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Abstract. Recent data show that artificial circulation, myocardial and
pulmonary ischemia-reperfusion, contact activation of leukocytes, anticoagulation,
artificial ventilation, surgical trauma and other factors are powerful triggers of the
inflammatory response after cardiac surgery. The combination of these factors leads
to uncontrolled synthesis of various pro- and anti-inflammatory mediators, which in
turn directly or indirectly cause dysfunction of endothelial cells, increased vascular
permeability and manifestation of systemic inflammatory response syndrome with the
development of organ dysfunction. The purpose of this literature review is to consider
and systematize the main causes of the systemic inflammatory response after cardiac
surgery with artificial circulation.
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Annomauusn. I[locnieonue OaHHble NOKA3bIEAION, UYMO UCKYCCMBEHHOE

Kp06006pau;eHue, uwemuﬂ-penequywﬂ MuOKapda u Jjeckux, KOHmMAaxKmHas
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aKmueayusl 1euKoyumos, aHmuKoa2yisayus, UCKYCCMEEHHAS BEHMUNAYUS TIe2KUX,
Xupypauyeckas mpaema u opyaue (axmopvl AGIAIMCL MOWHLIMU Mpuceepamu
goCnanumenvpHo20 omeema nocie Kapouoxupypeuseckux onepayuti. Co60KynHocmu
OaHHBIX (haKmMopos NPUBOOUN K HEKOHMPOJIUPYEMOMY CUHMES) PA3IUYHBIX NPO- U
NPOMUBOBOCHATUMENLHBIX MeOUAmopos, KOmopble 8 CB80I0 ouepedb NPIMO UU
ONOCPeOOBAHHO BbI3bIBAIOM OUCPYHKYUIO IHOOMENUATLHBIX KIeMOK, NO8blULEHUEe
cocyoucmou  npoHuyaemMocmu U Mavugecmayuro - CUHOPOMA  CUCHEMHO20
B0CNANUMENLHO20 OmEema ¢ pazeumuem OopeauHou  oucyukyuu. Llenvro
Hacmoswe2o 0030pa aumepamypol AGIAEMCcs PACCMOMpPeHUe U CUCTNEeMAmu3ayusl
OCHOBHbBIX npUYUH CUCMEMHO20 80CNAIUMENILHO2O omeema nocne
Kapouoxupypauyeckux onepayuii ¢ UCKyCCmeeHHbIM KPo8ooOpaujeHueM.

Kniueevie cnoea:. uckyccmeenHnoe KposoobpawjeHue, KapoOuoxXupypeus,

CUCMEMHbBIU B0CNATIUMEIbHbLL omeem, cepdeqﬂo-cocyducmbze 3a001e8aHUSL.

Relevance of the research

Cardiac surgery, especially with the use of artificial circulation (AC), along
with sepsis, remains the most common cause of the systemic inflammatory response.
Contact of blood with the surface of the perfusion circuit is recognized as the main
mechanism triggering the systemic inflammatory response during cardiac surgery.
Several interconnected pathways of contact activation of the inflammatory cascade
during AC are distinguished. Activation of neutrophilic leukocytes increases the
production of proinflammatory cytokines and elastase [1], tumor necrosis factor alpha
(TNF-a) and interleukins (IL)-1pB, IL-6, IL-8 [2]. Thus, the most important cytokine
and interleukin cascades of inflammation are inextricably linked with the leukocyte
link of the systemic inflammatory response. On the other hand, activation of
neutrophils and monocytes leads to a systemic inflammatory response, releasing
active oxygen radicals, hydrogen peroxide, cytotoxic enzymes: elastase,
myeloperoxidase, etc. [3].

An important element of the inflammatory reaction is contact activation of the

coagulation and anticoagulation systems of the blood [8]. In general, contact
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activation of the inflammatory cascade has many diverse, but closely interconnected
cellular and humoral pathways. The final link in all these processes is the systemic
inflammatory response.

Ischemic and reperfusion injury to the myocardium can be a significant and
specific trigger for the systemic inflammatory response in cardiac surgery. This is an
Integral stage of most operations performed with CPB. Cardioplegic protection of the
myocardium does not completely prevent myocardial injury, and with emergency
myocardial revascularization, its acute ischemia develops initially. Previously, the
systemic inflammatory response was described as a possible complication of
myocardial infarction [4], which can be extrapolated to some extent to intraoperative
myocardial injury. Myocardium can be a source of proinflammatory mediators, such
as TNF-a, IL-6 and IL-8 [5].

The scheme of CPB is naturally accompanied by pulmonary ischemia. With
the outflow of venous blood into the cardiotomy reservoir from the vena cava or the
right atrium and its injection into the aorta, the blood flow in the pulmonary
circulation is reduced. During CPB, the lungs are supplied with blood mainly only
from the bronchial branches of the aorta. The resulting pulmonary ischemia and their
subsequent reperfusion can lead to pulmonary dysfunction and serve as a trigger for
the systemic inflammatory response. Artificial ventilation of the lungs (AVL) can
injure the lung parenchyma with the release of proinflammatory mediators [2, 3].

Risk factors for the development of a systemic inflammatory response may
include lung trauma due to their overstretching, and, conversely, atelectasis [1] with
the formation of non-ventilated pulmonary zones vulnerable to the development of
Infection and damage during their subsequent “opening” (atelectotrauma) [3]. An
important pulmonary factor in the development of a systemic inflammatory response
In cardiac surgery patients remains concomitant pneumonia - in more than 6% of
cardiac surgery patients [4]. Thus, the lungs can be both a trigger factor and a “target”
of a systemic inflammatory response during cardiac surgery, closing the

pathophysiological vicious circle.
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Transient mesenteric ischemialntestinal ischemia during CPB is associated
with non-pulsatile mesenteric blood flow, spasm of mesenteric arterioles, and
hemodilution. Tissue acidosis and permeability of the intestinal mucosa, together with
depression of the liver reticuloendothelial system function, lead to translocation of
Intestinal flora and penetration of cytokines, IL, and TNF-a into the bloodstream
against the background of loss of intestinal barrier function. Endogenous production
of nitric oxide (NO) from L-arginine via calcium-dependent NO synthases (NOS) is
the most important mechanism for regulating vascular tone. VVasodilation due to NO
Is a common final pathway for numerous regulatory humoral processes [16]. At the
same time, pathological hyperproduction of NO under the action of inducible
calcium-independent isoform of NO synthase (iNOS) causes vasoplegia and
peripheral arteriovenous shunting during systemic inflammatory response [5].

The mechanism of NO action is cyclic guanosine monophosphate (c-GMP)-
dependent decrease in intracellular calcium concentration [2]. Hyperproduction of
NO is a common link in various pathophysiological processes, the most important
cause of vasoplegia. The problem of systemic inflammatory response in cardiac
surgery, despite numerous studies and development of various therapeutic measures,
remains unresolved. An analysis of the current state of the issue gives grounds to
believe that the most important areas of further work may be the prediction and
prevention of the development of a systemic inflammatory response after CPB, the
use of alternative (“non-catecholamine™) vasopressors and means of correcting the
endogenous metabolism of nitric oxide, and finally, the improvement of rehabilitation
measures after a systemic inflammatory response and its various clinical
manifestations, primarily respiratory.
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