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Abstract 

In recent years, new concepts related to the physiopathology of sepsis appeared. One of the new concepts that 

changed the viewpoint in sepsis is the understanding of the impact of inflammation, coagulation and fibrinolysis that 

symultameously acts in the disease process. 

Inflammation is the most common way of response of the tissues facing an aggretion (infection) even if against the 

resulting degradation products in the body. Inflamation  manifests by the change of local settings (celular, circulator, 

metabolic) and general (temperature, leukocytosis) by specific and nonspecific guarding phenomenon in 

interdependence. The intensity of the local and general phenomena  depends on the quality and intensity of the 

pathogen agent and on the reactivity of the body. In the inflammatory process, the body succeeded, normally, to 

block and liquidate aggression at its entrance gate. The complement system induces the release of IL-1 and TNF- α . 

C5a is probably the most important single fraction is the complement in the pathogenesis of sepsis because it 

stimulates adherence  and degranulation of neutrophils. Infancy single activation of the complement consists of 

opsonization of microorganisms and its products. The immune activation of the host can be made in the absence of 

the recognition of microbial after the signal DANGER produced by tissue ischemia and necrosis. Proinflammatory 

mediators in excess determines tissue damages. 
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 The systemic infection has concerned and 

continues to preoccupy the medical world, 

due to the impact it has in the complication 

and aggravation until the exitus of some 

diseases that exceed the body's response 

capacity.  

Systemic infection is all the more virulent 

because it is addressed to patients with low 

resistance to infection, the so-called 

"immunodeficient hosts" or 

"immunocompromised".  

The terminology is confusing when we refer 

to a septic patient. Nowadays  there are still 

used terms as sepsis  ''septic syndrom” or 

“sepsis”. Richmond defined sepsis (2003)  

as being a range of clinical conditions  

caused by the immune answer to a host’s 

infection, characterized by systemic 

inflammation and coagulation This varies 

from the single answer to the dysfunction of 

systemic inflammatory  organ, multiple 

organ insufficiencies and finally death.  

Consensus Conference ACCT (American 

College and Chest Physicians) and SCCM 

(Society of Critical Care Medicine) 

established  in 1991 a number of criteria 

defining systemic inflammatory response. 

[1, 2, 3].These conference works were 

resumed in 2001 and 2003 when criteria 

have been established for the classification 

of systemic infection and its clinical forms 

representing, in fact, developmental stages 

of the same disease. [4,5,6] 
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In recent years, new concepts related to the 

physiopathology of sepsis appeared. One of 

the new concepts that changed the viewpoint 

in sepsis is the understanding of the impact 

of inflammation, coagulation and 

fibrinolysis that symultameously acts in the 

disease process. 

 Initially, attention was focussed to 

inflammation, as the dominant process in 

sepsis, leading to the dysfunction of the 

organ. [7-16]    Investigations in respect of  

coagulation and fibrinolysis, abnormal in 

sepsis, their relation with the endothelial 

failure and mediators that may initiate these 

changes have revealed the crucial element in 

the genesis of sepsis, namely imbalance  

between homeostasis mechanisms of 

inflamation, coagulation and fibrinolysis. 

Therefore, we assist at an imbalance sepsis, 

on the one hand between the inflammatory 

cascade and clotting cascade and on the 

other hand between the coagulation and that 

of the fibbrinolysis. 

                                       

THE INFLAMMATORY CASCADE  

 

Inflammation is the most common way of 

response of the tissues facing an aggretion 

(infection) even if against the resulting 

degradation products in the body[17-32]. 

 Inflamation  manifests by the change of 

local settings (celular, circulator, metabolic) 

and general (temperature, leukocytosis) by 

specific and nonspecific guarding 

phenomenon in interdependence. The 

intensity of the local and general phenomena  

depends on the quality and intensity of the 

pathogen agent and on the reactivity of the 

body. In the inflammatory process, the body 

succeeded, normally, to block and liquidate 

aggression at its entrance gate. 

The inflammation has a defence character 

only when it is appropriate from a  

quantitative et qualitative point of view 

towards the lesions produced by the 

pathogen agent.When the inflammatory 

response is inadequate (exacerbated), the 

local expression is massive and is the 

expression of pathological reactivity. 

Normally, inflammation as a defence 

function  of the body consists in a reaction 

assembly, vascular and metabolic favoring 

the leukocyte flow, diapedesis and migration 

of the polinucleare and other cells, 

phagocytosis of the foreign particles and the 

damaged tissue remnants and restoring the 

damaged tissues. [33] 

At the site of endothelial lesions there are 

attracted first the polinuclears and then the 

mononuclears: macrophages and less the 

lymphocytesThe macrophages release a 

number of mediators (cytokines) playing the 

role of proinflammatory or of which the 

most important are: the TNF-alpha, IL-1, IL-

6 AND and IL-8.  

TNF-alpha is secreted by macrophages and 

monocytes and TNF-beta is secreted by 

activated B lymphocytes.                                           

 TNF synthesis is genetic induced by the 

transcription of nuclear factor NFK-B. 

(Nuclear Factor kappa- beta). Its receptors 

are at the surface of the cell membranes, be 

they soluble, acting as circulating TNF 

neutralization. TNF-alpha and IL-1 action 

synergic purchasing the proliferation and 

maturation of lymphocytes, phagocytic 

activity of polymorphonuclear favouring the 

adhesion of leukocytes to the endothelium, 

too, by activating endothelial adhesion 

molecules .                                                                                              

IL-1 is secreted by T lymphocytes and 

occurs cell activation T and B favoring 

synthesis of TNF-alpha, IL-1, PG (PGE2)  

and activation of the complement system.                                                                                                                  
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IL-6 is the primary inducer of protein 

synthesis in an acute phase in the liver: 

Activated protein C , fibrinogen and A 

amyloid[34].   

IL-8 is produced by macrophages, T cells, 

endothelial cells, fibroblasts and 

hepatocytes. It is a cytokine with a role in 

mobilization of intracellular calcium 

deposits and protein kinase C acts. 

IL-12 produced single mononuclear of  

peripherally blood and Lagerhans cells and 

introduces two single subunits: P40 S and 

P35. If P35 inhibits IL-6 action, P40 

stimulates the receptor for IL-6. IL-12 has 

its mainly action as a stimulus to the 

lymphocytes T - natural killer and cytotoxic  

NFK-b (Kappa beta nuclear factor). The 

nuclear factor receptors  are at the surface of 

the cell membranes or soluble in the 

cytoplasm complicated role  in 

neutralization of circulating TNF. Once 

activated, NFK-b enters the cell nucleus and 

transcribe genes for the synthesis of TNF. 

NFK-b controls a number of pro-

inflammatory cytokines including 

interleukins, TNF and adhesion molecules.   

From the category of anti-inflammatory 

cytokines, the most important are : 

IL4 (the production of metabolites rises for 

the anti-inflammatory arachidonic acid) 

IL-10 and IL-13 which inhibits TNF-alpha  

and IL-1, increasing factors increase of 

macrophages (GM-.SF) and of the 

granulocyte (G-CSF).                         

NFR (TNF soluble receptor) has an 

antagonistic action with TNF which links 

into an inactive complex, 

IL1-R a (IL-1 receptor antagonist) produced 

in sepsis is a competitiv inhibitor for   IL1- 

receiver and reduced the proinflammatory 

effect of IL-1. HSP ( protein heat shock) 

inhibits the effect of activation induced by  

NFK-b decreasing the production of pro-

inflammatory mediators (TNF).  HSP are 

produced as a response to temperature and 

other stress factors.                                                                                                                                       

At the level of lysosomes, polinuclears 

contain a rich system of proinflammatory 

mediators: histamine acting as a vasodilator 

factor, degranulation factors of the 

mastocyte cells which release the single 

histamine, collagen and elastase with 

destructive role for this, activator for 

lasminogen (PA), etc. . Another  category of 

mediators are growth factors  represented of: 

IL3, IL7, IL11, IL14 which are modulating 

factors in the immune response. They also 

have a role in the synthesis of adhesion 

molecules in the endothelium. Eicosanoids 

are represented by prostaglandins (PGI2, 

PGE2) , thromboxane (TxA2, TxB2)  S and 

leukotrienes (LT -A 4, LT-B4 C4 LT, LT-

E4) derived from the arachidonic acid. 

Prostaglandins and thromboxanes play a 

strong role antiplatelet. Leukocyte adhesion 

to endothelial lesion (framed) is followed by 

diapedez. It performs  so that acts as an 

inflammatory exudate barrier single 

immuno-fibrin-leukocyte that limit single 

expansion infection.  

More then the capacity such to respond non-

specifically to an aggression, the body has  a 

capacity to respond specifically to foreign 

structures namely the immune response. 

There is an immune system that is 

genetically determined.  

It is the system of histocompatibility, 

complex that provides  acknowledges of 

growth "the self" and allows differences in 

the foreign  structures. In humans, the CRZ 

6  consists of a set of genes that form the 

single HLA (Human Leukocyte Antigen). 

The software system is immunocompetent, 

made up of lymphocytes, polynuclears and 

macrophages which add  non-specific 

immune serum factors (complement, 

opsonin)[35].  
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The complement system induces the release 

of IL-1 and TNF- α . C5a is probably the 

most important single fraction is the 

complement in the pathogenesis of sepsis 

because it stimulates adherence  and 

degranulation of neutrophils. Infancy single 

activation of the complement consists of 

opsonization of microorganisms and its 

products. The immune activation of the host 

can be made in the absence of the 

recognition of microbial after the signal 

DANGER produced by tissue ischemia and 

necrosis. Proinflammatory mediators in 

excess determines tissue damages. 

THE SUCCESSION OF EVENTS IN 

SEPSIS PHYSIOLOGY 

At the site of endothelial lesions are 

attracted initially polinuclears and then the 

mononuclears: macrophages and less the 

lymphocytes. 

The microbial agencts and their toxins 

(endotoxin) act at the level of the in 

endothelial damage on mononuclear 

(macrophages, monocytes) determining a  

release of proinflammatory mediators 

(cytokines) out of which the most important  

are:  TNF-alpha, IL1, IL6, IL8. These are 

the first mediators of inflammation  [36]. 

TNF-alpha and IL-1 act  synergistic  in 

sepsis, stimulating proliferation and 

maturation of lymphocytes, phagocytic 

activityof polymorphonuclear favoring the 

adhesion of leukocytes to the endothelium, 

by activating molecules collected by 

endothelial adhesion(Fig.1). 

 

Fig. 1 TNF-alpha and IL-1 act  synergistic  in sepsis[16] 

The infection, by its microbial agents and 

their toxines, determine the start of the 

inflamation mechanisms. In normal terms, a 

reaction of defense initiates, inflammatory 

type, having as a target the blocking and 

finishing the aggression at the entrance gate. 

Inflamation has a defensive character only if 

it is quantitative and qualitative adequate to 

the lesions produced by the pathogen agent.  

In sepsis, the defensive reaction of an 

inflamatory type is inadequate, exagerated 

and rapid. (SIRS) 

As a response to this exaggerated 

inflammatory reaction, a compensatory 

response is started, anti-inflammatory, also 

exaggerated  (CARS), by releasing 

inflammatory mediators such as:  

TNF-receptor (with TNF-alpha antagonist 

effect) 

IL1 -receiver (with antagonistic effect on 

IL1) 

IL-4 (cytokine that increases the production 

of metabolites of arachidonic acid with an 
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inflammatory role  (LAA4 leukotriene, 

LTB4, LTC4, LTD4, S and LTE4) 

IL-10 and IL13 which inhibits IL-13 TNF-

alpha and IL-1, growth factors of the 

macrophage                                       (GM-

CSF) and granulocytes (G-CSF)(Fig. 2). 

 

Fig.2 Aspects of inflammatory reaction[16] 

In terms of normal conditions, this 

inflammatory compensator response 

(CARS) made using inflammatory mediators 

should counteract the damaging effects of 

exaggerated inflammation. ( 17 ). If this 

compensatory response is effective, the 

phenomena can stop here.                                                                                                                              

In sepsis, the antiinflammatory reply often   

fails to counteract the damaging effects of 

inflammation that is important. 

Thus, the balance of homeostasis is moved 

to inflammation.Simultaneously with the 

inflammatory cascade the cascade 

mechanisms trigger and also that of the  

clotting, the second major factor in the 

pathophysiology of sepsis. [37] 

Infection can determine the direct 

coagulation: monocites release TNF-alpha, 

IL-1 S and IL-6 which,  together with the 

tissue factor TF (Tissue Factor) trigger 

coagulation by thrombin 

synthesis.Prothrombin is activated in 

thrombin that, in turn will activates 

fibrinogen to form fibrin.This monomer 

polymerizes in the form of a fibrin clot  

including red and white blood cells and 

platelets.                                                                                                          

In physiological conditions, physiological  

anticoagulant factors are in excess; blood 

doesn’t coagulate intravenously[38]. 

If endothelial damages produces or in 

circulation penetrate cellular distruction 

products, then in that area predominant are 

procoagulant factors forming fibrin (fig.3).  
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Fig. 3. Direct coagulation involved in sepsis[16] 

 

Infection can produce coagulation and, 

indirectly by releasing at the level of 

endothelial lesion of a TF (Tissue factor) 

will cause the activation of factor of the 

plasma and   V (proaccelerin), VII 

(proconverti)  ,   X ( Stuat-Prower)   and  

Calcium from the cascade of clotting[39]. 

Together, these mediators have an action of 

activation of prothrombin in thrombin. 

Endothelial cell is considered as an 

important site of release of cellular 

mediators TF (Tissue Factor - tissue 

thromboplastin) is considered the trigger of 

the extrinsic coagulation. TF is the key 

mediator between the immune system and 

the coagulation is the main activator of 

coagulation. 

 



Romanian Journal of Oral Rehabilitation 

Vol. 13, No. 1, January-March 2021 

217 
 

  

Fig.4. TF key mediator-involved in coagulation for sepsis clinical case[16] 

After the action of these mediators is 

triggered a compensatory mechanism -

fibrinoliza- in order to stop excessive 

clotting. Thus, a strong enzyme is born -

plasmin. Plasmin circulates in blood in the 

form of plasmin- antiplasmin inactive 

complex (plasminogen).  Plasminogen is 

activated in  plasmin by the t-PA (tissue 

plasminogen activator) acting on fibrin. 

Plasmin action on fibrin consists in  

proteolytic digestion of fibrin and the 

formation of peptide (products PDF- and 

fibrin degradation) to a small molecule 

which  have lost the ability to form coherent 

nets but preserve the anticoagulant 

properties.                                                                                                     

 Normally, t-PA (tissue plasminogen 

activator) triggers  fibrinolysis, which limits 

the extension of the clotting process. 

Tissue plasminogen activator (t-PA Tissue 

Type Plasminogen Activator) is located in 

equilibrium with its antiactivator (PAI-1 

Plasminogen Activator Inhibitor 1) so that, 

the fibrinolytic system is balanced.  

In sepsis, the lesion of the endothelium 

releases in excess  PAI-1 (inhibitor of factor 

plasminogen activator) which inhibits   t-PA 

(tissue plasminogen activator)  determines 

the suppression of fibrinolysis and pushing 

the equilibrium  towards the coagulation. 

[40] 
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Fig. 5 Aspect of lesion of the endothelium releases in excess  PAI-1[16] 

The two key inhibitors of fibrinolysis are : 

PAI-1 and TAFI.                                                        

PAI-1 is the most formidable inhibitor of t-

PA. Endotoxins produced by gram-negative 

pathogens increase PAI-1 activity. 

 

 

Fig. 6 The rol of PAI-1 in coagulation for patients with sepsis[16] 

 At this point  TAFI occurs directly by the inhibition of fibrinolysis moving  the  balance more 

towards coagulation. 
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Resulting that, in sepsis, along with the 

mechanisms of inflammation  the 

mechanisms of clotting interact both having 

as a consequence microvascular thrombosis, 

hypoperfusion, ischemia and tissue damage 

(phenomena which characterize the failures 

of the organ).  

Recent studies have demonstrated the 

importance of sepsis pathophysiology of the 

C protein in maintenance of homeostasis.  

Active protein C intervenes directly or 

indirectly in the inflammatory cascade and 

also in the cascade of clotting. Protein C is  

found in an inactive form and is converted to 

active protein C  under the action of  TM 

(thrombomodulin) an endothelial surface 

protein com surface acting as an enzyme. 

Active C protein enters the clotting process 

by two mechanisms:  

 

 

 

Fig. 7. Implication of  protein C intervenes in the inflammatory cascade[16] 

Direct anticoagulant effects since they 

inhibit the  coagulation by inactivating 

Factors V  and VII of the clotting (with an 

action of activation of prothrombin) 

preventing thrombin synthesis. 

Active C  protein has an anticoagulant effect 

indirectly, inhibiting synthesis of PAI-1 and 

TAFI good inhibitors of fibrinolysis.  

Inhibiting PAI-1 means the desinhibation of   

t-PA which converts the plasminogen in 

plasmin and plasmin actions  over loosen 

fibrin which divides in PDF. In this way  

fibrinoloza is favoured).                                                                                                       

Activated protein C inhibits TAFI 

(Thrombin Activatable Fibrinolysis Inhibitor 

) which has a direct action to inhibit 

fibrinolysis )  [41]. 

 

In sepsis, by the exaggerated synthesis PAI-

1 occurs an excessive consumption of 

protein C which leads to the aggregation and 

coagulation.                                                                                      
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It turns out scientifically that patients with 

SIRS, CARS or MARS present significant 

disclosuresters of Protein C Active, 

lymphocytes, IgG, IgA, IL-2, IL-4.  

 In conclusion, the mechanism of 

homeostasis includes three ways: the way 

the protein C pathway system antithrombin 

(AT 3) - heparin sulfate  and the way of 

inhibitor of tissue factors (TF is considered 

to trigger the extrinsic clotting, is the 

mediator   between the immune system and 

the coagulation and is the main activator of 

clotting).                          

 In terms of normal conditions, these 

systems act in  a positive and negative 

feedback game to prevent clotting.Protein C 

interferes in the inflammatory process 

through two mechanisms :                      

The indirect effect is to reduce thrombin 

moving thus balance feedback mechanism of 

coagulation and inflammation, towards  

inflammation. 

The direct effect is that  activated protein C   

switches in the cell cytoplasm where it 

inhibits the factor NFK-B (Nuclear Factor 

K-factor of the nuclear transcription-beta), 

which is responsible for the synthesis of 

TNF.                                                                                                     

As a consequence, the level of pro-

inflammatory mediators (TNF-alpha, IL-1  

IL) decreases.                                                                                                                                                

Activated protein C   inhibits practically, 

inflammation NFK-B -mediatorul in 

sepsis[30-44].(Protein C active  reduces 

inflammation) .Activated protein C    

determines    suppression of the production 

of PAI (inhibitor of factor plasminogen 

activator) uninhibiting t-PA (tissue 

plasminogen activator) which converts 

plasminogen in plasmin (which in turn U-

turn switchess fibrin in PDF). Basically it 

reactivates the process of fibrinolysis.                                                                                                        

Fibrinolysis is taken now restoring the 

balance between fibrinolysis and 

coagulation. The blood flow is reshaped at  

the level of microcirculation in 

thrombosis.Iin the process of clotting, 

formation of microthrombosis is 

complicated with the fibrin lysis and the 

release of their plasma produced  by the 

degranulation fibrin (PDF). The 

consumption of platelets  and coagulation 

factors increases and consecutive we assist 

to a compensating fibrinolysis activation 

(mediators with a  tromboplastic action). 

The balance of  clotting, inflammation and 

fibrinolysis is destroyed  by uncontrolled 

sepsis.Activated protein C is capable to 

restore this balance by the four mechanisms 

of action in the inflammatory cascade and 

clotting cascade having as a consequence the 

decreasing of the inflammation, prevention 

of the clotting and reshaping the 

mechanisms of the fibrinolysis.In patients 

with sepsis the following anomalies were 

observed: 

-growth activity PAI-1 

-decreasing the t-PA activity 

-decreasing the level of protein  

-decreasing the level of plasminogen 

Therefore, the suppression of  fibrinolysis 

together with the activation of clotting  

creates a dynamic coagulopathy in patients 

with sepsis. 

Events associated with sepsis / SIRS can 

occur sequentially (sequential or serial 

sepsis theory), where proinflammatory 

mediators are produced over a period of 

time, followed by the synthesis of anti-

inflammatory mediators, leading to SIRS 

and CARS or simultaneously (parallel sepsis 

theory).  where SIRS and CARS can coexist 

in different compartments of the system 

Protein C and AT III are consumed and their 

levels become deficient as the body tries to 
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return to normal function. Under normal 

conditions, endothelial surface proteins and 

EPCR (protein C receptor) activate Pr C and 

its modulating effects. In sepsis, the 

endothelial lesion destroys this function 

contributing to loss of control. The first step 

in coagulation is the link between Factor XII 

and the proteins on the surface of the 

damaged endothelium that activate factor 

XII. Activated Fact XII in turn activates 

factor XI. Factor X is activated by a 

complex of molecules containing Factor IX 

activated, factor VIII, calcium and 

phospholipids. The result of the coagulation 

cascade is thrombin production which 

converts soluble fibrinogen to fibrin. 

Insoluble fibrin forms a network with the 

aggregated platelets blocking the damaged 

blood vessel further preventing 

bleeding[43]. 

 In sepsis, proinflammatory cytokines induce 

the release of tissue factor TF by endothelial 

cells and monocytes initiating coagulation. 

TF is the key mediator between the immune 

system and coagulation and is the main 

activator of coagulation. TF interacts with 

factor VII and together activates factors X 

and IX. Amplification of coagulation via 

thrombin is done by activating factors XI, 

VIII and V. Finally, large amounts of 

thrombin are formed. The fibrinolytic 

system is directly influenced by the septic 

process. In sepsis, fibrinolysis is inhibited 

while coagulation is still active. Plasmine, 

the main effector of fibrinolysis, is formed 

when t-PA (tissue activator of 

alplasminogen) triggers the conversion of 

plasminogen to plasmin. Thus, plasmin 

destroys the fibrin network and degrades 

fibrinogen and factors V and VIII. A large 

number of substances produced by the body 

have the role of protecting it from excessive 

fibrinolysis. Two key fibrinolysis inhibitors 

are PAI-1 and TAFI. PAI-1 is the most 

formidable inhibitor of t-PA. Endotoxins 

produced by gram-negative pathogens 

increase PAI-1 activity. 

The following abnormalities were observed 

in patients with sepsis: 

-increasing the activity of PAI-1 

-decrease in t-PA activity 

-decrease in protein C level 

-decrease in plasminogen levels. 

In conclusion, the suppression of 

fibrinolysis simultaneously with the 

activation of coagulation creates a dynamic 

process of coagulopathy in patients with 

sepsis. The homeostatic mechanism includes 

the Protein C pathway, the antithrombin 

(AT) III-heparin sulfate pathway, and tissue 

factor pathway inhibitors. Under normal 

conditions, these systems act in a game of 

positive and negative feedback to prevent 

the generalization of coagulation. 

Age is an important factor in the evolution 

of sepsis, there is an increased incidence of 

sepsis in patients of extreme age. The 

diagnosis of sepsis is diagnosed at any age 

There is a predominance of sepsis in males 

more exposed to chronic ethanolism than 

females. 
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