https://doi.org/10.15360/1813-9779-2020-6-105-128
0630pHI

IIppuMeHeHue aleTaT-coiep;Kauux cOaTaHCHPOBAHHbBIX
KPHUCTA/VIOUTHBIX PAaCTBOPOB IPH MPOBEIEHUH OIIEPAaTUBHBIX
BMeIIaTeJabCTB Ha OpraHax OPIONIHOM MoJocTH (0030p)

U. C. Kpeicanos!?3, B. C. Kpeicanosa'*5, B. 0. Epmakosa’?®

! MeUIIMHCKUN MHCTUTYT HENIPEPBIBHOTO 00pa30BaHMUs,
MOCKOBCKUI TOCYJapCTBEHHbIA YHUBEPCUTET ITUIIEBBIX IIPONU3BOJICTB,
Poccus, 125080, r. MockBa, BosiokoJjiamckoe 1occe, 1. 11
2 VIHCTHUTYT KJIMHUKO-9KOHOMUYECKOH 9KCIIEPTU3BI U (PaPMaKOIKOHOMUKU,
Poccust, 141008, MockoBcKast 00.1., . MbITHIIH, HOBOMBITHUIIMHCKH#H TIP-T, 11. 21/6

3 HanioHa/IbHBIN HAyYHO-KMCCIIeJOBATETbCKUN MHCTUTYT OOIIECTBEHHOTO 3710p0Bbsi M. H. A. Cemariko,
Poccus, 105064, MockBa, yi1. Boponmoso noJe, 1. 12, ctp. 1

4 HayyHO-IIpaKTUYECKUH LIEHTP KIMHUKO-9KOHOMUYECKOT0 aHan3a MuH3paBa MocKoBCKO# 00J1acTH,

Poccusi, 143403, MockoBckast 00J1., I. KpacHoropck, yi1. KapOsiiesa, i. 4
5 ITepBBIif MOCKOBCKUI TOCYIapCTBEHHBIN MeJUITMHCKUN yHUBepcuTeT uM. 1. M. CeuenoBa Mun3anpasa Poccun,
Poccust, 119991, . MockBa, yi1. TpyOerkast, 1. 8

Use of Acetate-Buffered Crystalloid Solutions
for Fluid Therapy in Abdominal Surgery (Review)

Ivan S. Krysanov!23, Vera S. Krysanova'+5, Viktoriya Yu. Ermakova!.?®

! Medical Institute of Continuing Education, MSUFP, Moscow State Food Production University,
11 Volokolamskoe highway, 125080 Moscow, Russia
2 Institute of Clinical and Economic Assessment and Pharmacoeconomics,
21/6 Novomytishchinsky prospect, 141008 Mytishchi, Moscow region, Russia
3 N. A. Semashko National Research Institute of Public Health,
12 Vorontsovo pole Str., building, 1105064 Moscow, Russia
4 Clinical and Economic Analysis Scientific-Practical Center, Ministry of Health of Moscow Region,
4 Karbysheva Str,143403 Krasnogorsk, Moscow region, Russia
51. M. Sechenov First Moscow State Medical University, Ministry of Health of Russia,
8 Trubetskaya Str., Bldg. 2, 119991 Moscow, Russia

Jos uuruposanust: M. C. Kpoicanos, B. C. Kpvicarosa, B. FO. Epmarkosa. [IpuMeHeHre aneTar-coepsKalmx cOaanCupo-
BaHHBIX KPHUCTA/IJIOWIHBIX PACTBOPOB IIPH IPOBEIEHUY OIIePAaTUBHBIX BMEIIIATe/ILCTB Ha OpraHax OpPIOIIHOM 0JI0CTH (0030D).
Obwas pearnumamonozusi. 2020; 16 (6): 105-128. https://doi.org/10.15360/1813-9779-2020-6-105-128. [Ha pycck. 1 aHIL.]

For citation: [van S. Krysanov, Vera S. Krysanova, Viktoriya Yu. Ermakova. Use of Acetate-Buffered Crystalloid Solutions
for Fluid Therapy in Abdominal Surgery (Review). Obshchaya Reanimatologiya = General Reanimatology. 2020; 16 (6):
105-128. https://doi.org/10.15360/1813-9779-2020-6-105-128. [In Russ. and Engl.]

Pe3rome

B psime pabor nokasaHa a(p(peKTUBHOCTH cOaTaHCHPOBAHHBIX alleTaT-CoOAePsKaINX KPUCTAIIOUIHBIX
pacTBopoB. OgHAKO, KaK B 3apy0esKHOM, TaK U B OTeYeCTBEHHOU JIuTeparype NaHHbIN BOIIPOC OCBeIlleH He-
nJocraroyHo. [locsieqHre ommy6/IMKOBaHHbIE TaHHBIE BHISIBUIN HEOOXOIUMOCTD CHCTEMAaTU3AIH IT0JTyYeH-
HOU nHGpOpMaLHH.

IleJb MiccIeAOBAHUS: OLIEHUTH KIIMHIYECKYIO 3(p(PeKTUBHOCTE 1 O€301IaCHOCTD Pa3J/INYHBIX BADUAHTOB
MH(PY3NOHHOH TEpaNuy C IpUMeHeHneM cOaTaHCUPOBAHHBIX alleTaT- CoePIKaIUX KPUCTAJJIONTHBIX pac-
TBOPOB IIPY IPOBEIEHUY OIl€PATUBHBIX BMEIIATe/IbCTB Ha OpraHax OPIOITHOM IOJIOCTH.

MarepuaJjibl 1 MeTOABI [lonck nHdopmaiuu nposesu B aBrycte 2019 r — mae 2020 I. (JOIOIHUTEIBHBIN
MoUCK B HOsA0pe 2020 1.) Mo TepMUHAM, 110 KJIIOYEBBIM cjI0BaM, «acetate» AND «buffers» OR «buffered» AND
«crystalloid solutions» OR «crystalloids» B 6a3ax ganubix Medline, Cochrane u eLIBRARY.ru. Kpurepuu noucka
OTIpEeNIeJIIIIH B COOTBETCTBUU co cxeMmoir PICO(S). [imybuHa moncka — 10 stet. OTOOp MyO/IMKAIII TIPOBEIHN
comtacHo pykoBoacTBy PRISMA. Onpesesniin ypoBHYU yOeIUTETbHOCTH U JOKa3aTeIbHOCTH OTOOPaHHBIX
HMCCJIeJOBAHUM.

Pe3yaswrarsl. 113 62 HalileHHBIX MyO/IHKAIAH ObLIO 11 ITOTHOTEKCTOBBIX NYOJIMKALINH, U3 KOTOPHIX 6
BOIIJIM B UTOI'OBBIN 0030p. COaIaHCUPOBAHHBIN pesKUM NH(MY3MOHHOH Tepaluy He HapymiaeT (pu3unoJoru-
YeCKUH BOTHO-3JIEKTPOJIUTHBIN H6amaHc U KUCI0THO-0cHOBHOEe coctostHue (KOC), ciocobeTByeT coxpaHe-
HUIO TOMEOCTa3a, IPUBOJUT K YMEHBIIIEHUIO 00'beMa HHTPaoIlepalliOHHON KPOBOIIOTEPH U BEIPAKEHHOCTH
noyeyHoi aucdyHkuuu. Mcnosnbp3oBaHue anerara B kKauecTse Oy)epHOro KOMIIOHEHTA OKa3bIBAET I10JI0-
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SKUTeJIbHOE BJIMSHUE Ha II0YeYHYIO U Te4eHOYHYI0 MUKPOIMPKYJIAIIIO, He CBA3aHO C pa3BUTHEM MeTabo-
JIMYECKOTO aJIKaI03a, He IPUBOIUT K 3HaYNMbIM naMeHeHUsAM KOC 1 crioco6CcTByeT COXpaHeHUIO KOHIIEHT-
panuu Kajus B CBIBOPOTKe KPoBH. [IpH 9TOM IpUMeHeHre Pa3/IMYHBIX alleTar-ColepyKaIIiX cOaJIaHCHpPo-
BaHHBIX KPUCTAJIJIONIHBIX PACTBOPOB 00JIaTa€T COTIOCTABIMOM KIMHNYIECKOH 3(h PeKTUBHOCTHIO.
3akmrrouenue. [JokasareabcTsa 3 (HEeKTUBHOCTU IPUMEHEHH A cOA/IaHCHPOBAHHBIX alleTaT-CoflepsKa-
IIUX KPUCTANJIOUIHBIX pacTBOpoB B oTHoLIeHuu KOC 1 remoquHaMuYeCKUX [I0Ka3aTeJ/leil Ipu IpoBeje-
HUH OII€ePAaTUBHBIX BMEIIATe/JIbCTB HA OpraHax 6pIO[HHOﬁ IIOJIOCTU TP 3HAHBI y6eJII/ITeJII)HI)IMI/I CypOoBHEM

106

pexoMeHganui A.

Kntoueswte croea: ungy3suonnas mepanus,;, ayemam-codepicaujue pacmeopbl; KpUCmaiiloudHbsle pac-
Me0pbl; COANAHCUPOBAHHDLE PACTNBODbL; CUCMeMAMUYecKUll 00630p

Koudaukt unrepecos. CTarhbs 3akasaHa u orutauyeHa Kommanueit «®pesennyc Kabu». ABTOpHI 3a-
SIBJIAIOT 00 OTCYTCTBUH BJIWSIHHSA 3aKa3drMKa Ha aHAJ/IM3 MaTepHUasIoB U [TOJydYeHHbIE BBIBOJHI.

Summary

Infusion therapy is one of the most frequently prescribed treatments in hospitalized patients. Fluid main-
tenance and resuscitation is an important strategy in major surgery. Acetate-buffered balanced crystalloid flu-
ids may influence acid-base status, intracellular and extracellular water content, plasma electrolyte composi-
tion and have a favorable impact on renal, hepatic, and splanchnic microcirculation.

Aim was to evaluate current evidence of efficacy and safety of acetate-buffered crystalloid solutions for

fluid therapy in abdominal surgery in adults.

Materials and methods. Medline, the Cochrane Library, eLIBRARY.ru were searched up to 31 May 2020
(additional search in November 2020) using the key words «acetate» AND «buffers» OR «buffered» AND «crys-
talloid solutions» OR «crystalloids». Studies published after 2009 in English and Russian were included. Sys-
tematic review was conducted in accordance with PRISMA guidelines using specified PICO(S) criteria.

Results. The total of 62 studies were identified from all databases. Out of them 11 full-text publications
were considered eligible, 6 of them were included into the final review. Acetate-buffered crystalloid solutions
have a favorable impact on microcirculation. Metabolic alkalosis after the fluid infusion did not occur in all

the studies; potassium levels remained stable, also.

Conclusion. Efficacy (based on acid-base status, hemodynamic parameters) of the acetate-buffered crys-
talloid solutions for fluid therapy during the abdominal surgery in adults patients was confirmed with the A

level of evidence.

Keywords: infusion therapy; acetate-buffered solution; crystalloid solution; balanced solution; systematic

review
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BBenenue

Hapytrenust 6amanca BOIbI M 9JIEKTPOJIUTOB
COTIPOBOYK/IAIOT MHOTHE 32a00J1€BAHUS Y TPUBOJISAT
K TUC(HYHKIIMH KJIETOK U OPTaHOB, YTO BJIUsIET HA
KOHEYHBIH pe3ysbrar jedeHuss. OcobeHHo 60J1b-
III0e 3HaYeHWe BOIHO-3JIEKTPOJIMTHBIN OaJiaHC
VMeeT B KPUTHYECKHUX COCTOSTHUSX, KOT/Ia Y 60JIb-
HOTO HAapYIIEeH 3HTEPaJTbHBIA IMyTh YCBOEHWUS
SKUJIKOCTH U IITATeIbHBIX BEIIECTB. Y BCeX 00JIb-
HBIX C IOTEHITUATBHBIMU WJIA peaTbHBIMU BOJTHO-
9JIEKTPOJIUTHBIMU HApPYIIEHUSIMA HEOOX0IUM
MOHUTOPHHT SKUIKOCTHOTO Hananca. OrpoMHOe
3HAaUYeHHWe MMeeT paHHee pACIO3HABaHUE €ro
HapyIIeHu! 1 TpoBeenne nH(py3noHHON Tepa-
U1 B HeoOXoauMoMm oowseMme [1, 2].

VYCI0BHO WH(Y3UOHHYIO TEPANHIO MOKHO
pasesuTh Ha TPU BU/IA: K IEPBOMY BUTY OTHOCHT-
cs1 MH(QY3WOHHAs Tepanus NPUA HEOTIOMKHBIX
COCTOSTHHSIX; KO BTOPOMY THITY — IJIAHOBasi MHQY-
3WOHHAsI Tepanusl y 60JIbHBIX C TSYKEJTBIMH OCTPBI-

Introduction

Abnormal water and electrolyte balance as-
sociates with many diseases and can cause cellular
and organ dysfunction affecting the outcome. The
water and electrolyte balance is crucial in critical
illness when the enteral fluid and nutrient absorp-
tion is impaired. All patients with potential or ex-
isting water and electrolyte disturbances should
be monitored for the fluid balance. Early recogni-
tion of its disurbances and proper fluid therapy
are essential [1, 2].

Conventional classification of fluid therapy in-
cludes 3 main types: fluid therapy in emergency,
elective therapy in patients with severe acute or
chronic diseases associated with significant home-
ostatic disturbances (primarily in perioperative pe-
riod), and adjuvant therapy prescribed in addition
to the main treatment in diseases not associated
with homeostasis disturbances (intoxications or
blood flow disorders) [3].
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MU ¥ XpOHUYECKUMHU 3a00JIEBaHUSIMH, COITPOBOSK-
JAIOWIMMUCA CYLIECTBEHHBbIMM HapyLIeHUsMU
roMeocrasa (B OCHOBHOM, 3TO IIepUOIIepaLOH-
HBIH Ilepuop); K TpeTbeMy TUITy OTHOCUTCS BCIIO-
MoraresjibHasi MH(PY3UOHHAs Tepanus, KOTopas
Ha3Ha4yaeTcs B [JONOJIHEHHE K IIPOBOIUMBIM
JIe4eOHBIM CXeMaM IPU OCTPBIX U XPOHUYECKUX
3aboJieBaHUSAX, KOTOPbIE HE COIPOBOKIAIOTCS
HapylIeHUusIMHA romeocras3a (COCTOSAHHUS, COIIPO-
BOYKJAIOINNECH AABJICHUAMU MHTOKCUKAaLWU, Hapy-
IIEHUSsIMU PE0JIOTUYECKUX CBOMCTB KPOBH) [3].

NudysnoHHas Tepanus OpU JJINTETbHBIX
XUPYPIrUYEeCKUX BMeEIIaTeJbCTBAaX  SABJIAETCA
HeoTbeMJIeMOU 1 BasKHOU 4acThIO0 aHECTe3M0JI0-
TUYECKOT0 oCcoOUs, TaK KaK HapylIeHne BOJHO-
9JIEKTPOJUTHOTO OOMEHa MOSKET TPUBECTU K
TSPKeJIbIM pacCTPOMCTBaM CepAedHO-COCYyIUCTON
U [IeHTpaJbHON HEpBHOU cucTeM. Hpy3noHHas
Tepanuss BO BpeMs Ollepaluy IIpecjenyer
HECKOJIBKO IIeJIell B 3aBUCHMOCTHU OT 00'beMa u
JUIATEJIbHOCTH OIIepaTUBHOIO BMeIlaTeJbCTBa 1
COMAaTHUY€eCKOTO COCTOSTHUA MalenTa: obecneye-
HUe [alyeHTa BOIOU U 3JIEKTPOJIUTAMHU C YUeTOM
($U3N0IOTHYECKUX TOTPEOHOCTET IO OTIepaIliy U
BO BpeMs Hee; OoJbIINe 1Mo 00beMy omeparun
COIIPOBOKAIOTCA OoJiee NI MeHee 3HAYMMOU
KpOBOTIOTEepEN, TpeOyIoIeil BOCIOTHEHUST; BOC-
IIOJIHEHHUE II0TePh YKUIKOCTH IIPU €e Iepcrupa-
MY M3 30HBI Ollepalnny 1 jJerkux. [loatomy cba-
JIJaHCUpPOBaHHAA nHQy3UOHHASA Tepanus
3aHUMAEeT BAYKHOE MECTO B NPO(UIAKTUKE U
Jie4eHUU IlepruoIepariOHHbIX OCJIOYKHEHUH, Hau-
0osiee TPO3HBIM M3 KOTOPBIX CUUTAETCS HeCcTa-
OMJIbHAsI reMOAMHAMUKA CO BCEMU BBITEKAIOIIIH -
MU HeTaTHUBHBIMU IIOCJENCTBUAIMU [4-6].

Ilo cratuctrnyeckuM JaHHBIM MUHUCTEPCTBA
3npasooxpanenuss P® B 2018 rogy Ko/gm4uecTBO
OTIepaTUBHBIX BMENIATEIbCTB HA OpraHax OpIoI-
HOM MOJIOCTY B MEIUITMHCKUX OPTaHU3anusax — 1
511 496 cayuyaes, 4To cocTaBmJIo 15,1% oT 0b111eTO0
4ycJia OlepaTUBHbBIX BMeNIare JIbCTB. B 51 233 ciy-
4Jasgx olepaTWBHBbIE BMeIIaTesIbCTBA IIPOLLIN C
IIPAMEHEHHUEM BbICOKMX MEJULIMHCKUX TEXHOJI0-
ruii (3,39% OT 061IIero ymcsa), Mpu 3TOM OCJI0K-
HeHUs HabJonamck B 1,1% cirydaes [7]. [IpakTu-
yeck# B 90% 13 HUX TpeboBasmach NH(QPY3NOHHAS
Tepanus B TEX WJIM WHBIX 00'beMax.

[Ipu npoBenennu WHQPY3UOHHOU Tepanuu,
KaK IIPaBUJIO, UCII0JIb3YIOT KPUCTAJLJIOUIHBIE pac-
TBOPHI (6osee 60% caydaes [8]), HauaabHAsA TEpa-
s KOTOPBIMHU IIOKAa3aHa IIPU II0Tepe KUIKOCTU
U3 COCYQUCTOTO pycjJda U BHYTPUKJIETOUHON
Jeruaparanuu [2, 9].

K rpynmne kpucramiongoB OTHOCAT BOIHBIE
pacTBOPBI HU3KOMOJICKYJIAPHBIX MOJIEKYJI WA
HMOHOB 3JICKTPOJIMTOB U HEJJICKTPOJIMTOB, KOTOPbIE
MOryT 1udPyHIUPOBATH BO BCE SKUKOCTHBIE CEK-
TOpHI Tesia. Kpucranionaable pacTBOPHI OLICHU-

BaIOT 110 COCTABYy 3JIECKTPOJIUTOB, OCMOJIAPHOCTU 1

Infusion therapy in prolonged surgical inter-
ventions is an essential part of anesthetic support
since abnormal water and electrolyte balance can
result in severe cardiovascular and central nervous
system dysfunction. Intraoperative infusion ther-
apy has several objectives defined by the scope and
duration of the surgical intervention and the pa-
tient’s condition. The first one is water and elec-
trolyte supply based on physiological requirements
prior to and during the surgery. Next is the blood
loss replacement in major surgery, and finally the
replenishment of fluid perspired from lungs during
surgery needs proper attention. Therefore a well-
balanced fluid therapy is important for prevention
and treatment of perioperative complications,
most life-threatening of them being unstable he-
modynamic parameters with its negative seque-
lae [4-6].

According to the Russian Health Care Ministry
statistics, 1,511,496 abdominal surgeries were per-
formed in medical institutions in Russia in 2018,
comprising 15.1% of total surgeries. Cutting edge
latest medical technologies were used in 51,233
cases (3.39% of the total), while the complications
were registered in 1.1% of cases [7]. Almost 90% of
them required various doses of fluid therapy.

Mainly crystalloid solutions are being used
nowadays for fluid therapy (in more than 60% of
cases) [8], while initially they are prescribed in ar-
terial/venous fluid loss and intracellular dehydra-
tion [2, 9].

Crystalloids include low molecular or ionic
electrolyte/non-electrolyte water solutions capable
of diffusing into all the fluid compartments of the
body. The crystalloids can be classified according
to the electrolyte content, osmolarity, and acid-
base characteristics. Based on these parameters,
balanced and non-balanced solutions are recog-
nized [2, 10].

The balanced electrolyte solutions containing
inorganic ions (calcium, potassium or magnesium),
molecular dextrose, and/or buffer components (ac-
etate, bicarbonate, malate, gluconate or lactate)
with reduced chloride content usually do not cause
the acid-base disturbances seen in the use of non-
balanced electrolyte solutions. Isotonic and
isoionic balanced solutions are considered to be
optimal for the isotonic deficiency replenish-
ment [10-13].

However, the advantages of using the bal-
anced solutions vs. non-balanced in specific situ-
ations have not yet been convincingly demon-
strated [14-17]. Meanwhile, several authors have
shown the advantages of balanced crystalloid so-
lutions such as reduced duration of mechanic lung
ventilation, improved hospital mortality, elec-
trolyte concentration, base and bicarbonate ex-
cess, as well as decreased risk of hyperchloremic
metabolic acidosis [18-20].
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KHMCJIOTHO-OCHOBHBIM XapakTepucTrkam. Ha ocHO-
BaHWU 9TUX ITOKa3areJiell BbIaesasieT cOaaaHCupo-
BaHHbBIE U HecOATaHCUPOBaHHbIE pAaCTBOPHI [2, 10].

CbOanaHcupoBaHHBIE 9JEKTPOJIMTHBLIE pac-
TBOPBI, COJAepsKalllie HeOpraHW4YeCKHue WOHBI
(kabIUH, KAJIUU UKW MAarHui), MOJIEKYISIPHYIO
WIIOK03Y, 1/ 1yin Oy epHbIE KOMIIOHEHTHI (aIleTar,
bukapboHaT, Majar, IIOKOHAT WJIM JIAKTaT) CO
CHWYKEHHBIM COJIEp;KaHMEM XJI0pa, Kak MPaBUJIo,
He BbI3bIBAIOT HAPYIIEHUH KUCJIOTHO-OCHOBHOI'O
bastarca, KOTopble HAOJTIOAI0TCS IIPU MCII0JIH30-
BaHUM HecbOaJTaHCUPOBAHHBIX PACTBOPOB 9JIEK-
TpPOJIMTOB. I30TOHNYeCKHe U N30MOHHBIE PACTBO-
pBI co c6aTaHCUPOBAHHBIM COCTAaBOM CYUTAIOTCS
OIITUMAaJIbHBIMHU [IJIsI BOCOOJIHEHHE M30TOHUYe-
ckoro neduruta [10-13].

OpHako, OHHO3HAYHBIX JAHHBIX O IIpEUMYyIlie-
CTBaxX MPUMeEHEHNS B KOHKPETHBIX CUTyaIlHsX cOa-
JIAHCUPOBAHHBIX PACTBOPOB II0 CPaBHEHUIO C
HecOQJTaHCUPOBAHHBLIMU B HACTOSIIEe BpeMs
HeT [14-17]. B To ske BpeMsi UMeeTCsI psig paborT, B
KOTOPBIX ITIOKAa3aHO IIPEUMYIIEeCTBO UCII0Ib30Ba-
HUs cOaJTaHCUPOBAHHBIX KPUCTAIJIOUTHBIX pac-
TBOPOB B OTHOIIIEHNUY CHUKEHUS TPOAOJKATEIh-
HOCTHM MEXaHWYEeCKON BEHTUJIAIUN JIETKUX,
BHYTPUOOJIbHIYHON JIETATLHOCTH, KOHIIEHTPAIIN
3JIEKTPOJINTOB, N30BITKA OCHOBAHWH 1 OMKapOOHa-
Ta B KPOBH, a TAKKE — CHUKEHUS PUCKA BOSHUK-
HOBEHUSA TUIIePXJI0pEeMUYECKOro anuaosa [18-20].

B cocraBe MHOTrUX cHaTaHCUPOBAHHBIX pac-
TBOPOB B KauecTBe Oy(epHOTro KOMITOHEHTA COIeP-
SKUATCS JIAKTAT, KOTOPBIHU M03BOJISIET KOMIIEHCHUPO-
BaThb MeTabOJMYecKUil amugo3 6e3 pa3BUTHUSA
KJIMHUYECKU 3HAYUMOT0 ajikaJio3a [10, 21-24]. [Ipu
OCHOBHOM OOMeHe B OpraHu3Me ITPOUCXOIAUT o0pa-
30BaHMeE JIaKTaTa, OK0JIO 1 MMOJIL/Kr/4ac, 00JIb-
I1asi YaCTh KOTOPOTO MEeTA00/IM3UPYETCS IIEYEHBIO.
MeTab0/I3M JIaKTaTa SIBJISIETCS TOCTATOYHO SHEP-
ro3arpaTtHbIM (pacxon O, cocTaBJsieT 3 MOJIb/ MOJIb)
U MeJJIeHHBIM IIpolieccoM. B xome MeTabosmama
IIOJTyYeHHOTO MU3BHE JIaKTaTa 00JIbIIIast ero 4acTh
BRJIIOYAETCSI B TIPOIIECC ITIIOKOHEOTeHe3a, YTO MPH-
BOJUT K TIOBBIIIEHUIO COMEPsKaHUSA TJIIOKO3bI B
KpoBH [10]. B yC/IOBUAX T'UIIOKCUU TKaHU, KOTa
BBIpaOOTKA JIAKTAaTa ITPEBBIIIIAET ero IMoTpedIIeHme,
BO3HHUKAET U30bITOYHOE HAKOILJIEHHE MOJIOYHOM
KUCJIOTHI (rumepJakrareMus). [Ipu aToM koMIieH-
CaTOpHO, 9KBMBAJIEHTHO U3OBITKY MOHOB JIAKTATA,
yBeJIMYUBAETCA YUCJI0 IPOoTOHOB (H*), yTO nipuBo-
AT K Pa3BUTHUIO aryi03a. [laTtooruyeckuii gak-
TaTanya03 00yC/IOBJIEH HAPYIIIEHHBIM MeTa0 0N 3-
MOM IVIIOKO3bI B MUTOXOHJAPUSAX U TUCHYHKIMEH
nevyeHr. COOTBETCTBEHHO, BCE COCTOSTHM S, CBSI3aH-
Hble C TUINOKCHEH TKaHW, IOTeHIUATbHO MOTYT
OPpUBOOUTH K pasBUTHUIO JlakTarauupgosda [10,
21-29]. B Takom ciiy4ae nH(QY3Us1 JIAKTAT-COAEepIKa-
IIIMX PACTBOPOB MalieHTaM Ha (OHEe TUIOKCUU
TKaHU MOYKeT OBITh CBsi3aHA C YBEJIWYEHHEM
MMOTPeOHOCTU B KUCJIOPO]IE A1 MeTab0I3Ma BBO-

Many balanced solutions contain lactate as a
buffer component allowing to compensate the
metabolic acidosis without inducing clinically sig-
nificant alkalosis [10, 21-24]. The basal metabolism
is associated with lactate production (at a rate of 1
mmol/kg/hour), which is mostly metabolized by
the liver. Lactate metabolism is rather energy-con-
suming (the O, expenditure is 3 mol/mol) and slow.
During the metabolism of external lactate its most
part is incorporated into the gluconeogenesis
which causes hyperglycemia [10]. In tissue hypoxia
when lactate production exceeds its clearance, the
excessive accumulation of lactate occurs (hyperlac-
tatemia). Meanwhile, the H* level increases along
with the excess of lactate (as a compensatory re-
sponse) causing acidosis. Abnormal lactate acidosis
is due to impaired glucose metabolism in mito-
chondria and liver dysfunction. All the hypoxia-re-
lated conditions can accordingly potentially result
in lactate acidosis [10, 21-29]. In this case, lactate
infusion for patients with tissue hypoxia and de-
pleted physiological reserves can associate with in-
creased oxygen demand to metabolize the external
lactate. Use of lactate-containing solutions in pa-
tients with baseline lactate acidosis could exacer-
bate the pre-existing acidosis or enhance the risk of
reactive alkalosis and hamper diagnosis of tissue
hypoxia severity [10, 21-29].

Malate is a hydroxysuccinic acid derivative
and, in addition to the buffer properties, has anti-
hypoxic activity due to being an ornithine precur-
sor, energy substrate in the TCA cycle. At pH reach-
ing 7.40, malate exists as a divalent anion,
producing 2 mol HCOj; per each mol of oxidized
malate. As a result, the alkalizing effect of malate
develops much more slowly in comparison with,
e.g., acetate. The O, expenditure with malate for bi-
carbonate production is 1.5 mol/mol [10].

Gluconate is an organic ion with slow metab-
olism and no alkalizing effect associated with in-
creased risk of osmotic diuresis and promoting in-
crease of pro-inflammatory IL-6 [10].

In this connection the use of acetate-contain-
ing crystalloid solutions seems more reasonable.
Thus, oxygen consumption for bicarbonate produc-
tion using acetate is quite low (2 mol/mol) compared
with lactate (3 mol/mol) or gluconate (5.5 mol/mol).
Moreover, the lactate metabolism occurs signifi-
cantly faster, while its alkalizing effect (increased
bicarbonate concentration) develops as soon as 15
minutes after the start of intravenous infusion. One
mol of oxidized acetate produces 1 mol of bicar-
bonate with additional 1 mol CO, generation (the
acetate respiratory quotient is 0.5) [30, 31]. Acetate
can be used in liver function disorders, has antihy-
poxic properties while being an energy substrate of
the TCA cycle [10].

At present, according to the State Register of

Medicines [32], the following acetate-buffered crys-
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JIMMOTO0 U3BHE JIaKTaTa Ha (DOHE CHUYKEHHBIX OpraH-
HBIX pe3epBOB. Y MallMeHTOB C UCXOOHbIM JIaKTaTa-
[UJI030M HCIIOJIb30BaHNE JIAKTAT-COHEep KaInuX
PacTBOPOB MOYKET YCYTYOIATH TMPEAIIeCTBYIOITIH
anumo3 JU00 YBEJINYNBATh PUCK PAa3BUTHSA pPeak-
TUBHOI'O aJKaJIo3a W 3aTPyJHATb NUATHOCTUKY
TKEeCTH TUIIOKCUM TKaHu (10, 21-29].

MautaT sIBJIsIeTCS MPOU3BOIHBIM sIOJIOYHOM
KHUCJIOTBI ¥ TOMUMO Oy(hepHBIX CBOKUCTB 00J/1a/1aeT
AHTUTUIIOKCAHTHBIMY CBOMCTBAMMU, TaK KaK IIpe/I-
cTaBJsieT co60¥ TpeaIeCTBEHHUKA OPHUTHUHA,
SIBJISTIONIETOCS 9HEPreTUYECKUM CyOCTpaToM B
ke Kpeoca. ITpu anauennn pH7,40 masat mpu-
CYTCTBYeT B BUJle OMBaJIEHTHOT'O aHMOHA, TIO3TOMY
Ha Ka’skAbIl MOJIb OKMCJISIEMOr0 MaJiaTa IoJyda-
ercs1 iBa MoJist bukapbonara (HCOj3). B peayssrare
Yyero oIeJadyuBapIlee BO3IEHCTBHE MaJaTa
3HAYUTEJbHO MeJlJIeHHEe 110 CPAaBHEHUIO, HallpU-
Mep, ¢ ameraroMm. Pacxom O, ajst oOpa3oBaHUs
bukapboHara TPU WCHOJH30BAHUM MaJjara
cocranJjiger 1,5 MoJib/MoJb [10].

[mokoHaT — OpraHu4ecKUil MOH, KOTOPBIU
obsamaeT MeJJIeHHbBIM MeTa00JIM3MOM U OTCYT-
CTBHEM OIlleJIaunBaolero agpgexra, IpuBOIUT K
PUCKY pa3BUTHUA OCMOTHYECKOrO [uypesa, a
TaK’Ke CII0COOCTBYET ITOBBIIIIEHHUIO KOHIIEHTPAITIN
MIPOBOCIAJIUTEJILHOTO UHTEepJaeKuHa-6 [10].

B cBsA3U ¢ aTMUM Ha3HAUYeHMeE aleTaT-coaep-
sKAIX KPUCTATJIOUIHBIX PACTBOPOB BBITTIAIUT
OoJiee TIPENNMOYTUTESFHLIM. B dYacTHOCTH,
norpebJyieHre KHUCJIOpoma MAJisi 0OpasoBaHUA
bukapboHaTa MPU WCIOJb30OBAHUM alleTaTa
JIOCTaTOYHO HU3KOe (2 MOJIb/MOJIB), TI0O CPaBHe-
HUIO C JJaKTaToM (3 MOJIb/MOJIb), NJIU IVIIOKOHA-
TOM (5,5 MOJTB/MOJTB). [Tpu aTOM MeTab0IM3M arie-
TaTa MPOUCXOAUT 3HAYUTEJHHO OBICTPEE, a ero
oulenauuBapuil adp@peKrT (yBeanueHHe KOH-
IeHTpanuy 6mkapOoHaTa) BOSHUKAET YIKe yepes
15 MuHYT 11OCJIe HaYa/la BHYyTPUBEHHOI'O BBele-
HUA — 1 MOJIb OKMCJISIEMOTO alieTaTa IpOU3BOIUT
1 mouib 6ukap6onara (HCO;3) ¢ obpasoBaHmeM
ToJIbKO 1 MoJis1 CO, (ibIXaTeIbHbIN KO pUuIiueHT
anerara cocraJset 0,5) [30, 31]. AmeTaT MOSKeET
NIPUMEHATHCSA IPU HapyIIeHUsIX PyHKIUHU [1eve-
HH, 00JIaJaeT aHTUTUIIOKCAHTHBIMI CBOMCTBAMMU,
SIBJISISICH 9HEPTeTHYECKUM CyOCTpaToM ITUKJIA
Kpebca [10].

B Hacrosiiee Bpemsi Ha Tepputopuu Poccuii-
ckoil Penepanuu (PP), cornmacHo naHHBIM locy-
JIapCTBEHHOTO peecTtpa JIeKapCTBEHHBIX
cpencts [32], 3aperucTpupoOBaHbl Cieayloliue
areTarT-cofepsKalle KpUCTAII0OUIHbIE PACTBO-
prL: Aniecosib (Kanmus xmopup + Hatpus amerar +
Harpusa xnopun), Jucoss (Hatpusa auerar + Hart-
pusi xstopu), Xecosn®-COJIOdapm (Kanus xiaopun
+ Harpusa anerar + Hatpusa xmopug, OOO «I'po-
TeKC»), Xsaocoab (Ramusa xnopup + Hatpus anerar
+ Harpusa xuopun), pactBop PuHrepa-anerar

(Ramms xmopup + Kanbius xitopug + Maraus xJjio-

talline solutions are registered on the territory of
the Russian Federation (RF): Acesol (Potassium
Chloride + Sodium Acetate + Sodium Chloride),
Disol (Sodium Acetate + Sodium Chloride), Hesol®-
Solopharm (Potassium Chloride + Sodium Acetate
+ Sodium Chloride, LLC «Grotex»), Chlosol (Potas-
sium Chloride + Sodium Acetate + Sodium Chlo-
ride), Ringer acetate solution (potassium chloride
+ calcium chloride + magnesium chloride + sodium
acetate + sodium chloride), Normofundin G-5
(Dextrose + potassium chloride + calcium chloride
+ magnesium chloride + sodium acetate + sodium
chloride, «B. Brown Melsungen AG»), Plasma-Lit®
148 aqueous solution (Potassium chloride + Mag-
nesium chloride + Sodium acetate + Sodium glu-
conate + Sodium chloride, «Baxter Healthcare Lim-
ited»), Sterofundin® isotonic (Potassium chloride +
Calcium chloride + Magnesium chloride + Sodium
acetate + Sodium chloride + Apple acid, «B. Brown
Melsungen AG) and Jonosteril® (potassium acetate
+ calcium acetate + magnesium acetate + sodium
acetate + sodium chloride, «Fresenius Cabi
Deutschland GmbH»). Among them the most bal-
anced both in terms of osmolarity and electrolyte
composition (sodium, potassium, calcium, magne-
sium, chlorine) are Sterofundin® isotonic, Plasma-
Lit® 148 aqueous solution and Jonosteril®. Their
comparative characteristics are shown in table 1.
Plasma-Lit 148 aqueous solution is an isotonic
electrolyte solution. The pharmacological properties
of the drug result from its components (water,
sodium, potassium, chloride, acetate, and glu-
conate). The drug is distributed in the extracellular
space (interstitial and intravascular). Sodium acetate
and sodium gluconate are bicarbonate producing
salts having alkalizing action. Indications for use in-
clude hydration in acute conditions (e.g. in burns,
head trauma, fractures, infections, peritonitis), hy-
dration during surgery, hemorrhagic shock and
acute requirement of blood transfusion (compatible
with blood products), mild-to-moderate metabolic
acidosis, and abnormal lactate metabolism. Plasma-
Lit® 148 is not indicated for the treatment of
hypochloremic and hypokaliemic alkalosis [33].
Sterofundin isotonic® is one of the balanced
replacement solutions, which is used to correct the
loss of extracellular fluid, its administration is
aimed at restoration and maintenance of osmotic
status in extracellular and intracellular space. It
contains potassium chloride, calcium chloride,
magnesium chloride, sodium acetate, sodium chlo-
ride and malic acid. The solution's pH is 5.1-5.9
and theoretical osmolarity reaches 309 mOsm/L.
The content of anions is balanced by a combination
of chloride, acetate and malate, which eliminate
metabolic acidosis. It is indicated for use as a re-
placement for loss of extracellular fluid in isotonic
dehydration in patients with acidosis or at risk of
acidosis. It is contraindicated in hypervolemia, se-

GENERAL REANIMATOLOGY, 2020, 16; 6

www.reanimatology.com



110

https://doi.org/10.15360/1813-9779-2020-6-105-128

Reviews

Tabauia 1. XapakTepucTHKa cOAJIaHCHPOBAHHBIX All€TAT-COAEPIKAINX KPHCTANIOHTHBIX PACTBOPOB, 3aperu-
CTPUPOBAHHGIX Ha TeppuTopuu Poccuiickoii ®egepamuu.

Table 1. Characteristics of balanced acetate-containing ¢
Federation in comparison with the body biological fluid

rystalloid solutions marketed on the territory of Russian
S.

Solution Content per 1,000 ml, mmol/l Osmolarity,
Na K Ca Mg Cl Additional mOsm/1

components

Blood plasma 136-143 3.5-5 2.38-2.63 0.75-1.1 96-105 — 280-290

Interstitial fluid 145 4 2.5 1 116 — 298

Plasma-Lit® 148 aqueous solution 140 5 — 1.5 98 Acetate 27 295
Gluconate 23

Sterofundin® isotonic 145 4 2.5 1 127 Malate 5.0 309

Acetate 24
Jonosteril® 137 4 1.65 1.25 110 Acetate 36.8 291

IIpumeuanue. Solution — pactBop; blood plasma — ns1azama kpo
aqueous solution — ITyiaama-Jlut BopHbI pacTBOp; sterofundin i
puit; content per — cozepskanue B; additional components — 10

pun + Harpusa anerar + Harpusa xiaopun), Hopmo-
¢ynnuH I-5 (Jlekcrposa + Kanus xnopup + Kanb-
A xJaopun + Maruua xaopup + Harpuda anerar +
Harpusa xsopun, «b. bpayH Menab3yHren Al»),
[Tmazma-JInt® 148 BonHbIN pacTBOp (Kanmus xjo-
pun + Maraud xsiopup + Harpusda anerar + Harpus
mIroKoHaT + Harpusa xnopun, «bakcrep Xesickea
Jlumuren»), CrepodyHIUH® H30TOHUYECKUN
(Ramusa xnopup + Ranbnuysa ximopu + Maraus xJio-
pun + Hatpusa anerar + Harpus xmopun + 67104-
Hasi KHCJI0Ta, «B. Bpays Menbaynres Al'») u Moso-
crepun® (Kanusa ameratr + Kanbuus amerar +
Maruus anerar + Harpusa auerar + Hatpusd xi1o-
pun, «®pesennyc Kaou Hotviwrans I'm6X»). Cpenu
HUX HanOoJiee cOATAaHCUPOBAHHBIMU KaK II0 OCMO-
JIAPDHOCTH, TaK W II0 3JIEKTPOJIMTHOMY COCTaBy
(HaTpuit, KaJINH, KAJIBIUN, MAarHUH, XJI0P) ABJIAIOT-
cs1 Crepopynna® nsoronndyeckui, [lmasma-JInt®
148 BoHBIH pacTBOp u MoHOCTEpHI®. VX CpaBHU-
TeJIbHYIO XapaKTePUCTUKY ITPUBEJA B Ta0JT. 1.
[Tnasma-JIut® 148 BOAHBIN pacTBOp mpej-
cTaBJIsieT cOOOI M30TOHUYECKUHA PACTBOP 3JIeK-
TpoJIUTOB. PapMaKkoJOoTUYecKre CBOICTBA IIperna-
para o0ycI0BIEHBI CBOMCTBAMU BXOJSAIINX B €T0
COCTaB KOMIIOHEHTOB (BOJIa, HAaTpUH, KaJInii, Mar-
HUM, XJI0puJ, anerar U riaoKoHaT). OCHOBHOU
addekT npenapara 3arJIOYAETCS B 3aNIOJTHEHUHU
3KCTPaLeJIVIIOSAPHOIO (MHTEPCTULIIMATIBHOIO U
BHYTPUCOCYAMCTOr0) IpocTpaHcTBa. HaTpus ane-
TaT ¥ HATPHUs IIIOKOHAT SABJIAIOTCSA OMKapOoHaT-
NPOAYLUPYIOIIUME COJISIMU U OKA3bIBAIOT MOIIIe-
JauuBawoliee fAelictBue. IlokasaHusAMU K
IIPUMEHEHUIO SIBJISIIOTCS: BOCIOJIHEHHE IIOTepPh
SKUAJIKOCTH (HallpUMep, IIPU 05K0rax, TpaBMe roJio-
BBI, IEpeJioMax, MHPEKIUAX, pa3apaskeHnn 6pio-
IIMHBI); BOCIOJHEHUE IIOTeph >KUJKOCTU BO
BpeMsi ONepaTMBHOTO BMeIIaTeJbCTBA; IIpU
reMopparuyeckoM II0Ke U KIUHUYEeCKUX COCTOsI-
HUAX, TpeOyomux OBICTPON TreMoTpaHChy3un
(coBMecCTHM C IIperapaTaMu KPOBH); IPU MeTabo-
JIMYECKOM alyi03e OT JIerKOH 10 YMepeHHOH cTe-
IIeHU TSKeCTH, a TaKKe B cjydae HapylleHUus

BY; interstitial fluid — nHTepCcTHIIMANBHAS JKUIKOCTR; Plasma-Lit
sotonic — cTepodyHINH N30TOHNYECKUH; Jonosteril — loHoCTe-
TIOJTHUTEIbHBIN KOMIIOHEHTBI; osmolarity — 0cMOJIsIpHOCTb.

vere functional class III-1V heart failure, renal fail-
ure with oliguria or anuria, severe generalized
edema, hypercalcemia, metabolic alkalosis [34].

Jonosteril® is a balanced replacement solu-
tion, which is used for extracellular (isotonic) de-
hydration of different origin, as well as for primary
volume correction in case of blood loss and
burns [35], which was registered in Germany in
2000. Jonosteril® effectively corrects existing or im-
pending acidosis in case of trauma, shock, burns,
perioperative infusion therapy, dehydration of var-
ious origin. It is effective for short-term intravascu-
lar volume correction and in patients with isotonic
and hypotonic dehydration. It is included in many
standards of prehospital care, perioperative man-
agement of patients, treatment of infectious dis-
eases, trauma, burns and other conditions requir-
ing correction of electrolyte and acid-base
balance [2, 36-37].

Aim: to perform a systematic review of clinical
efficacy and safety of different variants of fluid ther-
apy using balanced acetate-containing crystalloid
solutions in abdominal surgery.

Materials and Methods

Evaluation of data on efficacy and safety of acetate-
containing balanced crystalloid solutions was performed
using the available sources (electronic databases of the
Cochrane Library and MEDLINE, the Russian informa-
tion and analytical system eLIBRARY.ru). The following
criteria were defined for the literature review according
to the PICO(S) scheme [38]:

— population (P): adult patients with indications
for abdominal surgery;

— intervention (I): acetate-containing balanced
crystalloid solutions;

— comparator (C): non-acetate containing bal-
anced crystalline solutions;

— outcome (O): pH value, serum sodium concen-
tration, serum chloride concentration, base excess (BE),
buffer bases concentration (BB), anion gap, bicarbonate
content, strong ion difference (SID), lactate concentra-
tion, oxygen partial pressure (pO,);
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MeTtabosmama Jjakrara. [lnasma-JIut® 148 He
IIOKAa3aH [JId JIEYEeHUA TUIIOXJIOPEMUYECKOTO U
TUIIOKAJINEMHUYECKOTO ajJKkaJjo3a [33].

CrepodyHAMH N30TOHUYECKUN® — OUH U3
cOasTaHCHPOBAHHBIX 3aMEIAIIINX PACTBOPOB,
KOTOPBIY IpUMEHSETCS /11 KOPPEKIUU I10TepU
BHEKJIETOUHOU 3KUJIKOCTY, €er0 BBeJIeHNe HallpaB-
JIEHO Ha BOCCTAHOBJICHHE U NIOAAEPKaHue 0CMO-
THUYECKOI'0 CTaTyca BO BHEKJIETOYHOM U BHYTPH-
KJIETOYHOM IIPOCTPAHCTBE. B ero cocras BXogAT
KaJIvs XJI0pUJ, KaJIbINUA XJIOPUL, MarHusA XJI0PUL,
HaTpWs aneTar, HaTpus XJIOPU U 10/I09HAsT KUC-
Jjgora. Pactsop umeer pH 5,1-5,9 1 TeopeTu4eCKyIO
ocMosisipHOCTE — 309 MOcwm/a. ComepsxkaHue
AHMOHOB cOATaHCHPOBAHO KOMOWHAIMEH XJIOPH-
Jla, areraTra ¥ MaJjiara, KOTopble YCTPaHAIOT MeTa-
bonuueckuii anumo3. [TokazaH K IPUMEHEHUIO
JJIS1 3aMellleHUsI I0Tepy BHEKJIETOUHOMN SKUIKO-
CTH IIpU U30TOHWYECKOH Neruparaluu y namu-
€HTOB C aIlU/I030M WUJIM YyTPO30U ero pa3BUTHUS.
[IpoTuBONOKAa3aH IpY TMIIEPBOJIEMUH, TAXKETION
cepaeyHoll HenmocrtaroyHocTtu III-1V dyHKIUTO-
HaJIbHOI'O KJIacca, I0Ye4YHON HeJOCTAaTOYHOCTH C
OJIUTOYpPUEN WU aHypUeH, TAKEJIOM O00IIeM
OTEKe, TIHUIEepKAJIUEeMUM, TIHUIepKaJbIUEeMUN,
MeTadoJIMYEeCKOM ajIkajiose [34].

HMonocTepun® — cHamaHCHPOBAHHLINA 3aMe-
IIAIOIINHA pacTBOP, KOTOPBIN IpUMeHsieTCs IIpU
BHEKJIETOUYHOH (M30TOHMYECKOMN) Ieruaparanun
pasJnu4YHOIO reHe3a, a TaK)Ke [JIs IIEPBUYHOIO
BOCIIOJTHEHUST 00'beMa IIPU TIoTepe KPOBH U 0KO-
rax [35], KOTop&Il OBLIT 3aperucTpupoBaH B [epma-
Huu B 2000 T. loHOCTepn1® 3h(heKTUBHO KOPPH-
rUpyeT UMEIOIINICSA NN YIPOsKAIINN aliug03
IIpU TPaBMe, LIIOKe, 05K0rax, IepruoneparnuoHHON
WH(Y3UOHHOH Tepalluy, AeruapaTanuy pas3iand-
HOro reHesa. ddeKTUBeH IJis1 KpaTKOCPOYHOTO
BOCTIIOJTHEHUsI BHYTPUCOCYIUCTOTO O0beMa U y
MaIeHTOB C N30TOHUYECKON U TMIIOTOHUYECKON
Jeruaparauueil. BxonuT B MHOTHe CTaHIapThI
JIOrOCIUTAJbHON ITOMOIIY, IepUOIIepalliOHHOIO
BeJleHUs MallUeHTOB, JeuyeHUsI UH(PEKINOHHBIX
3a00J1eBaHM, TPABM, O3KOTOB U MHBIX COCTOSTHUH,
TpeOyIoINX KOPPEKIUN JJEKTPOJUTHOTO U
I1eJI0YHO-KUCJOTHOTO paBHOBecud [2, 36-37].

Ileqp 0030pa — OLEHUTH KIMHUYECKYIO
9(pHeKTUBHOCTH 1 6€30ITaCHOCTH PA3TNIHBIX BAPH-
aHTOB MH(Y3MOHHO TepaIuy c IprMeHeHneM coa-
JIAHCHPOBAHHBIX alleTaT-CoNepsKallnX KPUCTAJLIIO-
HJIHBIX PAaCTBOPOB IIPY IPOBEICHUHN OIlePaTUBHBIX
BMeIIIaTe/TbCTB Ha OpraHax OPIONTHON MTOJIOCTH.

MarepuaJ 1 MeTObI

B IOCTYITHBIX UCTOYHUKAX (9J€KTPOHHBIE 0A3bI
naHHbIX KokpaHoBckoii 6ndamoreku 1 MEDLINE, poc-
cuiickast MHQPOPMAaNMOHHO-aHAJIUTHYECKAsd CHCTeMa
eLIBRARY.ru.) nposeJsin aHaan3 JaHHBIX 110 KJIXHUAYE-
CKOH 9(p(PeKTUBHOCTH U OE30MAaCHOCTH MPUMEHEHU S
areTar-CcofiepsKaniux coaTaHCHIPOBAHHBIX KPUCTAJIIIO-

— Type of study (S): randomized clinical trials,
meta-analyses, systematic reviews, all direct and indirect
comparisons of the intervention with the comparator.

The literature search was conducted between De-
cember 2019 and May 2020 (additional search was con-
ducted in November 2020, the date of the last search was
November 4, 2020), with the keywords «acetate» AND
«buffers» OR «buffered» AND «crystalloid solutions» OR
«crystalloids». The search in the eLIBRARY.ru database
was performed using the keyword «acetate-containing
solution». The following filters were applied: clinical trial,
randomized controlled trial (RCT), meta-analysis, sys-
tematic review. Languages of publications: English (and
Russian for eLIBRARY.ru). The depth of search is 10 years.
In addition, limitations were applied for the objects of re-
search such as «people» and age «adults / 19+». In order
to identify potential articles that were not included in the
search results, we searched bibliographies of the in-
cluded studies, as well as theses and materials of relevant
scientific events.

Exclusion criteria were pediatric patients; animal
studies; studies on comparison of crystalloid and col-
loidal solutions; intended use of acetate- containing crys-
talloid solutions different from infusion therapy in ab-
dominal surgery; acetate-containing crystalloid solutions
used in combination with other drugs. Abstracts and
conference materials were excluded if they lacked suffi-
cient detail. Duplicate publications, review articles, edi-
torial articles, reports from case histories and other non-
clinical trials, studies without suitable data were also
excluded. We separately reviewed trials conducted in the
Russian Federation.

For systematic reviews, methodological quality was
assessed based on AMSTAR criteria [39-42] and the level
of evidence was determined. For randomized clinical tri-
als, the risk of bias and random errors was assessed. Dur-
ing the analysis of selected publications the level of evi-
dence was assessed and the strength of evidence was
assigned in accordance with the scale of assessment of the
levels of evidence and certainty of clinical trials results, ap-
proved by the Russian Government Decree of 28.08.2014
Ne 871 (as amended by the Russian Government Decree
0f 12.06.2017 Ne 700, 29.10.2018 No 1283) [43].

Results and Discussion

The results of the selection of publications are
presented in Figure according to the PRISMA (Pre-
ferred Reporting Items for Systematic reviews and
Meta-analysis) criteria [3, 44].

As a result of a MEDLINE, Cochrane Library
and eLIBRARY.ru search, we found 62 publications.
Taking into account applied filters and exclusion of
duplicate links, 11 publications were selected, 6 of
which were included in the final review. Among the
publications, the following types were found: 1 sys-
tematic review [54], 3 RCTs [55-58] and 1 observa-
tional cohort study [59]. In 2 publications [56, 57]
was reviewed 1 RCT with a subgroup analysis [57].
In all publications, the efficiency and safety of ac-
etate-containing balanced crystalloid solutions
were evaluated.

As a result of analysis and evaluation of re-
search quality, level of evidence and strength of ev-
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UOHBIX UH(QY3UOHHBIX PACTBOPOB. /171 BBIIOJHEHUS
0630pa JIuTepaTyphl ONPeeTIIN CAeayIoIe KpuTe-
puu B coorBeTcTBUU co cxemou PICO(S) [38]:

— nonynAanuAa (P): B3pocible NanyueHThl, TMEI0o-
Iye ITOKa3aHUs JJIsI IPOBEJIeHNs OTIepaTUBHOTO BMe-
IIaTeIbCTBA Ha OpraHax OPIONTHOMN IT0JIOCTH;

— wunTepBennusa (I): amerar-cojepskamue cOa-
JIAHCHPOBaHHbIE KPUCTAJIJIONIHBIE PACTBOPEI;

— kommaparop (C): He armeTar-cojepskarire coa-
JIAHCHPOBaHHbIE KPUCTAJJIONIHBIE PACTBOPEI;

— peayasrarsl (O): 3Havenue pH, konuenTpanusa
HaTpHs B CHIBOPOTKE KPOBH, KOHI[EHTPAIHs XJIOPH/IA B
CBIBOPOTKE KpPOBHU, U30BITOK 0OCHOBaHUM (base excess,
BE), konnenrtpamus OydepHbix ocHoBaHmil (buffer
bases, BB), annoHHas1 pa3HUIIa, Cofiepskanue Oukapoo-
HaTOB, Pa3HUIlA CUJIBHBIX HOHOB B pacTBope (strongion
difference, SID), KOHIIeHTpAIs JJaKTaTa, HAPSIYKEHNE
rucaopoga (p0O,);

— BWJI KicCJIeoBaHu (S): paHIOMU3UPOBaHHBIE
KJIMHAYECKYe UCC/IeOBaHNs, MeTa-aHaII3bl, CHCTeMa-
THYeCKHe 0030PHI, BCe MPSAMBIE U HENIPsIMbIe CpaBHe-
HUA UHTEPBEHIUU C KOMIIapaTOPOM.

JIuTepaTypHBI ITOMCK IIPOBEJHN B IEPHOJ C Jie-
kabps 2019 roga mo mait 2020 roga (JIOMOJTHATETBHBIN
TIOMCK ITPOBEJTH B HOs1Ope 2020 rofia, JaTa mocIeTHero mo-
ucka 4 Hos10ps 2020 roga), 110 KJII0UEBBIM CJI0BAM, «aC-
etate» AND «buffers» OR «buffered» AND «crystalloid solu-
tions» OR «crystalloids». Tlomck B ©6as3e JaHHBIX
eLIBRARY.ru mpoBeJiz 1o KJII0YEBOMY CJIOBY «aIleTar-Cco-
JIepsKkaluii  pacTBOp». IIpUMEHWIN  CJIeAyIoIre
¢unsrpsr: KIMHUYECKoe ucciaenoBanue (K1), pangomu-
3MpPOBaHHOE KOHTpoJIpyeMoe ncciegosanue (PKN), me-
TaaHa/IN3, CUCTeMaTnyecKknii 0630p (clinical trial, random-
ized controlled trial, meta-analysis, systematic review).
SI3bIKM MyOJUKAMN: aHTTTMACKUN (M PYCCKUN — JIS
eLIBRARY.ru). [irybuxa momucka 10 jet. Kpome Toro, mpu-
MEHWJIA OTPaHUYEHHUS 111 00BEKTOB MCCIIeJOBAHIA —
«humans» n Bogpacra — «adults / 19+». C 11eJ1b10 BbIsIBJIE-
HUA IIOTEHIWAJIbHBIX CTaTefI, He ITOIMaBIINX B PE3YyJIbTaThbl
TIOMCKA, ITPOBEJIN TIOMCK 110 6MOorpad M BKITIOUEH-
HBIX MCCJIEJIOBAHMH, a TAKKE CPEIY Te3NCOB M MaTepHa-
JIOB COOTBETCTBYIOIINX HAYYHbIX MEPOIIPUATUH.

ViccnemoBaHWA WCKIIOYATN IIPU  CJIEAYIOITUX
YCJIOBHSAIX: ICC/IEIOBAHMSA C [TAIIIeHTaMH IETCKOT0 BO3-
pacTa; ucciefoBaHNs Ha SKUBOTHBIX; UCCJIeIOBaHNS,
TIOCBSAIIIIEHHBIe CPAaBHEHUIO TPUMEHEHNsI KPHUCTAJIIO-
UOHBIX 1 KOJJIOUJIHBIX PACTBOPOB; KCIIOJIb30BAHUE alle-
TaT-CcoJepsKaIINX KPUCTAIIONTHBIX PAaCTBOPOB IIpEeI-
110JIaraoch JJjisi Tepaluy COCTOSTHUH, OTIIMYHBIX OT
NIpoBeleHN s UH(Y3MOHHOU Tepaluy IIpU OllepaTUBHbBIX
BMeIIaTeIbCTBA HAa OpraHax OpPIONIHON ITOJIOCTH; alje-
TaT-cofepsKalye KpUCTaIJIONIHbIE PACTBOPEI IIpUMe-
HSJINCh COBMECTHO C APYTUMH JIEKapCTBEHHBIMH IIpe-
maparamMu. Te3WChl JOKJIAAOB W  Marepuasbl
KOH(epeHIUI MCKII0YAINUCh, €CJIM B HUX OTCYTCTBO-
BaJIa IOCTAaTOYHas AeTanuaanus. Jlydaupyroriue my6-
JINKAINX, 0030pHbIe CTAaThbU, PeaKIOHHbIE CTaThH,
COOOITEeHNs M3 UCTOPUIL OOJIE3HU U IPyTHe HeKJINHH-
YeCKUe WCIBITaHMs, NCCIeJOBaHNs 0e3 MOIXOqAIINX
JIJIsI MICIIOJIb30BAHUS AHHBIX TaKKe UCKITIOUnIu. OT-
JIeJTbHO paccMaTpUBaIH MCCIeN0BaHNsl, IPOBEIEHHbIE
Ha Tepputopuu Poccuiickoil ®egepanumu.

st cucTeMaTHYeCKUX 0030pOB IIPOBOIWIN
OIIEHKY MEeTO0JIOTMYECKOr0 KauyeCcTBa Ha OCHOBAHUU
kputepueB AMSTAR [39-42] u onipeseissyii ypoOBEeHb J10-

idence for efficacy and safety of acetate-containing
balanced crystalloid solutions with the specified in-
dication were recognized as convincing. The results
are presented in tables 2-4.

In a systematic review by C. A. Pfortmueller et
al.,, 2016 [54], the acetate-containing crystalline so-
lutions, including the Jonosteril® solution, were
evaluated (table 5). Experimental and clinical stud-
ies comparing acetate-containing and other crys-
tallloid solutions were included in the analysis. 31
studies were included in the final review, and 4
more studies were excluded after evaluation of full-
text versions of publications. Comparative charac-
teristics of 27 trials included are shown in Table 5.
Nine trials were conducted on animals and 22 — on
humans. The studied solutions were: Plasma-Lit®
(14 trials), Ringer's acetate solution (11), Elomel®
(2), Jonosteril® (1). In 14 studies acetate-containing
solutions were compared with 0.9% sodium chlo-
ride, in 7 with Ringer Lactate solution. In 6 studies
comparison was made with both solutions, 0.9%
sodium chloride and Ringer lactate. Colloid solu-
tions were also included in 4 studies.

The following was demonstrated with respect
to acetate-containing solutions: higher pH value,
potassium and magnesium content remained at
the same level after infusions of similar solutions,
increase of lactate content in blood serum.

This review showed that acetate-containing
crystalline solutions have a positive effect on
splanchnic microcirculation, including renal and
hepatic ones. Metabolic alkalosis is not observed
during fluid therapy with acetate-containing solu-
tions. Changes in the acid-base status are mostly
neutral or slightly alkaline, and potassium levels in
serum remain at the same level. Positive effects on
cardiac output and contractility have also been ob-
served in the cardiovascular system, but the data
on maintenance of target blood pressure do not
look convincing.

The issue of mortality reduction resulting
from the use of acetate-containing crystalline solu-
tions in comparison with solutions of 0.9% sodium
chloride and Ringer lactate requires further study
due to insufficient data.

In a prospective double-blind randomized
study by C. A. Pfortmueller et al., 2018 [55] a com-
parison was made between the use of 0.9% sodium
chloride solution and acetate-containing Elomel®
crystalloid solution in the intraoperative period of
abdominal surgery in 240 patients, but the study
was terminated prematurely for safety reasons after
recruitment of 60 patients. The primary endpoint
was the use of catecholamine to maintain the target
blood pressure values, the secondary endpoints
were differences in catecholamine doses and vol-
umes required to maintain fluid in the vascular
bed. The study results showed that patients in the

group of 0.9% sodium chloride solution required a
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[Ty6sukanyy, naeHTHUIPOBaHHbIEe
Yepes MOMUCK B 0a3ax JaHHBIX: 62

v

ITy6/1MKanyy ¢ y9eToM
GUIBTPOB

Pub. dates - 10 years,
Language - English,
Species - Humans: 38

v

ITy6ukanyy ¢ npuMeHe-
HH1eM uibTpoB: clinical
trial, randomized
controlled trial, meta-
analysis, systematic

[My6sukanuu crapuie 10 jiet: 12
[Ty6sinkarum o 1pyrux sujaax: 11
ITy6aukanuu Ha JPYTHUX sI3bIKAX: 1

[Ty6uKany, AJ1st KOTOPBIX
He l'lpI/IMeHI/IMI)I (bl/IJ'II)TpLI
clinical trial, randomized
controlled trial, meta-analysis,

Publications, identified
via database search: 62

2

Publication with
applied filters Pub.
dates — 10 years,
Language — English,
Species - Humans: 38

v

Publications with applied
filters clinical

trial, randomized
controlled trial, meta-
analysis, systematic

Publications older than 10 years: 12
Publications on other species: 11
Publications in other languages: 1

Publications with
nonapplicable filters

clinical trial, randomized
controlled trial, meta-analysis,

[TyGavKanmy, BKIIOYEHHbIE
B CHCTeMaTH4eCKHii 0030p: 6

review: 24 systematic review: 14 review: 24 systematic review: 14
\1/ ITy6ukaryu 6€3 MOTHBIX \l/ B : R
Mo monexcrome 1. | rescron: 45-47) o | [ e
nyGmaxkanm: 11 TIpoTOKOJIBI HiCC/Ien0BaHMIA: 1 [48] publications: 11 Duplicate publicatié)ns: 9
\l/ Iy6mupyomiye myoauKanuu: 9 \J/
TTOJIHOTEKCTOBbBIE > He Ta nonynsanus: 3 [49-51] Full-text publications > Wrong population: 3 [49-51]
My6JIMKALAH, He ta unrepsenius: 2 [52, 53] after eligibility Wrong intervention: 2 [52, 53]
OLlEeHEHHbIe assessment: 6
Ha IPUEeMJIEMOCTb: 6 \l’
\1/ Publications included

into the systematic review: 6

Mertoauka 0T60pa HCCIef0BaHUM.
Method for publication selection.

Ka3aTeJIbHOCTH. J[JIs1 paHJOMU3UPOBAHHBIX KJIMHIYE-
CKUX MCCJIeJOBAHNI IPOBOAMIN OIEHKY PHUCKA CHCTe-
MaTUYeCKUX U CIy9aiHbIX omuboK. ITpu aHaamse oTo-
OpaHHBIX NyOJIMKAOWH IPOBEIN OIEHKY YpPOBHEN
JIOKa3aTeIbHOCTH 1 IPUCBOUJIN YPOBEHb yOeIUTeIbHO-
CTH B COOTBETCTBUU C IITKAJION OIIEHKH YPOBHEH JI0Ka3a-
TeJIbHOCTH M yOeIUTeTbHOCTH Pe3y/IBTaTOB KINHIYe-
CKUX WCCJIEeIOBAHUI JIEKapCTBEHHBIX IIPENaparos,
ycranoBsieHHo# [ToctanoBsienneM ITpaBuresbcTea PO
0t 28.08.2014 N 871 (B pen. [ToctanoBnenut [ IpaBuTeh-
crBa PP 01 12.06.2017 Ne 700, 0T 29.10.2018 Ne 1283) [43].

Pe3ybTaThI 1 00CYKI€HNE

PesysisraTs! oTO0OpA IMyOIUKAIMH TPEACTaBU-
JIVl HA PHC. B COOTBETCTBUH C KpuTepusiMu «[Ipes-
IIOYTUTEJIbHBbIE 3JIEMEHThI OTYETHOCTHU OJIsI CUCTE-
MaThyeCcKUx 0030pOB U  MeTa-aHaJM30B»
(Preferred Reporting Items for Systematic reviews
and Meta-analysis, PRISMA) [39, 44].

B pesynbrare mpoBeeHHOTO IMOKCKA B 0a3ax
mausblx  MEDLINE, CochraneLibrary u
eLIBRARY.ru o6Hapyxnau 62 mybsmkarun. C yue-
TOM MPUMEHEHHBIX (DUJIBTPOB U UCKJIIOYEHHS y0-
JINPYIOMINX CCHIIOK oToOpasu 11 myGaukanuii, u3
KOTOPBIX 6 BOITIJTA B UTOTOBBIH 0630p. Cpemu my0JIu-
Kanui 00HapyKUJIU CJIeyIoIe TUIIBL: 1 crcTe-
Marmaecknii 0630p [54], 3 PKU [55-58] u1 1 HabJtiona-
TeJIbHOE KOTOPTHOE ucciaenoBanue [59]. B pamkax
2-x mybsmmkanuii [56, 57] paccmorpesnm 1 PKU ¢
IIpUBeEHUEM IIOArPYIIIIOBOro aHaJsuaa [57]. Bo

BCeX MyOJUKAIUAX paccMoTpenau 3P PeKTUB-

larger volume of solution, 3427 ml (interquartile
range, IQR 2732-4130) compared to 3144 ml (IQR
1673-4926) (P=0.19). Statistically significant differ-
ence was obtained with respect to the number of
patients who required vasopressors in the group of
0.9% sodium chloride solution, 97% in comparison
with 67%, P=0.033. The analysis using Kaplan-
Meyer method confirmed that patients in the group
0f 0.9% sodium chloride solution significantly more
often require catecholamines (P=0.019) during the
operation. At the same time, it was shown that 0.9%
sodium chloride solution was associated with
higher serum chloride levels (maximum concentra-
tion 115 (108-122) vs. 108 (105-108) mmol/l'! at
P<0.0001), which subsequently led to hyper-
chloremic metabolic acidosis.

In the prospective RCT by E. Potura et al.,
2015 [56], a comparison of the use 0of 0.9% sodium
chloride solution and acetate-containing Elomel®
crystalloid solution in 150 patients with terminal
renal failure who were indicated for renal trans-
plantation. The results of the study showed that
there were no statistical differences between the
groups in the volume of infused fluid which was
2625 ml (2000-3100 ml) in the group of 0.9%
sodium chloride solution vs 2500 ml (2000-3050 ml)
(P=0.83). The frequency of hyperkalemia (serum
K+ level >5.9 mmol/l) differed between the groups
by less than 17% (17% and 21%, P=0.56). The min-
imum level of base excess was lower in the group
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Tabmauia 2. OeHKa KauecTBa CHCTEMaTHYeCKoro 003opa Ha ocCHOBaHUH Kputeprues AMSTAR.
Table 2. AMSTAR (a tool for systematic review quality appraisal).

Parameters Value*
C. A. Pfortmueller et al.,
2016 [54]
1. Was an «a priori» design provided? 1
2. Was there duplicate study selection and data extraction? 0
3.Was a comprehensive literature search performed? 1
4. Was the status of publication used as an inclusion criterion? 0
5. Was a list of studies (included and excluded) provided? 1
6. Were the characteristics of the included studies provided? 1
7. Was the scientific quality of the included studies assessed and documented? 1
8. Was the scientific quality of the included studies used appropriately in formulating conclusions? 1
9. Were the methods used to combine the findings of studies appropriate? 1
10. Was the likelihood of publication bias assessed? 0
11. Was the conflict of interest stated? 1
Total score: 8
Level of evidence Ia
Strength of evidence A

Note. * — in accordance with C. A. Pfortmueller et al., 2016 [54].

IIpumeuanue. Was an «a priori» design provided — 0b11 /v 1u3aiiH vccaenoBaHus 3asiBjieH 3apanee; was there duplicate study
selection and data extraction — Ob1711 /11 OTOOP M CCJIEJOBAHU U/ WU U3BJI€YEHNE JAHHBIX BBIIIOJIHEHbI HE3aBHUCUMO JIBYMsI UC-
caeoBaresisiMu; was a comprehensive literature search performed — 6b11 Ji TOWCK JTUTEPATYPHBIX HCTOYHUKOB MCYEPIIBIBAIO-
muMm; was the status of publication used as an inclusion criterion — ObITH JT1 THII ¥ I3BIK ITYOJIMKAIIMH UCII0JIb30BAHbI B KAY€CTBE
KpuTepusi oToopa; was a list of studies (included and excluded) provided — nepeurncieHbl i1 Bce UCC/IeJOBaHUs (BKIIOYEHHbBIE
" UCKIIoYeHHbIe; were the characteristics of the included studies provided — nana Jin xapakTepuCcTHKA BKJIIOYEHHBIM HCCIIEN0-
BaHMAM; was the scientific quality of the included studies assessed and documented — 6b171a 11 IPOBeieHA OLIEHKA METO0JIOTU-
YeCKOro KauecTBa NCCJIeI0BAaHN, ONUCAHbI JIU ee pe3ysbraThl; was the scientific quality of the included studies used appropriately
in formulating conclusions — y4reHo 11 Ka4eCTBO JOKA3aTeIbCTB B JOJLKHON CTEIIEHH IPU (DOPMYJINPOBAHNY BBIBOJIOB; Were
the methods used to combine the findings of studies appropriate — 651710 Jit 060011IEHIE PE3Y/IBETATOB HCCJIEJOBAHUI TPOBEIEHO
c moMolIbIo ailekBaTHbIX MeTo10B; was the likelihood of publication bias assessed — Obl1a Ji TpoBejeHa OlleHKA ITyOJIMKAIIMOH-
Horo cmerenusi; Was the conflict of interest stated — 3asiBsieH 11 KOH(JINKT NHTepecoB; total score — Bcero 6asios; level of ev-
idence — ypoBeHb oKa3aTesbHOCTH; strength of evidence — yposens yoeaurensHOcTH. * — C. A. Pfortmueller et al., 2016 [54].

Tabsmmna 3. OneHKa pucKa CHCTEMaTHYeCKUX U CIy4YailHbIX omru0ok B PKU ¢ npucBoeHneM YpOBHsI JOKa3a-
TEeJILHOCTH.
Table 3. Appraisal of risk of biased and unbiased error in RCT with the levels of evidence.

Study Parameters
1.Rando- 2.Rando- 3.Blinding 4.Blinding 5.Patient 6.Result 7.Statistical 8.Other 9.Level
mization mization ofpatients ofdoctors dropout presenta- analysis errors of evi-
method results and medical in efficacy tion dence
concea- workers  assessment
Iment
C. A. Pfortmueller, + + + + + + + + Ila
G.-C. Funk, C. Reiterer
etal., 2018 [55]
E. Poturaetal,, + + + + + + + + Ila
2015 [56, 57]
D. Kazantsev, A. Popov, + + + + + + + + Ila
A. Strygin et al.,
2019 [58]

IIpumeuanue. Study — ucciaenoBanue; 1 — MeToJ paHIOMHU3ALNY; 2 — COKPBITHE Pe3yJIBTaToB; 3 — «OC/IeIlIeHre» IallieHTOB
¥ METUITIHCKOTO IIePCOHANA; 4 — «OCJIENJIEHre» Bpaveil pH olieHKe 3 (eKTa; 5 — BHIObIBAHNE TAIINEHTOB; 6 — IPEICTaBIeHIE
pes3y/IbraToB; 7 — CTaTUCTUYECKUll aHaus; 8 — apyrue ommboky; level of evidence — ypoBens qokasareibHOCTH.

HOCTb U 0€30IMMacHOCTh TPUMEHEHWsI alleTaT-
cofepsKRaIrx cOaaaHCUPOBAHHBIX KPUCTAITIOH -
HBIX PAaCTBOPOB.

B pesysibrare IMpoBeAeHHOTO aHalW3a U
OILIEHKH Ka4eCTBa UCCIIEIOBAHNM, YPOBHSI TOKa3a-
TEJIBHOCTU U yOeqUTeJHbHOCTH JT0Ka3aTesbCTBa
a¢dPerTUBHOCTU U 0€30MACHOCTA TPUMEHEHUs
arerar-cofiepskanux cbaJaHCUPOBAHHBIX KpPU-
CTAJUIOUIHBIX PACTBOPOB B M3y4aeMOM IIOKa3a-
HUU TpPU3HAIU YOEIUTEJTbHBIMU. Pe3ybraThl
MpeACTaBUIH B TA0J. 2-4.

of 0.9% sodium chloride solution — -4.5 mmol/l
(-6—-2.4) vs -2.6 mmol/1 (-4—-1), P<0.001, the max-
imum level of chlorides was also noted in the
group of 0.9% sodium chloride solution equal to
109 mmol/l (107-111) vs 107 mmol/l (105-109),
P<0.001. No statistically significant differences in
creatinine concentration and urine output after
the operation were found.

In a paper by C. A. Pfortmueller et al., 2017
[57], a subgroup analysis of data from the previous

study was presented [56]. The primary points were
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Tabauna 4. CpaBHUTEIbHAA XapaKTEPUCTHKA UCCIE€N0BAHUI, BKJIIOYEHHBIX B HACTOSIIUHA 0030P C OI[EHKOH
YPOBHe} 0Ka3aTeTbHOCTH U yOeAUTEIFHOCTH JOKA3aTeIbCTB BEIABJIECHHBIX HCCJIEJOBAHUIH B COOTBETCTBHH C
Ilocranos/sienneMm IIpaBuTtesiscTea P® ot 28.08.2014 Ne 871.

Ne HccnegoBanne  Bup KoanuecTBo Bapuantel KoHeuHble VpoBens YpoBenb O6masn
[ceprkal HCClIelo-  YYaCTHUKOB HHQY3HO- TOYKHU [IOoKa3aTe- yOeaHTe- OLIEHKa
BaHHA HHOH JIBHOCTH  JIBHOCTH HCCJIEeNO-
Tepanuu pe3yiib- JloKa3a- BaHHA
TaToOB TEJBCTB  (0aJLIbI)
MupOBOH ONIBIT
1 C.A.Pfortmueller, Cucrema- — — — 1 A 30
E. Fleischmann, Tudeckuii
2016 [54] 0630p
2 C.A. Pfortmueller, IIpocriek- Ilnanupoasiocs 240 JjioMenb  IlepBuUYHbBIE TOUKU: I A 27
G.-C. Funk, THUBHOE (paxTraeckn 60) mar- u 0,9% HCTOJ/Ib30BaHNE
C. Reiterer JIBOWHOE  €HTOB C OIIEPATUBHBIM  PACTBOP KarexoJaMUHOB
u ap., 2018 [55] cjiernnoe BMeIIaTeJIbCTBOM xJiopuaa JIJIA oA epyRaHuA
PKUM Ha OpraHax OpIOITHOH  HAaTpHs neneBoro AJl
I10JIOCTHA BTOopu4HBIE TOUKHU:
JI03UPOBKA KATeX0-
JIAMHHOB, 00'bEM HH-
¢y3noHHOM Tepanuy,
HesallJIaHUpOBaHHbIE
nepesonsl B OPUT
3 E.Poturaetal., ITpocne- 150 marueHToB B BO3- Jaomesb  Ilokasareau KOC, 1I A 27
2015 [56, 57] KTHUBHOE pacre ot 18 jieT u 0,9% YPOBEHb JAype3a,
PKUM C IIOYeYHOH pacTBop CBIBOPOTOYHBIN
TpaHCIUIAHTaIeN XJI0puAa  KpeaTuHUH
HaTpusd
OTeuyecTBEeHHBIH ONBIT
4 JI.A.Kasanues, IIpoctoe 56 mysk4muH B Bo3pacTte LoHocre- IlepBHUuHBIE TOUKU: 1I A 27
A. C.Tlonos, cjiernnoe 18-55 et c mmanoBbiM  puii M 0,9% mnokasaresau KOC
A. B. Ctpbirun IIPOCIIEK-  OIlepaTUBHLIM BMeIla-  PacTBOpP (130BITOK OCHOBA-
u ap., 2019 [58] TUBHOE TeJILCTBOM Ha OpPTraHax XJIOPHAA  HUW U YyPOBEHb
PKM B 2-x OpIOUIHOM ITOJIOCTH HaTpus XJIOpEeMUH)
rmapaJ- Bropuynbie TOYKH:
JIeJIbHBIX nokasaresu KOC
rpymnmax (KOHIIEHTpaNUA
oukapbonara, pH,
YPOBEHb JIaKTaTa)
U TeMOJUHAMUKHU,
CBHIBOPOTOYHBIH
KpeaTUuHUH, IUCTa-
TuH C, ypOBEHb
naypesa
5 JI.A.Kasauues, HaOumoga- 51 myskumnHa B Bodpacrte Crepo- ITokasaTesu v B 12
A. C.Tlonos, TeJIbHOE ot 18-55 Ji1eT ¢ 1J1aHo- by KOC u remo-
A. B. CtpbIrun KOIOPTHOE BBIM OIl€PaTUBHBIM W30TOHU-  JTUHAMUKU
u ap., 2018 [59] HCCJeN0-  BMeIIaTeJIbCTBOM YeCKUU
BaHUE Ha opraHax 6promHuoii  u Momno-
I10JIOCTH cTepuII

IIpumeuanwue. A]l — aprepuasnbHoe gaBienne; KOC — KUCIOTHO-0CHOBHOE cocTosiane; OPUT — oTesieHre peaHManuy U UH-

TEHCUBHOM Tepalnu.

B cucremarnyeckom o63ope C. A. Pfort-
mueller et al., 2016 [54] mpoBoAMJIACE OIIEHKA alle-
Tar-CcoiepsKaIuX KPUCTAJIONTHBIX PACTBOPOB, B
TOM umCJIe ¥ pacTBopa Monoctepui® (tabu. 5). B
aHasu3 ObLITN BKJTIOYEHBI 9KCITEPUMeEHTATbHBIE U
KJIMHAYECKUE WCCIeN0BaHNsl, TOCBAIIEHHBIE
CpPaBHEHUIO alleTaT-CoepsKaIuX HH(PY3NOHHBIX
pacTBOpPOB U OAPYIrUX KPUCTAJIOUIHBIX PACTBO-
POB, B UTOTOBBIN 0030p BowLIO 31 HCC/Ief0BaHUE,
TIOCJIe OIIEHKY ITOJTHOTEKCTOBBIX BEPCHUH TyOJINKA-
i eme 4 MccaegoBaHUS OBIIM MCKJIIOYEHBI.
CpaBHUTeJIbHAST XapaKTePUCTUKA 27 BKJIIOYEH-
HBIX UCCJIeTOBAaHUI TpUBeieHa B TabJ1. 5. JIeBATH

the assessment of the need in vasopressors and the
BP value. In the group of 0.9% sodium chloride so-
lution patients more often required prescription of
catecholamines — 30% vs 15%, P=0.03. Mean min-
imal BP was much lower in the group of 0.9%
sodium chloride solution — 57.2 (mean deviation
[MD] 8.7) mmHg, in comparison with 60.3 (MD
10,2) mmHg, P=0.024.

When searching for domestic studies, 2 stud-
ies were found [58, 59]. In the study of D. A. Kazant-
sev et al., 2018 [59], a retrospective comparative as-
sessment of the effect of frequently used
acetate-containing crystalline solutions of Jonos-
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Table 4. Comparative characteristics of studies included in the review with the levels of evidence and strength of
evidence according to the Decree of the Russian Government dated 28.08.2014 Ne 871.

Ne Study [link] Type Number Fluid Endpoints Thelevel Strength Total
ofstudy  of participants therapy of evidence of evidence study
variant evaluation
(points)
Worldwide experience
1 C.A.Pfortmueller, Systematic — — — I A 30
E. Fleischmann, review
2016 [54]
2 C.A. Pfortmueller, Double- 240 planned Elomel Primary endpoints: I A 27
G.-C. Funk, blind (actually 60) and 0,9%  use of catechola-
C. Reiterer prospec-  patients who sodium mines for target
et al., 2018 [55] tive RCT underwent chloride BP maintenance
abdominal Secondary endpoints:
surgery catecholamine dose,
volume of fluid
therapy, urgent
ICU transfers
3 E.Poturaetal.,, Prospec- 150 patients Elomel Acid-base status, II A 27
2015 [56, 57] tive RCT  aged from and 0,9%  urine output,
18 with renal sodium serum creatinine
transplantation chloride
Domestic experience
4 D. Kazantsev, Single 56 males aged Jonosteril Primary endpoints: I A 27
A. Popov, blind 18-55 with elective and 0.9%  acid-base status
A. Strygin, etal,, prospec- abdominal sodium (base excess
u z1p., 2019 [58] tive RCT surgery chloride and blood chloride)
in Secondary endpoints:
2 parallel acid-base (bicarbonate
groups level, pH, lactate level)
and hemodynamic
status, serum
creatinine, cystatin C,
urine output
5 D. Kazantsev, Observa- 51 male aged Sterofu- Acid-base v B 12
A. Popov, tion 18-55 with elective ndin and hemodynamic
A. Strygin, cohort abdominal isotonic status
etal.,, 2018 [59]  study surgery and
Jonosteril

Note. BP — blood pressure; ICU — intensive care unit; RCT — randomized controlled trial.

WCCJIeIOBAHUN OBLIN MTPOBEIEHbBI HA SKUBOTHBIX,
22 — Ha aoaax. B 14 uccieqoBaHuax U3yvyalics
pactBop Ilnasma-JIut®, B 11 — pactBop Punrepa
arerar, B 2 — pacTtBop JjoMeb®, B 1 — Monocre-
pwi®. B 14 uccaenoBaHUsX alleTaT-CcoAep Kaline
PacTBOPBI CPAaBHUBAJIUCH 110 OTHOMIEHUIO K 0,9%
pacTBOpY XJIOpULa HaTpus, B 7— K pacTBopy PuH-
rep Jiakrar. B 6 uccjiegoBaHusAX CpaBHEHUE IIPO-
BOJMJIOCH IO OTHOIIIEHUIO K 000MM pacTBOpaMm —
0,9% pacTBOp XJI0pHUIa HaTPUA U PUHTeEp JTaKTar.
B 4 nccaemoBaHUAX TaKKe OBLIN BRIIOYEHBI KOJI-
JIOUHBIE PACTBOPHI.

B oTHoOIIEHUY areTar-coAepsKalux pacTBo-
POB OBITIO TPOIEMOHCTPUPOBAHO CIEAYIONIEE —
bosnbmiee 3HaueHwe pH, comepskanve Kamusg U
MarHusi COXpaHseTcsl Ha IpesKHeM ypOBHe II0cJIe
nH(}Y3nH TOJOOHBIX PACTBOPOB, YBEJHYEHHE
collepyKaHUsA JIAKTaTa B CbBIBOPOTKE KPOBMU.

ITo pesysnsraTam 1aHHOTO 0030pa OBIIO TOKa-
3aHO, UTO aleTar-cojepyKalye KpUCTaJIOuIHbIe
pacTBOPBI OKAa3bIBAIOT MOJIOKUTEIBHOE BIIUSHUE
Ha MUKPOIUPKYJISAIUIO OPTaHOB OPIOIIHOHU
IIOJIOCTH, B TOM YU CJI€ ITIOYECYHYIO U I€EYCHOYHYIO.

teril® and Sterofundin® on acid-base and hemody-
namic parameters in patients undergoing abdom-
inal surgery was carried out.

An observational cohort study was conducted
at the intensive care unit of Volgograd Region Clin-
ical Hospital No. 1, Volgograd. The study enrolled
51 men aged 18-55 years who underwent elective
abdominal surgery (liver resection, open bowel re-
section, duodenopancreatectomy). Patients in-
cluded in the study were retrospectively divided
into two groups depending on the fluid therapy re-
ceived. Patients from the first group (group 1, n=23)
received Sterofundin® as fluid therapy (B. Brown
Melzungen AG, Germany), patients from the sec-
ond group (group 2, n=28) received Jonosteril® (Fre-
senius Kabi Deutschland GmbH, Germany).

Two groups of patients were initially compa-
rable in severity of condition estimated by ASA
scale, age, body weight and other indicators. Com-
parative assessment of the effects of two balanced
crystalloid solutions was made based on the
analysis of acid-base status and key hemodynamic

parameters.
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[Tpu npoBeneHUN NHPY3NOHHON TepAUHU C IPU-
MEHEHMEM alleTar-CconepsKallyux pacTBOPOB He
HaOJIOaeTcsi  pa3BUTHE  MeTabOoJMYeCcKOro
ajkanos3a. lV3MeHeHus KHCJI0THO-OCHOBHOTO
cocrostausi (KOC) B OCHOBHOM HEWUTpaIbHbI WU
c/1aboIIIe/IOUHbIE, 8 YPOBEHD KaJ/IHsl B CBIBOPOTKE
KPOBH OCTaeTCs Ha IpeskHeM ypoBHe. CO CTOPOHBI
CeplleuHO-COCYyJUCTOU CUCTEMBI TAK)Ke OTMEYEHO
TIOJIOKUTEIbHOE BJIMSIHNE B OTHOILIIEHUN Ceped-
HOT0 BBIOpOCA ¥ COKPATUMOCTH, TP 9TOM JaHHbIE
0 TIOfiep>KaHUH [1eJIeBbIX 3HAUYEeHUH apTepuaIbHO-
ro naBaeHus (AJ]) BRIIAIAT He yOequTe TbHBIMI.

Bonpoc o cHuskeHHe JIeTaIbHOCTH Ha (pOoHe
IIPAMEHEHUs aleTar-cogepyKallluX KpUCTAION]I -
HBIX PacTBOPOB IO CPaBHEHUIO C pacTBOpaMu
0,9% xJstopua Hatpus u PuHrep jakrara TpedyeT
JaJIbHENIIero nu3yuyeHusi B BUAY HeJOCTaTOYHOIO
KOJIM4YeCTBA JaHHBIX.

B npocnekTrBHOM ABOIHOM CJIETIOM PAHIOMU-
3upoBaHHOM ucciienoBanuu C. A. Pfortmueller et al.,
2018 [55] mpoBomguiock cpaBHEeHMe ITpruMeHeHns 0,9%
pacTBOpa XJI0puia HaTpUs U aneTar-CoIepsKallero
KPHUCTA/VIOMIHOI0 pacTBOpa 310MeJ1b® B UHTpaoIIe-
PaLMIOHHOM IIEPHOZE ITPU OllePaTUBHBIX BMeIllaTe Ib-
CTBax Ha OpraHax OpIOITHOM MOJIOCTH y 240 maryieH-
TOB, OJHAKO WCCJEI0BaHUE OBIJIO0 JOCPOYHO
3aBepITeHo 1mocje Habopa 60 maIrueHToB 1o coodpa-
skeHusIM 6e301mmacHOCTH. [IepBUYHOI KOHEYHOM TOY-
KOU OBLJIO MCIIOJTb30BAHNE KATEX0JITAMITHOB JJT5 IO/ -
JlepyKaHusA 1esieBbIX 3HaueHWil AJl, BTOpUYHBIMU
TOYKAMH — Pas3jn4usA B J03aX KaTeXOJIAMUHOB U
obbeMax, HeOOXOMUMBIX [IJIS TIOIEPSKAHIST COTepsKa-
HUSA JKUAKOCTA B COCYIUCTOM pycJjie. Pe3ymsrarbl
WCCJIeIOBAHNUA II0KA3aJId, YTO ITalleHTaM B IPyILIe
0,9% pacTBOpa XJI0pUIa HaATPHsA MOTPeOOBAIOCH
OoJIbIllee KOJTMYIECTBO pacTBopa — 3427 MJI (MHTep-
KBapTWIbHBIN UHTepBaJ ((inter-quartile range, IQR)
2732-4130) o cpaBHeHuIO ¢ 3144 mut (IQR 1673-4926)
(p=0,19). CratrcT4YeCKN 3HAYNMOEe OTTNYNe OBLIO
TI0JIy4Y€HO B OTHOLLICHUY Y1 CJIA TAIIEHTOB, KOTOPBIM
oTPeO0BaIOCh NPUMEHEHNE Ba30IPECCOPOB, B TPYII-
e 0,9% pactBopa xsioprga HaTpusi — 97% 110 CpaBHe-
HUIO € 67%, p=0,033. AHAJIN3 C IPUMEHEHUEM MeToIa
Kartana-Meiiepa noaTBepAuI, U4To B X0Ze Ollepalyn
nanuenTam B rpyne 0,9% pacrsopa xJ10pyja HaTpys
3HAYMTEJIHHO Yallie TpebyeTcsi MpUMeHeHre KaTrexo-
JIaMUHOB (p=0,019). TTpu aTom, OBL7I0 TOKA3aHO, YTO
npumenenue 0,9% pacrBopa xJ10pyia HaTpUs acco-
[IMAPOBAHO € 00Jiee BHICOKMMY 3HAYEHUSIMU KOH-
LICHTPalyy XJIOpHUIA B CBIBOPOTKE KPOBU (MaKCH-
MaJlbHasA KoHIeHTparnysA 115 (108-122) o cpaBHEHUIO
¢ 108 (105-108) mmous/1! pu p<0,0001), KOTOpHIE
BIIOCJICICTBUY IIPUBOIWJIN K PA3BUTHIO TAIIEPXJI0pe-
MMYECKOI0 alui03a.

B mpocnektuBHom PKW E. Potura et al,
2015 [56] npoBOAUJIOCHE CpaBHEHME IIPUMEHEHUA
0,9% pacTBOpa XJIOpUIA HATPUSA U alleTaT-Ccomep-
sKalllero KpUCTAJIOUIHOIO PacTBOpa JJjioMess® y
150 marueHToB ¢ (pUHATBHOU CcTarel ToYeuHon

The study results showed that most of the pa-
rameters were within the reference ranges at all
time points. No intergroup differences in changes
in blood pH, bicarbonate, chlorine and lactate an-
ions were found. At the same time, differences in
blood cations revealed at the end of the operation
were noted. At this time point the level of sodium
in patients who received Sterofundin® was signifi-
cantly higher than in patients who received Jonos-
teril® (139.4+1.06 vs. 138.0+1.56 mmol/l at P<0.05),
but the clinical significance of this observation is
questionable. The results are presented in Table 6.

Statistically significant differences also were
registered in the base excess, one of the most in-
formative parameters of acid-base disorders; neg-
ative values of this parameter indicate base deficit,
which accompanies metabolic acidosis [31, 83]. In
patients who received Sterofundin®, at the mo-
ment of the operation termination, base deficit was
noted (-1.92+0.836 mmol/l); in patients who were
administered Jonosteril®, base deficit was less
marked (-0.41+2.079; p<0.05). Despite similar
changes in anion deficit reduction, patients who re-
ceived Jonosteril® had higher values of this parame-
ter than those who were administered Sterofundin®,
but it was rather a trend, than a dignificant difference
(19.8+2.87 vs. 17.7+2.20 mmol/l; P=0.0561).

The study demonstrated the comparability of
the effects of two balanced crystalloid solutions of
Sterofundin® and Jonosteril® with respect to the
changes in AB status with no significant differences
in the parameters of systemic hemodynamics, which
confirms successful achievement of the objectives of
fluid therapy with both crystalloid solutions.

Simple blind prospective RCT by D. A. Kazant-
sev et al., 2019 [58] was carried out with participa-
tion of 56 male patients aged 18-55 years who were
to undergo an elective abdominal surgery (liver re-
section, open bowel resection, duodenopancreate-
ctomy). Patients from the 1%t group received Jonos-
teril® solution as fluid therapy, patients from the 274
group were infused with an unbalanced 0.9%
sodium chloride solution. As a primary endpoint
the acid-base parameters were chosen (base excess
and chloride level). Other acid base parameters
measured during the study were bicarbonate con-
centration, pH and lactate level.

The study results showed that in the 24 group
of patients the severity of hyperchloremia and con-
comitant metabolic acidosis during the postoper-
ative period was significantly higher than in Group 1
patients: chloride level was 96.0+0.59 [91-101]
mmol/lin Group 2 vs 108.0+1.38 [97.1-121] mmol/I
in Group 1 (P<0.05). The bicarbonate level during
the administration and within 36 hours after the
end of infusion in the 2 group was 25.7+0.40
[23.1-28.8] mmol/l. In the 1%t group of patients
there was a gradual increase of this parameter to

22.7+1.21 [19-25.3] mmol/l (P>0.05).
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HEeJIOCTATOYHOCTH, KOTOPBIM MMOKa3aHa ITouyevyHasi
TpaHCIIaHTayA. Peayjnbrarel HCCIef0BaHUA
IIOKa3aJi¥, YTO Pa3JIMuhsA MesKAy IPyHIlaMu II0
KOJINYECTBY IIOJIyYeHHOH SKUJKOCTU CTAaTUCTUYe-
CKM He OTInYaauch — 2625 mJj (2000-3100 mi1) B
rpymne 0,9% pacTBopa XJ10pyuaa HaTpUA 110 CpaBHe-
HU10 ¢ 2500 M (2000-3050 mu1) (p=0,83). Hacrora
BO3HUKHOBEHUA IullepranneMun (yposeHb K B
CbIBOPOTKE KpPOBHU >5,9 MMOJB/JI) OTINYaJIaCh
MesKay I'pynnaMu MeHee dyeMm Ha 17% (17 u 21%,
p=0,56). MuHUMa/JIbHBIH YpPOBEHb HeIOCTaTKa
ocHoBaHmi (base excess, BE) Ob111 HU3KE B TpyIIIe
0,9% pactBOpa xyIopuaa HaTpus — -4,5 MMOJIb/JI
(-6—2,4) IO cpaBHEHUIO C -2,6 MMOJIb/J (-4—-1),
p<0,001, mpy 3TOM MAaKCUMaJIbHBIN YPOBEHB XJIO-
PHIOB Takske ObLIT OTMedeH B rpymire 0,9% pacTBo-
pa xsopuaa Hatpusa — 109 mmoss/g (107-111) o
cpaBHeHUIO ¢ 107 Mmmouib/ g1 (105-109), p<0,001. Cra-
TUCTUYECKU 3HAYUMOU Pa3HUIIbI KOHIIEHTPAIUU
KpeaTuHWHA U KOJIMYeCTBea BhIJeJasIeMON MOYHU
I0CJIe OTIepaIy He ObLIO YCTAHOBJIEHO.

B my6smkanmu C. A. Pfortmueller et al.,
2017 [57] 6BLT TIpeCcTaBEH MOATPYIIIOBON aHa-
J¥3a JAaHHBIX K3 IpeibIayllero MuccjaegoBa-
HUA [56]. [lepBUYHBIMU TOYKAMU CTAJIM OLleHKa
HeoOXOIMMOCTH MCITOJIb30BaHUsI Ba30IIPECCOPOB
n 3HayeHusA AJl. B rpynne 0,9% pactBopa xaopupa
HaTPUs NaleHTaM 3HAYNTEeILHO Jalle TpeboBa-
JIOCh Ha3HAaueHue KarexojJamuHOB — 30% 110
cpaBHeHuio ¢ 15%, p=0,03. CpenHee 3Ha4YeHUe
MUHHMaJbHOro AJl ObLJI0 3HAYUTEJHLHO HUKE B
rpymie 0,9% pacTBopa xjaopuga HaTpud — 57,2
(cpennee orkjoHenue (CO) 8,7) MM pT. CT. IO
cpaBHenwuio ¢ 60,3 (CO 10,2) MM pT. cT., p=0,024.

[1pu mouicke oTe4eCTBEHHBIX UCC/IEJOBAaHNI
obHapyxknIH 2 rcciaenoBanns [58, 59]. B uccieno-
Banuu Kasannena /. A., u 1p., 2018 [59] npoBoam-
JIaCh PETPOCIIEKTUBHAsA CPaBHUTEJIbHAS OIleHKA
BJIMSIHWS YaCTO Ha3HA4YaeMbIX alleTaT-cojepsKa-
X KPUCTAJIJIIOUTHBIX pACTBOPOB I/UIOHOCTepI/IJ'I®
u CrepodyHANH® Ha KUCJIOTHO-OCHOBHBIE U TeMO-
JIUHAMU4YEeCKHe IlapaMeTphbl y IIaleHTOB IIpU
NIPOBEIEHNN XUPYPrA4eCKUX BMeIIaTe/IbCTB Ha
OPIOIITHOM ITOJIOCTH.

HabJtromare1bHOE KOTOPTHOE MCCJIeIOBAHIE
ObLTO TIPOBeAeHO Ha 6a3e OTAe/IeHUsI peaHuMa-
MU U HTeHCUBHOM Tepanuu ['BY3 «BoJsrorpaj-
ckas obJacTHasd KJAMHUYECKas: 0oJibHUIa» Nel,
r. Boarorpaza. B ucciaenoBanme ObIJI BKJIIOYEH
51 MyX4yrHa B Bo3pacre 18-55 JjeT, KOTOpbIM
OBLJIO TPOBEIEHO IIAHOBOE OTIEPaTUBHOE BMeIIIa-
TeJIbCTBO Ha OpTraHax OPIONTHOM OJIOCTH (Pe3eK-
LM IIEYEHU, OTKPBITAS PE3CKIUA KUIIKY, Tyoe-
HOITAaHKPeaTaKTOMMUsI). [ lalieHThI, BKJIIOYeHHbBIE B
HccaeqoBaHue, OB PETPOCIEKTUBHO paseJie-
HBI Ha JiBe TPYIIIIbI B 3aBUCUMOCTH OT [10JIy9aeMON
nH(QY3UOHHOU Tepanuu. [larueHTH U3 IepBOU
rpynnsl (rpymnmna 1, n=23) moJjiy4yaau B KayecTBe

nHpysnonHo Tepanuu CrepodpyHaua® (b. bpayn

In patients of the 2" group the base excess de-
creased in parallel with decreasing of bicarbonate
level: the parameter reached the minimum (-
2.5+0.39) mmol/l at the moment of the operation
end (P<0.001), increased up to -1.2+0.72 mmol/l in
12 hours from the moment of the operation end
(P<0.01), and then leveled off, reaching 1.1+0.29
mmol/l. In patients, who received Jonosteril®, dur-
ing the postoperative period there was a tendency
to increasing the base excess up to 1.3+0.21 [-1-3.3]
mmol/l, which apparently was caused by acetate
intake and its antiacidotic effect. No statistically
significant differences in lactate level, ScvO,, SaO,,
Pa0,, or hemoglobin level were found.

Thus, the study showed that metabolic acido-
sis in the 24 group of patients was due to hyper-
chloremia and the resulting base deficit. The intra-
and postoperative changes in serum creatinine
and cystatin C levels were also assessed, the nega-
tive effect of hyperchloremia on kidney function
was revealed.

The use of acetate-containing balanced elec-
trolyte solutions containing inorganic ions (cal-
cium, potassium or magnesium), molecular glu-
cose, and buffer components (acetate, bicarbonate)
with reduced chlorine usually does not cause acid-
base disorders which is an important criterion for
choosing agent for fluid therapy.

It should be taken into account that the avail-
able information has been obtained in studies
comparing the majority of both acetate and lactate
containing solutions with 0.9% sodium chloride so-
lution, which is currently not recommended for
fluid therapy. Most studies use acid base status, he-
modynamic parameters, and renal function as pri-
mary and secondary endpoints, which allows to
draw conclusions about efficiency in relation to
several biochemical parameters. At the same time,
the issue of mortality reduction on acetate-contain-
ing crystalline solutions have not been fully eluci-
dated and require further study.

It should be noted that we analyzed the effects
of solutions from the List of Essential Medicines for
2020 [84], which currently includes 2 acetate-con-
taining crystalline solutions out of 5 included solu-
tions, which are marketed under several trade
names such as Acesol, Sterofundin® isotonic, and
only 1 lactate-containing solution (Ringer's lactate
solution). In November 2019, at a meeting of the
Commission of the Russian Ministry of Health on
lists of drugs for medical use and the minimum
range of drugs required for medical care in 2021,
another acetate-containing crystalline solution
(Jonosteril®) was included in the List of Essential
Medicines.

Several studies [49, 59] have demonstrated
comparable efficacy of various balanced solu-
tions which prompts cost-effectiveness issues
and more convenient formulations use. For ex-
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TaGsmna 6. Peaysiprarsl ucciaenopanus Kasannesa /I, A. u 1p., 2018 [59].

Table 6. Results of the study by D. Kazantsev, 2018 [59].

Parameters Groups Time point
Baseline After surgery After 12 hours
pCO,, mm Hg I 46.3+1.47 46.9+2.68 42.7+1.25
II 46.8+1.51 48.6+2.61 42.3+1.29
pH 1 7.40+0.006 7.42+0.015 7.42+0.009
1I 7.391£0.011 7.42+0.026 7.42+0.012
Bicarbonates, mmol/l I 20.4+3.29 23.4+2.72 25.7+1.79
1I 19.2+1.73 21.9+1.95 25.4+1.11
Base excess, mmol/l 1 0.17+1.039 -1.92+0.836 2.00+£1.279
II -0.11+2.168 -0.41+£2.079* 2.6+0.537
Lactate, mmol/l I 0.86+0.135 0.90+0.283 0.74+0.097
1I 0.93+0.149 0.90+0.220 0.71+0.158
Sodium, mmol/1 I 138.5£1.27 139.4+1.06 139.6+0.67
1I 137.3+2.52 138.0+1.56* 138.9+0.52
Chloride, mmol/1 I 96.8+3.35 98.3+2.01 98.8+1.48
II 96.2+4.05 96.8+2.65 97.1£1.95
Anion gap, mmol/l I 20.3+3.25 17.7+2.20 15.1+2.44
1I 22.2+3.47 19.8+2.87% 16.2+1.54

Note. The data are presented as mean + standard deviation; I — group of patients who received Sterofundin isotonic (1=23); Il — group
of patients who received Jonosteril (n=28); * — P<0.05 vs values in patients from group I; * — P=0.0561 vs values in patients from group I.
ITpumeuanue. Groups — rpyninsl; time point — nepuoz HabmoneHus; baseline — ncxonno; after surgery — mnociie onepanuy;
after 12 hours — uepes 12 y; base excess — U30bITOK OCHOBAHUI; anion gap — AedUIIUT aHHOHOB. [laHHbIe IIPeCTABJIECHbI B BUIE
cpeHero apugMeTH4ecKoro 3Ha4yeHus U CTaH1apTHOI0 OTKJIOHeHH; | — rpyna nanueHTos, noay4dasuux CrepodyHIuH 130-
ToHUYeCKU# (n=23); Il — rpynna rnanueHTosB, I0JIy4aBIINX I/UIOHOCTepI/IJI (n=28); * — p<0,05 npu cpaBHEHUU C IIOKa3aTeJseM, Io-
JIy4€HHBIM Y ITalfMeHTOB U3 rpymnsl I; # — p=0,0561 npu cpaBHEHNHU C IIOKA3aTesieM, II0JYyYeHHBIM Y MAaIlMeHTOB U3 IPyNkI 1.

MebaynreH Al TepmaHnus), ariieHThl 13 BTOPOH
rpymel (rpymmna 2, n=28) — Monocrepus® (dpeae-
Huyc Kabu Jloitumans I'm6X, Tepmanus).

JIBe rpymiibI ManreHToB ObLIA UCXOIHO COIIO-
CTaBHUMBI 10 TSYKECTU COCTOSHUS, OI[eHUBAEMOMY
Ha OCHOBAHMU IIKaJIbl ASA, BO3pacTy, Macce TeJsa
U IpyruM nokasaresisiM. CpaBHUTEJIHLHYIO OIIEHKY
a(pderToB nBYX cOATAaHCHPOBAHHBIX KPUCTAJLIIO-
HIHBIX PACTBOPOB IPOU3BOAUINA HA OCHOBAaHUH
anajsmm3a nokasateseil KOC 1 KJII04eBbIX TEMOIH -
HaMHUYeCKUX [TapaMeTpOB.

Peaysnbrarsl Mcc/ie[OBaHUS TOKAa3aJH, YTO
OOJIBIIMHCTBO MTOKAa3aTe el HaXOAUJIOCh B TIpefie-
Jiax pehepeHTHBIX 3HAYEHHI1 BO BCEX BPEMEHHBIX
TOYKax. MeKTPYNIOBbIX PAa3INYui B JUHAMUKeE
nameHeHus pH KpoBwH, copeprkanus 6mkapOoHa-
TOB, aHMOHOB XJIOpa 1 JIAaKTaTa He ObLJIO BBISBJIEHO.
B 10 sxe Bpemsi, oTMeYasIu pas3indus B KATHOHHOM
COCTaBe KPOBU, BbIABJIEHHbIE B MOMEHT OKOHYa-
HUA oniepariiu. B TaHHOI BpeMeHHOH TOuKe coiep-
sKaHMe HaTpHsA y HaIMeHToB, mosay4yaBmux Crepo-
(pyHarH®, OBLJIO CTATUCTUYECKU 3HAYHUMO BBIIIIE,
4eM y TaldeHToB, KOTOPLIM BBOAWIM VoHOCTe-
pui® (139,4+1,06 nporus 138,0+1,56 MMoJIb/J1 IpU
p<0,05), ojHAKO KINHUYECKast 3HAYUMOCTD TaHHO-
ro HabJII0/IeHNsI COMHUTeIbHA. Pe3y/bTarsl mpe/I-
CTaBJIeHBI B TA0JI. 6.

CraTucTHYeCKU 3HAaYMMBble Pa3/Inuns TaKKe
3aTpPOHY/IM N30BITKA OCHOBAHUM, OJTHOTO U3 HaW-
6oJs1ee MH(MOPMATUBHBIX ITOKa3areJseil Ipyu Hapy-
IIeHUsIX KIUCJIOTHO-OCHOBHOTO COCTOSIHUSA; OTPH-
narejgbHble 3HAUYEeHUs [JaHHOIO IIOKasaTesis
CBHUJIETEILCTBYIOT O le(DUINTe OCHOBAHU, KOTO-
PBIH COIIPOBOSKIAET PA3BUTHE META00INYECKOTO

ample, Jonosteril® is available in the form of self-
sealing bags (containers), which are «closed» in-
fusion systems. The use of closed systems lowers
the cost of treatment by reducing the need for an-
tibacterial drugs and the duration of hospitaliza-
tion, therefore, drugs in flexible self-sealing con-
tainers are the standard therapy in the United
States and Europe.

The review of domestic literature has shown
that to date there have been no cost-effectiveness
studies that would compare medical costs for fluid
therapy with various balanced acetate-containing
crystalline solutions. In several papers specific issues
of use of different compositions of balanced crys-
talline solutions were considered. Thus, R. I. Yagud-
ina, M. M. Murashko, 2013 [85] performed phar-
maco-economic analysis of different variants of
balanced crystalloid solutions, including acetate-
containing solutions such as Reamberin®, Ringer's
solution, Plasma-Lit® and Sterofundin® in patients
with acute peritonitis. However, the study has a num-
ber of methodological limitations. To confirm the re-
search hypothesis, the «cost-effectiveness» method
of pharmaco-economic analysis was used, where the
evaluation of efficiency criteria plays an important
role. The paper by R. I. Yagudina, M. M. Murashko,
2013 [85] proposed to use the proportion of peritonitis
patients who survived as a criterion of efficacy, while
the authors did not provide any references to the lit-
erature used and did not demonstrate the signifi-
cance of differences between the evaluated drugs.

Given the widespread use of fluid therapy, its
significant economic burden for the health care sys-
tem, conduction of clinical and economic studies to
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anunosa [31, 83]. ¥V nanueHTOB, nosay4aBmnx Cre-
podyHIUH®, B MOMEHT OKOHYAHUA OIlepanuu
OTMeYaJI BOSHMKHOBEHME Jle(pUITiTa OCHOBAaHUH
(-1,92+0,836 MMOJIB/J1); Yy MALIUEHTOB, KOTOPBIM
BBOIUJINA I/UIOHOCTepI/IJ'I®, neduIuT OCHOBAHUU
ObLT MeHee BbIpaskeHHBIM (-0,41+2,079; p<0,05).
HecMoTpss Ha CXOOHYI0O OWHAMUKY CHUYKCHUS
Jeduiyra aHUOHOB, Y AllMeHTOB, IIOJy4YaBIINX
I/UIOHOCTepI/IJ'I®, OTMeTHUIU 00Jiee BLICOKUE 3HaYe-
HU JaHHOTO II0Ka3areJisi, 4eM B IpyIIle [anyueH-
TOB, KOTOPBIM BBOAU/IN CTepOoyHIUH®, OOHAKO
pasiuuusg  HOCWJIMW  XapaKTep  TeHJAeHIUU
(19,8+2,87 nporus 17,7+2,20 Mmmouib/J1; p=0,0561).

[IpoBenenHOEe wmcciieqOBaHWE TIPOJEMOH-
CTPUPOBAJIO COMOCTAaBUMOCTb 3(P(PEKTOB IBYX
cOaJTaHCUPOBAHHBIX KPUCTAJIJIOUIHBIX PACTBOPOB
Crepodyuaun® u MoHocTepua® B OTHOLIICHHH
JIuHaMuKu nokasatesneidr KOC mpu OTCyTCTBUU
CTaTUCTUYECKU 3HAYUMBbIX PA3JIMUUi B IapaMeT-
pax CUCTeMHOM reMOJIMHAaMUKH, YTO MOJTBEPsK/Ia-
€T BO3MOYKHOCTb YCIIEIITHOTO TOCTHYKeHUs Iiesiel
WH(QY3UOHHOU Tepamuu NOpPU HCIOJIb30BAHUU
000UX KPUCTAIJIOUTHBIX PAaCTBOPOB.

[Ipoctoe cienoe npocnektuBHoe PR 1. A.
Kasanmesa u nip., 2019 [58] 661710 TPOBEIEHO C y4a-
cTueM 56 ITalMeHTOB MY>KCKOIO I10J1a B BO3pacTe

18-55 jeT, KOTOPBIM MPEACTOSJIO TIJIAHOBOE OTle-
paTuBHOE BMEIATeTbCTBO HAa OpraHax OpPIOITHOMN
MMOJIOCTH (pe3eKINsI NeYeHH, OTKPBITASl Pe3eKIHs
KHIIIKY, JyO4eHONIaHKpearakToMus). IlanyuenTsl
13 1-1 rpynnsl Mo/ay4yaau B KauecTBe HH(PY3UOH-
HOU Tepanuu pacTBOP I7IOHOCTepI/IJI®, namueHThbl
n3 2-i Tpynnbl — HecOamaHcupoBaHHBIN 0,9%
pacTBOp xJ10pHU/ia HaTpus. B kauecTBe mepBUYHON
KOHEYHOUW TOYKHU OBLIM BBIOpAHBI ITOKa3aTesu
KOC — mu30bITOK OCHOBAHWH U YPOBEHb XJIOpE-
muu. [Ipyrumu napamerpamu KOC, perucrpupye-
MBIMHU B XOJle MCCJIeJOBAaHUs, OBIIN KOHIIEHTPA-
nus 6ukapOoHara, pH u comepskaHue JJakTara.

Pesyserare! ncciaenoBaHus NIOKa3asd, 4To BO
2-1 rpymiIe NanueHToB BbIPaskeHHOCTh TUIIePXJIO-
pPEMUHM U COIYTCTBYIOIIETO METa00JIMIECKOTO
anmI03a B X0Jle MOCJe0nepanoHHOro nepuoaa
Obl7Ia CyIIeCTBEHHO BBIIIE, YEM Y TAIEHTOB 1-i
TPyl — CONEp)KaHue XJOPHUIOB COCTABUJIO
96,0+0,59 [91-101] MMoJb/a BO 2-U rpynme u
108,0+1,38 [97,1-121] mMoab/a B 1-i rpymnme
(p<0,05). Conmepsxanue bukapOoHarTa Ha (poHe BBe-
JleHUs1 U B TedyeHue 36 4 11ocjie OKOHYaHUsI UHQY-
3UM BO 2-U rpymiie cocTaBuio 25,7+0,40 [23,1-28,8]
MMOJIb/JI, B 1-Ii IpyIlle NalueHTOB 0TMeYaJloCch
IIOCTEIICHHOE YBeJUYCHNUE JAaHHOTO ITI0Ka3areJss
o 22,7+1,21 [19-25,3] mmous/a (p>0,05).

VY manueHToB 2-1 TPyIITbl BeJTMYrHa N30BITKA
OCHOBaHUI CHIYKAJIACh OJTHOHAIIPABJIEHHO C YMEHb-
IIIeHNEM COfiepyKaHusl OuKapOoHaTa: MoKasaTeshb
Jocruraj MuUHIMyMma (-2,5+0,39) MMOJIB/J1 B MOMEHT
OKOHYaHUA olepauuu (p<0,001), moBeIIANCA [0 -
1,2+0,72 MmMoOJIB/ 1 4epes 12 4 ¢ MOMEeHTa OKOHYAHUS

develop an optimal approach to organizing medical
care for patients is highly relevant nowadays.

Conclusion

Our systematic review show that a balanced
fluid therapy does not interfere with the physiolog-
ical water-electrolyte and acid-base balance, helps
to maintain homeostasis, leads to a decrease in in-
traoperative blood loss and reduces the risk of renal
dysfunction. The use of acetate as a buffer compo-
nent has a positive effect on renal and hepatic mi-
crocirculation and does not associate with the de-
velopment of metabolic alkalosis or does not cause
significant alterations in acid base status, and helps
maintaining the potassium level constancy in
blood. At the same time, the use of various acetate-
containing balanced crystalline solutions exhibited
comparable clinical efficiency.

Participation of the authors: . S. Krysanov—
development of the research concept, scientific ad-
vice, editing the text of the manuscript; V. S. Krysa-
nova — literature review on the topic, analysis and
interpretation of the results, writing the article;
V. Y. Ermakova — collection and processing of
material.

onepanuu (p<0,01), a 3aTeM BbIpaBHUBAJICH, TOCTH-
ras 1,1+0,29 MMoJIBb/J1. ¥V AIUEeHTOB, ITOJTy4YaBIINX
MonocTepun®, B XOme IOCJIEONEepPAIMOHHOTO
nepuoga orMeva/jd TEHOEHIWIO K IMOBLIIIEHUIO
n30bITKA OCHOBaHui 10 1,3+0,21 [-1-3,3] MMOJIB/J1,
YTO, MO-BUIAMOMY, 00YCJIOBJIEHO MOCTYILIEHUEM
arerara ¥ ero anThuanuaoTmdeckomy apdexry. Cra-
TUCTNYECKU 3HAYUMBIX paSJII/I‘{I/Iﬁ B CoAepRaHnNn
JlaKTaTa, BeJIMYMHax Imokaaarejen ScvO,, Sa0,, PaO,
Y CONlepsKaHNU TeMOTI00MHA He OBITIO BBISIBJIEHO.

Takum 06pa3oM, B MPOBEIEHHOM HCCJIE0BA-
HUM ObLJIO II0KAa3aHO0, YTO MeTa0O0JIMYECKUN allu-
J103 BO 2-1i TpyIIIie MaIlfueHTOB sIBJISLICS CJIEICTBU-
€M rUIepXJI0PEMUHN 1 BOSHUKAIOIIETO BCJIEICTBUE
nedwururta ocHoBaHUN. Takske ObLIa MpoBeaeHa
CpaBHHUTeJbHAsI OIleHKA JUHAMUKA HWHTPa- H
MTOCTOTIEPAIIMOHHOT0 U3MEHEHUST KOHIIEHT DAl
CbIBOPDOTOYHOI'O Kp€aTMHWHA W IUCTaTHUHA C,
KOTOpasi MoKasaJia HeraTUBHOE BJIUSIHUE TUTIEP-
XJIoOpeMuu Ha (PYHKIIMOHATBHOE COCTOSTHUE TI0YEK.

Hcmonb30oBaHMe arerar-coiepskammx coa-
JIAHCUPOBAHHBIX 3JIEKTPOJIUTHBIX PAacTBOPOB,
coJlepsKaIiX HEOPTraHUYECKe UOHBI (KaJIbIIHH,
KaJIMU WJIM MarHuii), MOJIEKYJISIPHYIO TUIIOKO3Y, 1
Oy(epHBbIe KOMIIOHEHTHI (arieTar, GmkapHoHAT) CO
CHI)KEHHBIM COJIEpPsKaHUEeM XJI0pa, Kak MPaBUJIO,
He BbI3bIBAET HAPYIIIEHUH I€JI0YHO-KUCIOTHOTO
OaJsiaHca, 4YTO SIBJISIETCST BAYKHBIM KPUTEPUEM TIPU
BbIOOpE JIEKAPCTBEHHbBIX IIPErapaToB JJisI IPOBe-
JeHn s NH(PY3NOHHOH Tepanuu.

CJIe,IIyeT NPpUHATH BO BHUMAHUE, YTO UMEIO-
[AsICSI Ha HACTOSIIUHA MOMEHT WH(pOpPMaIHsI
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IoJIydyeHa Ha OCHOBAHUM MCCJEJOBAaHUM, B X0OJie
KOTOPBIX CpaBHEHME OOJBIIMHCTBA KaK alleTar,
TaK M JIAaKTaT — COJiepsKallliX PacTBOPOB IIPOBO-
JHJIOCH 10 OTHOIIEeHUIO K 0,9% pacTBOpy XJ10puja
HaTpusl, IpUMeHeHWe KOTOPOro B HacToslIlee
BpeMs He peKOMeHAyeTCsI B KaueCcTBe UH(PY3UOH-
HOU Tepanuu. B OOJBITUHCTBE UCC/IETOBAHUN B
Ka4yeCTBe€ IIePpBHUYHBIX W BTOPHUYHBIX TOYEK
HCIIOJIB3YIOTCA okasaresau KOC, reMoguHamMuKy
1 MOYeYHOU (PYHKIMHU, UTO MO3BOJsIET JeJiaTh
BBIBOJIBI 00 3(h(EKTUBHOCTH B OTHOIIIEHUH T1€JI0-
ro psga OMOXMMUYECKHX IToKa3aresieil. [Ipu atom
BOIIPOC O CHUKEHUe JIETAJIbHOCTU Ha (pOHe Npu-
MeHeHMUs1 alleTaT-CoJepsKalluX KPpHUCTaIIONIHbBIX
pacTBOpPOB B HACTOsiIIlee BpeMsl OCBeIlleH HeJlo-
CTaTOYHO ¥ TpeOyeT qaabHEeNIIero n3y4eHusl.

OT,ZIe.J'IbHO CTOUT OTMETUTD, YTO MbI aHAJIN3U-
poBaJsin 3¢pPeKrThl pacTBOPOB U3 IlepeyHs sKku3-
HEHHO HeOOXOUMBIX U BayKHEHUIIINX ITperapaTon
(*KHBJIIT) 1a 2020 rog, [84], B KOTOPBII HA HACTOS-
I MOMEHT U3 5 BKJIIOUEHHBIX PACTBOPOB BXOJUT
2 aneTaT-cofepsKaluxX KpUCTAIIIOUAHBIX PACTBO-
pa, KOTOPBIM COOTBETCTBYET HECKOJIBKO TOPTOBBIX
HauMeHOBaHUH, HallpuMep, Attecosib, CTepodyH-
IUH® N30TOHUYECKUH, U TOJIBKO 1 JIaKkTaT-Ccofiep-
skamui (pactBop Punrepa stakrar). B HosiOpe 2019
roja Ha 3acefaHuu komuccuu Munsapasa Poccun
10 (POPMHUPOBAHUIO IlepeyHel JIeKapCTBEHHBIX
IpernaparoB i MEAUIIMHCKOTO IpPUMeHeHUs U
MUHUMAJIBHOTO aACCOPTHUMEHTA JIEKAPCTBEHHBIX
IpernapaToB, HEOOXOMUMBIX /TSI OKa3aHUsA MEeIH-
WHCKOU oMoty Ha 2021 roj, OBIO MPUHSTO
pellleHVe O BKJIOUYEHWM ellle OJHOIo arerar-
COoZlepsKalllero  KPUCTAJJIOUJHOTO  pacTBOpa
(Monocrepua®), B mepedyess YKHBJIIL.

B pamkax HeCKOJIbKUX HccaegoBaHui [49, 59]
ObLTa TPOJEMOHCTPHpPOBAHA COMOCTAaBUMAas
3¢ HEeKTUBHOCTL TPpUMeHEeHUSI COATaHCUPOBAH-
HBIX PaCTBOPOB PAa3HOI'0 COCTaBa, IPU 3TOM BO3-
HUKAaeT BOIIPOC ONITUMU3AIUHY 3aTpar Ha TePaInIo,
a TaksKe MCI0JIb30BaHue HoJiee yIoOHBIX (hopM
BBITycKa. Hampumep, MloHOCTepuia® BhIMyCcKaeTcs
B (popMe caMocTiaIatoIUXCs MEIITKOB (KOHTEHHe-
pPOB), TIPEACTABJSIONINX COOON «3aKPBITHIE»
MH(]Y3MOHHBIE CUCTEMBIL. VICII0/Ib30BaHNe 3aKpbI-
THIX CUCTEM ITI03BOJISAET CHU3UTH CTOUMOCTD JIeue-
HUS 33 CUeT COKpaIleHNsI HeOOXOIUMOCTH IpuMe-
HeHUsI aHTHOAKTEepHWaJbHBIX IIPEernapaToB H
IJTATETFHOCTU TpeObIBaHNsI O0JIBHOTO B CTAIHO-
Hape, I09TOMY IIpeTaparkl B THOKUX caMOCIagalo-
IIAXCSI KOHTeHepax sABJISIIOTCS CTaHAAPTOM Tepa-
muu B CIIIA u EBpore.

O0630p OTeYeCTBEHHOM JINTEPATYPHI MTOKA3aT,
YTO Ha HACTOSIIIINI MOMEHT He ObLIIO ITPOBEIEHO KJTH-
HUKO-9KOHOMUYECKUX HCCJIEJOBAHUM, B KOTOPBIX
IMPpOBOOUJIOCH ObI CpaBHEHHME MEIUITUHCKUX 3aTrpar
Ha MH(Y3MOHHYIO TEPAITHIO C TIPYMEHEeHEeM Pas3JIny-
HBIX cOaTaHCUPOBAHHBIX alleTar-CofepsKaliiX KpH-
CTaJIIONIHBIX PACTBOPOB. B psime pabdor Ob11H pac-

CMOTPEHBI OT/Ie/THHBIE BOITPOCHI TPYMEHEHsT Pa3yIid-
HBIX IO COCTaBy COATAHCHPOBAHHBIX KPHCTA/IJIONTHBIX
pactBopoB. Tak, frymunoii P M., Mypaiiko M. M.,
2013 [85] O6b11 mpoBeaeH (hapMaKOIKOHOMUYECKUHI
aHaJIM3 ITPUMEeHEeHNs Pa3JIMYHbIX BApUAHTOB, cOa-
JIAHCHPOBAHHBIX KPHCTA/IJIOMIHBIX PACTBOPOB, B TOM
YHCJIe U alleTar-coiepykammx — PeambepuH®, pac-
TBOpa Punrepa, I1nasma-J/Iut® u Crepodpynaun® y
MAI[EHTOB C OCTPBIM ITEPUTOHUTOM. OTHAKO, TIPOBe-
JleHHOe WCCefoBaHe MMEET Psifi OTPaHUYeHUH,
CBSI3aHHBIX C METO/IOJIOTHEN ero IPoBeleHNs], I
TIOJITBEPIKIEHNS MCCIIe]0BATEIbCKON TUIIOTE3HI B
pabore ncmob3yercs MeTor (papMaKkOIKOHOMMUYE-
CKOT0 aHAJIN3a «3aTPaThI-a(p(PEeKTUBHOCTH», B paM-
KaX KOTOPOTO BayKHAsI POJIb OTBOJIUTCS OIIEHKE KPU-
TepueB addexTuBHOCTU. B padore Arynunoii P 1.,
Mypamko M. M., 2013 [85] B KauecTBe KpuUTepus
a(pderTrBHOCTH OBLIO MPEJTIOSKEHO MUCIOJIH30BATh
JIOJTIO BEKUBIIIVIX AI[IEHTOB C IEPUTOHUTOM, TIPU
9TOM B paboTe He TPUBOAUTCS CCHIJIOK Ha MCIIOJIB30-
BaHHYIO JIUTEPATYPY, a TaKsKe HET YKA3aHUsI O TOM,
YTO MpUMeHeHNe aHATM3UPyeMBbIX IIPEIapaToB 00J1a-
JTaeT CTaTUCTUYECKU JOCTOBEPHBIMU OINYNAMU.

C y4eToM HIMPOKON PacHpOCTPAaHEHHOCTHU
NIpYMeHeHUs1 MHQY3UOHHOU Tepanuy, ee 3Ha4U-
TEJIbHOTO0 9KOHOMHUYECKOT0 OpeMeHH JIJIsI CHCTe-
MBI 3JPAaBOOXPAHEHMUS], B HACTOsIIIlee BPeEMsI BO3-
HUKAeT BBICOKAsl aKTyaJbHOCTb IIPOBEIEHUsI
KJINHUKO-3KOHOMHYECKUX M CCIeI0BaHUN, T03BO-
JITIONTVX pa3paboTarb ONTUMAaJIBHBIA MTOAXOM K
OpTaHU3aIX MEeTUIIMHCKOHN TOMOIIIH aI[1eHTaM.

3akJrouenue

B xofe crucTremMaTieckoro o63opa rmokasaJiu,
4yTO cOAJTAaHCUPOBAHHBIN PEKUM WH(OY3NOHHOHN
Tepanuu He HapyuiaeT pU3N0JIOTUUYECKUN BOITHO-
asiekTpoauTHBIN Oamanc u KOC, cnocobcTByeT
COXpaHEeHUI0 TOMeOoCTas3a, a TaKkyKe MPUBOIUT K
YMEHBIIIEHUIO 00'beMa NHTPaOoTIePaIlMOHHOHN KPO-
BOIIOTEPU U CTEeNEeHU IOYeYHOU MUCPYHKIUU.
Vcnonb30BaHMe arerara B kayecTBe OydepHOro
KOMIIOHEHTa OKa3bIBAET IOJIOKUTEIbHOE BJIUSI-
HUe Ha [I0YeYHYI0 U IeYeHOUYHYIO0 MUKPOIIUPKYJISI-
IIMIO, HEe CBSI3aHO C Pa3BUTHEM MeTa00JIMYECKOTO
aJKaJio3a, He TPUBOAUT K 3HAYUMbBIM H3MEHEe-
HusAM KOC 1 cnoco6CTByeT COXpaHEHUIO CO/iep-
SKaHMS Kajusl B CBIBOPOTKE KPOBU Ha MPEKHEM
ypoBHe. [Ipu 3TOM IpruMeHeHVe pa3/INYHbIX alle-
TaT-CojlepsKaInX cOaIaHCUPOBAaHHBIX KPUCTAJI-
JIOUTHBIX PACTBOPOB 00JIaaeT COIIOCTaBUMBIMU
MOKa3aTeJIIMUA KIMHNYECKON 9 (HEKTUBHOCTH.

Yuacrue aBTopos: 1. C. KpricaHoB — paspa-
00TKa KOHIIENIINH MCCIelOBaHNsA, Hay4YHOe KOH-
CyJIETUPOBaHUE, peJaKTUPOBaHUe TEKCTa PyKOIIN-
cu; B. C. KppicaHoBa — 0030p JiuTepaTyphl IO
TeMe, aHAJIM3 U HHTEpIpeTanusi pe3yJbTaToB,
Hanucanue cratby; B. 0. EpmakoBa — cbop u

oOpaboTka marepuaJsia.
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