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Abstract. The aim of the work is to analyze litera-
ture data on the current status of sepsis and sepsis associated
encephalopathy (including against background of abdominal
sepsis). For this purpose, 59 scientific publications of Pub-
Med, Google Scholar and Research Gate scientific platforms
were retrospectively analyzed.

Results of the study: Sepsis-Associated Encepha-
lopathy (SAE) is a syndrome of general cerebral dysfunction,
due to the systemic response of the body to the infection,
with exception of direct CNS infection and other types of
encephalopathies. In view of absence of unambiguous specif-
ic clinical criteria for SAE, its diagnosis is based on exclu-
sion method that use a complex of instruments, including
EEG, MRI, laboratory determination of NSE and S100b in
blood. In surgical ICU, abdominal sepsis ranks second in
levels of mortality. In accordance with the changes in sepsis
nomenclature in 2016 and tactical approaches to the man-
agement of septic patients, the SOFA scale, which includes a
systemic assessment of organ failure, including cerebral
insufficiency, based on the GCS, is an optimal tool in as-
sessing the condition of patients with suspected abdominal
sepsis. At the same time, the GCS itself is considered to be
the most optimal in assessing the severity of SAE. The de-
gree of peritonitis severity is usually assessed separately,
using the Mannheim Peritonitis Index. Data on the pathobiol-
ogy of abdominal sepsis and SAE are based primarily on
experimental studies and do not reflect a complete picture of
the processes. Taking into account modern ideas about the
"compartmentalization of the immune response” for sepsis,
we should take a more balanced view of the interpretation of
pathophysiological stereotypic reactions developing in differ-
ent organs, and for clinical and experimental comparisons it
is optimal to use similar conditions for the development of
the septic process — for example, the abdominal source of
Sepsis.

Conclusion: Despite the significant contribution of
abdominal sepsis and sepsis-associated pathology to the
overall mortality rate of surgical ICU patients, as well as a
large number of studies in this field, there is still no unam-
biguous opinion on the mechanisms of the development of a
septic condition, and in particular, complications such as
SAE . From the literature it is known that the triggering
factor in the development of a septic cascade of events is the
hyperactivation of inflammatory cytokines system, which has
disadaptive nature and leads to the development of "cytokine
storm”. SAE is a consequence of this process. Damage to the
CNS appears to be a complex process based on a complex
system of neuro-immune-endocrine signals. In SAE morpho-
genesis a large number of white spots remain. In experi-
mental studies, the role of damage of BBB, the reactivation
of neuroglia as well as ischemic damage are emphasized.
However, the deficiency of clinical-anatomical studies causes
a certain discrepancy between the scientific concepts of
sepsis, based on experimental models, and real clinical stud-
ies. "CLP" is recognized as the "gold standard" of the exper-
imental animal model of sepsis and SAE, during which ani-
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mals can recreate a close to the clinical picture of abdominal
sepsis with cerebral dysfunction. Further clinical-anatomical
and simultaneous experimental studies of abdominal sepsis
and SAE will help to determine the thinner links of patho-
genesis and morphogenesis of the sepsis-associated patholo-
gy of the CNS.

Keywords: sepsis associated encephalopathy, ab-
dominal sepsis.

The topicality and the validity of the study. Sep-
sis is the main pathology treated in intensive care units
(ICU), accounting up to 75% of all cases, and the leading
cause of high mortality in these departments. According to
J.A. Frontera, the mortality rate due to sepsis and its compli-
cations in the US reaches 750,000 cases per year [1]. The
number of sepsis cases continues to grow and amounts ap-
proximately 10-14% of all incoming patients in the ICU in
the countries of the Western world [2]. Despite the high rates
of morbidity and mortality from sepsis, today there is still no
clear understanding of the pathogenesis and pathobiology of
this critical condition.

In the list of sepsis-associated syndromes, sepsis
associated encephalopathy (SAE) is one of the most signifi-
cant for predicting the course of the disease and planning of
treatment interventions. During the development of sepsis,
the central nervous system (CNS) is one of the first systems
of the body that is involved in the pathological process [3].
SAE is the most common cause of delirium in ICU patients
and is described in about 50% of patients with sepsis [4]. The
clinical symptomatology of SAE has a potentially reversible
character and in the acute period of development and can
include a decrease in the level of consciousness, from deliri-
um and sopor to coma, a decrease in cognitive abilities,
impaired perception and memory, convulsive activity, and
even focal neurologic symptoms. In some cases, the syn-
drome can have long-term effects in the form of a prolonged
postseptic cognitive impairment [5-7]. Despite the significant
relevance of SAE problem, the pathogenesis of acute cerebral
dysfunction against the background of sepsis is still poorly
understood and is the subject of scientific disputes [8].

Abdominal sepsis occupies a special place in the
problem of septic states, which is characterized by high
morbidity and mortality, being the second most frequent
cause of sepsis-associated mortality in ICU departments [9].
In addition to the features of pathogenesis, this type of sepsis
differs in that it is most often used as an interpretation of the
"gold standard" of the animal model of sepsis and SAE.

Due to changes in the nomenclature, the classifica-
tion of sepsis and new recommendations on the management
of septic patients, proposed by the world scientific communi-
ty in 2016 [10], there was an urgent need to revise some of
the notions of mechanisms for the development of sepsis, the
revision of definitions and tools for assessing the clinical
course of sepsis associated pathologies.

The aim is to analyze the data of modern scientific
literature on the concept of sepsis associated encephalopathy
(including against the background of abdominal sepsis), as



https://orcid.org/0000-0002-0196-9935
https://orcid.org/0000-0001-7019-702X

well as experimental models proposed to reproduce this state
in animals.

Materials and methods. Search of literature was
conducted in the databases of PubMed, Google Scholar and
Research Gate scientific platforms using the keywords: «sep-
sis associated encephalopathy», «sepsis classification», «ab-
dominal sepsis», «delirium», «animal models» in various
combinations. In retrospect, 59 scientific publications were
analyzed. Scientific articles were analyzed and interpreted in
accordance with the research objectives.

Results of the study and their discussion.

Sepsis-associated encephalopathy (SAE) is a syn-
drome characterized by general cerebral dysfunction due to
the systemic response of the body to infection, with the ex-
clusion of clinical and laboratory signs of direct infection of
the CNS, its macroanatomical damage (cerebro-vascular
pathology, craniocerebral trauma, etc.), as well as the pres-
ence of other types of encephalopathies (hepatic, alcoholic,
renal, respiratory, diabetic, exotoxic, etc.) [11].

There are two most common names for cerebral
disorders that accompany the septic process: sepsis-
associated encephalopathy and sepsis-associated delirium.
Despite the wide use of both terms in foreign literature, they
should not be considered synonymous, since the neurocogni-
tive pathological complex accompanying the septic state may
include delirium only as one of its stages of development.
Thus, in accordance with DSM-5, delirium is defined as an
acute and unstable disturbance of attention and awareness
that can not be explained by pre-existing neurological pathol-
ogy and is not a manifestation of a severe disturbance of
consciousness such as coma [12]. Encephalopathy, as a more
general concept, in its understanding covers a wide range of
neuropsychiatric pathology and is more suitable for use in
this case. It should be noted that, in accordance with modern
ideas of indirect CNS damage in the background of the septic
state, the use of the term "septic encephalopathy" is incompe-
tent, since this term should be understood as direct damage to
the brain tissue by an infectious agent [11].

Diagnostic aspects of SAE. Due to the high proba-
bility of severe consequences of SAE, early detection of it
helps to identify patients with a more unfavorable prognosis
that require more rapid medical care and intensive care. The
clinical symptomatology of SAE can vary widely and is
nonspecific, which is explained by the fact that ICU patients
are mainly under the influence of sedative therapy, and the
decrease in cognitive abilities, delirium and coma may be
manifestation of number other pathological conditions. The
foregoing means that SAE is a diagnosis of exclusion and
requires the detection of brain dysfunction, using clinical,
electrophysiological and biochemical criteria. The most
commonly used clinical scales are Glasgow Coma Scale,
Confusion Assessment Method for the ICU, and GCS can
also be applied to sedated patients [13]. Eidelman L.A. and
co-authors in 1996 in their studies showed that the use of the
GCS allows us to reliably predict the outcome of SAE, which
caused the recognition of this scale to be the most optimal for
use in the diagnostic algorithm for patients with SAE, as well
as including it in the algorithm for assessing the course of
sepsis in general [14,10].

The most sensitive method for diagnosing cerebral
dysfunction under these conditions is an electroencephalog-
raphy which changes have prognostic qualities with respect
to the severity of SAE flow [15, 16]. The use of CT, MRI,
MRS is also extremely effective in diagnosis, and in particu-
lar, in the differential diagnosis of SAE, since it allows one to
diagnose foci of infarctions, tissue edema and foci of leu-
koencephalolysis and other more specific patterns [17,18].

Despite the common belief that biomarkers neuron-
specific enolase (NSE) and S100 beta are promising in con-
structing an effective diagnostic algorithm, given the signifi-
cant increase in their level in the blood and CSF in most

«Art of medicine»

cases of SAE [19], this fact is still ambiguous, because first-
ly, these molecules are themselves of little specificity, and
secondly, their diagnostic value does not have unified con-
firmatory data and interpretations results in various studies
[13].

Nomenclature of sepsis. The development of SAE,
of course, presupposes the patient's sepsis.

In accordance with the Third International Consen-
sus Definitions for Sepsis and Septic Shock-2016 (Sepsis-3),
sepsis should be considered as a life-threatening organ dys-
function caused by a dysregulated host response to infection
[10]. Thus, the concept of "severe sepsis" disappeared from
the classification of sepsis, which previously designated a
continuing sepsis-induced arterial hypotension that does not
respond to adequate infusion support.

Septic shock, according to new formulation, should
be defined as a subset of sepsis in which underlying circula-
tory and cellular metabolism abnormalities are profound
enough to substantially increase mortality rates of more than
40%. Clinically, septic shock can be established when it is
necessary to inject vasopressors to maintain a mean arterial
pressure within 65 mm Hg. and more and plasma lactate level
more than 2 mmol / | (> 18 mg / dL) in the absence of
hypovolemia. It is known that about 50% of patients with
sepsis diagnosis do not have signs of a syndrome of systemic
inflammatory reaction (SIRS). In this connection, new defini-
tion of sepsis does not emphasize the severity of the symp-
toms of SIRS, which was previously part of the definition of
sepsis. According to the 1991 nomenclature, sepsis was
considered as a systemic inflammatory response to infection,
not necessarily an inadequate response, not necessarily life-
threatening, but which had the potential to transform into
heavier forms such as severe sepsis and septic shock. Now
the septic process, in fact, has only two degrees of severity of
its manifestations: actually sepsis and septic shock, which
significantly limits the diagnosis of sepsic status at earlier
stages of its development, to the development of organ fail-
ure, and this can lead to a more severe course of the disease
and its complications [20]. In addition, sepsis as such, if
considered in accordance with new criteria, can sometimes
take the form of a hidden state, since there are examples
where signs of organ failure are not apparent, despite the
presence of SIRS symptoms in patients with infection in
disease clinical picture [21].

Some aspects of the immunological response in
the pathogenesis of septic states. Sepsis can have multiple
manifestations, and its pathophysiology is very complex. It is
not a disease, but rather the syndrome, the implementation of
which depends on conditions such as source of infection, age,
sex, and concomitant comorbidities and other [10, 22, 23].

Over the past decades, a huge number of experi-
mental studies devoted to elucidating the mechanisms of the
immune response during sepsis [24-27].

The immune system of the body has general princi-
ples of reactivity regardless of the nature of the damaging
factor, whether it is infectious agents or factors of non-
infectious origin. In the conditions of infectious inflammation
in the first stages of the process, there is a binding of micro-
organisms to superficial phagocytic Toll-like receptors
(TLRs), which leads to the release of cytokines by the latter
[23]. Thus Gram-negative bacteria lipopolysaccharide (LPS)
and endotoxins have a tropism for TLR-4 receptor type, in
turn, the cell walls of Gram-positive bacterial cell wall anti-
gens (peptidoglycans and lipoteichoic acid) exhibit reactivity
against TLR-2 type [28]. Toll-like receptors are a family of
special pattern recognition receptors (PRRs) of cellular
membranes of immunocompetent cells. TLRs play a key role
in maintaining the functions of innate immunity and are
responsible for recognizing not only infectious agents but
also internal signaling molecules released by damaged cells.
In addition to participating in the immune response, these cell
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receptors are responsible for the realization of a number of
other homeostatic functions, in particular, neurogenesis. It is
known that under normal conditions in the brain TLRs are
expressed by microglial cells, astrocytes, oligodendrocytes
and neurons [29].

Such components of infectious pathogens as, for
example, LPS or bacterial DNA are collectively referred to as
pathogen associated molecular patterns (PAMPSs) and are
recognized by PRRs. Some endogenous molecules, such as
the high-mobility group box (HMGB-) 1, hyaluronan and
HSPs, can also be recognized by PRRs and can initiate acti-
vation of immune reactions [27]. These endogenous signaling
molecules, which are termed alarmins, are analogous to
exogenous PAMPs, but in their essence are normal compo-
nents of cells that can be released into the extracellular space
either during necrosis or during stress reactions. The last
observation in 2002 formed the basis for the arguments for
the development of the systemic inflammatory response of
the organism in the absence of a significant effect of infec-
tious pathogens [30]. Together, PAMPs and alarmins are put
together in one group; called damage associated molecular
patterns (DAMPs) [28].

Resident forms of macrophages and polymorpho-
nuclear leukocytes initiate the primary immune response of
the organism to infection, activating and involving in the
process all new populations of phagocytic cells. Cytokines
released by macrophage forms are the main regulators of the
directivity and strength of the immune response. Among the
proinflammatory cytokines IL-1, TNF-o, HMGB-1 and IL-8
should be stood out. Anti-inflammatory properties have IL-1
receptor antagonist (IL-1-ra) and IL-10. IL-6 has properties
of both directions. Interacting with target cell membrane
receptors, cytokines trigger a cascade of reactions leading to
functional changes in the genetic apparatus of cells and their
phenotypic qualities [31]. The most revealing of this is the
overexpression of early response genes by the nuclear factor-
kB (NF-xB). And, finally, NF-kB is able to directly activate
the transcription of the family of interleukins, in particular,
IL-1, 2, 6,12, as well as TNF-o.

Also, cytokines cause the expression of adhesion
molecules on the surface of endothelial cells, promoting
leukodiapedesis, which in turn is enhanced by the action of
chemokines. In modulating the inflammatory process, matrix
metalloproteinases (MMPs) play an important role [32].
MMPs potentiate pro-inflammatory reactions, on the one
hand, carrying out proteolysis and activation of cytokines,
and on the other - inducing the release of biologically active
soluble adhesion molecules that modulate the binding of
leukocytes to membrane adhesive molecules [33].

Previously, sepsis was considered a manifestation
of hyperproduction of proinflammatory mediators, and the
presence of these factors in the blood - the condition neces-
sary to maintain the pro-inflammatory focus of the process as
a whole. However, modern data indicate the duality of the
pathogenesis of sepsis, in which anti-inflammatory mediators
play an equally significant role in the complex immunopatho-
logical cascade, which has become known as the "cytokine
storm™ [34]. It is known that in the experimental models of
sepsis, as well as in humans in septic state, the complement
system is activated. Peter A. Ward, using such experimental
models of sepsis as infusion of endotoxin and cecal ligation
and puncture, has shown a dominant role of activation prod-
ucts one of this system factors, in particular C5 (C5a ana-
phylatoxin and the membrane attack complex, C5b-9) and the
receptors to them - C5aR and C5L2 in the development of
"cytokine storm" and multiorgan failure (MOF) in animals.
In addition to MOF, other consequences of activation of this
factor indicate the loss of congenital immunity functions by
polymorphonuclear leukocytes, apoptotic death of lymphoid
cells, disseminated intravascular coagulation and cardiomyo-
pathy [35].
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In accordance with modern concepts of septic state,
the inflammatory response has its pathophysiological charac-
teristics depending on the place where it unfolds - the concept
of compartmentalization of inflammation [36]. In addition,
studies in recent years indicate that analysis of the profile of
plasma inflammatory mediators and signaling molecules can
be used to formulate strategy for early detection of patients
with bacteremia, identify the nature of the infection, and also
to predict the clinical outcome of sepsis [21, 37].

The exact causes of organ failure development and
death in patients with sepsis remain not completely clear, as
pathogistological examination of the tissues of most organs
indicates an insignificant percentage of cell death [27].

Pathophysiological basis of SAE. Precise mecha-
nisms for the development of SAE are not unambiguous.

It is considered that CNS damage in this state is an
indirect process, and encephalopathy itself is the result of
metabolic changes and cellular signaling caused by compo-
nents of the inflammatory response.

In general, in the pathogenesis of SAE, three prin-
cipal categories of homeostatic disorders are distinguished:
diffuse neuroinflammation, ischemic damage, and excitotoxi-
city [8, 38]. Among the total number of factors that are of
cardinal importance in the mechanisms of encephalopathy
development, such as an increase in the levels of cytokines
and pro-inflammatory factors are indicated [39], damage to
the BBB and impaired its permeability [40], endothelial
dysfunction and vascular endothelial reactivation [41], oxida-
tive stress [42], hemodynamic cerebral disorders [43], neuro-
transmitter imbalance [44], change in the levels of amino
acids [45, 46], a violation of calcium homeostasis [45], mito-
chondrial insufficiency [47], penetration of bacterial endotox-
ins through the BBB [45], reactive changes in neuroglia,
necrosis and apoptosis of neurons [8], cytotoxic and vasogen-
ic edema of nervous tissue [45].

Of particular interest are studies aimed at identify-
ing the reactions and features of individual regions of the
brain involvement in the implementation of a systemic in-
flammatory response. It is known that in conditions of BBB
safety, there are 2 main ways of inflating signals to the brain:
vagal delivery to stem autonomous nuclei [48] and the activi-
ty of brain circumventricular structures (pineal body, sub-
commissural organ and subfornical organ, organum vascu-
losum, median eminence, neurohypohysis) devoid of barrier
and being direct communicators between the immune system
and brain tissue [49]. The third variant of the receipt of sig-
naling information in CNS is the situation of the compro-
mised BBB, when the activation and /or destruction of endo-
theliocytes is observed with the possibility of direct flow
from systemic bloodstream into the brain tissue of immuno-
competent cells, inflammatory mediators and neurotoxic
substances. Under the conditions of infectious load, all three
possible pathways are activated, and it seems that the vagus
influence is crucial, affecting both autonomic and neuroendo-
crine systems, and through periventricular structures vagal
effect spreads to the rest of the barrier-protected areas of the
brain [48].

It is known that in cases of sepsis, there is a brain-
stem insufficiency, which may be a consequence of neuroin-
flammation due to an increased influx of inflammatory medi-
ators into the brainstem tissue through area postrema. An
excessive level of inflammatory mediators triggers the initia-
tion of the processes described above, which morphologically
can manifest in form of stem nuclei neuronal apoptosis,
necrotizing leukoencephalopathy, and different degrees tissue
edema [8, 38]. Also interesting are studies on the involve-
ment of certain brain structures such as the hypothalamus,
pituitary gland, amygdala, locus coeruleus, hippocampus,
frontal cortex, white matter in the pathophysiology of SAE,
where pathohistological, immunohistochemical and molecu-
lar-genetic traits are described in various, mostly experi-




mental, studies have shown the development in these areas of
ischemic necrosis, apoptosis of neurons, their axonal damage,
signs of microglial activation, reactive astrogliosis, neuroin-
flammation. It should be noted more frequent indications in
studies on apoptotic changes in neurons in the autonomic
centers of the brain such as the amygdala, nucleus solitarius
and locus coeruleus [8, 38]. At the same time, the damage of
these structures has a clear correlation with clinical sympto-
matology both in ICU and in postseptic patients.

It was experimentally shown that diffusely in the
whole brain, in the microcirculatory vessels there are signs of
separation of the neurovascular complex due to endothelial
insufficiency, increased expression of aquaporin-4 in astro-
cytes, followed by their edema and an increase BBB permea-
bility. Also, possible mechanisms for reducing the function of
BBB in systemic inflammation, shown in experimental stud-
ies, include dysfunction of interendothelial tight junction
protein complexes, such as occludin, ZO-1, Z0O-2, claudin-3,
claudin-5 [50].

It is assumed that a special role in the pathogenesis
of SAE is played by astrocytic glia, which under normal
conditions is responsible for a huge list of homeostatic func-
tions ("homeostatic glia") in the brain. In conditions of brain
tissue damage, it is also widely involved in the realization of
many, often antagonistic, processes [51]. Also astroglia plays
a major role in regulating the concentration of neurotransmit-
ters in the brain tissue (primarily glutamate, GABA and
glycine). In this regard, with astrogliosis development, as
well as damage to vascular astrocytic processes and all astro-
cytic syncytium, as shown in experimental studies, neuro-
transmitter imbalance develops. On the other hand, high
levels of cytokines, nitric oxide, and prostaglandins change
the characteristics of neurotransmission, especially with
respect to [-adrenergic, central muscarinic, glutamatergic,
monoaminergic systems, GABAergic synapses, corticotropin
releasing factor, vasopressin, adrenocorticotropic hormone
and neurotrophic factors. Due to increased influx of aromatic
amino acids into the brain tissue and their predominance over
amino acids with branched side chain, there is an accumula-
tion of false neurotransmitters and decrease in levels of nore-
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pinephrine, dopamine and serotonin with an unchanged level
of GABA [13]. Also, concomitant metabolic disorders and
drug toxicity in septic patients should be considered, which
also leads to neurotransmitter imbalance.

Particular qualities of sepsis clinical diagnosis.
For the clinical intrahospital determination of organ dysfunc-
tion in patients with suspected or confirmed infection, it is
common to use the SOFA (Sequential [Sepsis-related] Organ
Failure Assessment) scale (Table 1), an increase of 2 points
or more indicates organ failure and increases the risk intra-
hospital mortality by more than 10% [10].

For patients admitted to ICU with suspected infec-
tion at the initial stages of complex diagnostics for rapid
prognosis of the disease course, as well as planning of treat-
ment activities, it is recommended to use the abridged SOFA
(quick SOFA, gqSOFA) scale, which does not require labora-
tory diagnostics. gSOFA includes the diagnosis of impaired
consciousness, systolic blood pressure of 100 mm Hg or less,
and respiratory rate of 22/min or greater.

Abdominal sepsis. In accordance with recommen-
dations of the World Society of Emergency Surgery-2017
(WSES guidelines for management of intra-abdominal infec-
tions-2017), abdominal sepsis is a systemic inflammatory
response of the body to intra-abdominal infection (1Als) [52].
It should be noted that intra-abdominal infection is consid-
ered in two versions: uncomplicated and complicated intra-
abdominal infection (clAls). Exactly latter variant, in which
the infection goes beyond one organ, spreading to the perito-
neum is the initial factor in the development of abdominal
sepsis. In fact, a complicated intra-abdominal infection is
represented by peritonitis (most often secondary), when an
acute abdominal infection is caused by violation of the integ-
rity of the gastrointestinal tract [52]. According to the WSES
(World Society of Emergency Surgery) clAls Score Study
(WISS Study-2015) data, an international multicenter obser-
vational study involving 4533 patients conducted in 54 coun-
tries and 132 medical institutions for 4 months (10.2014-
02.2015), the main sources of intra-abdominal infection were
the following (Table 2).

Table 1
SOFA Score
Pa02/Fi02 (mmHg) SOFA score
<400 1
<300 2
<200 and mechanically ventilated 3
<100 and mechanically ventilated 4
Glasgow coma scale SOFA score
13-14 1
10-12 2
6-9 3
<6 4
Mean arterial pressure (MAP) or administration of vasopressors required SOFA score
MAP <70 mm/Hg 1
Dop <5 or Dop (any dose) 2
Dop >5 or Epi <0,1 or Nor <0,1 3
Dop >15 or Epi >0,1 or Nor >0,1 4
Bilirubin (mg/dl) [pmol/L] SOFA score
1,2-1,9 [>20-32] 1
2,0-5,9 [33-101] 2
6,0-11,9 [102-204] 3
>12.0 [>204] 4
Platelets x 10%/ul SOFA score
<150 1
<100 2
<50 3
<20 4
Creatinine (mg/dl) [pmol/L] (or urine output) SOFA score
1,2-1,9 [110-170] 1
2,0-3,4 [171-298, 305] 2
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3,5-4,9 [300-440] (or <500 ml/d) 3
>5,0 [>440] (or <200 ml/d) 4
Table 2
Sources of IAls In accordance with WISS Study [52]
Source of infection Number (%)
Appendicitis 1553 (34.2)
Cholecystitis 837 (18.5)
Post-operative 387 (8.5)
Colonic non-diverticular perforation 269 (5.9)
Gastro-duodenal perforations 498 (11)
Diverticulitis 234 (5.2)
Small bowel perforation 243 (5.4)
Others 348 (7.7)
Pelvic inflammatory disease 50 (1.1)
Post traumatic perforation 114 (2,5)
Total 4533 (100)
Table 3
WSES sepsis severity score for patients with complicated Intra-abdominal infections (Range: 0-18) [53]
Clinical condition at the admission
Severe sepsis (acute organ dysfunction) at the admission 3 score

pressor agents) at the admission

Septic shock (acute circulatory failure characterized by persistent arterial hypotension. It always requires vaso- | 5 score

Setting of acquisition

Healthcare associated infection | 2 score
Origin of the 1Als

Colonic non-diverticular perforation peritonitis 2 score
Small bowel perforation peritonitis 3 score
Diverticular diffuse peritonitis 2 score
Post-operative diffuse peritonitis 2 score
Delay in source control

Delayed initial intervention [Preoperative duration of peritonitis (localized or diffuse) > 24 h)] | 3score
Risk factors

Age>70 2 score

Immunosuppression (chronic glucocorticoids, immunosuppresant agents, chemotherapy, lymphatic diseases, virus) | 3 score

According to the WISS Study-2015, the WSES
sepsis severity score was considered optimal for assessing the
severity of sepsis in patients with clAls (Table 3).

However, given the new determinations of sepsis of
20186, this scale loses its uniqueness, since it contains items
that do not correspond to the new nomenclature. In view of
this fact, in order to assess the severity of the patient's
condition and predict the clinical course of disease, there is
again a need to use more universal, generally accepted scales
that assess separately the severity of peritonitis (Peritonitis-
Specific (Surgical) scores) and the severity of multiorgan
failure associated with sepsis (General Organ Failure
Severity scoring systems). Based on the data of most modern
studies, the most optimal scale for assessing the severity of
peritonitis is the Mannheim Peritonitis Index (MIP). Among
the general scales for assessing the degree of organ failure in
ICU patients, the SOFA scale is the most optimal for
predicting the course of disease and development of a tactical
management plan for patients with suspected abdominal
sepsis [54].

It is known that, in spite of the fact that sepsis is a
systemic reaction of the organism to infection; the features of
the pathophysiological cascade of reactions can vary
considerably depending on the localization of the primary
septic focus. This issue has been very poorly studied and
requires more in-depth study. The views on the main
pathobiological mechanisms of abdominal sepsis are largely
identical to those for sepsis in general; however, separate
experimental and clinical studies indicate a primary temporal
isolation of the immune response in the abdominal cavity at
the initial stage of abdominal sepsis represented by secondary
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peritonitis. This is indicated by a combination of high levels
of IL-1, TNFa, IL-6, IL-10 and IFNy in the peritoneal fluid
of patients with peritonitis and significantly lower
concentrations of these cytokines in blood plasma [9].

SAE Experimental Models. To date, the most used
models of sepsis and SAE are: 1) the introduction of
infectious agents; 2) inducing endotoxemia; 3) cecal ligation
and puncture (CLP).

The simplest method for simulating an
inflammatory response in animals, similar to that in humans
is induction of endotoxemia by intravenous or intraperitoneal
administration of LPS. This method of studying the
mechanisms of SAE differs in that, to a certain extent, it is
permissible even in humans’ studies [55]. However, as shown
by the results of studies, temporal characteristics of cytokine
profile changes in animals comparative to real conditions in
patients with sepsis have significantly limits the interpretative
possibilities of this model.

Intravenous or intraperitoneal administration of live
infectious agents, usually bacterial ones (Escherichia coli -
for Gram™ sepsis and Staphylococcus, Pseudomonas - Gram+-
sepsis), allows to investigate the influence of certain strains
of microorganisms, their dose and site of primary infection
for systemic immune response. However, this model requires
the introduction of high doses of microorganisms and its
implementation may depend on the individual sensitivity of
the animal's organism to a specific infectious strain [56].

Currently, the CLP model is most often used [57],
which suggests cecal ligation with subsequent perforation
and the development of secondary polymicrobial peritonitis
and abdominal sepsis [58]. This model is the "gold standard"




of sepsis and SAE reproduction, as it includes the effects of
both necrotic and ischemic-altered intestinal tissue and fecal,
polymicrobial peritoneal cavity colonization in animals to
development of metabolic, vascular and systemic
immunological reactions in many respects similar with those
that develop in patients with abdominal sepsis [59].

Conclusions. Despite the significant contribution
of abdominal sepsis and sepsis-associated pathology to the
overall mortality rate of surgical ICU patients, as well as a
large number of studies in this field, there is still no
unambiguous opinion on the mechanisms of the development
of septic state, and in particular, such complications as SAE.
From the literature it is known that triggering factor in the
development of septic cascade events is the hyperactivation
of inflammatory cytokines system, which has disadaptive
nature and leads to the development of a "cytokine storm".
SAE is a consequence of this process. In this case, damage of
CNS appears to be a complex process based on compound
system of neuro-immune-endocrine signals. In SAE
morphogenesis, a large number of white spots remain. In
experimental studies, the role of BBB damage, the
reactivation of neuroglia, as well as ischemic damage of brain
tissue are emphasized. However, the deficit of clinical-
anatomical studies causes a certain discrepancy between the
scientific concepts of sepsis and its complications based on
experimental models and real clinical studies, as well as trials
of new therapeutic approaches that are not effective enough.
"CLP" is recognized as the "gold standard” of the
experimental animal model of sepsis and SAE, during which
animals can recreate close to the clinical picture of abdominal
sepsis.  Further clinical-anatomical and simultaneous
experimental studies of abdominal sepsis and SAE will help
to determine the thinner links of pathogenesis and
morphogenesis of the sepsis-associated pathology of the
CNS.
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Pe3iome. [3 MeTor0 aHamizy JaHUX JiTEpaTypH MIO-
IO CYYacHOTO CTaHy IMHUTAaHb CEICHCY 1 CETICUC acOIiifoBaHOT
eHedanonartii (B TOMy 4HCIi Ha TJIi aDJOMIHATBHOTO CETICH-
Cy) TpoaHaNi30BaHO 59 HayKOBHX MyONiKaliii HayKOBHUX
mwiatgopm PubMed, Google Scholar ta Research Gate.

PesyabTatn pocaimkenns: Cerncuc acouiiioBaHa
ennedanonatis (CAE) — cunapom 3arainbHOI HepeOpaibHOT
nmucyHKii, 00yMOBICHUN CHCTEMHOIO BiIIMOBIIIIO OpraHi-
3My Ha IHQEKIi0 TPH BUKIIOYEHHI MPIMOTO iH(EKmiiHOTO
ypaxenus LIHC i inmmx ennedanomnariid. [JiarHoctuka CAE
HecriennivHa 1 3aCHOBaHA HAa METOJI BHUKJIIOUCHHS 3 BHKO-
pUCTaHHSM KOMIUIEKCY IHCTpYMEHTiB, BKimrodarouun EEI,
MPT, na6opatopre BuzHaueHHs NSE i S100b. V xipypriu-
Hux BIT abnomiHanbHUE cemcuc 3aiiMae Apyre Micie 3a
piBHEM cMepTHOCTI. BimnoBizHO 10 pekOMEeHaaIlii 3 BeJCHHS
cercucy 2016p. onTUMaNbHUM IHCTPYMEHTOM OI[IHKH CTaHy
XBOpHX 3 abmoMiHambHHM cerncucoM € mkana SOFA, mo
BKJIIOYA€ B ce0e MOCHCTEMHY OIIHKY OPTaHHOI HEOCTaTHOC-
Ti, B ToMy umcini i HeoctatHocTi [THC, 3acHoBany Ha IIIKT.
Ipu mpomy HIKI camy mo co0i HpHITHATO BBaKaTw Haii-
6inpr ontuManbHOO B omiHIi Tsokkocti CAE. Cryminb
TSDKKOCTI MEPUTOHITY MPUHHATO OI[HIOBATH OKPEMO, BHKO-
pucToBytour MaHreMChbKuil iHIEeKC TEPUTOHITY.

BucnoBku: [laTorenes cerncucy i ioro yckiagHeHb
3aJIMIIAEThCS TIPeMeToM cynepedok. [TyckoBum daktopom y
PO3BHTKY cenTuaHOTrO Kackany moniit i CAE € «uutokiHOBHi
mropm». [lomkomxkenas IIHC BHoaeThcs KOMITIEKCHUM
MpOIECOM, 3aCHOBAHUM Ha CKIAQITHOIIAPSIHIN cucTeMi He-
pO-IMyHHO-€HIOKPUHHUX CHTHAIIB, aie B Mopdorenesi CAE
3aJIMIIAETHCS BEJIMKA KiJIbKICTh Oinux misM. B excriepumen-
TaNbHUX JOCHIHKEHHIX TMOKaszaHa pouib momkomkeHHs ['Eb,
peakTiBi3arii Helipormii i imemiyHoro ymkomkeHHs. «Lleka-
JbHE JIryBaHHA 3 IIYHKII€I0» BU3HAHO «30JIOTHM CTaHIAp-
TOM» eKCIepHMEHTAIbHOI TBapuHHOI Mozei cencucy i CAE,
B XOJIi SKOT y TBapWH BiITBOPIOETHCS OJNM3bKA 10 KIIHIYHOT
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CEINICHC: TEKYIIEE COCTOSIHUE ITPO-
BJIEMBI
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Pesrome. C nenbro aHanu3a JaHHBIX JIUTEPATYPBHL O
COBPEMEHHOM COCTOSTHHH BOIIPOCOB CEIICHCa U CEICHC acco-
LUAPOBAHHOW SHIE(aIonaTHy (B TOM Yucie Ha (GoHe abno-
MHHQJIBHOTO CEIICHca) IPOAaHAIM3UPOBAHO 59 HayIHBIX
nyOmukanuii HaydHbIX miat¢popm PubMed, Google Scholar
ta Research Gate.

Pe3yabTaThl uccienoBanusi. Cerncuc accomuupo-
BaHHas sSHuedanomatus (CAD) — cuHIpoMm oOmei mepe-
OpanbHON THC(YHKIUH, 00YCIIOBICHHBIH CHCTEMHBIM OTBE-
TOM OpraHm3Ma Ha MHQEKIUIO IPH HCKIIOYCHHUH IMPSIMOT0
nHdpeknnonHoro nopaxkenus [[HC u nmpyrux sHuedanona-
tuii. Jluarnoctuka CAD HecnenupuyHa ¥ OCHOBaHa Ha
METOJIe WCKITIOUEHHsI C TPUMEHEHHEM KOMIIIEKCa HHCTPY-
MeHToB, BKirodas D20, MPT, mabopaTtopHoe ompenencHue
NSE u S100b. B xupypruuecknx OUT abmomuHaIBHBII
CETICHC 3aHMMaeT BTOPOE MECTO 10 YPOBHIO CMEPTHOCTH. B
COOTBETCTBUM C PEKOMEHIALMSIMU MO BEICHHIO CelicHca
2016r. onTUMaNbHBIM WHCTPYMEHTOM OLIGHKHA COCTOSIHUS
OOJIBHBIX C a0JOMHHAJIBHBIM CETICHCOM SIBIISIETCS IIKaja
SOFA, Bkmoyatonias B ce0si MOCHCTEMHYIO OLICHKY OpraH-
HOM HEIOCTaTOYHOCTH, B TOM YHCJIE€ W HEJOCTAaTOYHOCTH
HHC, ocuoBannyto Ha IIKT". IIpu stom HIKI camy mo cebe
MPUHATO CYUTATh HanOoJIee ONTHMAIBHON B OIIEHKE TSHKECTH
CAD. CreneHp TSHKECTH MEPUTOHHTA TPHHATO OLIEHHBATH
OTZIE€NbHO, UCTIOJIB3YsI MaHTeHMCKUN MHJIEKC TIEpUTOHUTA.

BeiBoanl. IlaTtorenes cemncruca U ero OCIOKHEHUI
ocraeTcs mpeaMeToM cropoB. [IyckoBeiM (akTopoM B pa3Bu-
THM CENTHYECKOro Kackana coObituii 1 CAD sBigeTcs «M-
TOKMHOBBIM 1mTopm». IloBpexnenne LIHC npencraBnsercs
KOMIUIEKCHBIM IPOILIECCOM, OCHOBAHHBIM Ha CIIO>KHOIOIIH-
HEHHOIl cucTeMe HeHpO-MMMYHHO-3HIOKPHHHBIX CHUTHAJIOB,
HO B Mopdoreneze CAD octaercss O0JbIIOE KOIHIECTBO
OenbIX MATeH. B sKcreprMeHTaIbHBIX HCCIIeIOBAHUSIX TTOKa-
3aHa posb MoBpexaeHus ['Ob, peakTuBU3aLUN HEUPOTINH U
MIIIEMHYECKOT0 MoBpexaeHus. «llexanpHoe IUrHpoBaHHE M
MYHKLUSI» TPU3HAHO «30JI0THIM CTaHIAPTOM» IKCIIEPUMEH-
TaJbHOM )XKUBOTHON Mozenu cericuca u CAD, B X0Jie KOTOPOi
Y JKHBOTHBIX BOCCO3aeTCs Onm3Kas K KIMHNIECKOH KapTHHA
a0ZOMUHAIBEHOTO CETICHCa C IepeOpabHON THCHYHKIINEH.

KnrodeBble c10Ba: CelcuC acCOIMMPOBAHHAS JH-
nedanonarus, abTOMHHAIBHEIN CETICHC.
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