amelioration of histone-mediated injury in 
sepsis. Furthermore, heparin is a histone-neutralizing agent 
that decreased mortality in a rat model of histone-induced 
organ dysfunction.45 Histone acetylation is one epigenetic 
mechanism that regulates immune signaling by controlling 
chromatin structure, accessibility of transcription factors 
to the DNA, and subsequent gene transcription.46 The use 
of selective inhibition of class III histone deacetylase was 
associated with attenuation of cytokine proinflammatory 
production and SAC in a lethal murine septic model.46 Other 
systems or factors are involved in this complex interaction 
between coagulation and inflammation, including the protein 
C-thrombomodulin-EPCR system, which modulates inflam-
mation and innate immunity, limiting the recruitment and 
amplification of procoagulant pathway47; the complement 
system, considered a relevant contributor to inflammation 
and thrombosis35; and microparticles, associated with 
procoagulant and proinflammatory properties.48

DIAGNOSIS OF SEPSIS-ASSOCIATED 
COAGULOPATHY: THE SPECTRUM OF 
COAGULOPATHY IN SEPSIS

SAC has a wide clinical and laboratorial spectrum that can 
be manifested by subtle activation of coagulation diagnosed 

endothelial injury can trigger SAC and has a pivotal role 
in its pathogenesis; therefore SAC can be considered a 
marker of endothelial injury.

INTERACTION OF COAGULATION AND 
INFLAMMATION IN SEPSIS

Coagulation and inflammation are highly integrated, and 
the cross-talk between them is crucial for an optimal 
response to injury and invasion by pathogens.35 Both systems 
can activate each other, and TF is the major link that drives 
this critical interactive process of sepsis.35 Briefly, during 
sepsis, endotoxins (such as lipopolysaccharide [LPS]) and 
PAMPs activate monocytes and subendothelial cells by 
binding to pathogen recognition receptors (PRRs), such as 
Toll-like receptors (TLRs), to trigger intracellular signaling 
pathways that increase nuclear factor-κB (NF-κB), generating 
the proinflammatory and other responses of sepsis. TF is 
exposed to the blood and constitutes a complex with small 
amounts of circulating factor VIIa. The exposure of TF is 
sustained by proinflammatory cytokines, chemokines, and 
inflammatory/procoagulant microparticles (MPs) released 
by leukocytes, platelets, endothelial cells, and perivascular 
cells. There is an increase in the catalytic activity of FVIIa, 
with the activation of coagulation factors IX and X. Factor 
VIIa, Xa, and thrombin (the downstream product of TF-
initiated coagulation) then activate PAR-mediated pathways, 
in platelets and endothelial cells.35

In platelets, PAR-mediated signaling (mostly PAR-1 
and PAR-4) is activated by FXa and thrombin. Platelet 
activation induced by PAR leads to release of granule 

TABLE 88.2

Interaction Between Cytokines and Coagulation System 
During Sepsis

Proinflammatory cytokines (in 
general)

Reduction of antithrombin 
function

IL-6 Induction of TF expression
TNF-α, IL-1 Impairment of physiologic 

anticoagulant pathways; 
downregulation of 
thrombomodulin; 
increased release of PAI-1 
by endothelial cells

Production of IL-1β, IL-8, 
MCP-1, and TNF-α

Induced by cellular 
interaction of activated 
platelets with neutrophils 
and mononuclear cells

Synthesis of IL-6 and IL-8 by 
activated endothelial cells

Induced by factor Xa, 
thrombin, and fibrin

Induction of inflammatory 
upregulation mediated by 
leukocytes via PARs on 
endothelial cells, and 
platelets

Induced by factor VIIa–TF 
complex

Production of TNF-α, IL-1β, 
and MCP-1 by mononuclear 
cells and endothelial cells

Induced by fibrinogen and 
fibrin

Inhibition of NF-κB nuclear 
translocation

Induced by APC

APC, Activated protein C; IL, interleukin; MCP-1, monocyte 
chemoattractant protein-1; PARs, protease-activated receptors; TNF, 
tumor necrosis factor.
Modified from Levi M, Seligsohn U. Disseminated intravascular 
coagulation. In Kaushansky K, Lichtman MA, Prchal JT, Levi MM, Press 
OW, Burns LJ, Caligiuri M (eds): Williams Hematology, 9e. New York, 
NY: McGraw-Hill, 2016.
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mimic SAC and DIC). It also is recommended that serial 
laboratory evaluation during the course of sepsis leads to 
better evaluation of onset, course, and recovery (or not) of 
SAC and DIC.32 More complex coagulation testing can 
improve sensitivity and specificity of diagnosis of SAC and 
DIC. Measurement of PAI-1, plasmin-antiplasmin complexes, 
TAFI,56 APC (with the use of a monoclonal antibody that 
identifies the epitope involved in factor Va inactivation),57 
and serial levels of vWF-cleaving protease58 may identify 
patients with early SAC, although further studies are needed 
to establish adequate evidence for use in clinical practice. 
Other complementary tests may be added according to 
clinical scenario, such as plasma-soluble fibrin, thrombin–AT 
complex, and prothrombin fragment 1.2, because these tests 
are sensitive to ongoing activation of coagulation.22 Throm-
boelastography (TEG) assesses global status of the coagula-
tion system59 but has had less scientific rigor to recommend 
its use in SAC.

Despite the importance of SAC, no specific coagulation 
test(s) for the evaluation of the risk of SAC progression was 
proven effective so far.

CLINICAL PRESENTATION OF 
SEPSIS-ASSOCIATED COAGULOPATHY

SAC develops in the initial phase of sepsis, with evident 
laboratory abnormalities present within the first 3 days of 
sepsis.51 The severity of SAC and its clinical presentation 
are extremely variable. SAC can exhibit no specific clinical 
symptoms apart from those related to sepsis itself, being 
diagnosed only because of subtle changes in coagulation 
laboratory tests. On the other hand, DIC, the most severe 
spectrum of SAC, usually occurs with clinical bleeding, 
occurring in more than 60% of DIC of cases.22 Hemorrhage 
can manifest as minor (hemorrhage from puncture sites, 
ecchymosis, and petechiae), moderate, or major (gastro-
intestinal, genitourinary, pulmonary, or central nervous 
system hemorrhage). Depending on magnitude, patients 
rarely evolve to hemorrhagic shock.22 Thrombotic manifesta-
tions (simultaneous with bleeding or not) are also common 
in DIC and are responsible for multiple organ dysfunction 
syndrome (MODS) consequent to microvascular thrombi 
or venous and/or arterial thromboembolism. Renal cortical 
ischemia, hepatocellular dysfunction, coma, delirium, 
transient focal neurologic deficits, hypoxemia, and acute 
respiratory distress syndrome (ARDS) are some of the 
thrombotic complications associated with organ dysfunction 
in DIC. Manifestations of skin involvement include gangrene, 
acral necrosis, and hemorrhagic bullae.22

FREQUENCY OF SEPSIS-ASSOCIATED 
COAGULOPATHY

The frequency of SAC varies widely according to definition(s) 
of coagulopathy used, ranging from 20%60 to 48%51 in recent 
observational cohort studies. Some studies use simple 
pragmatic but less specific definitions of SAC (e.g., include 
only INR and platelet count), whereas other definitions 
include FDP, D-dimer, fibrinogen, and aPTT,32,49,50,61 and 
others include more research-focused measurements such 
as thrombin-antithrombin complex time (TAT), F1.2, and 
protein C level.51

only by sensitive markers for activation of coagulation, can 
present with mild thrombocytopenia and subclinical 
prolongation of global clotting times, or can be detected 
easily by the presence of profuse bleeding, and simultaneous 
widespread microvascular thrombosis.3 SAC can lead to 
full-blown DIC (thrombocytopenia, prolongation of global 
clotting times, hypofibrinogenemia, and increased in PDF 
or D-dimer). Table 88.3 describes the routine recommended 
laboratory tests and abnormalities in SAC.

In the current literature, different definitions of SAC 
have been used according to laboratory parameters, including 
international normalized ratio (INR), platelet count, FDP, 
D-dimer, fibrinogen, aPTT,32,49,50 thrombin-antithrombin 
complex (TAT), F1.2, and protein C levels.51 The Surviving 
Sepsis Guidelines (SSG) recommend diagnosis of SAC if 
there is INR greater than 1.5 and platelet count less than 
150,000.52 Recently, in the new definitions for sepsis and 
septic shock, organ dysfunction can be identified by the 
use of the sequential organ failure assessment (SOFA) score, 
which includes only platelet count for the evaluation of 
the coagulation system.53 Regardless of the definition used 
for SAC, early diagnosis and evaluation of severity are 
imperative because SAC is a marker of organ dysfunction 
and endothelial injury and is associated with higher mortal-
ity rates and increased risk of DIC.54,55 Markers of the risk 
of progression of SAC to DIC (nonovert and overt) potentially 
could predict organ dysfunction.22 The combination of three 
tests—TAT, PAI-1, and protein C activity—were the best 
combination of tests for prediction of overt DIC in early 
sepsis, in a prospective, observational single center study.51 
In routine clinical care, platelet count and INR are the most 
common laboratory tests used for assessment of SAC, 
whereas fibrinogen levels and tests evaluating the presence 
of fibrinolysis (e.g., D-dimer, FDP) are needed for DIC 
diagnosis. None of these tests are specific for SAC/DIC (i.e., 
hepatic dysfunction, exogenous anticoagulants, thrombotic 
thrombocytopenic purpura [TTP], and other conditions can 

TABLE 88.3

Laboratory Abnormalities in Sepsis-Associated 
Coagulopathy

Global Markers of Coagulation
Platelet count Decreased
INR Prolonged
Fibrinogen Decreased
aPTT Prolonged
Thrombin Generation*
Thrombin-antithrombin complex Increased
Soluble fibrin Increased
Prothrombin fragment 1.2 Increased
Anticoagulant Activity*
Protein C Decreased
Antithrombin Decreased
Fibrinolytic Activity
D-Dimer Increased
FDP Increased
PAI-1* Increased
Plasmin-α2-plasmin inhibitor complex* Increased

*Tests not routinely recommended.
Modified from Koyama K, Madoiwa S, Nunomiya S, et al. Combination 
of thrombin-antithrombin complex, plasminogen activator inhibitor-1, 
and protein C activity for early identification of severe coagulopathy in 
initial phase of sepsis: a prospective observational study. Crit Care. 
2014;18(1):R13.
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importance of these deficiencies in increased inflammation 
as well as their contribution to pathogenesis of SAC.

Antithrombin
AT has well-known coagulation-dependent effects (thrombin, 
factor Xa, and factor VIIa inhibition) and also has important 
antiinflammatory properties, including prevention of platelet 
and endothelial cells activation, suppression of IL-6, IL-8, 
MCP-1, P- and E-selectins, inhibition of neutrophil and 
endothelial cells attachment, and prevention of neutrophil 
rolling and adhesion. AT also has coagulation-independent 
antiinflammatory effects, mainly related to increases in 
prostacyclin synthesis and secretion, and leukocyte inactiva-
tion.73 Promising results regarding reduced mortality in 
clinical trials with the use of antithrombin concentrate in 
sepsis and DIC were shown in recent years, particularly 
when administered without concomitant use of heparin.74 
Based on these results, AT concentrate is recommended 
for the treatment of sepsis-related DIC in Japan, where it 
currently is used in clinical practice.75 Also, the ISTH (2013) 
states that AT administration “may be considered” in DIC 
treatment.76 On the other hand, a comprehensive and very 
recent review and meta-analysis of AT in 30 randomized 
controlled trials (RCTs) of critically ill patients found 
insufficient evidence to support AT substitution in any 
category of critically ill people, even in the subgroup analysis 
of 12 trials including only patients with severe sepsis and 
DIC.77 Accordingly, the optimal dose of AT is still uncertain 
as is the target patient. AT has not been approved for treat-
ment of sepsis in North America.

Heparins
Heparin decreases production of thrombin, increases 
TNF-binding proteins, binds and neutralizes endotoxin, 
and decreases endothelial cell adhesion molecule expres-
sion and complement inhibition.78 Several studies with 
heparin in animal models of sepsis and septic shock 
demonstrated improvement in survival rates.78,79 In 
humans, nonrandomized case control studies show that 
unfractionated heparin (UFH) was associated with better 
outcomes (i.e., weaning from mechanical ventilation and 
discontinuation of vasopressor/inotropic support).71 Nev-
ertheless, the association between UFH use and a survival 
benefit was not conclusive in a systematic review and 
meta-analysis with more than 2000 patients with sepsis.80 
Large, multicenter RCTs of UFH are needed, and UFH is not 
recommended sepsis treatment in SSG52 or prominent sepsis  
reviews.81

The use of low-molecular-weight heparin (LMWH) in 
sepsis was associated with decreased 28-day mortality rates 
in a recent meta-analysis of nonrandomized studies.71 
However, this meta-analysis has limited generalizability, 
as it included only trials published in Chinese.71 Results 
from HALO trial (Heparin Anticoagulation to improve 
Outcomes in septic shock - NCT01648036)82 and future 
RCTs could determine the best clinical indication of heparins 
in sepsis.

Activated Protein C and Tissue Factor  
Pathway Inhibitor
APC was the only approved drug for sepsis for some time 
based on the successful pivotal multicenter placebo-controlled 

OUTCOMES OF SEPSIS-ASSOCIATED 
COAGULOPATHY

Clinical studies support that SAC may be an important 
contributor to and is certainly a marker of increased risk 
of MODS and death resulting from sepsis.27 Higher ISTH 
DIC scores were associated with higher 28-day mortality 
rate in two large cohorts with mortality rates ranging from 
25%62 and 27.1%63 in patients with DIC score less than 5 
(nonovert DIC), to 43%63 and 45%62 in those with scores 
of at least 5 (overt DIC). The endothelial dysfunction associ-
ated with SAC, most often when DIC is present, is pivotal 
for the development of MODS. The excessive thrombin 
generation and fibrin vascular deposition favor tissue 
inflammation and ischemia, contributing to organ dysfunc-
tion.64 Because MODS is a predictor of mortality in septic 
patients, the presence of DIC contributes thus to mortality 
and is an independent predictor of organ failure and mortal-
ity in sepsis.34,63 Similarly, prothrombin time prolongation65 
and thrombocytopenia66 were predictors of mortality in 
patients admitted to the intensive care unit (ICU). Table 
88.4 describes some of the associations between coagulation 
abnormalities tests and mortality.51,63,65,66

THERAPEUTICS AIMED AT 
SESPSIS-ASSOCIATED COAGULOPATHY THAT 
ALSO MAY MODULATE INFLAMMATION

Natural anticoagulant proteins, including AT, TFPI, and 
protein C, suppress proinflammatory mediators and natural 
anticoagulant proteins are deficient during sepsis and SAC. 
Thus the restoration of these inhibitors may be a rational 
approach because of their antiinflammatory properties.67 
Previous studies with activated protein C,68 TFPI,69 AT,70 
heparin,71 and recombinant human thrombomodulin72 were 
associated with improved markers of altered coagulation 
in patients with sepsis and/or SAC, corroborating the 

TABLE 88.4

Coagulation Abnormalities in Intensive Care Unit  
and Mortality

LABORATORY  
PARAMETER

NUMBER OF 
PATIENTS

ICU MORTALITY – OR OR AURC 
(95% CI)

First INR at ICU64 1923 OR 2.62 (1.92–3.59) for 
INR = 1.6 to 2.5

OR 4.06 (2.20–7.51) for 
INR ≥ 2.6

Nadir platelet count65 
<150,000/mm3

329 OR 4.2 (1.8–10.2)

DIC score62 768a OR 1.29 for 1 unit change 
in overt DIC pointsb

TAT > 18 ng/mL at 
day 052

77 AURC 0.77 (0.62 to 0.87)

PAI-1 > 270 ng/mL at 
day 052

77 AURC 0.81 (0.64 to 0.91)

aPatients with sepsis.
b28-day mortality.
AURC, Area under ROC (receiver operating characteristic) curve;  
CI, confidence interval; DIC, disseminated intravascular coagulopathy; 
INR, international normalized ratio; OR odds ratio; PAI-1, plaminogen 
activator inhibitor-1; TAT, thrombin-antithrombin complex.
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Multiple Actions of Recombinant  
Human Thrombomodulin
Thrombomodulin binds to thrombin to form a complex that 
inactivates the coagulant activity of thrombin and activates 
protein C. This TM-thrombin binding increases the activation 
of protein C by 100-fold and blocks the binding of thrombin 
to cellular receptors on platelets and inflammatory cells 
(Box 88.2). TM can influence coagulation and inflamma-
tion independently of protein C.90 In an experimental rat 
model of endotoxemia, TM was associated with decreases 
in plasma levels of High Mobility Group Box 1 (HMGB1),91 
a protein with proinflammatory properties and associated 
with mortality in late phases of sepsis.92 It has been suggested 
that during sepsis, thrombin and HMGB1 contribute for the 
propagation of inflammation and coagulation.93 Thus TM 
effects on HMGB1 along with its properties in the attenua-
tion of thrombin formation are crucial for the regulation of 
inflammation and thrombin generation.91 Thrombomodulin 
also acts by altering histones in sepsis and that action could 
partially explain the benefits of rhTM in sepsis. Histones 
induce TF and decrease endothelial TM expression, both of 
which can be reversed or prevented by heparin.94 Notably, 
histones cause marked thromboembolism and consumptive 
coagulopathy, very similar to DIC.95 Furthermore, histones 
dose-dependently increased plasma thrombin generation 
in the presence of TM by decreasing TM-induced APC 
generation.96 Histones bind to TM (and PC) and thus histones 
likely induce microvascular thrombosis at sites of organ 
dysfunction or severe inflammation.96

The anticoagulant and antiinflammatory properties of 
TM and the absence of increased risk of bleeding complica-
tions associated with its use in RCTs72,87 make it plausible 
to consider rhTM a promising drug for treatment of sepsis 
and SAC. Retrospective and prospective exploration of 
predictive biomarkers (i.e., biomarkers that predict improved 
response to rhTM) potentially could enrich the responsive 
septic population and could increase the therapeutic signal 
of rhTM.

CLINICAL PRACTICE RECOMMENDATIONS

There are no FDA-approved treatments for sepsis in North 
America. However, there are treatments and guidelines for 
deep venous thrombosis (DVT) prophylaxis and for treatment 
of DIC.

RCT of APC in severe sepsis (PROWESS).68 Furthermore, 
assessments of APC in practice-matched cohort studies 
showed that APC was associated with lower mortality.83 
However, skepticism about the efficacy of APC and concern 
about bleeding risks of APC lead to a second pivotal 
placebo-controlled RCT of APC in septic shock (PROWESS-
SHOCK).84 Unfortunately, the PROWESS-SHOCK trial found 
no difference in mortality, so APC was withdrawn from the 
market globally. The mortality rates in PROWESS-SHOCK 
were much lower than in PROWESS perhaps because of 
overall improvements in early supportive care of severe  
sepsis.

It was nonetheless interesting that APC and TFPI had 
seemingly important pleiotropic effects such as antiinflam-
matory effects demonstrated in experimental models: TFPI 
was associated with attenuation of inflammation and reduced 
levels of cytokines and chemokines in a mice model of 
pneumonia,85 whereas APC decreased release of inflamma-
tory cytokines in lipopolysaccharide (LPS)-stimulated human 
monocytes.86 However, those effects were not translated to 
better outcomes in subsequent RCTs in severe sepsis,69,84 
so TFPI and APC are not available nor recommended for 
use in clinical practice.

CURRENT SAC-TARGETED DRUGS IN 
DEVELOPMENT: RECOMBINANT HUMAN 
THROMBOMODULIN

Some encouraging results have been found with the use of 
recombinant human thrombomodulin (rhTM) in sepsis and 
SAC.72,87,88 In a randomized, double-blind, placebo-controlled 
phase 2b trial of critically ill patients with sepsis, the use 
of rhTM (combined with standard care) in patients who 
had activation of coagulation (as indicated by a modified 
DIC score) showed that rhTM reduced D-dimer, F1.2, and 
TAT complex levels when compared with the control group.72 
This RCT was not powered for mortality and did not find 
differences in 28-day mortality rates between rhTM and 
placebo but did demonstrate good safety associated with 
the use of rhTM, suggesting that further RCTs may prove 
its efficacy. Posthoc analysis found greater survival benefits 
of rhTM in two subgroups of patients: (1) patients with 
cardiac or respiratory dysfunction, and an INR greater than 
1.4 and (2) patients who received prophylactic heparin. 
Another important finding was the lack of association 
between rhTM and excess bleeding, thromboembolic events, 
or increased development of new infections. Similarly, in 
a phase III randomized double-blind RCT in Japanese 
patients with DIC,87 rhTM was associated with better effects 
on bleeding manifestations and coagulation parameters 
(lower D-dimer, TAT complex, and PAI-1 levels) when 
compared with heparin.

A meta-analysis including three randomized clinical 
trials (RCTs) and nine observational studies supported the 
potential benefits of rhRM in DIC patients, showing a trend 
in reduction of mortality at 28 to 30 days.88 However, 11 
out of 12 studies were performed in Japan (where rhTM is 
currently approved for DIC treatment), and only one out 
of three RCTs was multinational. There is currently an 
ongoing global multicenter RCT of rhTM89 that will address 
efficacy and safety of rhTM in an enriched population of 
patients with sepsis who have cardiovascular dysfunction 
or respiratory failure resulting from sepsis and coagulopa-
thy characterized by an INR > 1.40 without other known  
cause.

BOX 88.2 

Antiinflammatory Properties of Thrombomodulin

Effects non–PC-dependent (N-terminal C-type lectin-like 
domain of TM)
•	 Decreased	cytokine	generation
•	 Impairment	of	neutrophil	adhesion
•	 Decreased	complement	activation

Decreased histones associated procoagulant effects?
Decreased plasma levels of HMGB1
Decreased inflammatory effects of thrombin

•	 Indirect	effect	mediated	by	TAFI
•	 Complement	inactivation

Modified from Levi M. Recombinant soluble thrombomodulin: 
coagulation takes another chance to reduce sepsis mortality. JTH. 
2015;13(4):505-7.

HMGB1, High mobility broup box 1; PC, protein C; TAFI, thrombin-
activatable fibrinolysis inhibitor; TM, thrombomodulin.
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hemostatic equilibrium is an arduous process and therapies 
have risks. The cross-talk between coagulation and inflam-
mation is crucial for an optimal response to injury and 
invasion by pathogens. SAC is induced by endothelial injury, 
and SAC is one of a number of markers of the nearly 
universal endothelial injury of sepsis. SAC may be mani-
fested by hyper- and/or hypocoagulability.

There are treatments and guidelines for DVT prophylaxis 
and for treatment of DIC. There are no FDA-approved 
treatments for sepsis in North America. Although RCTs of 
TFPI, APC, and other anticoagulants have been unsuccessful, 
future RCTs may have success by focusing on an enriched 
population or by use of predictive biomarkers. The risks 
of thrombosis resulting from the continuous thrombin 
generation in sepsis, coupled with increased risk of bleeding 
associated with DIC (and potentially with future new 
anticoagulant therapies) make SAC a complex disorder and 
a therapeutic challenge for clinicians.

Key Points

1. Sepsis-associated coagulopathy (SAC) is frequent 
and is associated with endothelial injury, organ 
dysfunction, and death.

2. The pathogenesis of SAC is complex and involves 
many factors, with marked interplay between 
coagulation and inflammation.

3. There is no gold standard for the diagnosis of SAC, 
making its management sometimes difficult for 
clinicians.

4. Although many RCTs evaluating the use of anti-
coagulants in sepsis or SAC were not translated 
into clinical benefit so far, ongoing research and 
future RCTs with AT and rhTM may find adequate 
efficacy and safety of AT and/or rhTM in such 
patients.
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Deep Venous Thrombosis
All patients admitted to ICUs, including septic patients, 
have high risk for venous thromboembolism even after 
routine prophylactic anticoagulation with heparin(s).97 The 
omission of early thromboprophylaxis (within 24 hours of 
ICU admission) has been associated with an increased risk 
of mortality in critically ill adult patients (attributable 
mortality ranges from 3.9% to 15.5% in patients acutely 
ill, such in sepsis).98 For these reasons, the recommendation 
of prophylactic use of LMWH, UFH, or fondaparinux in 
sepsis and the critically ill is well established,99 and pro-
phylactic heparin is recommended (grade 1B) in the SSG.52

Treatment of Disseminated Intravascular Coagulation
Clinical recommendations for DIC treatment based on three 
guidelines76 (British Committee for Standards in Haematol-
ogy [BCSH], Japanese Society of Thrombosis and Hemostasis 
[JSTH], and Italian Society for Thrombosis and Hemostasis 
[SISET]) were published in 2013 and are summarized below:
•	 Treatment	of	the	underlying	condition	is	essential	because	

that is the cornerstone of DIC management.
•	 In	patients	in	whom	thrombotic	complications	predomi-

nate, therapeutic doses of heparin (LMWH or UFH) are 
recommended.

•	 Patients	with	DIC	and	nonbleeding	events	should	receive	
prophylactic low-dose heparin (LMWH or UFH).

•	 Further	 RCTs	 are	 needed	 regarding	 the	 use	 of	 other	
(nonheparin) anticoagulants, such as AT or rhTM in DIC 
patients because it is still uncertain which patients may 
benefit.

•	 For	DIC	in	sepsis,	there	is	no	recommendation	for	the	
use of antifibrinolytic agents, except when sepsis is 
associated with hyperfibrinolytic state, such as trauma 
(explain risk and benefits in one sentence because trauma 
may be risky for fibrinolysis; are there any definitive 
RCTs in trauma?) or leukemia.

•	 For	 SAC/DIC	 patients	 with	 active	 bleeding,	 platelet	
transfusion is recommended if platelet count is less than 
50 × 109/L) and in patients with high risk of bleeding, 
platelet transfusion is recommended if platelet count is 
less than 20 × 109/mL.

•	 Fresh	 frozen	 plasma	 (FFP)	 administration	 should	 be	
considered in patients with active bleeding and prolonged 
PT/APTT (>1.5 times normal) and/or fibrinogen levels 
less than 1.5 g/dL.

•	 In	patients	with	severe	hypofibrinogenemia	(<1.5 g/dL) 
that persists after FFP therapy, the use of fibrinogen 
concentrate or cryoprecipitate is recommended.

•	 In	the	presence	of	active	bleeding	and	preclusion	of	FFP	
therapy, prothrombin complex concentrate may be 
considered.

CONCLUSION

The balance between bleeding and thrombosis is a constant 
process, which is disturbed dramatically in sepsis. Restoring 
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