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Abstract

The close relationship between inflammation and coagulation is expressed 
mainly in three stages: blood coagulation activation, a decrease in natural 
anticoagulants activity and fibrinolytic process decrease. The connection 
between inflammation and coagulation is now well established. The inflammation 
also acts on the antithrombotic endothelial normal functions. The loss of 
homeostasis in normal coagulation processes, promotes not only a stressed 
thrombotic condition, but it leaves the inflammatory process constantly turned 
on. 

The inflammation/coagulation interaction could be represented like “a dog 
that bites its tail”.

The review also considers the main coagulation testing and some 
therapeutic indications. The latter, although experimental and more expensive, 
in severe sepsis can replace the deficiency of natural anticoagulants, as well as 
reduce the inflammatory state.
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mediator [6]. In the second case, the interaction between activated 
platelets and sub endothelial cells stimulates the adhesion and the 
recruitment of inflammatory leukocytes that release the cytokine 
Interleukin-1β (IL-1β), which is able to enhance the adhesion 
properties of endothelial cells [7,8] (Figure 1).

Other inflammatory mediators, such as Tissue Factor Necrosis-α 
(TNF-α) and others inflammatory cytokines, or lipoproteins, 
C-reactive protein and bacterial endotoxins, involving the Tissue 
Factor (TF), have a procoagulant effect until the formation of 
thrombin [9-12]. 

Introduction
The severe and systemic inflammatory response may cause 

significant pathological damage. There is a thin line between 
inflammation and coagulation system, and often coagulation 
disorders are associated with inflammatory diseases.

In severe inflammation, the onset of coagulation disorder is due 
to the imbalance between coagulation and fibrinolysis activity, with 
a consequent hypercoagulable state. The outcome is a thrombotic 
condition with microvascular failure and the development of Multiple 
Organ Dysfunction Syndrome (MODS) [1-3].

Inflammation and coagulation
The activated coagulation, the endogenous anticoagulants 

down-regulation and the fibrinolysis inhibition, are the three main 
mechanisms by which inflammation occurs in the clotting process. 
During inflammation, the cytokines, which are immune system 
mediators, are released. The release of cytokine Interleukin-6 (IL-
6) stimulates the production of platelets [4]. In addition, several 
inflammatory mediators, such as bacterial endotoxins, thromboxane 
A2, Platelet Activating Factor (PAF) and the neutrophil cathepsin 
G enzyme, activate the platelets [5]. The production and activation 
of processes mediated by inflammation give thrombogenic 
characteristics to the platelets, resulting in increased sensitivity to 
platelet agonists. Platelet activation induced by inflammation can 
trigger a loop that perpetuates the inflammatory state through two 
conditions. In the first case, the activated platelet aggregate make 
the phospholipid surfaces able to trigger the secondary hemostasis 
by acquiring negative charge (Figure 1). The resulting production of 
Thrombin binds to specific cell surface receptors known as “Protease-
Activated Receptor” (PAR) and is itself a strong inflammation 
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Figure 1: Relationship between inflammation and coagulation. Role of 
immune response induced by inflammation on endothelium procoagulant 
activity. (TF: Tissue Factor; PAR: Protease-Activated Receptor; LØT: 
Lymphocytes T; sCD40L: soluble CD40 Ligand; aPC: activated Protein C).
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Independently from TF involvement, the monocytes, even by 
only inflammatory activation, may trigger the coagulation process; 
they directly activate FX with thrombin generation [13].

There is a close correlation between inflammatory mediator’s 
release, as well as immune system, and endothelial surface molecules 
modulation. This results in abnormal endothelial prothrombotic 
activity, endothelial fibrin deposition, and Thrombomodulin down-
regulation [14]. Normally, Thrombomodulin-Thrombin link ensure a 
continuous antithrombotic endothelium function activating Protein 
C (PC) [15]. In inflammatory stimulus, the activated endothelial cells 
express transiently Tissue Factor (TF) that, linked to FVIIa, activates 
both extrinsic and intrinsic coagulation pathways [16] (Figure 2). The 
mediation between endothelial Thrombomodulin and TF can occur 
through T-cells CD4+ activation that, stimulated by inflammatory 
immune-mediated response, produce soluble CD40 ligand (sCD40L). 
The interaction between sCD40L and CD40 (the latter produced by 
endothelial cells) plays a central role on endothelium procoagulant 
activity. In fact, the sCD40L and CD40 interaction down-modulates 
the Thrombomodulin expression on endothelial cells inducing TF 
production. The TF-FVIIa link continuous the coagulative activity 
and consequently, on endothelial surface the fibrin deposition [17,18] 
(Figure 1). Patients with unstable angina show increased blood 
coagulation pathway activation and sCD40L up-regulation [19]; 
consequently, in case of plaque rupture coronary thrombosis may 
occur [20,21].

Endogen anticoagulants down-regulation
The expression and function of Antithrombin (AT) and activated 

Protein C (aPC) decrease with inflammatory process, while the 
Tissue Factor Pathway Inhibitor (TFPI) concentration may not be 
abnormal. In inflammation, as the aminoglycanheaparin-like on the 
endothelial surface are decreased, the AT functional activity may be 
< 50% [22].

The inhibition of both Thrombomodulin and Endothelial Cell 
Protein C Receptor (EPCR) transcription determines the aPC 
decrease (Figure 3). Not only the hepatic deficit synthesis, but also the 
increased consumption causes the PC decrease.

Fibrinolysis inhibition
In severe sepsis the fibrinolytic system is compromised. The 

high production of Plasminogen Activator Inhibitor-1 (PAI-1) acts 
as a powerful inhibitor of both tissue Plasminogen Activator (t-

PA) and urokinase Plasminogen Activator (u-PA). The fibrinolytic 
system imbalance leads to the significant decreased of Plasmin, 
whose activity is responsible for dissolving intravascular fibrin clots 
[23]. The high Thrombin generation and its affinity to bind with 
the Thrombomodulin, activate the zymogen Thrombin-Activable 
Fibrinolysis Inhibitor (TAFI) that causes a further decrease in 
Plasmin generation (Figure 4).

Summarizing, in severe inflammation the impact on the 
coagulation system can be pivotal, the stressed procoagulant activity 
increases the susceptibility to thrombosis, Disseminated Intravascular 
Coagulation (DIC) and MODS, often with an unfavorable outcome 
(Figures 5 & 6).

Laboratory and inflammation
The inflammatory response in most cases is accompanied with 

leukocytosis as well as thrombocytosis. The leukogram varies in 
respect to the normal values for the stress induced by cortisol, as well 
as for the involvement of the physiological response to epinephrine. 
Leukocytosis and neutrophilia are the most common responses 
to inflammation, but a severe inflammation may also manifest an 
important leukopenia due to bone marrow inhibition or to a massive 
inflammatory condition. The characteristic morphological changes 

Figure 2: Activation of the coagulation process by the central role of the link 
“Tissue Factor (TF) -FVIIa”.

Figure 3: Endogen anticoagulants and their normal functions (TM: 
Thrombomodulin; T: Thrombin; PC: Protein C; EPCR: Endothelial Cell 
Protein C Receptor; aPC: activated Protein C; PS: Protein S; NF-kB: Nuclear 
factor-κB).

Figure 4: Impairment of the fibrinolytic system in sepsis.
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of neutrophils, such as cytoplasmic vacuoles, cytoplasmic basophilia, 
Döhle bodies and azurophil granules, underline an inflammatory 
condition [24]. In non-inflammatory leukocytosis, as well as in 
patients on appropriate antibiotic therapy, the morphological changes 
of neutrophils in both cases are not present. The simultaneous 
effect of glucocorticoids, catecholamines, comorbidities (e.g. 
cancer), antibiotic therapy, influence the leukogram interpretation 
significantly, therefore it can be valued by its variability.

Although the Fibrinogen (FBG) is an acute phase protein, it does 
not allow the correct assessment on inflammatory state because of its 
limited specificity. The recommended method for its determination 
is the Clauss assay, whose endpoint is the clot formation. Common 
source of result, which is not always reliable, is the variability of 
the reagents; it is appropriate to use single reactive in the context 
of standardized procedures. Heparin therapy influences its 
measurement significantly. In fact, at least four hours after heparin 
administration it is recommended to perform the test, so as not to 
draw the sample from heparin contaminated-lines [25]. Regarding 
the data interpretation, the individual variability between patients 
is another problem [26]. The FBG may be within the normal range 
when consumed despite overt pathology.

The C-Reactive Protein (CRP) is another acute phase protein 
that, unlike fibrinogen, in inflammatory focus is distinctly increased. 

Its increase indicates an inflammatory condition with tissue necrosis 
since it is expressed on the surface of dead or dying cells in order to 
activate the complement system through the complex C1Q [27]. The 
different methods used by laboratories have a good sensitivity and 
clinical comparability. Since it is an inflammatory marker, the “high 
sensitivity CRP” assay can predict the risk of myocardial infarction 
and stroke [28].

Inflammation and main laboratory coagulation tests
It is important to reiterate that the preanalytical error in 

coagulation has a considerable weight on the analytical data reliability.

The Prothrombin Time (PT) test evaluates the extrinsic and 
common coagulation pathways efficiency, providing information on 
factors II, V, VII or X, or on Fibrinogen efficiency. It is frequently 
required to diagnose acquired bleeding disorder, such as factors Vit. K 
deficiency, liver disease [29]. The test consists in adding thromboplastin 
and calcium to citrated blood. The endpoint of the reaction is the clot 
formation. Depending on the thromboplastin used, the test shows 
a marked variability. For this reason, the result in patients on oral 
anticoagulant therapy is expressed as “International Normalized 
Ratio”, taking into account the thromboplastin “International 
Sensitivity Index”. The different test sensitivity in recognizing one or 
more coagulation deficiency factors is due to different sources and 
concentration of thromboplastin, as well as for phospholipids added 
[29]. Generally, the test is abnormal when the deficient coagulation 
factor is < 70%, it is not sensitive to slight coagulation factors 
deficiency. In DIC consequent to severe inflammation, the PT test 
is clearly extended. The test in hypercoagulable state, unfractionated 
heparin bolus, or low molecular weight heparin high doses therapy, 
does not provide correct information; in lupus anticoagulant 
associated with thrombotic state interference are also possible [30].

The activated Partial Thromboplastin Time (aPTT) test allows the 
assessment of any deficiency and inhibition of intrinsic and common 
coagulation pathways. In the case of an abnormal test, factors II, 
V, VIII, IX, X, XI or XII, Prekallikrein (PK) and a High Molecular 
Weight Kininogen (HMWK) deficiency is possible [31]. To monitor 
unfractionated heparin therapy, the aPTT is the reference test. The 
increase of FVIII, in conditions that underline an inflammatory 
state (such as trauma, including surgical trauma, prolonged stress 
and pregnancy), affect the test. In these cases, the normal test might 
mask a mild hemophilia A. In PK and HMWK deficiency, the test 
is abnormal without bleeding and no further diagnostic tests are 
required.

Fibrinogen (FBG), in addition to the analytical problems, as 
described above, is synthesized by the liver. The anti-inflammatory 
and/or anti-thrombolytic therapies affect its values. In massive 
inflammation and DIC, the fibrinolytic system failure triggers 
widespread micro thrombi formation and a high consumption of 
fibrinogen occurs. The consequent formation of high fibrinogen 
degradation products compromises the fibrinogen function.

Once the fibrinolytic process is triggered, the final product by 
plasmin degradation on fibrinogen/fibrin-soluble is represented by the 
D-dimer (D-d) production. Its increase is not only the consequence 
of a thromboembolic or post-surgical conditions. D-d is increased in 
neoplastic, cardiac and kidney diseases, immune-mediated hemolytic 

Figure 5: Impact of severe inflammation on the clotting system.

Figure 6: Pathogenetic evolution of severe sepsis in Disseminated 
Intravascular Coagulation (DIC) and Multiple Organ Dysfunction Syndrome 
(MODS).
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anemia and secondary coagulopathy, including DIC. The non-
specific inflammatory processes can cause fibrinolysis mediated by 
neutrophil elastase [32]. The D-d assay, include latex agglutination, 
immunoturbidimetric and Enzyme-Linked ImmunoSorbent Assay 
(ELISA) methods. Agglutination tests are not easy to interpret in case 
of weak positivity; compared to ELISA and immunoturbidimetric 
methods the agglutination tests have low sensitivity [33]. Elevated 
D-d levels are associated with a higher risk of overall mortality rate in 
patients with different diseases [34].

The Antithrombin (AT) is like a negative acute phase protein 
[35]. In DIC, sepsis and acute thrombotic events, the AT decreases 
[35]. The chromogenic functional tests are the most reliable for 
its evaluation [36]. The timing for its measurement evaluation is 
important; the high consumption in acute thrombosis, or the decrease 
in case of heparin therapy, do not reflect a real AT deficiency.

Fibrin Degradation Products (FDPs) are generated by fibrinogen, 
soluble fibrin or cross-linked fibrin degradation. The FDPs test has 
limited diagnostic reliability in thromboembolic disorders. It only 
indicates the successful of plasmin activation. The FDPs increase may 
be caused by a systemic inflammation, hepatic disease and/or kidney 
defective clearance. The results must be interpreted within the clinical 
context.

The high degree correlation between inflammation and 
coagulation highlights how, at the same time, specific tests can, by 
both systems, be influenced.

 In severe sepsis, some coagulation testing may predict the 
survival rate in the first week and in the first month (Figure 7). In the 
first week the FBG could be considered as an early prognostic test, 
however the limitations result from its high variability. As delayed 
prognostic factors, the PT ratio and AT have a good reliability. If the 
two tests are assessed by age, hemoglobin, and prognostic score (SAPS 
II and SOFA score), have a high negative predictive value. Moreover, 
in the first 24 hours, severe sepsis with constant PT ratio, AT and FBG 
abnormality tests can lead to an increased mortality indicator over 
the 28 days [37].

As part of the cytokines involved in the inflammation/coagulation 
process, the High Mobility Group Box 1 (HMGB1) protein is 
taken into clinical consideration. The test is proposed as a possible 
prognostic marker in DIC and organ failure in septic patients, since 
HMGB1 is persistently increased in survival septic patients than non-
survival [38].

Conclusion
In patients with inflammation, the significant involvement of 

the coagulation system entails the high possibility of thrombotic 
disease. In diseases whose epiphenomenon is the release of cytokines 
and/or the natural anticoagulants down-regulation, the interface 
“inflammation/coagulation” is the most common process of the 
disease.

Pharmacologically, in septic patients with coagulopathy, 
an important aspect is to limit the defective action of natural 
anticoagulants.

Therapeutic strategies have been developed based on the insights 
into the pathogenetic mechanisms responsible for Thrombin 
formation and fibrin deposition. 

The use of TF inhibitors is still a matter of debate [39]. Also the 
concentrated AT treatment has not shown significant benefits in 
reducing mortality in septic patients [40].

Significant results were obtained with recombinant aPC exclusively 
in patients with severe sepsis, high mortality risk and, consequently, 
a high prognostic score [41]. Recombinant aPC restores not only 
the PC anticoagulant, but also has anti-inflammatory action. Even 
if the trigger conditions are not present, inherited abnormalities of 
coagulation proteins may be risk factors and promote the pathogenesis 
of DIC. Although DIC seldom occurs spontaneously, homozygous 
deficiency of PC or PS in children can cause severe neonatal purpura 
fulminans, without a specific pathological condition [42].

Since histones in severe septic patients seem to have an important 
role as critical organ dysfunction mediators, treatment with histones 
antagonists could be an interesting therapeutic approach in MODS 
[43].

A pivotal therapeutic strategy could represent the complement 
inactivation that is released during organ failure, and plays an 
important role in severe sepsis progression, as well as in clotting 
interaction [44].

In patients with sepsis and/or significant inflammation, the 
coagulation monitoring, as well as the correct test interpretation, 
have an important role because it affects the therapeutic management 
and the patient’s outcome.
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