DOI:10.15360,/1813-9779-2014-3-59-74

B momomp mpakTuKyomemy spauy

NHO®OY3UOHHbIE AHTUTUIIOKCAHTBI
ITP KPUTNYECKUX COCTOAHUAX ¥V AETEU

IO. C. Anekcanaposuy, K. B. [TmenncHoB
Cankr-IlerepOyprekuii rocy IapCTBEHHBIN MeUaTPUIECKIH

MmeaunuHcekuil yuusepeutet, Cankr-IlerepOypr, Poccus

Infusion Antihypoxants in Children
with Critical Conditions

Yu. S. Aleksandrovich, K. V. Pshenisnov

Saint Petersburg State Pediatric Medical Academy, Saint Petersburg, Russia

Tunokcust ¥ nNoBpesk/ieHe MUTOXOH/IPHI SBJISIETCS KII0UEBbIM 3BEHOM NATOTeHe3a M TAaHATOHEHe3a NPH KPUTUYECKOM COCTOS-
HHH, YTO CBUJIETEIBCTBYET O HEOOXOANMOCTH €€ MPO(PUIAKTHKU U MAKCHUMAJIbHO ObICTPOro ycrpanenus. Ileas uccredosanus —
nposecty aHam3 3G HEKTUBHOCTH U 6€301IaCHOCTH IPUMEHEHHsT HH(Y3HOHHBIX AHTHIMIIOKCAHTOB Y JI€Tel B KPUTHYECKOM CO-
CTOSIHHH Ha OCHOBAHHH Pe3YJIbTaTOB HAyYHbIX HCCIeoBanmii. Mamepuanvi u memoovi. B aHaans BKIIOYEHBI JOCTYIHbIE HCCIIe-
JIOBaHuUs1, MOCBsIeHHble UH(DY3UOHHOI Tepanuu y AeTeil 1 paGoTbl MO HCIOJIb30BaHUI0 MH(DY3UOHHBIX AHTUTHIIOKCAHTOB Y
B3POCJIBIX 32 1epuoz ¢ 2005 no 2013 r. Ilouck nposoaumm B Meaununckux 6azax PubMed u Cochrane Library npu Haiumunu cBo-
60aH0r0 KOCTYNA K Iy OsmKkannn. Pesynsmamot uccredosanus. B anams 6bu10 Bemoueno 70 uccnenosanmii. [lpencrasiena na-
TOMU3NOIOTUS ¥ NATOGHOXMMUS THIIOKCHI KPUTUYECKUX COCTOSIHHIA Y JIETeid, IETATBHO PACCMOTPEHBI COBPEMEHHbIE TIPUHIAITbI
ee Koppekuuu nyreM uHdy3uoHHOI Tepamun. Oco0oe BHIMaHUE Y/IEIeHO aHAIN3Y HCCIIEI0BAHHIA, TIOCBSIIEHHBIX OeHKe (-
dexTrBHOCTH U 6€30MACHOCTH PACTBOPOB SHTAPHOI KUCIOTHI y AeTel. IIpoeMOHCTPUPOBaHbI OCHOBHbIE IOKA3aHUS U IPOTH-
BONOKAa3aHUs /ISl UX UCNIONb30Banusl. 3akxaovenue. Iipumenenye uH(y3MOHHBIX AHTUTMIIOKCAHTOB Y JIETEll HA OCHOBE CyOCT-
paros mukina KpeGca (manar, cykuunar) siiasiercst 3¢@EKTUBHOI U NEePCHEKTUBHONH METOAMKONH WHTEHCHBHOI Tepamuu u
KOPPEKIUH THIIOKCUH KPHTHYECKHX COCTOSIHUIA, KaK Y B3POCJBIX, TAK U y /IeTell. YUuTbIBas1, YTO paGOTHI IO IPUMEHEHHIO HHDY-
3MOHHDIX AHTUTHIHIIOKCAHTOB Y JIeTel B HACTOsIIEE BPEMSI HEMHOTOUMCJIEHHDI, HEOOXO/IUMO IPOBE/IEHNE AATbHENIINX HCCIIE0-
Banuii. Kntouegote cnosa: nndysnonnas repanusi, 1€TH, aHTUTHIIOKCAHTBI, CYKIIMHAT, SIHTAPHAS KUCJIOTA.

Hypoxia and mitochondrial damage are a key component of the pathogenesis and tanatogenesis of a critical condition, sug-
gesting the need for its prevention and maximally rapid elimination. Objective: to analyze the efficacy and safety of infusion
antihypoxants used in critically ill children from the results of researches. Materials and methods. Available investigations
dealing with infusion therapy in children and papers on the use of infusion antihypoxants in adults in 2005 to 2013 were
sought in the medical databases PubMed and Cochrane Library with their free availability and analyzed. Results. The analy-
sis included 70 trials. The pathophysiology and pathobiochemistry of hypoxia in critically ill children are given; the current
principles of its correction by infusion therapy are considered in detail. Particular emphasis is placed on trials evaluating
the efficacy and safety of succinic acid solutions in children. Main indications for and contraindications to their use are
demonstrated. Conclusion. The use of Krebs cycle substrate-based infusion antihypoxants (malate, succinate) is an effec-
tive and promising procedure for the intensive therapy and correction of hypoxia in both adults and children with critical
conditions. Considering the fact that papers on the use of infusion antihypoxants in children are scanty, there is a need for
further investigations. Key words: infusion therapy, children, antihypoxants, succinate, succinic acid.
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Kputnueckue cOCTOSTHUS SIBJIAIOTCSI OCHOBHOI TIPH-
YMHON HEOMATOIPUATHBIX U JIETAJTbHBIX MCXOA0B MHOTUX
3a00JIeBaHMUIl JIETCKOTO BO3pACTa, CPEM KOTOPHIX OCHOB-
HBIMH SIBJISIOTCS HeHPONHQEKIINH, TpaBMaTHIeCKIe Topa-
JKEHUS IIEHTPATBbHOI HEPBHOM CUCTEMBI, OTPABJIEHUST, OCT-
pble XUpyprudeckue 3aGoJieBaHMsI OPTaHOB OPIONIHOL
moJsiocty u cerncuc [1—6].

ExkerosiHo B ycJOBUSX OT/EJCHUS PeaHUMAIUU U
UHTEHCUBHON Tepanuu Hyskaaoores 6omee 230 000 gereid.

Critical illness is a the major cause of unfavorable
outcomes and deaths in all children's diseases. The latter
include neuroinfections, traumatic damages of the central
nervous system, poisonings, acute surgical abdominal dis-
orders and sepsis [1—6].

Annually more than 230 000 children require treat-
ment in intensive care and reanimation units representing
more than 6% of all children admitted to hospitals.
Moreover, children under the age of 1 year require the hos-
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I10 cocrapIsiet Gosee 6% OT Beex JieTel, MOCTYMUBIINX B
CTAIMOHAPBI, TIPU 9TOM JIETH B BO3PACTE JI0 TO/IA HYK/A-
forcst B rocnuranuzanun B OPUT B 10—25 pas yaiie 1mo
CPaBHEHMIO C TAIMEHTaMU JPYTMX BO3PACTHBIX TPYIIII,
YTO CBUAETEIBCTBYET O HEOOXOAUMOCTH TIOCTOSIHHOTO 110~
BBIIIEHUS KAuecTBA OKA3aHUsI PEAaHUMAIMOHHON TTOMOIITH
JIETSIM C MCTIOJTb30BAaHUEM BCEX BO3MOXKHBIX PecypcoB [6].

Kputnueckoe cocTosiHre — 3T0 KPaiHsist CTENeHb JIio-
6OI4, B TOM YHC/IC ATPOTCHHOM TTATOJIOTUH, TIPA KOTOPOU Tpe-
GyeTcst HCKYCCTBEHHOE 3aMellleHIe WU TIOJIEPKKA JKU3HEH-
HO BKHBIX (DYHKIIMIT OPraHM3Ma B CBSI3H C BBIPAYKEHHBIMH
HapYIICHUSIMUA MEXaHU3MOB aytoperyJsityn [7—10].

OCHOBHBIM KJIFOUEBBIM 3BEHOM IaTOTEHe3a JIIoOOoro
KPUTHYECKOTO COCTOSTHUS SIBJISIETCS] TUIIOKCEMUST U TUTIO-
KCHSl, CTETIEHb BBIPAKEHHOCTH KOTOPBIX 1 OTIPEEJISIOT UC-
X0/ 3a00JI€BAHNS, HE3aBUCUMO OT TIPUPOJBI TIEPBUYHOTO
moBpexaaorero daxropa [1—5, 9—11].

TUIIOKCHS MMEeT MECTO MPAaKTHYECKH MPU JIH0O0M
KPUTHUYECKOM COCTOSIHUHM, TPUYEM 3TO XapaKTEPHO Kak
JUTSL HAYQJIBHBIX CTJIME MTATOJOTMYECKOTO MPOIIeCca, TaK 1
JUISL er0 TepMUHAJIBHON (hasbl. [unokcust ssiercs: 06s13a-
TEJIbHBIM YCJIOBHEM rHOe/IU KJIETKH 1 OPraHU3Ma YeI0BeKa
B 1esiom [8§, 9, 12—14].

3HaueHUe OCTPOW TUIIOKCHU [IJIsI TIOBPEXKICHUS
KJIETKN YCUJIMBAECTCS ¥ TeM (DAKTOPOM, UTO, HE3ABUCUMO OT
ee BHUja (TMIIOKCHUYECKasl, JIbIXaTeJbHAs, reMuvyeckas |
JIp.), TIPU JJINTEJIBHOM CYIIIECTBOBAHUN OHA PAHO MJIU T10-
3JIHO MEPEHIET B TKAHEBYIO, UTO MPHUBEJET K CHCTEMHBIM
HAPYUIEHVSIM JI0CTABKU 1 NOTPeOJICHUS KUCJI0Poia 1 rube-
s opranmsma |7, 12—15].

B xmanyeckoil npaktuke HamboJee 4acToi mpudau-
HOIi Pa3BUTHsI TUIIOKCUU SIBJISIIOTCST 3200/ I€BaHUS JIbIXATeb-
HOU U CEPJIEYHO-COCY/INCTON CHCTEM, JIEKAIINE B OCHOBE JIbl-
XaTeTLHO 1 IINPKYJIATOPHON runokent [ 3, 5, 16].

Eciii B ocHOBe ibIXaTe/IbHOI THIIOKCUHU JIEKUT He-
JIOCTATOYHOE TIOCTYIIJIEHUE KUCJIOPO/ia U3BHE M HapyIiie-
Hus ero uddysnn Ha ypoBHE aabBeOJIO-KANIIISPHTO
Gapbepa, TO OCHOBAaHMEM Pa3BUTHS HUPKYJIATOPHOU TH-
MMOKCUU SBJISIIOTCS HapyliieHus rnepdy3uu B cCTeMe MU-
KPOIMPKYJISAINU, OCHOBHBIMM U3 KOTOPBIX SIBJISIOTCS
umemus u cras [7, 12, 15, 16]. B ocHoe rubenu KjieTku,
Ha (hOHE JJIUTETHHO COXPAHSIONIENHCS THIOKCUH, JIEKUT
nuchyHKIUsS MUTOXOHApUil. Ha HavanbHOM aTare, npu
IUIIOKCUU JIF0OOTO reHe3a B MUTOXOH/IPUSAX YMEHbIIAeT-
Cs1 CKOPOCTh adPOOHOIO OKHMCJIEHUSI M OKUCTIUTENbHOIO
dbochopunuposanus. ITo NPUBOAUT K 3HAUYUTETLHOMY
CHUIKEHUIO 3a1acoB a/leHO3UHTPUGOCHOPHOIT KNUCI0THI
1 YBEJIMYEHUIO KOHIIEHTPAIMHU a/[EHO3U/INH- U MOHO(DOC-
(ara, uTo 1 JNEKUT B OCHOBE CHUIKEHUS (DYHKIIMOHAIb-
HBIX BO3MOJKHOCTEH KJIeTKHU.

Ymenbirenne koadbunmenra ATO/ALD + AMOD
MPUBOAUT K akTuBaImu depmerta GpochobpyKTOKNHASHI,
4TO CHOCOOCTBYET YBEJIUYEHUID CKOPOCTU PEaKIUi aHa-
9POOHOTO IIIMKOIN3A.

Ha gannoM ararie poOMCXOANUT aianTalus KJIETKU K
TUIIOKCUU U 9HEPreTHdYecKuii OasaHc cTabum3upyercs,
OJTHAKO 9TO COTIPOBOK/IAETCST MCTOIIEHNEM 3aI1aCOB IJINKO-
reHa U yBeJUYeHNEeM KOHIIEHTPAIY JIAKTATa B KJIETKe.

pitalization to the ICRU 10—25 times more often in com-
parison to the patients of other age groups. This indicates
the necessity for constant improvement of the quality of
resuscitation of children using all possible resources [6].

Critical illness is an extreme degree of any pathology
(including iatrogenic), which requires replacement or arti-
ficial support of vital body functions due to severely
impaired autoregulation mechanisms [7—10].

The main points of a critical illness pathogenesis
are hypoxemia and hypoxia. The severity of the con-
dition determines the outcome of the disease regard-
less the nature of the primary damaging factor [1—5,
9—11].

Hypoxia occurs in almost any critical illness. This is
true for both initial stages of the pathological process and
its terminal phase. Hypoxia is a prerequisite for a death of
cells and an entirely human body [8, 9, 12—14].

The importance of acute hypoxia for a cell damage is
becoming more significant because regardless of the
hypoxia type (hypoxic, respiratory, hemic, etc.), sooner or
later, it will go toward the tissue hypoxia, resulting in sys-
temic oxygen delivery failure and consumption distur-
bances and then in an organism death [7, 12—15].

In clinical practice the most common cause of hypoxia
are diseases of respiratory and cardiovascular systems since
they cause respiratory and circulatory hypoxia [3, 5, 16].

If an insufficient supply of oxygen from the outside
and an abnormalities in diffusion of oxygen through the
alveolar-capillary membrane are considered as a base of
respiratory hypoxia, the causes of the circulatory hypoxia
development are perfusion disorders in microcirculation
system (mainly, stasis and ischemia) [7, 12, 15, 16].

The mitochondrial dysfunction represents the base
for cell death in a in prolonged hypoxia. At initial stage of
hypoxia of any origin the speed of aerobic oxidation and
oxidative phosphorylation in mitochondria decreases. This
process is accompanied by a significant reduction in adeno-
sine triphosphate store and increase in adenosin-diphos-
phate and adenosine-monophosphate concentrations that
leads to decreased functional activities of cells.

Decreasing the ATP/ADP/AMP levels leads to acti-
vation of the enzyme phosphofructokinase. This increases
the speed of anaerobic glycolysis.

At this stage, the cells adapt to hypoxia and the ener-
gy balance is stabilized. However, it is accompanied by
depreciation of glycogen store and lactate concentration
increase in the cell.

Lactate and phosphates accumulation in cell cyto-
plasm and blood leads to the fact that there is a systemic
and intracellular lactate acidosis. Under aerobic condi-
tions, the lactate can be completely oxidized, but under the
preferential anaerobic metabolism lactic acidosis becomes
the cause of cell death because it amplifies the progression
of acidosis. On one hand acidosis is a protective reaction as
it lowers alcalosis which leads to the stabilization of cell
membranes/ On the other hand acidosis causes denatura-
tion of proteins leading to dystrophia granulosa, which is a
primary morphological manifestation of acute hypoxia.
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Haxomrenne maxrtata m ¢dochatoB B IUTOIIA3ME
KJIETKU ¥ KPOBU TIPUBOJIUT K TOMY, UTO BOBHUKAET BHYTPHU-
KJICTOUHbIIT 1 CUCTEMHbIII JTaKTaT-aln103. B aspo6HbIX yc-
JIOBUSIX JIAKTAT MOKET ObITh OKKCJICH JI0 KOHIIA, OJHAKO B
YCIOBHSIX aHA9POOHOTO MeTaboIM3Ma JIAKTaT-alluI03 CTa-
HOBUTCS TIPUYMHON TrOen KIeTKH, 00YCI0BIEHHON TIPO-
rpeccupoBaHeM alu/03a.

C 0o11HOIT CTOPOHBI, aITN/103 SIBJISIETCST 3AIUTHON PeaKIn-
eil, TaK Kak [MPUBOJIUT K CTaOUIM3AI[MU KJIETOUHBIX MEMOPaH, a
C JIPYTOif — MOJKET CTaTh MIPUYMHON JIeHATYPAINH HEKOTOPBIX
GEITKOB 1 3ePHUCTO AUCTPOMIH, KOTOPAS SIBJISIETCST TTEPBIY-
HBIM MOP(OJIOTITYECKNM TIPOSIBJIEHIEM OCTPOI TUTTIOKCHH.

Kpome 3TOTO, OZIHUM M3 HETATMBHBIX MTOCJE/CTBUI
BHYTPHUKJIETOUHOTO JIAKTAT-AlU/I03a SIBJISIETCS W yTHeTe-
HUE OJTHOTO U3 OCHOBHBIX (hePMEHTOB IIMKOJIN3a — (oc-
dbodpyxrokunazsr (ODK), uro, B CBOIO 0Uepe/ib, MPUBO-
JIAT K yCyTryOJIeHUIO YKe UMEIOIerocst AeriuTa SHeprun
1 3aMBIKAET TIOPOYHBIN KPYT aHeprojiedurmra.

OHuM U3 KJI0YeBbIX (aKTOPOB MaTOreHe3a 9SHepro-
neuIuTa KIeTKH, BO3HUKAIONIETo Ha (DOHE OCTPOI TuIio-
KCHH, SIBJISIETCS] yTHETEHHE JIeSITEIbHOCTH TPAJIMEHT-CO3/1a-
IOIUX CUCTEM KJIETKH, OCHOBHON M3 KOTOPBIX SIBJISIETCS
HaTpUH-KaJneBbIi HAcoC.

CuienctBueM yruetenust (DyHKIMHM HATPHIi-KaJaHeBO-
TO Hacoca SIBJISIETCS THIOKAJIUTUCTHS, TUTIEPKATEMUsT 1
YMEHbBIIIEHNE TOTEeHIMala TOKOsl KJIeTKu. B pesysibrare
YMEHBIIEHNS MOTEHIINAJA TOKOST TTI0JI0KUTEIbHbBII TTOBEPX-
HOCTHBIN 3apsijl, CBONCTBEHHBI HOPMAJbHBIM KJIETKAM,
YMEHBINAETCS U JIAsKe MOKET MEHSThCSI HA OTPUIIATEIbHBII.
IIpuobperast OTpHUIIATEIBHBII TTOBEPXHOCTHBIN 3apsiil, MHO-
rMe KJIETKU CTAHOBSTCS MEHee YCTOWYMBBIMU K arperaruu
1 aJITe31H, YTO MOKET CTaTh IIPUUMHON TAKUX TUITOBBIX T1a-
TOJIOTMYECKUX TIPOIECCOB, KAK CIAJK 9PUTPOIUTOB 1 (Hop-
MUpOBaHue GesbiX TPOMOOB, JIeXKalMX B OCHOBE Hapylie-
HUI TKaHeBo 1epdys3un u TkaneBoii runokcun [17, 18].

Kpome atoro, yactuunast yrpaTa moTeHIIala HOKOsI
JIEKUT B OCHOBE CHUZKEHUS BO30YIMMOCTHU KJIETOK U Hapy-
MIEHUI MEKKJIETOYHBIX KOHTAKTOB, YTO OTMEYAECTCS YyrKe
Ha TIO3/IHUX CTAAUSIX TUIOKCUU. KIMHIUUECKIM TPUMEPOM
OTIMCAHHBIX TTATOJOTMYECKIX MTPOIECCOB SIBJISIETCS yTHETe-
Hre (DYHKIUI IeHTPaIbHON HEPBHOM CHCTEMBI N KOMa y
HOBOPOJK/IEHHBIX, pa3BUBIIasicss Ha (oHe NepeHeceHHO
acuKcHn B poziax TspKedoil crerenn [19—21].

Yruerenne yHKIUMN Kaauii-HaTPUEBOTO HACOCA AB-
JIIeTCs TIPUYMHON YBeJIMYEeHUs] KOHIIEHTPAIUU HATPUs
BHYTPH KJIETKH, YTO MPUBOAMUT K UX TUIEPTUAPATAIUN 1
HaOyxaHuo. Mop}osoruueckum nposiBJIeHUEeM TUIIOKCUY
Ha 3TOU CTaMU SIBJISIETCS <«MyTHOe HaOyXaHue», a IpH
JIaJIbHEHIIEeM TIPOTPECCUPOBAHUN MATOJOTUYECKOTO TIPO-
necca — «Gasmonnas gucrpodus» [12, 15, 16].

BoiiensioskeHHbIE MEXaHU3MbI TOBPEK/ICHUS KJIET-
KM, & UMEHHO — BHYTPHKJIETOUHAS TUIIEPrHU/pATAIMs, SIB-
JIFI0TCA 0OpaTMMOM CcTagneil HeKpoOmo3a, Korua IejeHa-
[IpaBJIeHHAs MHTEHCUBHAS TEPAINsI MOXKET I1PE/IOTBPATUTH
riybOKOe MOBPEKICHUE KJIETOYHBIX CTPYKTYD U yTHETE-
Hue GYHKIIMOHAIBHON aKTUBHOCTH KJIETKU.

OHuM 13 MoBpesKaaonux (akTOPOB OCTPOU U JIJIU-
TEJIBHO COXPAHSIIONIENCS] TUIIOKCUY SIBJISIETCST yBeJIMYeHne

One of the negative consequences of intracellular lac-
tic acidosis is an inhibition of one of the main glycolysis
enzymes — phosphofructokinase (PFK), which in its turn
leads to further increase of already existing energy deficit.
Thus one is facing up to the vicious circle of the energy crisis.

One of the key factors in the pathogenesis of cell
energy deficiencyis the inhibition of gradient-generating
cell systems activity. The main molecular mechanisms
involves the sodium-potassium pump.

A a result of the inhibition of the sodium-potassium
pump concentarion of potassium in celles is decreasing
whereas in blood hyperkalemia is defined that results in
decreased resting potential of the cells s. While decreasing
the resting potential of the cell the normally positive cell
surface charge decreases and may even be changed to neg-
ative. Because of aquiring a negative surface charge many
cells become less resistant to aggregation and adhesion,
which may cause such typical pathological processes as
sludge of red blood cells and the formation of white blood
clots. These processes underlie tissue perfusion disorders
and tissue hypoxia [17, 18].

In addition to that a partial loss of the resting poten-
tial is the basis of reduction of cell excitability and abnor-
malities within the intercellular contacts, which could be
observed lately in hypoxia. A central nervous system
depression of different degrees in newborns after severe
labor asphyxia may serve as a clinical example of the
described pathological processes [19—21].

Inhibition of the sodium-potassium pump function
causes an increase in intracellular sodium concentration.
This causes cell hyperhydration and swelling.
Morphological manifestation of hypoxia at this stage is
«cloudy swelling>. And with further progression of the
pathological process the <«ballooning degeneration»
appears [12, 15, 16].

The described mechanism of cell damage, namely
intracellular hyperhydration, represents a reversible stage
of necrobiosis. At this point a targeted intensive therapy
can prevent cell damage and inhibition of cellular functions.

One of the damaging factors in acute and long-last-
ing hypoxia is an increase of intracellular concentration of
ionized calcium [7, 12, 13, 16, 22, 23]. Calcium is not just
an electrolyte but represents a powerful second messenger,
the excess of which is highly toxic to the cells. The normal
intracellular concentration of calcium cations is main-
tained at a constant level due to the mechanisms of cyto-
plasmic calcium inactivation (ATP-dependent calcium
pump, sodium-calcium exchange mechanism). These
mechanisms quickly stabilize the cation concentration
inside the cell removing it from the cytosol and sequester-
ing it in calcisomes and mitochondria [23].

The initial increased intracellular calcium concentra-
tion is caused by a deficiency of energy for the calcium-mag-
nesium pump. Since the hypoxia progresses calcium enters
the cell not only through the calcium channels of the outer
membrane, but also from intracellular reservoirs and through
the damaged cell membrane; these events lead to significant
increase of calcium concentration [7, 12, 15, 16, 23].
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KOHI[EHTPAIUN WOHU3UPOBAHHOTO BHYTPUKJIETOUHOTO
kanpius [7, 12, 13, 16, 22, 23].

Kanpiuit B IaHHOM cJIydae BBICTYIAET HE TIPOCTO
KaK AJIEKTPOJIUT, & KaK MOTIHBII BTOPIMIHBIF MECCEHKED,
u30BITOK KOTOPOTO KpaiiHe TOKCUYEH ISt KJIeTKU. B Hopme
KOHIIEHTPAINS HOHU3UPOBAHHOTO KAJTBIINS BHYTPU KJIET-
KT TIO/IZIEPKIBAETCST HA TIOCTOSTHHOM YPOBHE 32 CYET MOTII-
HBIX MEXaHW3MOB WHAKTHBAIINN ITUTOMIA3MATUIECKOTO
kaspiust (ATD-3aBUCHMBII KalbIIMEBBIN HACOC, HATPUIL-
KaJIbIMEBbIi OOMEHHBIN MEXaHU3M ), KOTOPbIe OBICTPO CTa-
OUIMBUPYIOT KOHIIEHTPAIUIO 9TOI0 KATUOHA BHYTPU KJIET-
KM, yJaJjisisi €r0 U3 IIUTO30JI51, CBS3BIBASI M CEKBECTPUPYS
€r0 B KaJbIIMCOMAaX U MUTOXOH/IPUSIX [23].

VYBesmderre KOHIEHTPAIIMN BHYTPH KJICTKU BHAYATE
00y CIIOB/IEHO Ie(DUIIUTOM SHEPIUK Ui PAOOThI KaIbIHii-
MarHueBOTO HACOCA, OMHAKO 3aTeM, TIPU YIIYOJICHUN THIIO-
KCHUH, KaTbIUH TOMAIacT B KJIETKY He TOJBKO Yepe3 BXOA-
HbIE KaJIbI[EBbIEC KaHAIbI HAPY/KHOU MeMOPaHBbI, HO 1 U3 €r0
BHYTPUKJIETOYHBIX PE3EPBYAPOB, & TAKKE UEPE3 TTOBPEK-
JICHHbBIE KJIETOUHbIE MEMOPAHbI, YTO U IPUBOUT K KPUTHYE-
CKOMY HapacTaHWIoO ero KoutenTparm [7, 12, 15, 16, 23].

VI30bITOK KaJIbllist aKTUBUPYET sIIEPHbIE IHIOHYKIICa-
3b1, (PparMEHTHPYIOIIKE JE30KCUPUOOHYKICUHOBYIO KICJIOTY,
YTO SIBJISIETCS KJIIOUYEBBIM 3BEHOM HEOOPATUMOTO OBPEK/IE-
HUST KJIETKH KaK TP HACHJIbCTBEHHOM, TaK 1 TIPH €€ eCTECT-
BeHHOIT rubesin. Kpome 91oro, u30bITOK KaJibIiust IIPUBOJIUT K
YTHETEHWIO CHHTE3a a/IeHO3NHTpH(OCchaTa I aKTHBAITNN TTPO-
1ECCOB CBOOOIHO-PANMKAIBHOIO OKUCJIEHUST ¥ TIEPEKUCHOTO
OKHCJIeHUs1 JIMTIUIOB U Gesikos [7, 12, 15, 16, 23—25].

[Ipu HEOGPATMOM MOBPEKIECHUM KJIETKH MUTOXOH/I-
PUH 3aXBaTHIBAIOT 3HAYUTEIBHBIE KOJMICCTBA KATBITNS, YTO
NPUBOAKT K MHAKTUBALIMY UX (DePMEHTOB, JIeHaTyparmu Oei-
KOB 1 CTOIKOI yTpare criocobHocTu K npoaykiun ATD gaxke
TP aJIEKBATHOM TIOCTYTIJIEHUH KUCJIOPOA M3BHE M BOCCTa-
HOBJICHUM HOPMAJTLHOTO KPOBOTOKA, UTO JIETIACT ATy CTATHIO
HeKpoOKo3a IPaKTUIecKu Heobpatumoli [7, 12, 15, 16].

Takum 00pazoM, AeUIUT SHEPIUU, BHY TPUKIIETOU-
HbIII JIAKTAT-aln103, AUCOATAHC IEKTPOJIUTHOTO COCTABA
U yBeJIMYeHre KOHIEHTPAIINN HOHU3UPOBAHHOTO KAJBITHS
BHYTPU KJIETKU SIBJISIOTCST KJIIOYEBBIMU 3BEHbSIMU KJIETOU-
HOIt rubesiu Ha (hoHe ocTpoit runokcuu |14, 25].

3asepiias 00CyKIeHNME MOBPEKAAONIMX MEXaHU3-
MOB TUTIOKCHH, CJEAYET MOAYEPKHYTh, 4TO OHA OKA3BIBAET
HEeraTUBHOE BO3ENCTBUE He TOJHKO Ha KJETKY, HO U Ha
BECh OPTAHW3M B TIEJIOM, SIBJISISICH KJIIOYEBBIM 3BEHOM MaTO-
refe3a CHHIPOMA TIOJIMOPTAHHON AMCHYHKIINN UITH HETO0-
CTaTOYHOCTH KaK y JI€TEH, TaK M ¥ B3POCJHDIX, TTOPOKIAT
JucOaIaHC MEXaHM3MOB Ay TOPETYJISIIIMK U BbI3bIBAsI PACCT-
poiicTBa KPOBOOOPAILIIEHHUST, TEMOCTA3a, UHUIIUAIIMIO aTloll-
TO3a, TPOTPECCUPOBAHIE OPTAHHOM ANCGHYHKIINN 1 Pa3BU-
e nmmyHnogeduimra [7—10, 26, 27].

Vcxozist M3 BBINIEM3IOKEHHOTO, MOKHO YTBEPIKIATD,
YTO OCHOBHOM 3aj1auell Bpava aHeCTe3M0I0Ta-PEaHMAaToIOTa,
OKa3bIBAIOIIETO TIOMOIIh MAIMEHTY B KPUTIIECKOM COCTOSI-
HIUY, SIBJISIETCS IPEIOTBPAIEHIE U MAKCUMAIbHO ObICTPOE
yCTpaHeHue MPOosIBJIEHUIT THIIOKceMUH 1 rutiokenu [28—31].

OCHOBHBIMI METOIAMU KOPPEKIMH TUMOKCEMUN 1
YCTpaHEHUs] TUIIOKCHH SIBJISTIOTCST PECTIMPATOpPHAsT TOI-

Excess of calcium cations activate the nuclear
endonucleases that fragments the DNA. This is a key ele-
ment for irreversible cell damage in both violent and nat-
ural call deaths. Besides, an excess of calcium leads to inhi-
bition of the adenosine triphosphate synthesis and
activation of free radical oxidation and peroxidation of
lipids and proteins [7, 12, 15, 16, 23—25].

When irreversible damage to a cell occurs, mitochon-
dria capture significant amounts of calcium resulting in
inactivation of its enzymes, denaturation of proteins and
persistent loss of ability to produce ATP, even when an ade-
quate supply of oxygen from the outside is provided and a
normal blood flow is reestablished. This stage of necrobio-
sis is considered as an irreversible one [7, 12, 15, 16].

Thus, the energy deficit, intracellular lactic acidosis,
electrolyte imbalance and increasing concentration of ion-
ized calcium inside the cell are the key elements of the cell
death because of acute hypoxia [14, 25].

Concluding the discussion of the hypoxia damaging
mechanisms, it should be emphasized that it has a negative
impact on a whole body. Hypoxia is the main inducer of
pathogenesis of multiple organ dysfunction or failure syn-
drome in children and adults. It creates imbalance of
autoregulation mechanisms and causes circulatory disorders,
hemostasis, apoptosis initiation, progression, organ dysfunc-
tion and development of immunodeficiency [7—10, 26, 27].

Proceeding from the above, it can be argued that the
main task of an anesthesiologist-resuscitator assisting a
patient in critical illness is to prevent manifestations of
hypoxemia and hypoxia or to eliminate them as quickly as
possible [28—31].

The main methods of hypoxemia correction and
hypoxia elimination include respiratory support (oxygen
therapy, mechanical ventilation), infusion therapy, blood
transfusion and catecholamine support. It should be men-
tioned that all of these strategies of intensive care should
be applied comprehensively; otherwise, the effect would be
minimal or not achieved at all [3—5, 7, 26, 29].

This is due to the fact that an adequate supply of
oxygen from the outside does not mean that it is adequate-
ly transported through the body and is adequately accept-
ed by tissues and cells. This is evidenced in the well known
words of Robert Macintosh, the one of the founders of
modern anesthesiology: «There is enough oxygen in God's
fair air: we should only manage to bring it to the patient.»

Thus, the main goal of any treatment of patients with
critical illness is not only to provide an adequate supply of
oxygen, but also to ensure its transportation to cells
throughout the body, as well as to maintain optimal condi-
tions for its utilization.

As stated above, any hypoxia regardless its cause is
always accompanied by mitochondrial respiratory chain
damage and severe energy crisis. Even if the amount of the
income oxygen is sufficient, a cell is not able to consume
and utilize it. This is why it is necessary to introduce addi-
tional energy substrates capable to restore the functioning
of the mitochondrial respiratory chain and support the
vital activity of the whole cell [7, 12, 15, 16, 24, 25, 31, 32].
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JepkKa (OKCUTeHOTeparnust, UCKYCCTBEHHAS BEHTHUJISIIHS
JIETKKX ), WH(DY3MOHHAS Teparus, KaTeX0JaMUHOBAS TIOJI-
JIepKKa U TeMOTpaHChy3usi, TIPU ATOM CJIEAYET OTMETUTD,
YTO BCE YKa3aHHbIE CTPATETMW WHTEHCUBHON Tepamun
JIOJIKHBI TPUMEHSITHCS] KOMILIIEKCHO, TOCKOJIBKY B TIPOTHB-
HOM cirydae addexT Tepanuu OyAeT MUHUMAJbHBIM MK
BoOGIIe He Oyzer gocturuyT [3—5, 7, 26, 29].

ITO CBS3aHO C TEM, YTO JOCTATOYHOE TOCTYIIJIEHUE
KHCJIOPO/Ia M3BHE €I1le OTHIO/b He 03HAYAET €r0 a/IeKBaTHO-
TO TPAHCIOPTa HA CHCTEMHOM YPOBHE U AICKBATHOTO TIO-
TpebiieHns1 Ha ypoBHe TKaHell u Kietok. O6 aToM cBUIE-
TEJILCTBYET U IIUPOKO HM3BECTHOE H3PEYEHHe OJIHOTO W3
OCHOBOIIOJIOKHUKOB COBPEMEHHOIT aHecTesuosiornu Pobep-
ta MaxunTomnra: «B mo6pom BokbeM BO3IyXe M0CTATOYHO
KHCJIOPO/IA: HAJIO TOJIBKO CYMETh JIOBECTH €T0 /10 GOILHOI0».

TakuMm 00pasoM, IJIaBHas 3ajaya Tepanuu J00TO
KPUTUUYECKOTO COCTOSIHUSI — 9TO HE TOJIBKO obecIieueHne
aJIEKBATHOTO MOCTYIJIEHUST KUCJIOPO/IA, HO U €r0 TPAHCIIOP-
Ta K KJIETKaM, a TAK)Ke TO/IIepsKaHue ONTHUMATbHbBIX YCII0-
BUIH 7151 €T0 yTUTU3AINN.

Kax yske roBopuJioch Bbllile, 1100ast TUIIOKCHUSI, He3a-
BUCHMO OT TTPUIHUHBI €€ BO3HUKHOBEHNUST, COMTPOBOKIACTCS
MTOBPEKIECHNEM [IBIXATETHHON e MUTOXOHIPUN 1 BbIpa-
JKEHHBIM 9HEPTOAECDUITITOM, TIOITOMY JaKe TP TOCTATOU-
HOM TIOCTYIJIEHHH KKCJIOPO/A KJIETKA He CII0COOHA ero 1c-
[0JIb30BaTh, UTO CBUIETENbCTBYET O HEOOXOAUMOCTH
BBEJICHUS JIOTIOJIHUTE/IbHBIX 9HEPTETHYECKUX CyOCTPaTOB,
CIIOCOGHBIX BOCCTAHOBUTD (DYHKIIMOHUPOBAHKE JIbIXATEIb-
HOH IIemM MUTOXOHJPUH U TIOJIEPKATh KN3HEIesTelb-
HOCTb KJIETKU B 11esioM [7, 12, 15, 16, 24, 25, 31, 32].

VIMEHHO 1O3TOMY B MOCJIEJHUE TO/IbI OBLIO CO3IAHO
JIOCTATOUHO OOJIBIIOE KOJUUYECTBO MPENapaToB AJst HH(y-
31U, OOJIAIAIOIIUX [[UTOMPOTEKTOPHBIM JAeiiCTBUEM, HA KO-
TOPBIX MbI 1 OCTaHOBUMCST GoJiee 1oapobHo [33, 34].

OCHOBHBIM JIEHICTBYIOINM BEIECTBOM BCEX MH(DY3MU-
OHHbIX PACTBOPOB, 00/IAAIOIIMX IIUTOIPOTEKTOPHBIM 1 aHTH-
TUTIOKCHYECKUM 3(PQMEKTOM, SIBJSIOTCS CyOCTpPaThl UK
Kpebea (pymapar uimu cyKimHar), 00ecriednBaoliue IepeHoc
MTPOTOHOB HA TIMTOXPOMBI JIBIXATETBHOM TIeTTH KIeTKU [34].

OnnuM 13 TEpBLIX B KINHUYECKOH MPaKTUKE TIO-
aBuiicst «Madycoay, comepxkaniuii (hyMapoByio KHUCJTOTY.
OCHOBHBIM MOKazaHHeM [ HazHadeHust «Madyconas
SIBJISIIOTCSI THITOBOJIEMMUS], TUIIOKCHS PAa3JIMYHOTO TeHe3a,
UHTOKCHUKAIUS, OCTPOE HAPYIIEHHE MO3TOBOIO KPOBOOOPa-
TIEHVS TT0 UTITIEMUYECKOMY THITY.

B TO Ke BpeMst, OJTHUM U3 CYIECTBEHHBIX HEOCTAT-
KOB 9TOTO PacTBOPA, HEMO3BOJISIONIUM €0 MCII0JIb30BATh
y JIeTeil, SIBJsieTCsl BbICOKast KOHIeHTpalust HaTpus (280
MMOJIb/J1) U rutiepocMosisipHocTb (410 MOcm /1), uTo Mo-
JKET CONPOBOXKAATHCS PSAZOM MOOGOYHBIX U HEraTUBHBIX
3¢ dexToB, 00yCIOBIEHHBIX THIIEPHATPUEMUEI.

Cuieryer OTMETHUTD, UTO O HEOOXOAUMOCTU COANTAHCHU-
POBAHHOCTH HATPUSI W APYTUX HJIEKTPOJUTOB TOBOPIIT €TIle
M. C. MacsioB B 1928 ropy. B uactHocTH, B CBO€li MOHOTpa-
(buu «OcHOBBI yueHus1 0 pebeHKe u 0COOEHHOCTSIX ero 3a60-
JieBanuit» on numiet: «HanGosee cylecTBeHHbIM 1151 Opra-
HU3Ma SIBJISIETCSI HE TIPOCTOE TPHUCYTCTBUE OIPE/IETIEHHBIX
KOJIMYeCTB MUHEPATbHBIX COJIeH, a TPAaBUJIbHBIN MITHEPAJIb-

That is why in recent years a plenty of new pharma-
ceuticals for infusion with cytoprotective effects have been
suggested. Now we shall discuss them in details [33, 34].

The main active ingredient of all solutions for infu-
sions with cytoprotective and antihypoxic effect are the
substrates of the Krebs cycle (fumarate or succinate),
which provide proton transfer to the cytochromes of the
respiratory chain in cells [34].

One of the first solutions to appear in clinical practice
was «Mafusol», a drug which contains fumaric acid. The
main indications for «Mafusol» are hypovolemia, hypoxia
of different genesis, intoxication, acute ischemic stroke.

At the same time one of the significant disadvantages
of this solution is a high concentration of sodium (280
mmol/1) and hyperosmolarity (410 mOsm /1). This pre-
vents it from using in children because it may be accompa-
nied by a number of side effects and adverse effects caused
by hypernatremia.

It should also be mentioned that the necessity of bal-
ancing the sodium and other electrolytes was discussed by
Maslov M. S. far back in 1928. In particular, in his book
«Foundations of the studying of the child and the specifics
of his illness» he wrote: «The most important for the body
is not a mere presence of certain amounts of mineral salts
but the correct mineral proportion, the balance of ions. In
the body there is no permanent ionic equilibrium set for
ever. As transmineralisation occurs the tissue reactivity
changes. And vice versa, when the organism's excitability
changes, the body acts toward the establishinga new equi-
librium» [35].

In one of the studies devoted to the peculiarities of
infusion therapy of severe traumatic brain injury the
authors concluded that the optimal solutions to be
employed in children are balanced infusions [36].

The study included 42 patients with severe traumat-
ic brain injury. Nineteen of them (95%) were included in
the first group, where only 0.9% sodium chloride solution
was used and 13 patients (65%) got into the second group
and were administered a balanced solution. In order to
evaluate the efficacy and safety of infusion therapy, a pres-
ence of hyperchloraemic metabolic acidosis was estimated.
The latter was less evident in patients for whom the bal-
anced electrolyte solution was prescribed. The difference
was statistically significant compared to the first group.
There were no significant adverse effects on the intracra-
nial pressure regardless of the type of solution, as there
were no significant differences found between groups.
There was also an absence of significant differences in the
frequency of deaths between the two groups.

Currently the most commonly used antihypoxant
infusion is «Sterofundin». The latter represents a balanced
electrolyte solution with malate as an antihypoxant com-
ponent [34].

In a paper by Gorbatyh S. V. et al. (2010) the posi-
tive effects of «Sterofundin isotonic» was demonstrated as
a component of a complex intensive care of patients with
central nervous system disorders. In particular, it was
shown that the use of this solution contributes to the nor-
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HBIIl COCTaB, paBHOBECHE HOHOB. B opranusame HeT mocTosiH-
HOTO, Pa3 HaBCeT/la YCTAHOBJIECHHOTO MOHHOTO PAaBHOBECHST,
NoA00HO TOMY, KaK BMECTe ¢ TPaHCMUHEpaJu3alueil HacTy-
[aeT U3MEHEHUEe PEaKTUBHOW CIIOCOOHOCTH TKaHEH, Tak 1
Hao6OPOT, IPU U3MEHEHUN PasAPasKIMMOCTH OPraHU3M CTa-
paeTcst yCTaHOBUTH HOBOE CBOE paBHOBecHe» [35].

B ozHoit u3 mocieaHux paboT, TOCBSIIEHHBIX 0CO-
GeHHOCTSAM UH(DY3UOHHOI TepaIiu IPH TSKENON YepPerTHo-
MO3TOBOI1 TPaBMe, aBTOPbI TAKIKE TIPUXO/ISAT K 3aKTIOUEHUTO,
YTO ONITUMAJIBHBIME PACTBOPAMHU JIJIs IPUMEHEHUS Y JleTei
SBJSAIOTCSE cOaTaHCUPOBaHHbIe HH(Y3MOHHbBIE cpesbl [36].

B wuccienoBanue ObLI0 BKIIOYEHO COPOK JIBA TIAIN-
€HTa C TSKeJI0H YepermHO-MO3TOBOH TPAaBMOI, N3 KOTOPBIX
neBatHaanarh (95%) BOULIM B TEPBYIO TPYIIY, T/AE HC-
nosb3oBasicst Toapko 0,9% pacTBOp XJI0puaa HATPHUS U
TpuHaaath (65%) — BO BTOpyIo, rae mpuMeHsics cba-
smancupoBanubiii pactBop. C 1enbio onenkn a¢hdeKTuB-
HoCcTU 1 6e30TacHOCTH HH(DY3MOHHON Tepaliy OlleHUBa-
JIOCh HaJIM4YKe TUIEPXJIOPEMUYECKOTO MeTaboJMYeCKOTO
alu/103a, KOTOPBIN ObLI MEHEe BbIPa)KeH B TPYIINe Halu-
€HTOB, TJIe MCIOJIb30BAJICS COATAHCUPOBAHHBII AJTEKTPO-
JINTHBI PacTBOP, YTO SBUJIOCH CTaTUCTUYECKH 3HAUU-
MBIM TI0 CPaBHEHHIO C TIOKA3aTEeJsIMU TEPBOW TPYIIIBI.
Cyl1iecTBeHHBIX HeraTUBHBIX 3(h(EKTOB Ha TOKazaTesu
BHYTPUUYEPEITHOTO JIABJICHUS, HE3aBUCHUMO OT THUMA HC-
[0JIb3YEMOT0 PACTBOPA, BbISIBJIEHO He OBLIO, O UeM CBUjIe-
TEJbCTBYET OTCYTCTBUE 3HAYMMBIX Pa3JU4YUil MEXIY
rpyniiaMu. 3Ha4UMble PA3JIUuns 110 4aCTOTE JIeTaJbHbIX
HCXOJIOB TaK)Ke OTCYTCTBOBAJIN.

B Hacrosmee BpeMs € 11eJIbI0 KOPPEKIINT THITOBOJIE-
MHU ¥ OCTPOIl TMIOKCUU HarboJiee MUPOKO UCIIOJIb3YIOT
TaKoil MH(Y3UOHBII aHTUTUIIOKCAHT, KakK «CTepodyHaAnH>.
«CrepodyHuuts> sBJsieTcs: cOaTaHCUPOBAHHBIM JJIEKTPO-
JINTHBIM PACTBOPOM, B COCTAB KOTOPOTO B KAUECTBE AaHTUTH-
nokcanra Bxoaut Maiar. B pabore Top6areix C. B. u coasr.
(2010) ObLIM IPOJEMOHCTPUPOBAHBI MOJIOKUTEIbHbBIE D~
(exrpr «CrepodyHIMHA NB0TOHNYECKOTO> B KOMILJIEKCHOH
WHTEHCUBHOMW TePaIiy MAIMEHTOB ¢ 3a00/IeBAHUSIMU 1I€HT-
pasibHOIT HEPBHOM cucTeMbl. B yacTHOCTH, GBLIO OTMEYEHO,
YTO UCIOJIb30BaHUE HTOIO PACTBOPa CIOCOOCTBYET HOpMa-
JIN3AIUY AJIEKTPOJIUTHOTO COCTABA IJIa3Mbl KDOBU M COKPa-
IIEHUIO BPEMEHU HA MPUTOTOBJIEHUE JIEKAPCTBEHHBIX MH-
(by3noHHBIX cpesl HA OCHOBE Pa3JIMYHbIX MpenapaToB [37].
E/MHCTBEHHBIM HEZOCTATKOM 3TOTO PACTBOPA SIBJISIETCS
BBICOKAsl KOHIIEHTPAIMS MOHOB XJIOPA, UYTO TaKKe MOXKET
YCYTYOUTD yoKe UMEIOTIHIACS MeTaboIMIeCKuil alujio3, Ko-
TOPBIII XapaKTEPEH PAKTHIECKHU JIJIs1 JIFOOOr0 KPUTHUECKO-
r0 COCTOSIHMSL, OCOOEHHO €CJIU YYeCTh, YTO OOJBIINHCTBO
KPUCTAJIOU/IHBIX PAcTBOPOB, 10 ypoBHIO pH sBisitoTcs
kucapivu (tabo. 1).

B macrogmee BpemMs B psajge paboT ObLIO MOKa3aHo,
YTO MacCcUBHAsE MH(Y3UST KPUCTATJIOU/IHBIX PACTBOPOB MO-
JKET CTaTh IPUYMHON TSKEJNOrO TUIEPXJIOPEMUYECKOTO
aln103a, YT0 OCOOEHHO CJIEYET YUUThIBATD B [IeUATPUIE-
CKOI IPaKTUKeE, TIOCKOJIbKY pe3epBbl OMKapOOHATHOU Oy-
(bepHoit cuctemspr y sereii kpaiine orpannuenb [38—41].

B pa6ore Shaw A.D. et al. (2012), 8 koTopoii o1eHu-
BaJIACh YACTOTA PA3BUTHUS PA3JIMUHBIX OCTIOKHEHMH Ha (o-

malization of the electrolyte balance of the blood plasma
and to the reduction of time needed for preparing medici-
nal infusion solutions based on different drugs [37].

The only disadvantage of this solution is the high
concentration of chloride ions, which can also increase the
already existing metabolic acidosis. This is typical for any
critical condition, especially if you bear in mind that most
of crystalloid solutions have acidic pH level (Table 1).

By nova days it has been shown in a number of stud-
ies that a massive infusion of crystalloid solutions may
cause severe hyperchloremic acidosis. This should be taken
into consideration, especially in pediatric practice, since
reservoirs of the bicarbonate buffer system in children are
very limited [38—41].

Thus, Shaw A.D. et al. (2012) estimated the frequen-
cy of various complications occurrence while infusions of
0.9% sodium chloride and balanced solutions containing
calcium ions were administrated. They showed that the
mortality rate in patients for whom only 0.9% sodium chlo-
ride was used, was 5.6% that was significantly higher than
the mortality in the second group of patients administered
with a balanced electrolyte solution (2.9%). The differ-
ences found between the two groups were statistically sig-
nificant [40].

Furthermore, one or more serious complications were
observed in patients for whom the «physiological» sodium
chloride was used (33,7 vs 23%; p<0.001). Post-surgery
nosocomial infection (p=0.006), development of acute renal
failure requiring renal replacement therapy (»p<0.001), lack
of electrolytes (p=0.046) and necessity of acidosis correc-
tion (p=0.02) were also more common in the group of
patients administered with 0.9% sodium chloride solution.

According to these results the authors concluded that
administration of balanced crystalloid solutions containing
calcium solutions were beneficial for patients undergoing
major surgery and significantly reduced the mortality.

In some cases infusion of calcium-containing solu-
tions resulted in undesirable effects and provoked further
calcium reperfusion paradox. Besides, in most cases
patients undergoing large surgical procedures received
antibacterial therapy of which the ceftriaxone was pre-
scribed most commonly. Howver, the latter was not com-
patible with infusion fluids containing calcium. Adding
ceftriaxone to these solutions may result in formation of
precipitates of ceftriaxone calcium salts, which can cause
kidney damage and renal failure.

One of the modern infusion antihypoxants is
«Polyoxifumarin». However, its use is also limited in pedi-
atric patients because of its hyperosmolarity (410 mOsm/1)
and imbalance. It should also be mentioned that the main
active substance in «Polyoxifumarin» is polyethylene glycol
which is a synthetic colloid and might be a point of concern-
mostly in adult patients with critical illness [42—48].

Studies employing the «Polyoxifumarin» infusion in
pediatric patient were rare and in a limited number of
patients [43, 48].

In particular, in a study performed by Selivanov E. A.
et al. (2010) «Polyoxifumarin» was demonstrated to be
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Xapakrepucruka pH KpUCTA/LUIONHBIX PACTBOPOB.
Crystalloid solution pH level.

Solution pH
Blood plasma 7,35—7,45
0,9% Sodium Chloride 6,0
Ringer's solution 6,0
Sterofundin isotonic 4,6—5,4
Sterofundin G5 3,0-5,0
Reamberin 6,0—8,0

Ipumeuanue. Solution — pactsop; Blood plasma — mrasma kposu; Sodium Chloride — pactsop xsopuza narpust; Ringer's solution —
pactBop Punrepa; Sterofundin isotonic — crepodynann uzoronnueckuii; Sterofundin — crepodyHnaus; Reamberin — peamGepuH.

me nupysnn 0,9% pacTBopa HATPUSI XJIOPUAA U cOATAHCH-
POBAHHOTO PACTBOPA, COAEPIKAIIETO MOHBI KaJIbIKsl, ObLIO
MIPOJIEMOHCTPUPOBAHO, YTO JIETATIBHOCTD B IPYTITIE HAIlMEH-
TOB, T/I€ UCTOTBb30BaICs TOTbKO 0,9% pacTBOp XIopnia Ha-
Tpus, coctaBuia 5,6%, 9TO OBIIO CYIIECTBEHHO BHITIE TT0-
KazaTeJieil BTOPOW TPYMIIbI TAIMEHTOB, TJ€ TPUMEHSICS
cOaaHCUPOBAHHBIN BIEKTPOIUTHBIN pacTBOp (2,9%). Bbi-
SIBJICHHBIE PA3JINUUsI MEK/LY IPYIIIIAMU SIBUJIUCH CTATUCTH-
yeckn 3HAYMMBbIME [40].

Kpome 21010, HEOOXOMMMO OTMETUTH, YTO OIHO U3
6osree Cepbe3HBIX OCTOKHEHIIT OTMEUATNCH B TPYTITIE Ma-
IIMEHTOB, TAE WCIOJb30BAJCS «(HU3MOJOTHUECKUIT» pac-
TBOP xsopuaa Harpus 33,7 vs 23%; p<0,001).

[Tpucoepunenne mocjaeonepannoHHON HO30KOMHU-
anmpHOM nHMexnu (p=0,006), pazBuTie ocTPoil MOYEIHOH
HEeOCTAaTOYHOCTH, TIOTPEOOBABIIEH TIPOBEICHNST 3aMECTH-
TesibHOI Toueunoi tepanuu (p<0,001), nedurur snext-
posutos (p=0,046) 1 HEOOXOAMMOCTh B KOPPEKIIUK allu-
no3a (p=0,02) takxke waiie oTMedanach B TpyIIe, Tie
ncronsoBasicst 0,9% pacTBOP XJIOpUIA HATPUSL.

Ha ocHOBaHMU TIOJyYEHHBIX PE3YJIBTATOB ABTOPBI
NPUIIIK K BBIBO/LY, YTO KCIIOJb30BaHUE cOANaHCHUPOBAH-
HBIX KPUCTAJJIOUIHBIX PACTBOPOB, COJIEPIKAIIUX PACTBOPbI
KaJIbIiKst, 00JIalaeT MOJIOKUTENbHbIM a(p(heKToM y marnu-
€HTOB, HYXK/IAIOUIUXCS B OOUIMPHBIX XUPYPIUUECKUX BME-
1IaTeJIbCTBAX, U MPUBOJNUT K CYIIECTBEHHOMY CHUKEHUIO
JIETAJILHOCTH.

B 10 3Xe BpeMst HeJib3si He OTMETUTB, UTO B PSIJIE CJIy-
4yaeB MCIOJIb30BAHKME KaJIbIIUIi-COAEPIKANUX PACTBOPOB
MOJKET COMPOBOXK/IATHCS HEKeJIaTeTbHbIMK ahdexTamMmu 1
CIIPOBOIUPOBATh yCyryOJieHUe KaJblMeBOro perepdysu-
OHHOTO T1apajiokca. Kpome atoro, cieiyetT OTMETUTb, YTO B
GOJIBLIMHCTBE CIIYYaeB BCEM TAIIUEHTaM ¢ OOLUIMPHBIMU XU~
PYPrUUYECKMMU BMEIIATEIbCTBAMU HPOBOAUTCS aHTUOAK-
TepuasbHas Teparus, MPUYeM Yalle BCEro UCIIOJIb3YyeTCst
11e(TPUAKCOH, KOTOPbIH HECOBMECTHM € MH(DY3MOHHBIMHU
cpejiaMu, cofiepRaiMu Kasabiinii. Pazseienue redrpuax-
COHa 9TUMU PACTBOPAMH MOJKET COTIPOBOKAATHCSI 00Paz0-
BaHUEM TPEIUITUTATOB KaJIbIIUEBBIX COJIEN 11eTPUAaKCOHA,
YTO MOJKET CTaTh IIPUUUHOM TTOPAKEHUS TOYEK U Pa3BUTHS
MMOYEYHOI HEJIOCTATOYHOCTH.

O/iHUM U3 COBPEMEHHBIX MH(Y3MOHHBIX aHTUTHITOK-
CaAHTOB SIBJISIETCS ¥ MTOJMOKCU(DYMAPUH, OJIHAKO €T0 UCITOJIb-
30BaHME TAKXKE OTPAHUYEHO B TIEINATPUUECKOIT TTPAKTUKE B
cuity ero runepocmoisipaoctu (410 MmOcm /i) u HecOanaH-
cupoBaHHOCTH. Takke cJie/lyeT OTMETUTb, YTO OCHOBHBIM

helpful for resolving the hypovolemia in children, normal-
ization of the acid-base balance and electrolyte balance
with no side-effects [43].

The study included 40 pediatric patients requiring
elective surgery that caused blood loss so that colloidal
solutions had to be used. The studied group of patients
included children aged from 1.5 to 16 years, the volume of
blood loss was 12+1,5 ml/kg of body weight. The average
volume of infusions was 11+0,9 ml/kg of body weight and
varied from 4 ml/kg to about 20 ml/kg. Based on these
results it was concluded that <«Polyoxifumarin» has a
hemodynamic effect, comparable to other colloid solutions
based on gelatins and hydroxyethylstarchs.

Similar results were obtained in the study performed
by Lekmanova A. U. et al. (2010) where «Polyoxifumarin»
was used for infusion therapy in infants with severe ther-
mal injury [48].

A number of experimental studies with the aim to
evaluate the efficiency of polyethylene glycol also demon-
strated its positive effects [49, 50].

In particular, it was shown that polyethylene glyol
conjugated to human serum albumin (HSA-PEG) has a ben-
eficial effect on cardiac function compared to usually used
colloidal plasma substitutes. Besides, the improvement of the
heart function due to increasing blood volume because of the
PEG-HSA helped maintaining and recovering homeostasis,
improving survival prognosis, functional recovering and a
significant decrease of a blood loss. Thus, it allowed doctors
to reduce the expected blood deficiency and significantly
decrease the rate of complications and mortality.

At the same time while using the synthetic colloids,
we should not forget about the sad historical experience of
administering synthetic colloids based on polyvinylpyrroli-
done, the first of which was «Periston».

«Periston» was synthesized by a well-known
German chemist Walter Reppe in 1939 on the basis of
formaldehyde and acetylene. The derived polymer had a
molecular weight of 20—35 kDa and had quite a big num-
ber of free polar groups, which allowed it to retain water
inside the vessels. Similar solutions have been derived in
many countries, but as soon as it started being used in clin-
ical practice, immediately a significant adverse effects of
the drug came to light, which led to the renunciation of its
administration.

One of the most serious side effects of solutions
based on polyvinylpyrrolidone is their ability to accumu-
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JEHCTBYIONNM BEIIECTBOM TOJHOKCH(DYMapHHA SBISETCS
MOJTMATUICHTIIUKONID — CUHTETUYECKUN KOJITTOWJ, TIPIMe-
HeHre KOTOPOTO B TTEeIMAaTPUIECKON MPAKTHKE B HACTOSIIEE
BpeMsi TpeOyeT TPOBeeHUsT JaNbHEHIIMX UCCAeI0BAHUIA,
XOTS B psizie paboT 1 ObLIM MOKA3aHbI €T0 TOJIOKUTEIbHbIE
a(deKThl, HO B GOJIBIIEH CTEIIEHN 3TO KacaeTcsl B3POCJIbIX
MAIIMEHTOB B KPUTHUECKOM COCTOSTHUN [42—48].

PaGorbl, 10CBsAIIEHHBIE UCHOIb30BaHM0 <«Ilommno-
Kkenpymaputay y aete, eIMHAYHBI ¥ HOCAT TPEABapH-
TeJIbHBII XapakTep [43—48].

B wactrocTH, B nccirenoBanny, BoimoHernoM Cenn-
BaHOBBIM E. A. cOaBT., GbLJIO TIPOJIEMOHCTPUPOBAHO, UTO HC-
nostb3oBanme «Ilommokendymapinas TPUBOANT K yCTpare-
HUIO TUIIOBOJIEMUM Y JIET€il, ClocoOCTBYET HOPMAJIM3aIlU
MoKazaresiell KICITOTHO-OCHOBHOTO COCTOSTHUST U 9JIEKTPO-
JIITHOTO OajlaHCa U He COIPOBOXKIACTCS MOOGOYHBIMU -
(bexramu [43].

B uccaenosatnue ObLIo BKAOYEHO 40 TanueHTOB
JIETCKOTO BO3PACTA, HYKAAIONIIXCS B TTAHOBBIX XUPYPTH-
YeCKUX BMEIIATENbCTBAX, COMPOBOKIABITIXCS KPOBOTIO-
Tepel, uTo MOTPe6GOBaI0 Ha3HAUEHUST KOJUIOUAHBIX pac-
TBOPOB. B mccenyemyto rpymiry maiuenToB BOILIN CTH
B Bo3pacte ot 1,5 10 16 siet, 06beM KPOBOIIOTEPH COCTABUI
12£1,5 mu/kr Maccest Tena. Cpeaauii o6beM uHpY3uu co-
craBua 11£0,9 mMu/Kr Macewl Tema u Kosmebasics B TIpese-
Jiax ot 4 mui/Kr 10 20 mi/kr. Ha ocHOBaHMM 1OJTy4eHHbBIX
PE3yJIBTaTOB OBLIIN ClIeTaHbl BBIBOBI, uTO «Ilommokcudy-
MapuH» 00J1a1aeT TeMognHaMuIecKuM a3 GeKToM, conoc-
TaBUMBIM C IPYTUMU KOJUTOWTHBIMUA PACTBOPAMU Ha OCHO-
B€ JKEJATHHDI U THAPOKCUITUIKPAXMATIOB.

[Too6HbIe pe3yILTaThl OBLIM MONYYEHBI 1 B paboTe
A.Y. Jlekmanosa u coast. (2010), re nomokcudymaput uc-
TIOJTB30BAJICST [TST TIPOBEZICHNST MH(DY3MOHHON TepaIiu y jie-
Tell PaHHETO BO3PACTA C TSIKETION TEPMUYECKOi TpaBMoii [48].

B psae 3apyGekHbIX UCCIIeA0BAHU, TOCBSIEHHbIX
orerke a(hHEKTUBHOCTH UCTIONB30BAHUS TTOTHOKCHPYyMa-
puHa y jereii, Takske ObLIK IPOAEMOHCTPUPOBAHBI €0 M0~
soxuTensibie adderTts [49, 50].

B uwactHOCTH, OBLIO MTOKA3AHO, UTO TIOJMITUIEHTIU-
KOJIb, KOHBIOTMPOBAHHBII C CBIBOPOTOUHBIM aJlbOYMUHOM
yenoseka (I[IDT-CAU), oxasbiBan GIaronpusaTHOE BJIM-
HHUe Ha CepedHyo (hYHKITUIO TT0 CPABHEHUIO C TPAIUIIIOH-
HBIMHU KOJUIOUAHBIME TITa3Mo3aMeHuTessiMu. Kpome ato-
ro, yJaydiieHue paboThl cepla Ipy yBejnueHun oobema
KkpoBH ¢ 1omolibio [IDT-CAY crocobeTBOBAIO MojIepKa-
HUTO ¥ BOCCTAHOBJIEHUIO TOMEOCTa3a, YIyUIIEeHNIO TPOTHO-
32 BBIKMBAEMOCTH, (DYHKIMOHAIHLHOMY BOCCTAHOBJIIEHHIO
U 3HAYUTETHHOMY YMEHBINEHNIO PAcXoa KPOBH, TO3BO-
JIsist, TAKUM 00Pa3oM, YaCTUYHO COKPATUTD OKUIAEMBblil J1e-
U KPOBYU M 3HAYUTETHHO CHU3UTH YACTOTY OCTOKHE-
HUW 1 CMEPTHOCTb.

B T0 ke BpeMmsI, TIPH UCTTOH30BAHIN CUHTETHYECKUX
KOJIJIOJIHBIX PACTBOPOB He CJielyeT 3a0bIBaTh O eYaIbHOM
MUCTOPUYECKOM OTIBITE€ TMPUMEHEHVST CHHTETUIECKUX KOJI-
JIOUIOB HA OCHOBE TOJMUBUHUJIMUPPOTIUIOHA, TEPBBIM U3
KoTOpbIX ObLT «ITepucTon».

«IlepucToH» ObLI CUHTE3UPOBAH U3BECTHBIM HEMEI[-
kM xuMukoMm Basbrepom Pernmie B 1939 romy Ha ocHoBe

late in the cells of the mononuclear phagocyte system for
many years. This can cause immunosuppression and car-
cinogenesis. Additionally, because of having a pronounced
ability to form complexes with other substances such solu-
tions may decrease the effect of some therapeutic drugs.

The main way of excretion for polyvinylpyrrolidone
solutions is via kidneys. While passing through the
glomeruli, it gets into the tubular system of nephrons. This
leads to a diuretic effect and may cause damage of the
tubular epithelium of the nephrons. Generally it is refers to
low-molecular solutions. This is because there is a restric-
tion for their usage in pediatric practice. In particular, the
daily dose of these drugs should not exceed 5.6 ml/kg, and
the children of the first year of life can not get them at all.

In addition, it is hardly not to note a high probabili-
ty of anaphylactic reactions while using polyvinylpyrroli-
done solutions because the latter promote of direct mast
cell degranulation.

Thus, the only relative indication for infusion solu-
tions based on polyvinylpyrrolidone in children is intoxi-
cation due to low molecular weight toxins with a relative-
ly low specific apparent volume of distribution, which
means that there is a presence of clinically significant free
fraction of substance in plasma [51].

In practice, the only solution based on
polyvinylpyrrolidone is «Gemodez», which is a 6%
solution of a synthetic colloid in pilyionic solution. The
average molecular weight of polyvinylpyrrolidone in
the solution is 12.6 kDa, although there are molecules
which weight varies from about 5 kDa to 45 kDa in the
solution.

Nowadays the «Gemodez» solution is prohibited in
clinical practice, but there was created a new drug
known as «Neogemodez», it has the average molecular
weight of 8 kDa [52].

The main differences between «Neogemodez» and
«Gemodezu» are only that «Neogemodez» is less reacto-
genic, has stronger rheological and diuretic effects and
quickly leaves the body of the patient. But the risk of kid-
ney damage and immune suppression remains and that is
why we still can not use it in critically ill children.

Side effects of polyvinylpyrrolidone derivatives are
typical for solutions based on polyethylene glycol, so their
use today is possible only in the absence of other more
effective and safer alternative drugs.

One of the intravenous infusions with a complex
effect, which is quite widely applied in pediatric practice is
«Reamberin». It is an infusion antihypoxant based on suc-
cinate or succinic acid. It has a strong cytoprotective effect
which was evidenced in a sufficiently big number of stud-
ies, provided both in adults and in children.

In particular, this medicine is widely used in neurology,
toxicology, abdominal surgery, cardiology, etc. [5, 55—59].

In children it is widely used while inflammatory dis-
eases of the abdominal cavity and peritonitis occur, as well
as purulent-septic diseases. The treatment results in devo-
lution of sepsis, hypovolemia elimination, normalization of
the blood system and acid-base status [3—5, 29].
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B momomp mpakTuKyomemy spauy .

bopmanbrernma n anerusnena. IloxydeHusiit mosumep
uMes MoJieKyJIsipHyto Maccy 20—35 k/la u obmanan gocra-
TOYHO OOJIBIIUM KOJUYECTBOM CBOOOAHBIX IOJISPHBIX
IPYIITHPOBOK, YTO MO3BOJISIIO YAEPKUBATH BOLY B COCY/IU-
CTOM pycJjie. AHAJIOTUYHBIE PACTBOPBI ObLIM CO3AAHBI BO
MHOTHX CTPaHaX, OJHAKO KaK TOJBKO €r0 CTaJu UCIIOJIb30-
BaTh B KJIMHUYECKOI IIPAKTUKE, Cpasy ObLIM OTMEUYEHBI CY-
IIeCTBEHHbIe HeraTuBHbIE A((EKTH TpenapaTa, 4To mIpu-
BEJIO K OTKA3y OT €r0 MPUMEHEHNUS.

Onnum u3 Hanbosee cepbesHbx MoOOUHBIX a(PdeK-
TOB PacTBOPOB HA OCHOBE TOJMBUHUJITUPPOJINIOHA SBJIIS-
€TCs UX KyMYJISIHS B KJIETKAX CUCTEMbl MOHOHYKJIEAPHBIX
(haroruToB Ha OJITHE TOMBI, YTO MOKET CTATh NPUIHMHOI
UMMYHOCYTIPECCHHU U KaHileporeHnesa. Kpome atoro, obiia-
J1ast BBIPaKEHHOU CIIOCOOHOCTBIO 06PAa30BbIBATH KOMILJIEK-
Cbl C JIPYTUMH BEIIECTBAMM, 9TH PACTBOPBI MOTYT CTaTh
MIPUYMHON HUBEJIUPOBAHUS TEPANEBTHUECKOTO JIEHCTBUS
psijia mpenapaTos.

OCHOBHOI1 ITyTh BBIBE/ICHUSI PACTBOPOB MMUPOBUHMUJI-
MUPPOJINJIOHA TIPEJICTABJIECH TIOYKAMHU, MIPU TOM TPOIs
yepes KiyOOUKH, OH TI0NAJAeT B TYOYJISPHYIO CUCTEMY He-
(bpona, uto npuBOAUT K AnypeTHUecKkoMy addekTy U Mo-
JKET CTaTh NPUYMHON MOBPEXK/ICHUS KAHAJBIIEB ANUTEINS
Hedpona. B GoJiblieii creneHnu aTo npucylie HU3KOMoJie-
KYJISIPHBIM PAacTBOPAM, UTO JIEKUT B OCHOBE OrPaHUYECHUS
WX UCIIOJIb30BAHUS B MEIUATPUUECKOIT TIpakThKe. B yacr-
HOCTH, CyTOYHAS 1034 HTHUX IIPENapaToOB He I0JIXKHA TIPEBbI-
maTth 5—6 MJI/KT, a ¥ IeTell mepBOro rojia KU3HU UX UC-
0J1b30BaTh BOOOIIE HEJIb3SL.

Kpome 31010, HEJTb3sT HE OTMETHUTD U BBICOKYIO BEPO-
STHOCTb Pa3BUTHs aHA(DUIAKTUYECKUX PEAKINN TP HC-
M0JIb30BAHUN PACTBOPOB UPOBUHUJITMPPOJIUIOHA, T10-
CKOJIBKY OHHU CIIOCOOCTBYIOT TPSIMON JlerpaHyJIsIUK
TYYHBIX KJIETOK.

Takum 00pasoM, eJAMHCTBEHHBIM OTHOCUTEIbHBIM
MOKa3aHWeM JIJIsl MCTOJIb30BaHusT MH(MY3MOHHBIX PACTBO-
POB Ha OCHOBE TTOJIMBUHUJITTUPPOJIUIOHA Y JIeTel SIBJISETCS
UHTOKCUKAIK, OOYCIOBIEHHAS HU3KOMOJIEKYJISIPHBIMU
TOKCHMHAMHU CO CPAaBHUTEJIBHO MAJIbIM YJIEJbHBIM KaxKy-
muMcest 00beMOM PaciipeieJieHusl, TO €CTh IIPU HAJIUYUK
KIMHIMYECKN 3HAYMMOI CBOOOAHOM (hpakmm BemecTsa B
mrazme [51].

B oreuecTBEeHHOI NPAaKTHKe €JMHCTBEHHBIM Ipera-
paToM Ha OCHOBE TOJTMBUHUJIINPPOJINIOHA siBisiercs «[e-
MOJIE3», KOTOPBIN mpeacTaBasgeT coboit 6% pacTBoOp cuHTE-
TUYECKOTO KOJIJIOW/IA B TOJIMOHHOM PAcTBOpPE, MPH TOM
CPE/IHSISE MOJIEKYJISIPHAsl Macca MOJIMBUHUJITMPPOJIMIOHA
cocrasiisier 12,6 x/la, XoTsi B pacTBOpE NMPUCYTCTBYIOT KaK
MOJIEKYJTBI ¢ Maccoit okoso 5 Kna, tax n 45 k/la.

B nHacrostiee BpeMst ero UCIoJib30BaHUE B KJINHIYE-
CKOH IMpaKTHKE 3alpelieHo, OJHAKO ObLI CO3/laH HOBbIiI
npemapaT, M3BECTHBINI 1O/ Ha3BaHWeM <«Heoremomesy,
CpeIHnil MOJIEKJISIPHBIN BeC KOTOPOro cocrasisier 8 k/la
[52]. OcuoBHoe otmmume «Heoremonesza» ot «Iemomesas
3aKJII0YAETCS JIMIIb B TOM, YTO OH MEHEee PEeaKTOTreHEH,
umeet GoJiee BbIPAKEHHbBIET PEOJIOTUYECKUIT 1 1My PeTHYEC-
Kuil 9hPeKThl U MAKCUMAIbHO OBICTPO IIOKMJIAET Opra-
HU3M TIAIUEHTA, XOTSI PUCK MTOBPEKICHNUS MOYEK U UMMY-

Furthermore, it was demonstrated that «Reamberin»
helps preventing the development of perioperative
hypothermia in both children and adults [57, 58].

It should also be noted that, despite the fact that the
drug is approved only for use in children older than one
year, there is a number of papers that evidence the efficacy
and safety of «Reamberin» in neonatal practice [19, 60].

In particular, the work performed by Lazarev V. V. et
al (2003) demonstrated that using <«Reamberin» in
neonates requiring surgery greatly reduces the time of
postanesthetic depression. The drug was administered,
intravenously, slowly — being given during two minutes, a
dose of 2 ml/kg was given twice with a 10 minutes interval
after the first administration, 10 minutes before the end of
surgery [60].

The results of a study by Volodin N. N. et al (2005)
also demonstrated positive effects of indications of infu-
sion solutions based on succinate in newborns with perina-
tal hypoxia [19].

The study included 40 neonates who were adminis-
tered «Reamberin» intravenously in a dose of 5 ml/kg (75
mg/kg/s of sodium succinate) within 5 days. The authors
found that the use of infusion solutions based on sodium
succinate provides a strong cerebroprotective effect in
newborns with perinatal hypoxia. It should be mentioned
that the cerebroprotective effects of «Reamberin» were
mostly pronounced if it was administered early (in the first
12 hours), regardless of gestational age. Side effects were
not reported even in preterm infants.

Based on these results the authors concluded that
systemic antihypoxia and antioxidant effects of
«Reamberin» can significantly reduce the duration of
mechanical ventilation and reduce the incidence of com-
plications associated with its use. In addition, the use of
«Reamberin» significantly reduces the incidence of
periventricular leukomalacia in preterm infants requiring
mechanical ventilation and intensive care.

Similar results showing cerebroprotective effects of
infusion succinate solutions were obtained in a study per-
formed by Rogatkin S. O. and co-workers [20].

The study included 120 preterm infants with gesta-
tional age from 28 to 36 weeks, born in critical condition
and in need of intensive care after the immediate primary
resuscitation.

The main group where «Citoflavin» was used (the
main active ingredient of «Citoflavin» is succinate)
included 61 children. And there were 59 infants in the con-
trol group. The «Citoflavin» infusion was started within
the first 2—4 hours after birth at a dose of 2 ml/kg. The
plasma concentrations of a number of neurospecific pro-
teins (GFAP, NSE, MBP) were measured as one of criteria
in order to evaluate the effectiveness of the therapy.

The authors found that in children from the first
group, who received «Citoflavin», a rapider normalization
of CBS, pO,, PCO, and faster elimination of lactic acido-
sis were registered. This was statistically significant fact
that correlated with reduction in the severity and frequen-
cy of ischemic and hemorrhagic lesions of the CNS.
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HOCYTIPECCUU TO-TIPEKHEMY OCTAETCS, YTO HE MO3BOJISIET
€r0 UCIOJIb30BATh Y JIETEH B KPUTUUECKOM COCTOSTHUU.

[To6ounbie 3hGHEKTh MPOUSBOAHBIX MOJMBHHUI-
MUPPOJIUIOHA XaPAKTEPHBI M JIJIsl PACTBOPOB Ha OCHOBE
MTOJINATUIIEHTJINKOJIS, TOITOMY UX HUCIIOJb30BAHKE CEro-
JIHSI BOBMOKHO TOJIBKO [IPU OTCYTCTBUU APYTUX Oosiee a-
(heKTUBHBIX 1 OE30MACHBIX ATBTEPHATIHBHBIX MPEMapaToB.

Onnum n3 nHbY3MOHBIX MPEMapaToB KOMILJIEKCHOTO
JIENICTBUS, KOTOPBIN HAIIe] JOCTaTOYHO IIMPOKOE TTPUMe-
HEHUe B IIeMaTPUYECKON TIpaKkTuKe, sBisiercs «PeambGe-
puH» — UHGY3UOHHBI aHTUTUTTOKCAHT HA OCHOBE CYKITH-
HATa WU STHTAPHON KUCJIOTHI, 00JIaaI0MINI BbIPaKEHHBIM
IUTOMPOTEKTOPHBIM 3(hheKTOM, UTO IOKA3aHO B 10CTATOU-
HO GOJIBITTOM KOJIMIECTBE MCCIACAOBAHNIN KaK ¥ B3POCIBIX,
Tak u y nereit [54].

B wactHOCTH, TIpEnapar mmupoKo UCIOIb3YeTCs B He-
BPOJIOTUH, TOKCUKOJOIUU, abJOMUHAIBHOU XUPYpPruu,
KapauoJIoTHe u 1p. [5, 55—59].

Y neteit OH JIOCTATOUHO HIMPOKO HCIIOJB3YETCS TPH
BOCIAJIUTEJIbHBIX 3a00JIEBAHUSIX OPTAHOB GPIOIIHOM T10JIOCTH
U TIEPUTOHKTAX, THOHHO-CENITUYECKNX 3a00JIeBAHUSIX, UTO CO-
ITPOBOJK/IAETCST PETPECCUPOBAHNEM CENTUYECKOTO TIPOIIECCa,
yCTpaHeHUeM TUITOBOJIEMUH, HOMaIN3alnel IToKasaTeseit
CHCTEMBI KPOBU U KUCJIOTHO-OCHOBHOTO COCTOSTHUS |3, 5, 29].

Kpome 31010, 6b110 IIPOAEMOHCTPUPOBAHO, UTO «PeaM-
GepuH» T03BOJISIET TIPEIOTBPATUTD PA3BUTHE TIEPUOIIEPALIU-
OHHOM T'UTIOTEPMUN KaK Y JIeTel, Tak 1 Y B3POCJIbIX [57, 58].

Takske cieyeT OTMETHTD, 4YTO HECMOTPSI HA TO, YTO
IIperapar paspeliex /Jis UCII0JIb30BAHUS TOJBKO Y JeTeil
cTaplie rojia, €CThb psiji paboT, CBUAETENbCTBYIOMINX 00 3-
(dbexTUBHOCTH U GE30IIACHOCTU KCIIOJNb30BaHus1 «Peambe-
pUHA» U B HEOHATAIbHOI mpakTHKe [19, 60].

B wactHocTn, B pabore, Beimosnnennoin B. B. Jlazape-
BbIM U Ap., (2003) GbLIO POAEMOHCTPUPOBAHO, UTO KC-
nosib3oBanue «PeamGeprHay y HOBOPOSKICHHBIX, HY K10~
MUXCS B XUPYPrUYECKUX BMEIIATEIbCTBAX, CIIOCOOCTBYET
3HAUUTEJNbHOMY CHUKEHUIO BPEMEHU NOCJIEHAPKO3HOI Jie-
mpeccun. [Ipemapat BBOANICS IBAKIbI BHYTPUBEHHO M-
JIEHHO B TeYeHWe IBYX MUHYT B /103€ 2 MJI/KT C MHTEpPBa-
gom B 10 Mun mocsie mepBoro BBezaenus, 3a 10 mun 10
OKOHYaHUs OTIEPaTUBHOTO BMeniaTesbeTBa [60].

B nccinenosanun, seimonnennom H. H. Bomoguabim
u ap. (2005), OGN OJTyUYEHbI PE3YJIBTAThI, CBUAETENbCT-
BYIOIINE O TIOJOKUTETHHOM BIIMSTHUY NH(GY3UOHHBIX Pac-
TBOPOB HA OCHOBE CYKIIMHATA M Y HOBOPOK/ICHHBIX, Tepe-
HECIIUX TIepUHATaIbHYT0 rutokenio [19].

B uccnenosanme Bomio 40 HOBOPOK/IEHHBIX, KOTO-
pbIM BBOJMIM «PeaMGeprH» BHYTPUBEHHO B 103€ 5 MJI/KI
(75 Mr/KT/C CyKIIMHATA HATPUsI) B TedeHue 5 aueil. ABTO-
pamu ObLJIO BBISIBJIEHO, YTO NpUMEHEHUEe MH()Y3UOHHbIX
pPacTBOPOB Ha OCHOBE CYKIIMHATA HATPUS OKA3bIBAET JIO-
CTOBEPHBIN 11€peGPOIIPOTEKTOPHBIN a(HEKT Y HOBOPOIK-
JIEHHBIX, TIEPEHECTTNX MepUHATATbHYIO THIOKCHo. [Ipn
3TOM CJIE[lYET OTMETUTh, YTO 11e€PeOPOIPOTEKTOPHbIE
cBolictBa «PeambGepunas Obli HanGoJiee BHIPAsKEHbI TIPH
€ro panHeM npuMeHennu (B repseie 12 yacoB), He3aBUCH-
MO OT cpoka rectaiuu. [To6ounbix appeKToB naxke y He-
JIOHOTIIEHHBIX HOBOPOKICHHBIX OTMEUEHO He ObLIIO.

Besides, significantly lower levels of neurospecific blood
proteins were recorded in the children of the main group in
comparison to the children from the control group, indi-
cating that the drug has also the cerebroprotective effect.

One of the most widely discussed issues in pediatric
anesthesiology is the problem of an onset of cognitive
impairment in children in the postoperative period. This
indicates that such children are in need of preventive mea-
sures and an appropriate corrective therapy.

It was very clearly demonstrated in numerous stud-
ies by professor Ovezova A. M. and other authors that
anesthesia in children can cause cognitive impairments of
different severity levels and this may have a negative
impact on the child's developing brain [61—63].

One of the ways to solve this problem is administer-
ing various drugs with cerebroprotective effect within the
perioperative period, some of which are infusion solutions
based on succinic acid.

Ovezov A.M. et al. (2010) administered 20 ml of
«Citoflavin» diluted in 5% glucose solution to adult patients
who underwent laparoscopic cholecystectomy under a total
intravenous anesthesia immediately after the carboxyperi-
toneum was performed with a speed of 4.5 ml/min [62].
«Citoflavin» helped gaining a positive effect in a period of
postanesthetic rehabilitation, providing neuroprotection
and significant reduction (in half) of the time needed to
wake up, the time of extubation, orientation and readiness
for being transferred to another unit (1.6 times less).

The use of discussed methods to prevent cognitive
impairment is possible in pediatric patients. The authors of
this publication ascertained this ability of the drug many
times./ However, further research is needed in order to
widespread the use of infusion solutions based on succinic
acid in routine practice of pediatric departments of anes-
thesiology, reanimation and intensive care.

The study performed by Lazarev V. V. et al. (2001)
might serve as another argument for the latter suggestion.
Their work evaluated the effectiveness of the «Reamberin»
use for early activation of children after anesthesia [64].
The study included 91 children who were randomly
assigned into two groups, main and control groups. The
age of children varied from 1 year to 14 years. All the chil-
dren were undergoing elective surgeries; the risk of anes-
thesia was from 1 to 3 points of ASA scale.

The patients of the main group were administered
intravenously «Reamberin» bolus at a dose of 4 ml/kg.
The calculated volume of the solution was divided into
two administrations, every 10 minutes, the duration of
each being 2—3 minutes. The first administration was
made ten minutes before the end of the operation; the
second time went with the end of surgery (with the last
skin stich).

According to the clinical indicators and the BIS-
index it was shown that the use of «Reamberin» at a stage
of waking up from anesthesia leads to a shortening the
period of awakening of patients, may reduce the time of
recovery of motor activity and adequate respiration, accel-
erates the brain functions recovery.
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Ha ocHoBaHMM TTOJTyY€HHBIX PE3YJIBTATOB aBTOPAMMU
OBLIN CIETaHBI BHIBOJDI O TOM, UTO CHCTEMHOE aHTUTUTIOK-
CUYECKOe W aHTHOKCHIAHTHOE aeiicTBre <«PeambepuHas
MTO3BOJISIET CYIIECTBEHHO COKPATUTD TIPOJAOJIKUTEIBHOCTD
HUCKYCCTBEHHOIN BEHTHUJISIUU JIETKUX U CHU3UTH YaCTOTY
OCJIO}KHEHUI, CBSI3AaHHBIX € €ro npuMeHnerreM. Kpome ato-
ro, npuMeHeHue «PeamGeprHas TOCTOBEPHO CHUZKAET Yac-
TOTY BO3HUKHOBEHUS TIEPUBEHTPUKYJISIPHOH Jeifkomas-
1MUY HEIOHOTIIEHHBIX HOBOPOXK/ICHHBIX, HYKIAIOMIUXCS B
nposenernu VIBJI n nuaTeHCMBHOI Tepanmy.

AHaJIOTUYHbIE PE3yJbTaThl, CBUICTEIBCTBYIOIIIE O
1epeGpONpOTEKTOPHBIX ddheKrTax NH(DYZUOHHBIX PACTBO-
POB CYKIMHATA, OLIIN TOJYIEHBI U B MCCIETOBAHIH, BbI-
nosiHerHoM Poratkunbiv C. O. u coaBropamu [20].

B uccaenosanue 6b1o BrItOYeHo 120 HemoHOIIEH-
HBIX HOBOPOJK/ICHHBIX CO CPOKOM rectanuu 28—36 Hejelb,
POZIMBIIUXCST B TSPKEJIOM COCTOSIHUM M HY/KJIABIINXCS B
MIPOBE/ICHUY MHTEHCUBHON Teparuu 1ocJjie OKa3aHus mnep-
BUYHON peaHUMAITHOHHON TTOMOTIIH.

B ocnosuyio rpymiy, rie uctosbsoBasicsa «Iutod-
JIABUH», OCHOBHBIM JICHCTBYIOIIUM BEIECTBOM KOTOPOTO
SIBJISIETCS CYKIIMHAT, Boles 61 peGeHOK, a B KOHTPOJIbHY O
— 59 moBoposkaenubix. Undysuio «I{ntodaaBunas naun-
HaJIU B TIepBble 2—4 Jaca 1mocje POKAEHUs B 103€ 2 MJI/KT.
OpnuM u3 kputepueB 3(HOEKTUBHOCTH Tepanuu Oblia
OII€HKAa KOHI[EHTPAIIUHU B I1J1a3Me KPOBU psijia HepocIelu-
(puuecknx 6enkos (GFAP, NSE, MBP).

ABTOpaMu ObLIO BBISIBJIEHO, YTO B OCHOBHOU TPYyIIIe
HOBOPOJK/JICHHBIX, TToJyuaBumx «l{urodaasut», Gblia ot-
MeueHa GoJiee ObicTpas HopMmasusalus nokasareseit KOC,
pO,, PCO, n ycrpanenue JiakTar-aiujo3a, 4To SIBUJIOCH
CTaTUCTUYECKU 3HAUUMBIM U COOTBETCTBOBAJIO CHUKEHUIO
TSPKECTU U YaCTOTBI PA3BUTHS UIIEMUYECKIX U TeMOpparu-
yecknx nopazxkennii I[THC. Kpome aToro0, 66111 OTMEYEHBI
JIOCTOBEPHO (oJiee HU3KKME YPOBHU Helpoctennpuueckux
6eTKOB B KPOBU TIO CPABHEHUIO C JAECTHMU KOHTPOJIHHON
IPYIIIIBL, YTO CBUETEIBCTBOBAJIO O 11ePeOPOIPOTEKTHBHOM
addexre mpenapara.

OnHoii u3 Hanbosiee MUPOKO 0OCYKAAEMBIX TPOGIIEM
B IEUATPUUYECKON AHECTE3MOJIOTUU SIBJISIETCSI PA3BUTHE
KOTHUTHBHBIX HAPYIIEHUH Y JIeTell B MOCIEOTIEPAIMOHHOM
TIePHO/IE, YTO CBUAETETHCTBYET O HEOOXOAMMOCTH TTPOBE/IE-
HUS UX TPOPUIAKTUKY U COOTBETCTBYIOIIEH KOPPUTHPYIO-
1eil Tepanum.

B MHOroumcieHHBIX HCCHae0BaHUsAX Tpodeccopa
A. M. OBesoBa u ApYrux aBTOPOB ObLJI0 aGCOTIOTHO YETKO
MIPOJIEMOHCTPUPOBAHO, YTO AHECTE3USI Y JeTell MOKET
CTaTh NMPUYMHON KOTHUTHUBHBIX HAPYHIEHUN Pa3JUYHOI
CTETeHU TSKECTH, YTO MOKET OKa3aTh HETATUBHOE BJIMS-
HUe Ha pasBUBaroLIMiics Mo3T peberka [61—63].

OpHKUM U3 yTell peleHus JaHHON poGJIeMbl STBJIS-
€TCsl WCIOJIb30BAaHUE Pa3JIMUHBIX IIPENApaToB, 00JIaLa0-
mux 1epeGponpoTeKTOPHbIM 3P HEKTOM, B TIepUOTIepaliu-
OHHOM TIEpHOJie, OJHUMH M3 KOTOPBIX SBJSIOTCS U
nHOY3MOHHbBIE PACTBOPBI HA OCHOBE STHTAPHON KUCJIOTHI.

Ogesos A. M. u coasr. (2010) BBomIn 20 M1 IUTO-
(hmaBuHa, pazBeIeHHOTO B 5%-M PACTBOPE TJIIOKO3BI B3POC-
JIBIM TTAI[E€HTaM, KOTOPbIM ObLJIa BBIIIOJHEHA JIAIIAPOCKO-

One of the indications for the succinic acid solutions
in pediatric anesthesiology is the prevention and treat-
ment of perioperative hypothermia.

In a study by Alexandrovich Y. S. et al. (2012) it was
found that «Reamberin» has a significant positive effect on
the peripheral body temperature. This gives a permit to
recommend the solution for a widespread use in clinical
practice in order to prevent and treatment of intraopera-
tive hypothermia [57].

One of the most serious complications of any critical
condition in children is a severe dehydration and metabol-
ic acidosis requiring rapid correction.

For many years a solution of sodium bicarbonate was
used in children for the correction of metabolic acidosis,
which for the first time was employed in pediatry by
Howland J. and Marriott MW in 1916 when treating the
diarrhea in children.

However, in recent years many data have been
obtained indicating a high risk of side effects and nega-
tive reactions during a treatment with a sodium hydro-
gencarbonate solution. This fact restricts its the admin-
istration [21, 65—73].

One of the negative effects of sodium bicarbonate
solution is a high risk of hypernatremia, a paradoxical
increase of intracellular acidosis. The decrease of intracel-
lular pH in cardiomyocytes that may take place leads to a
significant reduction of cardiac output, arterial hypoten-
sion and worsening of coronary blood flow [69—72].

Several studies have shown that infusions of sodium
hydrogencarbonate solutions are followed by respiratory
depression and decrease of cerebral blood flow [21, 68].

Thus, the indications for medical correction of meta-
bolic acidosis with solutions of sodium bicarbonate are
currently becoming more and more poor. And the prefer-
ences are given to the methods of gas exchange correction,
oxygenation correction and maintenance of an adequate
cardiac output.

One of the promising methods of the metabolic aci-
dosis correction as a part of a complex intensive therapy of
acute intestinal infections in children is an infusion of suc-
cinate solutions.

In a study by Ploskireva A. A. et al (2012) a high effi-
ciency of «Reamberin» as a method of correction of dehy-
dration, metabolic acidosis and intoxication in children
with acute intestinal infection was demonstrated [74].

Summarizing the discussion of the effects of infusion
solutions based on succinic acid, the following conclusions
could be made:

1. The infusions based on succinic acid are balanced
and fully correspond to the composition of blood plasma.

2. Succinic acid solutions have no negative effect on
the performance of acid-base status since their administra-
tion is not accompanied with development of hyper-
chloremic metabolic acidosis.

3. Succinic acid-based medicines for intravenous
administration can be employed at any stage of the treat-
ment process starting at the pre-hospital emergency med-
ical care level.
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MTUYECKast XOJICIMCTIKTOMUS B YCJIOBUSIX TOTAIbHONM BHYT-
PUBEHHON aHeCTe3Un cpasy Mocje HAJTOKEHUS KapOOKCH-
MEPUTOHEYMA CO CKOPOCTDIO 4,5 MJT/MUH [62].

NcnonbzoBanne mutodiaBuHa MOJ0KUTETHHO BIIH-
SUI0 Ha TeYeHNe TIePHoJia TIOCTEeHAPKO3HON peabunTaImy,
OKa3bIBasi HEWPONPOTEKTUBHOE JEHCTBHE U JIOCTOBEPHO
cokpariast BpeMst TpoOysKIeHNs B 2 pasa, a CPOKU 9KCTyOa-
1M, OPUEHTUPOBAHHOCTH U TOTOBHOCTU OOJIBHBIX K IIepe-
Bony — B 1,6 pasa.

[IpumeHeHue TOAOOHBIX METOAOB NPOPUIAKTUKE
KOTHUTUBHBIX HAPYIIEHUIT BO3MOXKHO U B IIINATPUIECKOI
NpaKTUKe, B 4YeM He pa3 yOesKIaguch aBTOPbI JaHHO 11y0-
JIMKAIMK, OJTHAKO HeOOXOMMMO TIPOBEICHUE MaTbHERIINX
HCCIIeIOBAHNS /IS IIIPOKOTO MCHOIb30BaHUs HH(Y3HOH-
HBIX PACTBOPOB HAa OCHOBE STHTAPHOM KUCJIOTHI B PYTHHHO
JIESITEJIbHOCTH TIeINATPUIECKUX OT/EJICHIIT aHeCTe3n0JI0-
TMH, peaHUMAIMK U MHTEHCUBHON Teparnu.

O crnpaBeIMBOCTH BBINEU3TI0KEHHOTO CBU/IETE b=
crByet u pabora, BoimosHeHHas Jlazapessiv B. B. u coaBT.
(2001), rae onennBasach 3(HGEKTUBHOCTD UCIOIB30BAHMS
«PeambGepunar i paHHel akTUBALIUK IeTeil TocIe aHec-
tesun [64].

B uccnenoanue 6ot Briioden 91 pebeHok, cirydaii-
HbIM 00pPa30M pacIipe/iesieHble Ha JIBE IPYIIIIbl: OCHOBHYIO 1
KOHTpOJIbHY10. Bospact nereit 6wt ot 1 roga no 14 ger.
BceMm zietsiM ObLIN BBITIOJHEHBI IJIAHOBbIE XUPYPrUYECKUe
BMEIIATEJNbCTBA, PUCK aHeCTe3nN 110 1ikasie ASA coctaBui
1—3 Gasua.

[TarrienTamM OCHOBHOI TPYIIIBI BBOANJIN BHYTPUBEH-
HO, 60J1I0CcHO pacTBOp «PeambGepunar B g03e 4 mui/kr. Pac-
CUMTaHHbBII 0ObeM pacTBOpa ObLI pasjelieH Ha jiBa BBejle-
HUSI, KaXkK/0€ B TeuyeHue 2—3 MUHYT, ¢ nHTepBajom B 10
munyT. IlepBoe BBe/eHne GBLIO OCYIIECTBICHO 34 JIECAThH
MUHYT /I0 OKOHYAHUS OTIE€PAI[MH, BTOPOE 110 BPEMEHH COOT-
BETCTBOBAJIO OKOHYAHUIO OTIEPATUBHOTO BMEIIATEIbCTBA
(HaJIOKeHUe TOCJIeTHETO MIBA HA KOXY ).

Ha ocHoBaHWM AaHHBIX KJIMHMYECKUX MOKa3aTeseii
u BIS-unjexca ObLIO YCTAHOBJIEHO, YTO KCIOJb30BaHUE
«PeambGepuna» Ha Talle BbIX0/Ia U3 AHECTE3UU IIPUBOUT K
YKOPOUYEHHIO TIePHOjIa MTPOOYKIEHHUS MAIMEHTOB, COKpa-
IIEHUIO BPEMEHU BOCCTAHOBJICHMS JIBUTATEJIbHOW aKTUB-
HOCTH ¥ aJIEKBATHOTO JIBIXaHUSI, YCKOPEHUIO BOCCTAHOBJIE-
HUS (QYHKIUI TOJIOBHOTO MO3Ta.

OHuM W3 TOKA3aHWW il Ha3HAYEHUsI PACTBOPOB
SIHTapHON KHUCJIOTBI B MEIUATPUYECKON AHECTE3MOJIOTUN
sgBJsieTcs TPOGUIAKTIKA U JIeYeHne TTepUoIepariioHHON
TUIIOTEPMHUU.

B pabore Asekcanaposuua 1O. C. u coast. (2012),
ObLIO BbISIBJIEHO, uTO «PeamGeput» OKas3bIBaeT CyMLIECT-
BEHHOE TI0JIOKUTEIbHOE BIIMSHIE HA TIOKa3aTesn nepude-
PHUYECKOl TeMIIepPaTypbl TeJsa, YTO IIO3BOJISIET €0 PEKO-
MEH/IOBATB JIJIsI ITUPOKOTO UCIIOJIB30BAHUS B KIMHUYECKOH
MIPAKTHKE /st TPO(MUIAKTUKY U YCTPAHEHUST HHTPaoIepa-
IIHOHHOM TumoTepMun [57].

OxruM u3 HauboJiee TPO3HBIX OCJIOKHEHUIT IIPAKTHU-
4eCKH JTI0O0T0 KPUTHIECKOTO COCTOSIHUS Y JIeTel SIBIISIeTCsT
JIeTUIpaTalust TSKEION CTereHn 1 MeTaboInUeCKuil aru-
1103, TPEOYIOIIUI CBOEBPEMEHHOU KOPPEKIIHH.

4. The main indications for succinic acid solutions
in pediatric patients are acute intestinal infections, inflam-
matory diseases of the abdominal organs, poisoning and
early postoperative period.

5. Application of succinic acid solutions in children
leads to elimination of hypovolemia, normalization of elec-
trolyte balance and correction of acid-base status disorders.

Ha nporskenny MHOTHX JIET /ISt KOPPEKIIUKA MeTa-
GOJIYECKOTO allu03a Y JeTell UCIIOMb30BAJICS PACTBOP Ha-
TPUS TUAPOKapOOHATA, KOTOPbI ObLI BIIEPBbIE IPUMEHEH
Howland J. u Marriott M. W. B 1916 roxy npu seyeHun
Mapen y JeTei.

OnHaxo B MOCJTEHNE TOMBI OBLIN MOJYIEHBI MHO-
TOYMCJICHHBIE JAHHBIE, CBU/IETEJBCTBYIONINE O BBICOKOM
pucke mo6o4HbIX 3 (PEKTOB N HETATUBHBIX PEaKIMil Ha
(dhoHe NpUMEHEHUsI pacTBOpa HAaTpHs TUAPOKapOOHATA
[21, 65—73].

OpauM 13 HeraTUBHBIX 3(h(dEKTOB pPacTBOPOB Ha-
TPUS TUAPOKApOOHATA SIBJISIETCSI BBICOKUIT PUCK PA3BUTHS
TUIIEPHATPUEMUH, TTAPA/IOKCATbHOE YBEJINYEHUE BHYTPHU-
KJIETOYHOTO alli/I03a, IPU HTOM CHIKEHUE BHYTPUKJIETOU-
Horo pH B KapauoMuonuTax mpuBOAUT K 3HAUUTETBHOMY
CHUKEHUIO CEPIEYHOrO BHIOPOCaA, apTePUaNbHON THUIIOTEH-
3UU U YXYAIIEHUI0 KOPOHAPHOTO KPOBOTOKA [69—72].

B psizie paGoT ObLIO MOKA3aHO, YTO UHQY3UI PACTBO-
POB HaTpUsI rUAPOKapOOHATA COIPOBOKAACTCS YTHETECHHEM
JIBIXaHUST ¥ YMEHbBIIIEHHEM MO3TOBOTO KPOBOTOKA [21, 68].

Takum 06pasoM, MOKazaHUsI K MEAUKAMEHTO3HOU
KOPPEKIUU MeTaboJMIeCKOro alKI03a ¢ IOMOIIbI0 pac-
TBOPOB HATPHsl 'MAPOKAPOOHATA B HACTOSIIEE BPEMS BCE
6oJiee 1 GoJIee CyKAIOTCS, IIPU TOM MIPEAIIOUTEHUE OTAACT-
€Sl METO/IaM KOPPEKIMU Ta3000MeHa, OKCUTEHALIUK U IO/
JIepsKaHusl AIEKBATHOTO CEPIEYHOTO BHIOPOCA.

OHUM U3 TIePCIIEKTUBHBIX METOZI0B KOPPEKIIMH Me-
TabOJNMYECKOTO AlM/103a B KOMILIEKCHOI MHTEHCUBHOI Te-
pariy OCTPBHIX KUTMEYHBIX WHMDEKINHT y AeTell SABAICTCS U
MCIOJIb30BaHNe MH(PY3MOHHBIX PACTBOPOB CYKIIMHATA.

B wactnoctn, B uccienosanuu [lnockupesa A. A. u
ap. (2012), Gbia NpoAEeMOHCTPUPOBaHA BbICOKast ahdek-
TUBHOCTb «PeaMGeprHay ¢ 11eJIbl0 KOPPEKIIUHK JeTU/paTa-
1K, MeTaboMYECKOro alup03a 1 HHTOKCUKAIUK Y JleTell
¢ ocTpoil KuleyHoi nudexmmeit [74].

OCHOBHBIM |, TOXKaJlyii, €[IMHCTBEHHBIM aGCOJIOT-
HBIM TIPOTUBOIIOKA3aHUEM JIJIsI MCIIOJIb30BaHUsST MH(pY3U-
OHHBIX PACTBOPOB SIHTAPHOIN KHUCJOTBI y JIeTell SIBISIETCS
[IPOTPECCUPYIONIasi BHyTPUUEPEHAS THIIEPTEH3US U OTEK
TOJIOBHOTO MO3Ta IPU OTCYTCTBUU BO3MOKHOCTH MOHUTO-
PHUHTA BHYTPUYEPEITHOTO JABJIEHUSI.

3asepuiast o6cyxiaeHre a(pPekToB MHQPY3UOHHBIX
PAaCTBOPOB HA OCHOBE STHTAPHOMN KUCJIOTHI, MOXKHO CIE/IATh
CJIEJIYIOTIME BBIBOJIbL:

1. Vudysronnbie pacTBOpbl HA OCHOBE SIHTAPHOM
KUCJIOThI SIBJISIIOTCS. COAIAHCHPOBAHHBIMU 1 TIPAKTHYECKH
MIOJIHOCTHIO COOTBETCTBYIOT COCTABY I1JIa3Mbl KPOBU.

2. PacTBOpPBI SHTApPHON KUCJIOTHI HE OKAa3bIBAIOT
HEraTUBHOTO BJIMSIHUS HA MOKA3aTeJNN KUCJIOTHO-OCHOB-
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HOTO COCTOAHNS, ITOCKOJIBKY UX BBCACHNE HC COITPOBOIK-

JTACTCA PA3BUTUEM THUIIEPXJIOPEMUYECCKOTO MeTabommyuec-

KOTI'0 anmnjo3a.

3. IlpemapaTsl SHTApPHOH KUCJIOTHI /IJIST BHYTPUBEH-

HOT'O BBCZICHUS MOT'YT MCIIOJIb30BATHCA Ha BCEX ITallax Jie-

4e6HOTO Tporecca, BKan4dad 1 [[OI‘OCHHTB.JIBHBIfI 9Tall CKO-

PO METUTTMTHCKOW TTOMOTITH.

4. OCHOBHBIMI TTOKA3aHUSIMI JUIA Ha3HAYCHUA pac-

TBOPOB HHTapHOﬁ KHCJIOTBI B HC[[HanH‘{CCI(Oﬁ IIPpaKTUKE

ABJIAIOTCA OCTPbIC KHIIIEYHbBIC I/IH(bCKL[I/II/I, BOCITQJINTEJIb-

HBIE 3200JICBaHIs OpraHoOB 6pIOH.IHOI>'I ITIOJIOCTH, OTpaBJIC-

HUEe n paHHI/IIL/'I HOC]ICOHCpaLII/IOHHBII'/JI TIepuoa.

5. Ucronp3oBaHue pacTBOPOB THTAPHON KUCJIOTHI Y

I[CTCI>'I COTIIPOBOJKIACTCA PETPECCUPOBAHUEM TUITIOBOJICMUU,

HO];)MB.JII/ISH.LH/ICfI QJIEKTPOJIUTHOTO Gamanca u KOppCKHI/ICfI

Hapy].HCHHIVI KHCJTOTHO-OCHOBHOT'O COCTOAHMA.
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