
13Gen. Physiol. Biophys. (2020), 39, 13–26

doi: 10.4149/gpb_2019043

Integral estimation of systemic inflammatory response under  sepsis 
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Abstract. Currently, the most significant mediators of the systemic inflammatory response (SIR), 
specific to the development of critical states in sepsis, have the chaotic changes of concentrations in 
the blood. The solution to the problem is using integral indicators. A scoring scale of the SIR (0–16 
points) is proposed based on the determination in the blood plasma of CRP, TNF-α, IL-6, IL-8 and 
IL-10. The scale was used in the survey of 167 patients with a diagnosis of sepsis (43 patients with 
sepsis according to definitions of “Sepsis-1 or 2” and 124 patients with sepsis according to the criteria 
of “Sepsis-3”); septic shock was verified in 31 cases and in 48 cases lethal outcomes were recorded. 
The association of SIR with critical complications of sepsis was revealed, especially under acute septic 
shock and in cases of a “second wave” (days 5–7) of critical complications. In contrast, prolonged/
subacute sepsis (more than 14 days) under tertiary peritonitis is characterised by a lesser depend-
ence of the criticality of the state on the severity of SIR. The proposed scale is an open system and 
allows you to modify the range of used particular indicators that are compatible by pathogenetic 
and diagnostic significance.
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Introduction

Sepsis remains a burning social problem up to date. So only 
in the US, the annual number of all reported deaths from 
sepsis increased by 31%, from 139,086 in 1999 to 182,242 
in 2014 (Epstein et al. 2016).

From a clinical point of view, sepsis is a complex syndrome 
(an unstable complex of several resuscitation syndromes) 
caused by the organism’s response to infection. A  special 
problem for reducing hospital mortality is numerous cases of 
latent sepsis. Usually in these cases, the diagnosis of a critical 
state development and the use of intensive therapy is real-
ised too late. The pathogenesis of sepsis and other critical 
conditions remains largely an open question and depends 
on pathology (Chereshnev et al. 2010).

Formally, sepsis is defined as “life-threatening organ dys-
function caused by a dysregulated host response to infection” 
(Singer et al. 2016). In medical practise, sepsis is a critical 
infection that requires intensive therapy. This is due to the 
fact that the last formal criteria of sepsis (a new definition 
of sepsis (Sepsis-3) was developed in 2016) (Singer et al. 
2016) verifies, but does not reveal the pathogenetic nature 
of multiple organ dysfunction (MOD). The former defini-
tions of sepsis, namely, Sepsis-1 (1991) and Sepsis-2 (2001) 
reduced this concept to the formula of definitions: “sepsis” 
= infection + criteria of systemic inflammatory response 
syndrome (SIRS); “severe sepsis” = sepsis + organ dysfunc-
tion and “septic shock” (SS) = sepsis + critical hypotension 
(not stopped by vasopressors) (Balk 2000). The SIRS criteria 
are simplified derivatives of scales assessing the general 
condition of a patient having anything to do with inflam-
mation, namely specific values: tachycardia, tachypnea, 
leukocytosis or leukopenia and fever (Bone et al. 1992). At 
the same time, two criteria out of four are sufficient for the 
verification of SIRS. The low specificity of the SIRS criteria 
for the development of critical states is obvious (Drewry and 
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Hotchkiss 2015; Ter Horst 2016). This problem was solved 
by the arbitrariness of the verification of SIRS outside the 
intensive care units. In Sepsis-2, two optional criteria were 
added: the blood-defined C-reactive protein (CRP) and 
procalcitonin (PCT), but this did not solve the problem in 
principle. Currently, PCT, along with presepsin, is mainly 
used to monitor the effectiveness of antibiotic therapy and 
to exclude viral sepsis (Vincent and Beumier 2013; Dunne 
2015; Mat-Nor et al. 2016). According to the last definition, 
Sepsis-3 (Singer et al. 2016), sepsis is equal to an infectious, 
as a rule, bacterial, variant of MOD. It is verified with the 
sequential (sepsis-related) organ failure assessment (SOFA 
scale), and under the screening survey, the quick SOFA is 
applied: tachypnea, alteration in mental status and hypo-
tension. For preliminary verification of sepsis, at least two 
quick SOFA criteria must be present. The definition “severe 
sepsis” was abolished. The main criterion of SS verification 
is vasopressor therapy needed to elevate mean arterial pres-
sure (MAP) ≥ 65 mm Hg and lactate > 2 mmol/l (18 mg/
dl) despite adequate fluid resuscitation. The new version 
brought the formal criteria of sepsis closer to the heuristic 
decisions of doctors. In general, the concept of Sepsis-3 puts 
an assessment of the condition’s criticality in the foreground, 
and on the back – an assessment of pathogenesis.

Meanwhile, the lack of a holistic image of the pathogenetic 
core of sepsis invariably leads to “circling” in the solving of 
particular clinical problems (Askim et al. 2017; Polat 2017). 
This specifically limits the potential of pathogenetic therapy. 
One of the directions of problem solving may be the con-
sideration of the pathogenesis of critical states, including 
infectious, from the position of systemic inflammation (SI) 
as a common pathological process. This process differs from 
classical inflammation in a  number of following features 
(Zotova et al. 2016; Gusev and Zotova 2019): 1) SI develops 
in response to systemic alteration – the effect of trigger 
inflammatory factors in the bloodstream; 2) the essence 
of the process is delocalisation of the mechanisms of the 
inflammation’s focus, including the reaction of microvessels; 
3) microcirculatory disorders are the main pathogenetic 
mechanism of clinical manifestations of SI (i.e., shock and 
MOD); 4) the development of SI is not attributable to the 
processes of the inflammatory focus, for example, SI can be 
initiated in an experiment by intravenous administration of 
microbial antigens to animals; 5) SI is a priori dysfunctional 
system or process that does not have a protective value for 
the organism and is also the main cause of deaths in inten-
sive care units.

SI verification requires the specification of the nature of 
the systemic inflammatory response (SIR). From the above 
positions, SIR can be considered as a manifestation of gen-
eralised (under SI) or local pro-inflammatory cellular stress. 
Criteria for differentiation of SIR can be certain changes in 
blood concentrations of inflammatory mediators. However, 

the key problem is the nonlinearity of these changes and the 
impossibility to separate clearly the local (with subsequent 
generalisation in the blood flow) and systemic realising of 
SIR factors.

The aim of the study is to substantiate some methodo-
logical and methodical solutions to the problem of the SIR 
concretization on the example of sepsis.

Commonly used SIR indicators

Currently, more than 200 cytokines (mediators of inflam-
mation and immunity of a  protein nature) are revealed, 
and approximately 30 to 40 of them can be considered as 
real or promising markers of SIR. With that, to be used as 
SIR marker, cytokine should meet several described below 
requirements.

It is known, that the family of chemokines includes four 
subfamilies, approximately 50 cytokines. In clinical practice 
and experiments, chemokine markers of two subfamilies 
have been tested: 1) CXCL1 (NAP-3), CXCL2 (MIP-2α) 
and CXCL8 (IL-8); 2) CCL2 (MCP-1), CCL3 (MIP-1α) and 
CCL5 (RANTES) (Pierrakos and Vincent 2010; Gusev and 
Chereshnev 2013; Vincent and Beumier 2013; Das 2014). 
Their strength is a direct connection with endotheliocyte 
activation and platelet degranulation, a high amplitude of 
changes in the blood, while the pronounced abnormality 
of their concentration’s distribution in the blood of patients 
might be considered as the weakness. Potentially, some other 
chemokines may also be used as indices of SIR: CXCL-7, 9, 
10, 11, 17, 20; CCL20 (MIP-3α); and for acute viral infec-
tions – CXCL-10 (IP-10).

A special pathogenetic role in the development of SI is 
played by members of the cytokine families interleukin 1 
(IL-1) and tumour necrosis factor (TNF), namely, IL-1β 
and TNF-α. However, the highly pathogenetic role of these 
cytokines is far from consistent with their prognostic value 
for assessing the development of critical complications in 
sepsis (Pierrakos and Vincent 2010). This is due to the feed-
back mechanisms that limit the jump of these potentially 
dangerous cytokines in the blood, which are capable (in high 
concentrations) of pathologically activating microvessel cells 
(Gusev and Chereshnev 2013). According to our data, IL-1β, 
in comparison with TNF-α, is less effective as a criterion of 
SIR in sepsis and acute trauma because of its low sensitivity 
and specificity (Gusev et al. 2008). Therefore, we did not 
widely use IL-1β in our work, despite the fact that the produc-
tion of IL-1β by different types of cells is a direct objective 
sign of pro-inflammatory cellular stress – the formation of 
inflammasomes (Sharma and Kanneganti 2016).

Meanwhile, a number of other cytokines, mainly secreted 
by macrophages, including stellate endotheliocytes and other 
types of stromal macrophages of microvessels (e.g., IL-12, 
IL-18, macrophage migration inhibitory factor (MIF), and 
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granulocyte-macrophage-colony stimulating factor (GM-
CSF) (Pierrakos and Vincent 2010; De Backer et al. 2011; 
Vincent and Beumier 2013; Sharma and Kanneganti 2016) 
can be currently used. 

One of the most important cytokine markers of SIR in 
sepsis is IL-6. This factor, secreted in large quantities in SI 
by vascular macrophages and endotheliocytes (taking into 
account the total mass of these cells), has a very significant 
range of changes in blood concentration (up to 1000-fold 
changes relative to the upper level of the norm and these 
changes are associated with severity of patients) (Gusev et 
al. 2008). 

The pro-inflammatory cytokine IL-2 is connected with 
the state of patients with sepsis (De Backer et al. 2011), but 
has a significantly lower amplitude of its change in the blood. 
At the same time, some other inflammatory cytokines, for 
a number of reasons, have not been used yet as criteria for SIR 
(e.g., IL-17A and IL-17F are T-helper 17 activation products).

Two anti-inflammatory cytokines, IL-10 and interleu-
kin-1 receptor antagonist (IL-1ra), are described as markers 
of SIR (Pierrakos and Vincent 2010; Das 2014; Sharma and 
Kanneganti 2016). They are characterised by a pronounced 
increase of their levels in the blood under sepsis and by 
the connection of these changes with the development of 
critical complications. Perhaps, in SI, systemically activated 
macrophages of microvessels, rather than leukocytes of 
the inflammation focus, may be the main source of these 
cytokines in the blood.

Anti-inflammatory cytokines, IL-4 and IL-13 condition-
ally, are less useful for this purpose, since their concentra-
tions in sepsis usually do not exceed the upper level of norm 
by more than two to four times. They are predominantly 
secreted by activated T helper type 2 cells, but only in small 
amounts by stromal cells (including endotheliocytes).

It is reasonable for transforming growth factor beta 
(TGF-β) to be taken individually. In physiological condi-
tions, this conditional anti-inflammatory cytokine is secreted 
mainly by stromal macrophages, is deposited in thrombo-
cytes and shows abnormally high levels in the blood. There-
fore, it is attributed sooner to anti-inflammatory factors than 
SIR factors. Thus, according to our data, a decrease of TGF-β 
concentration in the blood relative to the low value of the 
norm by more than two times is an unfavourable prognostic 
sign in acute sepsis (Mat-Nor 2016; Zotova et al. 2016).

As for markers of SIR in bacterial sepsis, different kinds 
of type 1 interferons can be used (Mahieu and Libert 2007). 
Most of the cells in the human organism are able to release 
them. At the same time, the use of interferon gamma (IFN-γ) 
for this purpose meets with the inconsistency of the litera-
ture data.

Among the growth factors secreted by activated endothe-
liocytes, platelet-derived growth factor (PDGF) (Pierrakos 
and Vincent 2010) and cytokines of the vascular endothelial 

growth factor (VEGF) family can be highlighted (Karlsson 
2008).

The soluble forms of the cytokine receptors for IL-2 (sIL-
2R) and the TNF family (soluble fragments of several types 
of receptors) can be used as criteria for SIR (Pierrakos and 
Vincent 2010; De Backer et al. 2011; Wu et al. 2011). Accord-
ing to our data, sIL-2R can be used to identify SIR, but rather 
as an addition to the main criterion (Takala et al. 1999).

Signs of systemic activation of microvessels can be consid-
ered the accumulation of cast-off endothelial cells (CD144+ 
cells) in the bloodstream, as well as the soluble forms of 
certain adhesion receptors: endocan, E-selectin, VCAM-1 
and ICAM-1 (Pierrakos and Vincent 2010; Dunne 2015; 
Kiral 2016). However, sE-selectin and sICAM-1, according 
to our data, can only be considered as additional criteria to 
estimate SIR (i.e., a relatively small amplitude of changes in 
blood concentration in sepsis and acute trauma) (Zotova 
et al. 2016). 

A number of inducible proteins of heat shock can be 
regarded as promising markers of SIR (Pockley 2008; Gusev 
and Chereshnev 2013 ). Primarily, these proteins function 
intracellularly as chaperones, but a certain part of them can 
be secreted as factors of intercellular communication. These 
cellular stress factors can modulate cell activity by binding 
to external and intracellular pattern-recognition receptors 
(PRRs) (Gusev and Chereshnev 2013). 

Soluble fragments of some PRRs are markers of sepsis, 
namely, presepsin (CD14-co-receptor fragment of Toll-like 
receptor 4 (TLR-4)) and soluble triggering receptor ex-
pressed on myeloid cells-1 (sTREM-1) (another co-receptor 
of TLR-4) (Vincent and Beumier 2013). TLR-4 in different 
cell types and platelets is the main receptor that binds LPS 
gram-negative bacteria. As well as the soluble forms of some 
scavenger receptors, e.g. sCD163 (De Paoli et al. 2014) and 
sCD206 (Sertaridou et al. 2015) can also be effectively used 
as markers of sepsis.

Also among the non-cytokine protein factors of SIR, the 
non-histone chromosomal protein HMGB1 can be identi-
fied. Its level in the blood correlates with the criticality of 
the patient’s condition under sepsis (Huang et al. 2010; 
Pierrakos and Vincent 2010). However, HMGB1 cannot be 
unambiguously considered only as a factor of SIR, as it is 
secreted not only by activated monocytes and macrophages 
but also enters the bloodstream as a decay product of various 
tissues, consequently, as a result of necrosis and pyroptosis. 
This cytokine-like factor acts on the cells via PRRs (i.e., re-
ceptor for advanced glycation endproducts (RAGE), TLR-2, 
4, 9) (Gusev and Chereshnev 2013).

Proadrenomedullin (pro-ADM) is characterized to reveal 
a cytokine-like behavior in sepsis, and its concentration in 
the blood has a good prognostic value (Valenzuela-Sánchez 
et al. 2016). Thus, pro-ADM is considered one of the popular 
biomarkers with varying physiological functions, including 
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vasodilatory, anti-inflammatory and antimicrobial activity 
(Andaluz-Ojeda et al. 2017).

Procalcitonin can be secreted into the blood by various 
stromal cells, but its pathogenetic role is unclear. It, like 
presepsin, is relatively specific to a bacterial infection, but 
it has a longer lag-accumulation period in the blood (Mat-
Nor 2016). 

Some of the acute phase proteins of the liver have tra-
ditionally been applied as markers of SIR (Pierrakos and 
Vincent 2010; Vincent and Beumier 2013; Dunne 2015). 
Their strength is the relative stability of the upward trend in 
the blood in various inflammatory processes and widespread 
use in various areas of practical medicine, and the weak one 
is the lack of direct connection with systemic cellular stress, 
as well as the relatively long lag-accumulation period and 
half-life from the blood flow. The most popular acute phase 
protein is CRP. In neonatal sepsis, the LPS-binding protein 
(LBP) is widely used. However, according to our data, it has 
no appreciable advantages over CRP for the identification 
of SIR in sepsis in adult patients.

Neopterin, some lipid mediators (e.g., many eicosanoids) 
(Das 2014; Dalli et al. 2017) and a platelet-activating factor 
(Ayala and Chaudra 1996), as well as the factor of vasodila-
tion and permeability of microvessels (NO-radical) and the 
products of its metabolism can be considered as potential 
non-protein markers of SIR (Pierrakos and Vincent 2010; 
Silver 2011). 

According to Pierrakos and Vincent (2010), “in view 
of the complexity of the sepsis response, it is unlikely that 
a single ideal biomarker will ever be found. A combination 
of several sepsis biomarkers may be more effective, but this 
requires further evaluation”. We believe that this applies not 
only to sepsis, but also to the evaluation of SIR.

Materials and Methods 

The object of the study was a  blood plasma stabilised by 
citrate, previously frozen at –20°C.

The closed system for immunochemiluminometric assay, 
Immulite (Siemens Medical Solutions Diagnostics, USA), 
was used as the instrument base. 

Concept development

In this section, the authors found it necessary discussing 
the concept in more detail and determine some common 
requirements for estimation of SIR.

The concretization of the concept of SIR by exclusion

To achieve the goal of the study, it is necessary to identify 
all the main elements of SIR. Obviously, signs of MOD and 

destruction, in principle, are not related to the category of 
genetically determined responses to systemic alteration. The 
programmed response of the organism to various injuries is 
very diverse. In this variety, it is rational, as already noted, 
to isolate SIR “in a restricted sense” and characterise it as an 
obvious or probabilistic sign of systemic cellular stress. At the 
same time, SIR indicators (e.g., mediators of inflammation 
in the blood) must necessarily reflect the pro-inflammatory 
response of microvessels, as an essential sign of SI. From that 
position, it is reasonable to separate a number of other system 
processes from the SIR “in a restricted sense”.

Firstly, one of these system processes is the reaction of 
the hypothalamic-pituitary-adrenal axis and some other 
manifestations of classical inflammation, which G. Selye 
defined in 1936 as a “general adaptation syndrome”, which 
had both of physiological and pathological significance. 
However, just the changes are reflected by SIRS criteria. It 
is also not advisable to associate signs of metabolic dysfunc-
tion with SIR (e.g., increased levels of glucose and lactate 
in the blood) (Pockley et al. 2008; Pierrakos and Vincent 
2010), because, in most cases, these signs are associated with 
the stress reaction of the neuroendocrine system or are the 
molecular manifestations of organ dysfunction.

Secondly, one more process is the pathological intravas-
cular activation of phagocytic leukocytes and the release of 
cytotoxic factors into the bloodstream, which are mecha-
nisms leading to the development of secondary systemic al-
teration – the driving force of self-reproduction of SI (Gusev 
and Zotova 2019). This process does not directly reflect the 
systemic nature of cellular stress. In this case, indications of 
activity of intravascular phagocytes in SI are, as a rule, un-
stable and depend on a complex of heterogeneous processes. 
These processes include the following: strengthening the 
processes of apoptosis and programmed necrosis (pyropto-
sis) in the intravascular medium, multidirectional changes 
in leukopoiesis, abnormalities of migration processes (in 
particular, homing) and depositing, hardening of adhesion 
of mature leukocytes on the endothelium of microvessels 
and migration of leukocytes to the focus of inflammation. 
In addition, the number of intravascular phagocytes and 
lymphocytes is insignificant relative to the total mass of 
endotheliocytes, stromal macrophages and lymphoid tissue 
in the body. With that, a well-known criterion of immune 
dysfunction in sepsis is a  decrease in number of mature 
monocytes (HLA-DR+) in the blood (Monneret et al. 2011; 
Wu et al. 2011). It also depends on the range of all these 
processes. Therefore, we do not find it judicious to regard it 
as a criterion of SIR “in a restricted sense.”

To register autophagocytic pathology in sepsis, vari-
ous products of degranulation of neutrophils and other 
granulocytes are usually detected in the blood. In particular, 
according to our data, the cationic protein of eosinophils 
(ECP) can also be used for this purpose (Gusev et al. 2008).
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Thirdly, microcirculatory disorders, which in sepsis 
develop mosaically at the level of individual microcircula-
tory units, at present, can be studied in vivo (e.g., using the 
method of sidestream dark field microscopy) (De Backer et 
al. 2011; Bezemer et al. 2012). This phenomenon has a num-
ber of features that go beyond the scope of SIR “in a restricted 
sense.” Therefore, it is reasonable to characterise it as an 
independent functional block of SI. A separate component 
of this phenomenon is the process of microthrombogenesis, 
which is fixed in the clinic using criteria of the disseminated 
intravascular coagulation (DIC) syndrome (Wada et al. 2014; 
Costello and Nehring 2019). Microcirculation disorders, 
systemic activation of endotheliocytes and haemostasis 
factors are closely interrelated with intravascular activation 
of the kallikrein-kinin and complement systems (Bossi 
et al. 2011). In this respect, the increase in the blood of 
anaphylaxins of complement (C3a, C5a) and kinin and the 
depletion of plasma kallikreinogen (characteristic of critical 
states in sepsis) can also be attributed to the phenomenon of 
microcirculatory disorders (Ricklin et al. 2016).

Fourthly, the overcoming of the functional barriers of 
anti-inflammatory resistance by factors of systemic altera-
tion is a necessary process for SI development. These barriers 
include antioxidant and antiproteinase systems of blood 
plasma, as well as the function of “scavengers” of blood flow, 
realised by a number of protein factors of blood plasma and 
macrophages of microvessels of the liver and some other 
organs. Among factors of systemic anti-inflammatory resist-
ance are also several acute-phase proteins: α1-proteinase in-
hibitor (α1-antitrypsin), α1-antichymotrypsin, haptoglobin, 
α1-acid glycoprotein, ceruloplasmin and some others. These 
proteins of the blood plasma can characterise SIR to a certain 
extent. However, not an increase in concentrations of these 
acute phase proteins in the blood, but on the contrary, the 
depletion of their barrier function in the course of devel-
opment of systemic damage is advisable to be considered 
as a phenomenon of SI. Among the negative acute-phase 
proteins (which are usually reduced in the blood in sepsis), 
albumin is especially prominent. The assessment of not only 
the concentration but also the ligand-binding capacity of al-
bumin may be important (Gusev and Zotova 2019). As a rule, 
depletion of fibronectin and gamma globulin in the blood 
also has negative value in sepsis. Decreases in a number of 
factors of blood coagulation, as already noted, character-
ises the phenomenon of systemic microthrombogenesis in 
post-capillary venules (Gusev and Zotova 2019), which is 
clinically referred to as DIC syndrome. On this point, rating 
thrombocytopenia to signs of MOD (in particular, the SOFA 
scale) gives rise to certain doubts. This makes the SOFA scale 
eclectic, aimed to fix not only MOD but also to a certain 
degree register the patient’s general condition.

Fifthly, it is rational not to associate the changes of series 
of sepsis markers that reflect the organ specificity of the 

process (e.g., the acute-phase protein neutrophil gelatinase-
associated lipo calin (NGAL), an early marker of acute renal 
damage) (Panich et al. 2017), with the SIR “in a restricted 
sense”. It is also not suitable to consider an increase in plasma 
histohormones as SIR, as histohormones are functionally 
not directly associated with pro-inflammatory cellular stress 
(e.g., angiopoietins (Ang1, Ang2) and adrenomedullin of 
endotheliocytes (Pierrakos and Vincent 2010; Dunne 2015) 
or the fat cell histohormone leptin (Maruna et al. 2001)). 
Markers of activation and degranulation of mast cells (e.g., 
blood plasma tryptase) can characterise only the particular 
manifestations of SIR, but not a holistic image of this phe-
nomenon.

Detection of inducible gene expression by mRNA identi-
fication in cells in the experiment allows differentiating the 
manifestations of cellular stress in different organs, but not 
at the level of the phenotype of cells and the organism as 
a whole. Histochemical examination of the cell’s phenotype 
allows determining the degree of mosaicism of this process, 
but only at the level of an individual organ or tissue. In addi-
tion, when using these methods, it is not always possible to 
distinguish accurately the lifetime changes from postmortem 
changes.

Some common requirements for estimation of SIR in the 
“restricted sense”

A response of the organism to an alteration, including the 
cytokine network formation (Ter Horst et al. 2016), can 
be considered as the dynamic nonlinear system (Higgins 
2002). A key feature of nonlinear systems is that the rela-
tionship between cause and effect is not proportional and 
the components of a nonlinear network interact to produce 
unpredictable effects (Rioux 2012). Though nonlinear sys-
tems may behave unpredictably, they nevertheless appear 
to exhibit a  universal set of responsive patterns, such as 
abrupt nonlinear transitions (Rioux 2012). Precisely such 
abrupt transitions are markers of qualitative changes in the 
response of the organism to damage. In the context of this 
article, the authors talk about qualitatively different levels of 
response, which can be determined by the concentration of 
inflammatory mediators in the blood.

The nonlinearity of the change in the concentration of 
blood serum indices in sepsis predetermines the need to 
use an integral criterion of SIR combining at least three to 
five individual indicators on an alternative basis (Zotova et 
al. 2016). These indicators must meet the following require-
ments:
1. Indicator have to be associated with systemic activation 

of microvessel cells, platelets and pro-inflammatory 
systems of blood plasma (i.e., haemostasis, complement 
and kallikrein-kinin systems) and with clinical manifesta-
tions of microcirculatory disorders, primarily, the shock 
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states. In other words, it must reflect some probability of 
development of other key phenomena of SI. At the same 
time, the individual pathogenetic factors can also serve 
as indicators of several phenomena depending on specific 
patterns of their use.

2. Indicator must have a well-known biological and clinical 
significance.

3. Indicator must have a sufficiently high amplitude of quan-
titative changes in the blood in pathology, as well as clearly 
established reference intervals of their concentrations in 
norm.

4. Indicator has to be distinguished by a  relatively short 
half-life from the bloodstream (to assess the dynamics 
of the process).

5. The empirical indicators chosen for the integral criterion 
should reflect, in varying degrees, the SIR image integrity 
(i.e., include factors with different functional character-
istics such as mediators not only with activation but also 
with immunosuppressive targeting).

6. Due to high amplitude of quantitative changes in the 
blood, for each indicator several value ranges of their 
concentrations should be determined. These ranges 
should be comparable in pathogenetic significance and 
reflect the probability of development of systemic cellular 
stress. 
Otherwise, comparable value ranges of different indica-

tors should verify specific levels of SIR in the same manner, 
and these levels of SIR should reflect the varying degree 
of probability of SI development. In this case, there is not 
a need for only formal logic to be used to determine SIR 
levels: “yes” is a definite truth and “no” is its absence. It is 
also calls for rational multiple probabilistic logic (Bergmann 
2008) to be applied as well, for example, in the following 
sequence of variants of SI signs: 1) “no”; 2) “rather no”; 3) 
neither “no” nor “yes” (zone of uncertainty); 4) “rather yes” 
and 5) “yes.”

Pathogenetic ranges of selected markers

At the preliminary stage of the study, five indicators of SIR 
were selected (to estimate SIR “in a restricted sense”): CRP, 
TNF-α, IL-6, IL-8 and IL-10 (Gusev et al. 2008). For each 
factor, the upper meaning of the norm (UMN) was detected 
in plasma of 50 conditionally healthy people: CRP, 10 mg/l; 
TNF-α, 8 pg/ml; IL- 6, 5 pg/ml; IL-8, 10 pg/ml, IL-10, 5 pg/
ml. The rate of excess UMN for each indicator was not more 
than one case (2%). Further, for each factor, the serial num-
bers of ranges of concentrations in plasma were established 
according to their multiplicity of UMN-exceeding. These 
ranges were labelled (figured) numerically as different levels 
meaning different pathogenetic and diagnostic significance, 
which are the following: 0 – standard level; 1 – level of SIR 
excluding the development of acute SI (characterises only 

local products in the focus of inflammation); 2  – typical 
for SIR under classical inflammation in expressed purulent 
process as well as under hypoergic (depressive) variants of SI 
development; 3 – area of ambiguity (does not allow to differ-
entiate classical and systemic inflammation); 4 – typical for 
hyperergic SI variants (phlogogenic stroke phase), unlikely 
under classical inflammation; 5 – confirms the development 
of SI and characterises the criticality of the patient’s condition 
regardless of both SOFA and general condition assessment 
scale values. In this case, ranges of plasma concentrations 
of TNF-α, IL-6 and IL-8 were divided into all six serial 
level numbers (0–5); CRP only into four levels (0–3), since 
classical acute-phase proteins do not directly associate with 
the systemic activation of microvessels; and IL-10 received 
an additional value (6), which reflects a high probability of 
death – the stage of SI irreversibility. The ranges for each 
factor were calculated singly based on the analysis of both 
our own data and other databases and their generalisations 
(Gusev et al. 2008).

Calculation of the integral index – coefficient of reactivity 
scale (CR) 

The sum of the three highest levels (based on ranges of patho-
genetic significance mentioned above) of 5 factors used (2 
of the 5 smallest levels were excluded) determines the value 
of the CR in each case. This allowed us to adapt the integral 
system to the individual features of SIR in each patient. Thus, 
the range of CR scale is a score from 0 (normal) to 16 points. 
Comparatively, a CR scale score ≥ 14 points can accurately 
verify the SI process, a score of 12–13 points can detect SI 
development with a high probability, while 0–4 points ex-
cludes acute SI. A range of 5 to 11 points forms a transition 
zone (uncertainty). For its concretization, it is necessary to 
use criteria that reflect other phenomena of SI. Therefore, the 
CR scale is included as a component of a more fundamental 
scale of SI. The application of the SI scale, including under 
sepsis, was presented in our previous publication (Zotova 
et al. 2016). 

Patients

The following groups were studied:
N1. Deep shin phlegmon –  Level III–IV of soft tissue 

damage in military men; in all patients, signs of SIRS and 
MOD were shown (average score on a scale of SOFA (Mean 
± σ) = 3.20 ± 1.14, with the maximum possible value of the 
scale being 24 points). The group formally corresponds to 
the definition of “sepsis” according to consensus “Sepsis-3” 
(Singer et al. 2016). The dominant aetiological factor was 
Staphylococcus aureus. The study was conducted immedi-
ately after the surgical treatment of the inflammatory focus. 
Deaths and shock states in the postoperative period were 
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not observed; treatment was carried out only in the surgi-
cal department (n = 40, age (Mean ± σ) = 19.0 ± 0.9 years). 

N2. Sepsis (bacterial, “Sepsis-1” according to consensus 
“Sepsis-1” (Bone et al. 1992)), 1–2 days of hospitalisation. 
Initial diseases: severe pneumonia, peritonitis, obstetrical 
sepsis and some other reasons. Some patients had dysfunc-
tion of one system only (severe sepsis), but no signs of MOD 
(SOFA (Mean ± σ) = 1.13 ± 0.81, n = 31, mean age = 41.1 ± 
18.0 years), and all patients in this and in other groups went 
through intensive therapy in the intensive care unit (ICU).

N3. Severe sepsis with MOD (“Sepsis-3”) (SOFA (Mean 
± σ) = 5.50 ± 2.30, n = 46, mean age = 50.1 ± 16.6 years) and 
1–2 days from hospitalisation in the ICU. 

N4. The same in addition to septic shock under acute 
process, SS-AP (the presence of hypotension not responding 
to vasopressors) (SOFA (Mean ± σ) = 9.75 ± 2.22, n = 14, 
mean age = 54.9 ± 16.4 years).

N5. Sepsis without MOD (“Sepsis-1”) (SOFA (Mean ± σ) 
=0.75 ± 0.87, screening at day 5–7 of hospitalisation in the 
ICU, n = 12, mean age = 40.2 ± 15.7 years).

N6. The same, but with MOD (“Sepsis-3”) (SOFA (Mean 
± σ) = 5.77 ± 2.20, n = 13, mean age = 37.7 ± 15.4 years). 

N7. Tertiary peritonitis with MOD, and prolonged suba-
cute septic process – more than 14 days from the date of 
hospitalisation in the ICU (SOFA (Mean ± σ) = 4.55 ± 2.72, 
n = 34, mean age = 51.5 ± 16.6 years). These variant septic 
processes can be considered as transition zones between 
acute and subacute sepsis. 

N8. The same in addition to development of septic shock, 
SS-SAP (SOFA (Mean ± σ) = 8.06 ± 3.23, n = 17, mean age 
= 50.2 ± 15.6 years). 

N9. Control group, practically healthy people – blood 
donors (aged 18–55 years) and elderly people (aged 60–83 
years) without acute and system destructive diseases, as well 
as without acute attack of chronic diseases (n = 72, mean age 
= 44.64 ± 18.41 years).

The research was approved by Institutional Ethics Com-
mittee and informed written consent was obtained. 

N10. Lethal outcomes – integral group included all fatal 
cases of groups N3, N4, N6, N7, N8, (n = 48, mean age = 
48.46 ± 15.68 years).

Statistical analysis

Statistical analyses were performed using SPSS for Win-
dows 15.0 (SPSS Inc., Chicago, IL, USA), MedCalc version 
7.4.4.1 for Windows (MedCalc Software) and Statistica 6.0 
programme (Stat Soft, Inc., USA). The descriptive statis-
tics are presented by their main characteristics: m – mean 
value, Me – median, σ – standard deviation, and 25%÷75% 
– quartiles. Testing of the hypothesis that the distribution 
of samples was not normal was made by Kolmogorov-
Smirnov and Shapiro-Wilk tests. Non-parametric analytical 

methods were used: Spearman correlation coefficient (r), 
comparison of two independent groups by Mann-Whitney 
U  test, comparison of several independent groups using 
the Kruskal-Wallis H-test and a median test with a mini-
mum level of statistical significance of p < 0.05. Parametric 
analytical methods (Newman-Keuls and Duncan) were 
also used to compare more than two independent samples. 
Comparisons between groups were performed using the 
Chi-square (χ2) test for categorical variables. Areas under 
receiver operating characteristic curve (AUC) were used to 
evaluate the ability of IL-6, IL-8, IL-10, TNF-α, CRP, CR and 
SOFA score to discriminate survivors from non-survivors, 
as well as patients with SS-AP from patients without SS-AP. 
AUC were pairwise compared. Statistical significance was 
defined as a p-value < 0.05.

Results

In most cases, the empirical data on cytokines in control 
(conditionally healthy) patients were below the method’s 
sensitivity (2 pg/ml for IL-6, 5 pg/ml for IL-8 and IL-10 and 
4 pg/ml for TNF-α). In those cases, the values of the indica-
tors were equated with the threshold of test-sensitivity. Only 
four of the 72 people in the control group (all over the age 
of 60) had tempered signs of SIR (CR = 2–3 points). On the 
contrary, all patients of the groups with the criteria Sepsis-1 
and Sepsis-3 had signs of SIR (CR ≥ 2 points). Conditionally 
healthy people showed all factors of SIR differed from septic 
patients (p < 0.05, by Mann-Whitney criterion), except IL-10 
in group N1. In view of the obvious differences in the con-
trol group with all groups of septic patients, this group was 
subsequently excluded from the statistical analysis.

Testing of the distributions of SIR indicators in groups

The distribution of integral coefficient CR (Table  1) con-
formed to a  normal distribution in all eight investigated 
sepsis groups tested by the Kolmogorov-Smirnov test (0.20 
< p < 0.10) and Shapiro-Wilk test (p > 0.17) in four groups 
(groups N1, 4, 7 and 8). Accordingly, the normal distribution 
of CRP was noted in six groups (group 2 and 4–8) accord-
ing to the Kolmogorov-Smirnov test, but according to the 
Shapiro-Wilk test, there was one case exhibiting normality of 
CRP distribution in group N4. The distribution of cytokines 
corresponded to normal only in some cases according to the 
Kolmogorov-Smirnov test (IL-6 – group N2, TNF-α – group 
N8, IL-10 – group N4).

Thus, the CR, in contrast to other indicators, is charac-
terised by a  relatively normal distribution in most cases. 
Distribution of CRP conformed to normal only in individual 
groups, and the distribution of cytokines displayed an ab-
normal character.
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Reduction in the normality of the distribution of CR is 
only one of the conditions for its use as an integral indicator 
of SIR. Equally important is its differentiating function in 
the intergroup analysis.

Multiple intergroup analysis

Comparison of the indicators

The best differentiating function of the CR was revealed with 
the use of multiple intergroup analysis (Newman-Keuls and 
Duncan test, p < 0.05). So, CR separated the groups into 19 
cases out of 28 possible variants comparing all eight groups 
with each other, IL-10 in 11 cases, IL-6 in 7, CRP in 5 cases, 
IL-8 in 2 cases and TNF-α in no cases (Table 2).

At the same time, the group of patients with SS-AP (ob-
vious clinical manifestations of SI) differed in CR and IL-6 
from all seven other groups (in IL-10 from six groups and 
TNF-α, IL-8, CRP did not divide at all from other groups) 
(Table 3).

Hence, the CR, based on the results of multiple analysis, 
had the greatest separation function as a criterion of SIR for 
the studied groups.

Timing of the development of the process on 1–2 days/5–7 days

In groups without MOD, the tendency of a decrease in the 
severity of SIR determined by CR, depending on the time 
of the process development, is typical: CR in group N2 
(1–2 days) > CR in group N4 (5–7 days).

However, in patients with MOD, values of CR in group 
N3 (1–2 days), group N5 (5–7 days) and group N7 (tertiary 
peritonitis) were not significantly different.

In general, SIR in this study, being the most intense on 
days 1–2 of the clinical development of sepsis, had decreased 
significantly by days 5–7, but remained high in the presence 
of MOD signs.

The speciality of SIR in group N1, non-resuscitation patients 
with MOD

This group differed in CR and a number of particular indicators 
from all resuscitation groups. In this case, it should be noted 
the effectiveness of the heuristic approaches of physicians with 
neglect of relatively moderate manifestations of MOD in group 
N1 (SOFA scores from 2 to 6 points). However, according 
to our data (Zotova et al. 2016), some patients of group N1 

Table 2. Significant differences between the groups for the studied indicators

Group CR CRP TNF-α IL-6 IL-8 IL-10
N1 2, 3, 4, 6, 7, 8 2, 3* No 4 3* 3*, 4 
N2 1, 4, 5 1, 5, 7*, 8* No 4 No 3*, 4
N3 1, 4, 5, 8* 1 No 4 1*, 5* 1*, 2*, 5*, 7*, 8*
N4 1, 2, 3, 5, 6, 7, 8 No No 1, 2, 3, 5, 6, 7, 8 No 1, 2, 5, 6, 7, 8
N5 2, 3, 4, 6, 7, 8 2 No 4 3* 3*, 4
N6 1, 4, 5, 8* 2* No 4 No 4
N7 1, 4, 5 2* No 4 No 3*, 4
N8 1, 3*, 4, 5, 6* 2* No 4 No 3*, 4

Comparison of several independent groups using the Newman–Keuls and Duncan tests parametric analytical methods with a minimum 
level of statistical significance of p < 0.05. * Significant differences identified by only the Duncan test are indicated. (For abbreviations, 
see Table 1).

Table 3. Pairwise comparison of groups by Mann-Whitney U test

Groups of  
patients in critical 
states

Lethal 
Outcomes 

(%)

Groups of non-critical patients

N1 N2 N5
N3 23.91 CR, CRP, IL-6, IL-8, IL-10 CR, IL-8, IL-10 CR, CRP, IL-6, IL-8, IL-10
N6 36.36 CR, CRP, TNF-α, IL-6, IL-8, IL-10 CR, CRP, TNF-α, IL-8 CR, IL-6, IL-8, IL-10
N7 29.41 CR, CRP, TNF-α, IL-6, IL-8, IL-10 CRP, TNF-α, IL-8 CR, CRP, TNF-α, IL-6, IL-8
N8 94.12 CR, CRP, IL-6, IL-8, IL-10 CRP, IL-8 CR, CRP, IL-6, IL-8, IL-10
N4 71.43 CR, CRP, TNF-α, IL-6, IL-8, IL-10 CR, TNF-α, IL-6, IL-8, IL-10 CR, TNF-α, IL-6, IL-8, IL-10

Parameters by which groups differ in pairwise comparison are indicated. (For abbreviations, see Table 1).
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had borderline manifestations of SI with signs of secondary 
systemic damage of internal organs. Doctors do not usually 
fix such changes and their long-term effects are not analysed.

Obviously, in the conditions of practical application of 
Sepsis-3 criteria, this category of patients, like some patients 
without MOD (groups N2 and N4 with criteria of Sepsis-1) 
would be problematic for determining of intensive care 
indications without using additional criteria for monitoring 
the patient’s condition.

The differentiation of the groups with MOD/without 
MOD using the Mann-Whitney test

The differentiation of the groups in terms of criticality had 
a fundamental importance. Such differences were particu-
larly convincing in the pairwise (with MOD/without MOD) 
comparison (p < 0.05, Table 3) of groups, which were com-
parable by period of the development of sepsis:
1) Estimation of SIR in resuscitation patients on days 1–2 of 

clinical development of sepsis. Group N2 (without MOD) 
and group N3 (with MOD) differed with regard to CR, 
IL-8 and IL-10.

2) Assessment of SIR in resuscitation patients on days 5–7 of sepsis 
development. Group N5 (without MOD) and group N6 (with 
MOD) varied (p < 0.05) in CR, IL-6, IL-8 and IL-10.
Accordingly to the data, in both cases, groups with MOD/

without MOD differed only in CR, IL-8 and IL-10, while the 
CRP did not show separating function in both cases.

The differentiation of the groups of patients with septic 
shock under acute/subacute process (SS-AP/SS-SAP) by 
SIR criteria

Two groups of SS were separated in multiple intergroup 
analysis (Table 2) by the values of CR, IL-6 and IL-10. Dif-

ferences in the non-parametric Mann-Whitney criterion for 
groups with SS were even more significant (Table 3). The 
groups were significantly (p < 0.05) different by all indicators, 
except CRP (not shown in Table 3).

In general, shock states under subacute/prolonged sepsis 
were characterised by relatively moderate manifestations of 
SIR in comparison with shock under acute sepsis.

Correlation between SIR indicators and SOFA scale score 
in groups

The data shown in Table 4 are the correlations (R > 0.4, p < 
0.05) between all indices of the SIR, as well as the SOFA scale 
scores in all groups (SS is the integral group (N4 + N8)). In 
general, a relatively low level of correlations (especially strong 
(R > 0.8)) was typical. Therefore, the total number of low/
strong correlations (R > 0.4/R > 0.8) in the groups was the 
following: N1 – 11/0, N2 – 12/0, N3 – 28/2, N5 – 3/1, N6 – 
8/0, N7 – 14/2 and SS – 20/6. In whole, as the state severity 
increases, the number and the level of correlations between 
groups increased.

For individual indicators, the number of low/strong cor-
relations (R > 0.4/R > 0.8) was the following: CR – 27/5, IL-6 
– 21/2, IL-8 – 18/3, IL-10 – 12/1, CRP – 11/0 and SOFA – 7/1. 
Thus, the SOFA scale score was weakly correlated with the 
SIR indicators, since they reflected different pathogenetic 
parts of SI. CR was most closely associated with other indica-
tors of SIR, which confirmed its integrating role.

Estimation of alternative occurrence of particular indicators 
(3 out of 5) of SIR to the structure of integral criterion CR

The average probability of inclusion of each of the five 
particular SIR markers in the CR structure (with the same 
diagnostic efficiency) was 60%, and the potential probability 

Table 4. Correlations of indicators in studied groups 

Group CR CRP TNF-α IL-6 IL-8 IL-10
N1 CRP, IL-6, SOFA, IL-10 CR, SOFA, IL-6 No CR, CRP, SOFA No CR

N2 TNF-α, IL-6, IL-8,
IL-10, SOFA

No CR CR, IL-8, SOFA CR, IL-6 CR

N3 CRP, TNF-α, IL-6*,
IL-8, IL-10, SOFA

CR, TNF-α, IL-6,
IL-8

CR, CRP, IL-6,
IL-8

CR*, CRP, TNF-α, IL-8, 
IL-10

CR, CRP, IL-6,
IL-10, TNF-α, SOFA

CR, IL-6, 
IL-8

N5 CRP CR No No SOFA* No
N6 CRP, IL-6 CR, TNF-α CRP CR, IL-8 IL-6 No

N7 TNF-α, IL-6, IL-8*,
IL-10

No CR CR, IL-8, IL-10 CR*, IL6, IL-10 CR, IL-6, 
IL-8

N4+N8 TNF-α, IL-6*, IL-8*, 
IL-10*

No CR, IL-6, IL-8, 
IL-10

CR*, TNF-α, IL-8, IL-10 CR*, TNF-α, IL-6,
IL-10

CR*, TNF-α,
IL-6, IL-8

N9 IL-8 IL-6 No CRP CR No
The table shows the values of the Spearman rank-order correlations (R > 0.04, low), p < 0.05. * Correlations of indicators with R > 0.80 
(strong). (For abbreviations, see Table 1).
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was from 0% to 100%. Actually, in all studied groups, all 
individual indicators of SIR participated in the formation 
of the CR with different frequency (Table 5).

The frequency of inclusion of IL-6 in the CR calculation 
significantly (χ2, p < 0.05) exceeded the average level of inclu-
sion of other mediators. CRP was included in CR formation 
only in non-critical patients.

The frequency of entry of both IL-8 and IL-10 into the CR 
calculation was approximately equal to the average level, and 
the frequency of TNF-α was significantly lower, especially in 
the groups with SS and lethal outcomes (~ 25%).

Therefore, all factors were involved in the CR formation 
with varying frequency (in different patients in different 
combinations). 

ROC analysis of SIR indicators and SOFA scale to predict 
septic shock development and lethal outcomes in groups 
of patient with acute variant of sepsis

Development of septic shock

AUCs for studied indicators and scales were the following 
(p < 0.05): AUCIL-8 = 0.858 ± 0.35; AUCCR = 0.834 ± 0.54; 
AUCIL-10 = 0.834 ± 0.55; AUCIL-6= 0.829 ± 0.60; AUCSOFA 
= 0.828 ± 0.87; AUCTNF-α = 0.768 ± 0.57; AUCCRP = 0.588 
± 0.73.

Lethal outcome

AUCs for studied indicators and scales were the following 
(p < 0.05): AUCSOFA = 0.887 ± 0.51; AUCIL-8 = 0.865 ± 0.29; 
AUCCR = 0.835 ± 0.40; AUCIL-10 = 0.818 ± 0.47; AUCIL-6 
= 0.811 ± 0.43; AUCTNF-α = 0.662 ± 0.59; AUCCRP = 0.642 
± 0.54.

Thus, SOFA, CR, IL-8, IL-6 and IL-10 had a “very good” 
(AUC range is 0.8–0.9) combination of sensitivity and 
specificity according to the receiver operating characteristic 
(ROC) analysis criterion in both cases (Zweig and Campbell 
1993).

Discussion

Since the PIRO (predisposition, infection, body response 
and organ dysfunction) concept has been suggested (Granja 
and Povoa 2015), the selection of individual and integral risk 
factors for sepsis development remains an actual problem. 
At the same time, it is necessary to understand why, with 
a huge expenditure of resources, the Aesopian language can 
define the ultimate result of efforts within the framework of 
this concept as “the mountain spawned a mouse”. Probably, 
there are common problems without the solution of which 
it is impossible to solve the particular problems, including 

the realisation of the principle of individual approaches to 
patients. The modern capabilities of network information 
systems and medical instrumentation allow us, in principle, 
to solve these problems more effectively. One of the condi-
tions for this can be new theoretical and methodological 
approaches for understanding the pathogenesis of sepsis at 
the level of a whole organism.

Clinical models (nosological and syndromic) are based 
on the theoretical foundation of common pathological 
processes. An attempt to reflect the principal image of the 
pathogenesis of critical states on the basis of the SIRS concept 
“in wide extent” did not solve this problem. The existing 
classical ideas about inflammation also do not solve this 
problem, despite the fact that in the pathogenesis of critical 
states, pro-inflammatory mechanisms play the crucial role. 
Thereupon, it became necessary to characterise SI as an 
independent common pathological process, with a number 
of attributes that differ from classical inflammation.

Systemic inflammation is a  complex of processes, and 
SIR is only one of its phenomena (functional block). This 
determines that the principle image of the pathogenesis of 
sepsis should correspond to a combination of these blocks 
in different compositions. SIR among the range of these 
phenomena is the most difficult to assess and formalise. At 
the same time, SIR itself is being widely interpreted at present 
and needs to be concretized. It can be defined in a “restricted 
sense”, like the accumulation of markers of pro-inflammatory 
cellular stress in the bloodstream. The specificity of SIR to 
SI is not absolute, since the signs of SIR are more or less 
characteristic in classical inflammation. This requires the 
ranking of concentration diapasons of each SIR mediator 
in the blood based on its probabilistic connection with the 
processes of pro-inflammatory cellular stress of the local or 

Table 5. Frequency (%) of occurrence of indicators in the coefficient 
of reactivity (CR) calculation

Group IL-6 IL-8 IL-10 TNF-α CRP
N1 69.17 51.68 20.00* 67.50 91.65*
N2 99.19* 36.32 49.12 29.83* 85.52*
N3 96.27* 67.75 58.96 27.65* 49.36
N4 91.64 72.64 89.29 26.14 20.21*
N5 95.25* 33.92 30.00 45.00 95.83*
N6 88.46 62.85 53.85 37.15 57.69
N7 84.97* 72.06 38.23 38.41 66.32
N8 92.15* 68.17 52.16 24.23* 63.29
N4+N8 91.87* 70.16 68.87 25.10* 43.97
N10 92.77* 66.10 65.88 25.69* 49.54

Average expected frequency of occurrence of the indicator in the 
CR calculation is 60%. The table shows the observed frequency 
of each indicator. * Significant differences of expected/observed 
frequencies. (For abbreviations, see Table 1). 
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organismic level. Changes in the factors of SIR in the blood 
are chaotic and unstable. Therefore, there is a need to use 
several indicators formulated as an integral criterion. In this 
case, the CR scale (0–16 points) was used as the integral 
index, and TNF-α, IL-6, IL-8, IL-10 and CRP became its 
empirical measures.

The presented data show the association of SIR manifes-
tations typical for SI with critical complications of sepsis, 
including lethal outcomes and SS. Thus, the majority of pa-
tients with SS in acute sepsis have relatively high SIR values 
(CR ≥ 11 points), as in the case of the “second wave” (5–7 
days) of critical sepsis complications in the form of MOD 
with a high probability of death (in group N6: CR ≥ 11 points 
in 46.15% of cases). While, with a more favourable course of 
sepsis (group N5), the intensity of SIR decreases significantly 
by 5–7 days (CR ≥ 11 points is fixed in no one case). This 
pattern of development of acute sepsis determines the pos-
sibility of using SIR criteria to predict the development of 
critical complications. This is confirmed by the ROC analysis 
of the studied parameters for development of SS (under acute 
process) and lethal outcomes.

In contrast to acute sepsis, prolonged/subacute sepsis 
(more than 14/30 days in ICUs) is characterised by a lesser 
dependence of the state severity on the intensity of SIR. 
First, this covers the SS group and the severity of SIR in most 
patients of this group can be referred to as in the “grey zone” 
(CR 5–10 points). Meanwhile, SI in this category of patients 
is relatively well verified using a  more integrated scale, 
which takes into account other phenomena of this process 
(Zotova et al. 2016). In addition, patients with SS-SAP have 
a vivid picture of the critical state manifested as a complex 
of resuscitative syndromes with a very high probability of 
death (94.12% of cases, group N8). This signs per se is the SI 
criterion. Various phases of SI development prevail under 
acute and subacute variants of SS (Zotova et al. 2016).

The integral CR scale applied to estimate SIR can be used 
as a criterion for the prediction of critical complications due 
the monitoring of probabilistic latent course of sepsis, for ex-
ample, in cases close to groups of non-resuscitation patients 
with MOD (group N1) or resuscitation patients without clear 
criteria of MOD (groups N2 and N5). As a rule, in clinical 
practice, the debut of SI development is not diagnosed in 
time (as there are no universally recognised criteria), but 
often irreversible phases of SI development with an obvious 
clinically critical condition are registered.

Among five used indicators of SIR, the following media-
tors are most often included in the CR structure (3 factors 
out of 5): IL-6 (the most), IL-8 and IL-10. Among them, the 
minimal rate has TNF-α (but not in all patients). However, 
TNF-α, according to our data, as an indicator of SIR is 
quite significant in a number of chronic diseases, including 
systemic autoimmune diseases. This makes it rational to 
include TNF-α in CR in cases of solving problems wider than 

registering SIR in sepsis. With regard to sepsis, it is advisable 
to include presepsin or PCT in the structure of the integral 
index instead of TNF-α or CRP. At present, the dynamics of 
changes in the blood concentrations of presepsin and PCT 
in sepsis have been sufficiently studied for inclusion in the 
integral index of SIR. However, we did not use these factors 
extensively, because the aim of our research was to conduct 
the comparative analysis of SIR in infectious and aseptic 
processes (Zotova et al. 2016).

The conditions for the clinical approbation of the meth-
odological approaches outlined above are not only the 
determination of their clinical and economic effectiveness 
but also the possibility of using such criteria in cooperation 
with other clinical, laboratory, instrumental criteria, as well 
as computer software supporting clinical decision making. 
From this perspective, the proposed version of the integral 
evaluation of SIR should be considered as one of the possible 
alternatives to the solution of a particular problem within 
the framework of the problem outlined above.

Thus, the criteria of SIR estimation “in the restricted 
sense” and SI as a whole reflect the existence of a common 
pathogenetic core of critical states (the presence of a com-
mon pathogenetic pattern), regardless of their aetiology. In 
this case, sepsis and especially the development of SS are 
obvious points of application of these criteria. These criteria 
do not fully disclose a heterogeneous picture of a specific 
pathological process (nosological and syndromic). However, 
without the identification of the pathogenetic core, it is im-
possible to integrate multiple parameters of specific diseases, 
including their genetic predisposition, the pathological role 
of various aetiological, environmental and ontogenetic fac-
tors into a single whole.

Conclusions

• The concept of a SIR in the framework of the pathogenesis 
of sepsis should be specified as a manifestation of systemic 
cellular stress. 

• At present, there are several dozens of molecular indica-
tors that can be used as SIR criteria. 

• Rates of mediators of SIR are characterised by nonlin-
earity of changes, abnormality of distribution in groups, 
low degree of correlation with each other and individual 
features of their correlation in certain patients, which 
requires integral criteria of SIR to be used. 

• SIR can be verified using the integral criterion (CR scale 
from 0 to 16 points) based on rates of IL-6, IL-8, IL-10, 
TNF-α and CRP.

• The highest CR values are characteristic for patients with 
shock and other critical complications of acute sepsis 
(especially, under the "second wave" of days 5–7 of the 
process), while SS in prolonged and subacute sepsis 
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(more than 14 days) is characterised by more moderate 
manifestations of SIR.

• Competitive inclusion in the structure of the integral 
criterion of 3 of the most pronounced indicators (out 
of 5) allows us to implement the principle of an individual 
approach in the evaluation of SIR. 

• CR scale is probabilistic in character under SI verification. 
The scale determines the areas with a very high (CR ≥ 11 
points) or low (CR ≤ 4 points) probability of SI develop-
ment, as well as a  transition or undefined zone of CR 
ranging from 5 to 10 points. It requires using criteria of 
other SI processes for verification of SI development as 
a whole.
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