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SUMMARY. The article analyzes literary sources regarding the causes and characteristics of the development of
ischemia-reperfusion syndrome, as well as manifestations of pathophysiological changes under the influence of
environmental factors. The influence of treatment and prophylactic measures aimed at reducing the damage is
investigated.

An influx of oxygenated blood which contains nutrients is imperative for the nutrition of each organ. Ischemia,
being a condition of limiting or stopping of blood supply, has many causes - acute and chronic.

Changes that cause ischemia can develop for decades (cardiovascular and cerebrovascular diseases). There are also
those that arise against the backdrop of a relatively short period of time and are associated with a sudden cessation of
blood supply (embolism, thrombosis, long-term compression syndrome and one of its variants — complications arising
from the use of a hemostatic tourniquet, as well as a tourniquet for blood supply stoppage in organ during surgery).

The type of ischemia that leads to the restoration of blood flow, causes a special phenomenon, when restoring the
blood supply of ischemic tissue and it leads also to quite expressed tissues' damage than those that occur on the
background of isolated ischemia. This phenomenon is called the syndrome of ischemia-reperfusion. Acute limb ischemia
has such symptoms as pain, edema, loss of function and violation of nerve condition. Butin complicated state it can cause

damaging of the whole body.
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apoptosis.

Introduction. The phenomenon of ischemia-
reperfusion (IR) is a complex of pathological rela-
tionships and influences that arise between tissues
and entire organ systems.

Starting from the completely inverse recovery of
damaged cells to the syndrome of systemic inflam-
matory response (SIRS) and the occurrence of multiple
organ dysfunction (SMOD), which is a clinical manifes-
tation of a particular etiological effect of the IR-
syndrome. At the same time, according to literature
data, SIRS and SMOD are responsible for 35-40 % of
fatal cases in the background of IR-syndrome [1].

The aim of the study - to systematize the
causes and features of the syndrome of ischemia-re-
perfusion, as well as the manifestations of patho-
physiological changes under the influence of envi-
ronmental factors.

Material and Methods. Emphasis is made on
the pathogenesis of ischemia-reperfusion in the
context of the infection of internal organs. Changes
in morphology (morphometry) and metabolic viola-
tions are evaluated. Since the end of the XX century,
many researches have been dedicated to the impact
of tourniquet in general and the syndrome of IR on
its background particularly. Thus, it has been proved
that the tourniquet contributed to the metabolic
changes' in the tissues, namely in muscles. Violation
of the body's general state is also the subject of
many scientific researches [2].

IR is characterized by activation of the lipid
peroxidation and complement system, leukocyte-en-
dothelial cellular adhesion, platelet-leukocyte aggre-

gation and increased microvascular permeability.
Under the most severe form of IR, it can lead to
multiple organs’ failure and death [3, 4, 5].

IR is a complex phenomenon that includes not
only intracellular injuries, but also damaging inflam-
matory response. Both of these processes are an
integral part of the pathogenetic networks. Anoxic
cell injury predominates in the ischemic phase. The
reduced mitochondrial ATP generations violate cell
ion homeostasis with activation of hydrolases and a
decrease of selective permeability of cell membrane.
The immune response is initiated to resupply lack of
blood. Resident cells of the damaged tissue, deriva-
tives of blood cells and extracellular elements, such
as the complement system are activated and other
molecules are activated by alterate pathways. Cel-
lular damage that occurs in the reperfusion phase
may either be the result of cellular alterations that
has already occurred in the ischemic stage, or may be
fromthe consequence of theinflammatory response.
Intracellular damages are in part the same as those
involved in anoxic cell injury. In addition, activation
of intracellular signaling cascades and apoptotic
mechanisms may take place [6].

It has been experimentally confirmed that in the
pathogenesis of myocardial infarction, due to IR,
there are many pathways, including disorders of the
ion channels' activity, growth of active forms of oxy-
gen, inflammation and endothelial dysfunction [7].
Research of experimental myocardial infarction in
rats by a group of scientists has shown that a combi-
nation of sevoflurane with pre-ischemic preparation
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protected rats from myocardial injury induced by
ischemia and reperfusion partially via inhibition of
TLR4 / MyD88 / NF -KB signaling pathway, significant-
ly reduced the size of myocardial damage, reduced
secretion of inflammatory cytokines and the expres-
sion of proapoptic factors but led to activation of an-
ti-inflammatory agents [8].

During liver damage after “warm” hepatic ische-
mia sinusoidal endothelial cells and hepatocytes are
first targets in the early “cytotoxic” phase. At this
time, apoptosis and cell necrosis remain. It is believed
that Kupffer cells can play an important role in ini-
tiating the cytotoxic effect on liver cells, and they are
a source of reactive oxygen species and proinflam-
matory mediators, especially the tumor necrotic fac-
tor-Alpha. Disruptions of microcirculatory are a conse-
quence of the imbalance between vasoconstrictors
and vasodilators, such as nitric oxide. This leads to
reperfusion damage. There is an averment that the
initial period of IR has hepatoprotective effects and
can be reproduced with drugs that cause oxidative
stress, as well as with IL-6 and TNF [9]. Oxygen-derived
free radicals have been implicated as a mediator of
the microvascular and parenchymal cell injury asso-
ciated with reperfusion of ischemic tissues [10, 11].

During ischemia caused by a hemostatic tourni-
quet, the following complications are mostly observed:
ischemia and damage to the nerves in the pressure
zone of tourniquet, edema of limb, pallor of skin,
weakness of muscles without paralysis, pain [12, 13].
Although the turnstile is an effective tool for fast
stopping of critical bleeding, its use within 2-3 hours can
trigger irreversible processes of dying out of tissues
due to stop of bleeding and, in difficult cases, to limb
amputation [14].

Three days after 4 hours of ischemia, 46 % of
the cross-sectional area of affected muscle were
identified as necrotic. And after 4,5 hours — necrosis
increased to 75 % [15].

The concentration of glycolytic metabolites and
the content of high energy phosphates in skeletal
muscle were analyzed after various times of tourniquet
ischemia during operation in bloodless field. On the
background of moderate growth in the ischemic limb
of phosphocreatine, an expressed increase of lactate
(in 4-5 times) was observed. Obviously, the reason for
a moderate increase in glucose and glucose-6-phos-
phate was the activation of glycogenolysis. Since ische-
mia lasted from 30 to 90 minutes in these cases, then
changes of indexes were detected after 5 minutes [16].

Similar results about extraordinary growth (in
14 times) of lactate were received by another group
of scientists. Also, they determined decrease of skin
temperature from 35.9 to 33.5 degrees, which quick-
ly dropped to that level in the first 15 minutes, after
which it was held at this level [17].

In research of the electrolytes' content, the
maximum increase of plasma potassium in the ope-
rated leg was observed in the first minutes after
tourniquet release. However, the total and intracel-
lular concentration of this electrolyte, as well as so-
dium, did not significantly changed [18]. Also it was
revealed that the gas pressure in the tissues is a
more sensitive method for evaluating hypoxia on IR
after tourniquet than the evaluation of the partial
pressure of gases in venous blood of the ischemic
limb [19].

Research of interstitial pressure have shown that
after two hours in both examined muscles, it was
significantly increased although in the early acute
period (up to 24 hours), depending of the group of
muscles, the difference in the values of partial
pressure 02 and CO2 was marked. Swelling and
metabolic changes depended on the anatomical area
on which the tourniquet has pressed. Also, the level
of glucose and phosphocreatine has significantly
decreased, whereas glucose phosphate and lactate
increased significantly [20].

Interesting and extensive data of the treatment
and prevention of complications of IR-limb syndrome
are available.

The decrease of the temperature from 24 to
22 degrees caused necrotic lesions of the shin muscle
of the experimental rats from 80 % to 29 %. That was
equivalent to a reduction of ischemia duration for
30 minutes. So, it is important to consider both in the
modeling of experimental violation and in prevention
measures [21]. Another research has shown that
moderate coolingininitialischemia (up to 20 degrees)
effectively protects against post-ischemical necrotic
muscle changes, while cooling on the reperfusion
background does not have such an effect [22].

Thus, thrombolysisinacute limbischemiabecame
the first-line therapy, although in some cases surgical
intervention is also required. Treatment with tissue
plasminogen activator is used in many circuits for this
purpose [23]. In this case, other scientists advise to
apply controlled reperfusion with low pressure
perfusion in the low temperature conditions. It is also
advisable to use a leukocyte filter. The initial re-
perfusate should be hyperosmolar, hypocalcemic,
have a moderate alkaline pH, and contains free radical
scavengers, for example, allopurinol [24].

These recommendations are ultimately relevant
for patients with the effects of turnstiles. Among
latest data there are application of adrenomedullin
and vascular endothelial growth factorin experimen-
tal rats [25], which improved antioxidant protection
and had some protective effect on the skeletal
muscle of animals; the protective effect of one of
three mammalian signal transduction proteins and
the gene encoding it (Sonic Hedgehog) on the
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background of ischemia-reperfusion in skeletal
muscle of rats has been proved [26].

Another group of scientists emphasizes that in
order to improve experimental animals state it, is
important to reduce the emigration of activated
leukocytes, which, in fact, was achieved by entering
with therapeutic aim for animals of “Daphlon-500"
remedy [27]. Antioxidant medication may help to
lower ischemia reperfusion injury [28].

In experimental results of researchers group,
which practiced the entering of pentoxifylline before,
during and after the ischemic period, significant
necrotic changes were observed in the muscles of
both groups (treated and non-treated), but they were
less expressed on the pentoxifylline background. So,
they concluded, effect of pentoxifylline is similar to
therapeutic effect of hypothermia [29].

Also, entering of pentoxifylline in the early reper-
fusion period (after 4 hours) in a model of unilateral
hindlimb ischemia reperfusion injury had positive
therapeutic effect on reduction of cellular necrosis,
degeneration of renal tubules, and glomerular size,
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Ozn190u iimepamypu, OpU2iHaIbHi 00CAiIONCeHHS, no2ss0 Ha npobsiemy, rosiner
MOEQJOJ'IOFILIHIHTA METABOJ1IYHI 3MIHHU, CMTPUYUHEHI CUHOPOMOM
ILLEMII-PENEP®Y3II, TA OCOBJIMBOCTI TEPANEBTUYHOIO BMJIMBY HA HUX

©H. B. BonoToBCbKa, A. F0. lopoBaHa, [,. HKaHca Annia
JIBH3 «TepHoninbcbKul depycasHuli MeouyHul yHisepcumem imeHi I. A. lopbayescbko2o MO3 YkpaiHu»

PE3KOME. Y cTaTTi NpoaHani3oBaHo NiTepaTypHi AXXepesa LWoAo NpUYMH Ta 0Co6AMBOCTEN PO3BUTKY CMHAPOMY
iweMii-penepdysii, a TakoX nNpoABM NaTodizioNoriYHMX 3MiH 3a YMOB BMJIMBY YMHHMKIB 30BHIlUHbOrO CepeaoBuLa.
JocnigxeHo BNAWB NiKyBasibHO-MPOdINAKTUYHNX 3aXOAiB, HAMpaB/EHMX Ha 3MEHLUEHHS 06cAry ypaxkeHHsa. Koau
MAETbCS NMPO XXMBJIEHHS KOXKHOIMO OPraHa, TO MakoTb HA YBa3si NMPUMJNB OKCMIeHOBAHOI KPOBI, WO MiCTUTb TakoX i
HYTPIEHTW. lweMiq, byayym CTaHOM 06MeXEHHA YN MPUNUHEHHA KPOBOMOCTAYaHHSA, MA€ YNCEHHI MPUYMNHM — FTOCTpi Ta
XPOHIYHI.

MeTo AOCNiAXKEHHSA € CMCTeMaTM3alia NPUYKH | 0cO6MBOCTEN CMHAPOMY ileMii-penepdysii, a TakoX NposBu
natodisioNnoriyHMx 3MiH nig BnIMBoM ¢akTopiB HABKOIMLLIHbOIO CEpeA0BULLA.

3MiHK, AKi BUKIMKAE ilLIeMif, MOXYTb PO3BMBATUCA AECATMPIYYAMK (KAapAioBackynApHi Ta LepebpoBacKy/ApHi
XBOpOo6M). A € i Taki, L0 BUHMKAIOTb Ha T/1i NOPIBHAHO KOPOTKOrO NMPOMIXKY Yacy 1 NoB’'A3aHi i3 panToBMM MPUMNUHEHHAM
KpoBomnocTayaHHA (embonii, TpomMb603, CMHAPOM IOBrOTPMBAIOro CTUCKAHHA Ta OAMH i3 MOro pi3HOBMAIB — YCK/TAAHEHHS,
LLIO BUHWMKAIOTb Ha T/1i BUKOPUCTAHHA KPOBOCMMHHOTO A)KIYTa, @ TAKOX TYPHIKETA 3 METO MPUMMHEHHSA KPOBOMOCTa4YaHHSA
opraHa nif, 4ac onepatdii).

Came BuA iWwemii, AKNA NpU3BOAMTbL OO BiAHOBSIEHHS KPOBOTOKY, CMPUYMHAE 0CobanBMIA PEHOMEH, KOJn
BiAHOB/IEHHA KPOBOMOCTAYaHHS iLLEeMi30BaHOI TKAHMHM NPU3BOANTb A0 L CUbHILIONO YIWWKOAKEHHA TKAHWH, HiXK Ti, O
BMHMKAIOTb Ha T/1i i30/1b0BaHOI illeMmii. Lie ABuLLe OTPMMAIO Ha3BY CMHAPOMY ilWeMii-penepdysii. CuMAToMamMu roctTpoi
ilemii KiHUiBKK € 6inb, HAabpAK, BTpaTa ¢GYHKLii Ta MOpYyWEHHA CTaHy HepBa. Asie B CKJIQAHMX BMMAAKaX Le MoXe
NPU3BECTUN A0 YPAXKEHHSI BCbOrO OPraHi3my.

KJIKOYOBI CJIOBA: iweMis; iwemis-penepdysis; KpOBOTEYa; TYPHIKET; CKeNeTHi M'A3U1; eKCNepUMEHT; HeKpo3;
anonTos.

MOP®OJIOr'MYECKUE U METABOJIMMECKUE USMEHEHWS, BbI3BAHHbIE CUHAPOMOM
MWWEMWN-PENEP®Y3UN, N OCOBEHHOCTU TEPANEBTUYECKOW KOPPEKLLUA

©H. B. BonoTtoBckas, A. 0. logoBaHa, [. HkaHca Annua

BY3 «TepHonosibckuli 20cydapcmaeHHbil MeouyuHcKul yHusepcumem umeHu Y. 1. lopbavyescko2o
MO3 YkpauHbi»

PE3FKOME. B cTaTbe aHaINM3MpyOTCA INTEPaTypHble AaHHbIe O MPUYNHAX N XapaKTepUCTUKAX Pa3BUTUA CMHOPOMA
nwemmnn-penepadysmnmn, a TakXKe NposBIEHNA NAaTOGMU3NONOTMYECKMX U3MEHEHWI NOL, BANSHMEM HaKTOPOB OKpyXato-
Len cpeabl. MiccnefoBaHo BAMAHWE e4ebHO-NPOPUNaKTUYECKMX MEPOMNPUATNIA, HANPAB/IEHHbIX HA CHUXXEHME NaToJ10-
rMyecknx npoasaeHnn. Korga peyb naet o NMTaHUKM KaXkKoro opraHa, To MMeeTcs B BUAY NPUTOK OKCUIEHWPOBAHHOM
KPOBW, KOTOPas TakXXe COAEPXKNUT N HYTPUEHTbI. Mwemusa, byayumn cocTosHMEM OFPaHNYEHMA UK NPEKPaLLEHNS KPOBO-
CHabXXeHMA, UMEET MHOTOUYNC/IEHHbIE NMPUYMHbBI — OCTPbIE U XPOHUYECKKe.

Lenblo nccnenoBaHUa SBASETCA CUCTEMATU3ALNSA MPUYMH N OCOBEHHOCTEN CMHAPOMA MleMuu-penepdy3mm, a
TaK>Xe NPOsiBAEHMIN NATOON3MOSIOrMUYECKMX M3MEHEHNI NOA BIMAHNEM GAKTOPOB OKPYXXatoLLen cpeabl.

MN3MeHeHMs, KOTOpble Bbi3bIBAET MULIEMMSA, MOTYT Pa3BMBATLCS AECATUIETUAMM (KapANOBACKYNspHble N Lepebpo-
BaCKy/IApHble 6os1e3HN). A eCTb 1 TaK1e, KOTOPble BO3HMKAIOT Ha GOHE CPABHUTEIbHO KOPOTKOFO MPOMEXYTKAa BPEMEHM
N CBSA3aHbl C BHE3AMHbIM NpeKpaLLeHneM KpoBocHabxeHma (3Mb6onnmn, TpoMb603, CUHAPOM AJNTESILHOrO CAABAEHMA U
OAMH W3 ero pasHOBUAHOCTEN — OCJIOXKHEHWS, BO3HMKaKOLWMe Ha POHE NCMO/Ib30BaHNS KPOBOOCTAHAB/IMBAIOLLLETO XKIY-
T3, @ TAKXKe TYPHUKETA C LieJ1bto NpeKpaLLeHma KpOBOCHAbXXeHNs opraHa Bo BpeMs onepawmm).

MMeHHO BMA, NLLIEMMK, KOTOPbIV MPUBOAMT K BOCCTAHOBJIEHMIO KPOBOTOKA, BbI3bIBAaET 0COOLIN heHOMEH, KOoraa BOC-
CTaHOBJIEHME KPOBOCHAOXEHNS NWLEMN3NPOBAHHON TKaHN NPUBOAMT K elle bonee CMIbHOMY NOBPEXAEHMIO TKAHEN,
YyeM Te, KOTPble BO3HMKAIOT H3 GOHE N30IMPOBAHHOM MLLEMMU. DTO IBAIEHWE NOIYYMII0 Ha3BaHME CMHAPOMA ULLEMUK-
penepody3nn. CUMNTOMaMM OCTPOM ULLEMUN KOHEYHOCTK ABNAOTCA 601b, 0TEK, NoTepa GYHKLUNN 1 HapYLLUEHME COCTOS-
HMA HepBa. HO B C/IOXKHOM COCTOSIHMM 3TO MOXET MPUBECTM K NOPAXXEHMIO BCErO Tena.

KJIFOYEBbBIE CJIOBA: niemus; niwemnsi-penepdysns; KpOBOTEYEHWNE; XIYT; CKEJIETHbIE MbILLbl; €EKCNEPUMEHT;
HeKpo3; anonTos.
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