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Ilenv pabomor. U3yuntdb BIMsIHEE lleJ€HANPABICHHONH HH(Y3NOHHOI TEPANNH € UCIIOIb30BaHHEM COATAHCHPOBAHHOTO COJIE-
BOTO PacTBOpa, 4% CYKIMHUIMPOBAHHOrO jKejatuHa U 6% pacTBopa ruipokcusTHianpoBanHoro kpaxmana 130/0,42 ua co-
Ziep:KaHue BHECOCYAUCTOI BO/IBI JIETKUX Y GOJbHDBIX HIIEMIYECKOIT 60IE3HBIO CEPLa, ONEPHPOBAHHBIX B YCIOBUAX HCKYCCT-
BEHHOTO KpoBooOpameHnusi. Mamepuanvt u memoos:. IIpoBeieHO NPOCHEKTHBHOE, PAHAOMH3HPOBAHHOE, IPOCTOE CIIETNOE,
KJIMHUYECKOE HCCIIeIOBAHNE, N3yYalollee BINsAHNE IleJeHANPABIeHHOI NH(DY3HOHHON TepaNuu ¢ UCTIOJIb30BaHHEM cOaNaHCu-
POBaHHOTO COJIEBOTO PACTBOPA, 4% CYKIMHHJIMPOBAHHOIO >KeJaTHHA M 6% pacTBOpa rMIPOKCHITHIMPOBAHHOTO Kpaxmasa
130/0,42 Ha comepskaHue BHECOCY/IUCTON BObI JIETKHX Y OOJbHBIX UIIEMHYECKOI 00JIE3HBIO CEPIlia, ONEPUPOBAHHBIX B yC-
JIOBHSIX HCKYCCTBEHHOTO KPOBOOoOpanienus. IleeBbM nokasareaeM reMoAMHAMAKH ObLT HHIEKC [I100aIbHOT0 KOHEYHOTO JIU-
aCTOJIMYECKOro 00beMa, OH MoJIep;KuBaics B npeaeaax 680—850 mu/m>. Baecocyaucras Bo/a Jerkux U3Mepsiach IpH 110-
MOIIY METO/Ja TPAHCILYJIbMOHAJIBHON TEPMOJMIIOLMH, TAKKe MCCIEA0BANM THAPOOATIAHC, JAaKTaT, CaTypPaLHI0 CMEMIAHHON
BEHO3HOI1 KPOBH, IIapaMeTPbl FeMOIMHAMUKY, KOHIIEHTPAIHIO TponoHuHa 1. Pe3yaiomamoi. AHanu3 3HaYeHuil HHIEKca BHe-
COCY/IUCTOM BO/IbI JIETKUX Ha NPOTSI?KEHUH MCCIIeI0BAHUS He BBISIBUJ PAa3JINYHil B COJEPKAaHUH BHECOCYAUCTON BOJIbI JIETKUX
Meskay rpynmamu. s moaneprkaHus TeMOAMHAMIKY B MHTPOOIEPAIMIOHHOM U [OCJIE0IEPALMOHHOM [epHo/e TPeGoBaIiCh
Goubue 00beMbl COANIAHCHPOBAHHOTO KPHCTAJUIOM/IHOTO pacTBopa. B rpynme kpucraaiongos Gajanc 3a onepauuio Gbur
3HauuTeNbHO Bbiie U coctasmwi 2000 [1415—2200] mur; B rpynne ¢ npumeHenueM xkesnatuaa — 1020 [650—1563] mur; B rpynme
C NIPEMEHEHHEM PACTBOPA THAPOKCHITHIMPOBaHHOrO Kpaxmana — 1070 [550—1675] ma (p=0,001). Carypanusi cMemanHoOi
BEHO3HOI KPOBH, JIAKTAT, KOHIIEHTPAIMsl TPONOHUHA | GbLIN COMOCTABMMbI HA dTaNax HCCJIEOBAHMS MESKIY rpynnamMu. 3a-
Katouenue. Boisiieno, 4yro uHQy3uoHHas Tepanus ¢ HCIOJIb30BAaHNEM COATAHCHPOBAHHOTO COJIEBOTO PACTBOPA HE IPUBOUT
K YBEJIMYEHHUIO CO/JEPIKAHKsI BHECOCYUCTOI BOJIBI JIETKUX Y GOJbHBIX HIIEMHYECKOH GOJIE3HbIO CepAla, ONePHPOBAHHBIX B
YCJOBUSIX HCKYCCTBEHHOTO KPOBOOGpalenusi, HapaBHe ¢ uH(Y3UOHHOI Tepanueil Ha OCHOBE KOJUIOMIHBIX PAacTBOPOB. s
IOCTIZKEHHS 1eJIeBbIX TOKa3aTeseil TeMOIMHAMUKH TpeOyeTcs: 60obumnii 06beM KPHCTAIOHTHOTO PACTBOPA, YeM MPH HC-
NOJIb30BAHHU KOJIOMAHBIX MH(Y3UOHHBIX cpen. Kniouesvie cnosa: nndysnonHas tepanusi; KpUCTALIOHIHBIE PACTBOPBI;
KOJUIOU/THbIE PACTBOPbI; TPAHCIYIbMOHAIbHAS TEPMOIUIIONMS; BHECOCYIUCTAs! BO/IA JIETKUX; HHEKC II00aIbHOTO KOHEUHO-
r0 INACTOIMYECKOT0 00becMa; THAPOGATIAHC.

Objective: to study the impact of goal-oriented infusion therapy using balanced salt solution, 4% succinylated gelatin, and
6% hydroxyethyl starch 130/0.42 solution on pulmonary extravascular water levels in coronary heart disease patients oper-
ated on under extracorporeal circulation. Materials and methods. A prospective, randomized, single-blind clinical study
investigating the impact of goal-oriented infusion therapy using balanced salt solution, 4% succinylated gelatin, and 6%
hydroxyethyl starch 130/0.42 solution on pulmonary extravascular water levels was conducted in coronary heart disease
patents operated on under extracorporeal circulation. The hemodynamic target was the global end-diastolic volume index
which was maintained in the range from 680 to 850 ml/m’. Pulmonary extravascular water was measured by a transpul-
monary thermodilution technique; hydrobalance, lactate, mixed venous oxygen saturation, hemodynamic parameters, and
troponin I concentrations were also investigated. Results. Analysis of the values of the pulmonary extravascular water
index revealed no differences between the groups in pulmonary extravascular water levels throughout the study. Large vol-
umes of balanced crystalloid solution were required to maintain intraoperative and postoperative hemodynamics. Balance
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after surgery was considerably higher and amounted to 2000 [1415—2200] ml in the crystalloid group, 1020 [650—1563] ml
in the gelatin group, and 1070 [550—1675] ml in the hydroxyethyl starch solution (p=0.001). Mixed venous oxygen satura-
tion, lactate, and troponin I concentrations were comparable between the groups at the study stages. Conclusion. It was
found the infusion therapy using balanced salt solution failed to result in an increase in pulmonary extravascular water lev-
els in coronary heart disease patients operated on under extracorporeal circulation as did colloid solution-based infusion
therapy. Achieving hemodynamic targets requires a large volume of crystalloid solution than the use of colloid infusion solu-
tion. Key words: infusion therapy, crystalloid solutions, colloid solutions, transpulmonary thermodilution, pulmonary
extravascular water, global end-diastolic volume index, hydrobalance.
DOI:10.15360/1813-9779-2015-3-54-64

BBenenue

WNubdysnonnas Tepanus sBJASETCS BaXKHBIM U He-
OTHEMJIEMBIM KOMIIOHEHTOM O0€CIIeYeHnsT KapAnOXU-
PYPrUYeCcKHX OIepalnii 1 PaHHETO MOCTIe0NePaAIMOHHO-
[ noppep:RaHus
roKasareJieil TeMOJIMHAMUKHU Ba’KHBIM 3BEHOM SIBJISIETCS

ro mepuoja. OTITUMAJTHHBIX
aZiekBaTHbIN BosieMuuecknii craryc. Ha cerogusmnnii
JIeHb CcylecTByeT GOJbIIOl BEIOOP pasauuHbIX UHGY3U-
OHHBIX CPEJl, KOTOPbIE 3aBUCUMOCTH OT CBOUX (DU3UKO-
XUMHWYECKUX Pa3AeaATOTCS Ha ABE OCHOBHBIE TPYIIIDL:
KOJIJIOUIHBIE W KPUCTAIOUAHBIE PAaCTBOPHI. VI3BecTHO,
YTO KOJUTOWAHDBIE PACTBOPHI UMEIOT P MPEUMYIIECTB
HaJl KPUCTAJJIOUTHBIMIL JIJIsl BOCIIOJIHEHUS 0O0beMa BHY -
TPUCOCYAUCTON JKUAKOCTH TpebyeTcsi 3HAYUTEJIbHO
MeHbIINIT 00beM PacTBOpPa, OHU CIIOCOOCTBYIOT GoJee
OBICTPOMY BOCIOJHEHUIO BHYTPUCOCYAUCTOTO OObEMa 1
He TIPUBOJSIT K PA3BUTHIO TKaHeBOro oTteka [1—4]. Cun-
Taercs, 4To GOJbIIHE 0GBEMBI KPUCTAIIIOUIOB CIIOCO0-
HbI TPUBOJUTH K TKAHEBOMY OTEKY, B TOM YHCJIE U OTe-
Ky JIETOYHO TKaHu [5]

VI3BeCTHO, UTO TIOJIOKUTEIbHBII BOAHBIA GalaHC U
00yCJIOBJICHHDIII UM OTEK TKaHEl B MOCJAEONEepPaMOHHOM
Mepro/ie YBETMIMBAIOT KOJUYECTBO OCAOKHEHUH U YPO-
BeHb JieTasbHOCTH [6—7] C mpyroii cTOPOHBI KPUCTAILIO-
UJIHBIE PACTBOPHI HE OKA3BIBAIOT OTPUIATETLHOTO BIUSHUS
Ha QYHKIUIO TI0YEK, HE CIOCOOCTBYIOT HAPYLICHUSIM KOa-
TYJISIIINAH, He BBI3BIBAIOT AJJIEPTUUECKUX PEAKIINH, B OTJIH-
e oT Kosuonios [8—12].

B ncceoBanmsax MOCAEHNX JIET CTaBITCST TIOJ CO-
MHEHUS TPUIHCICHHbIC TIPEUMYIIECTBA KOUIONI0B. 11o-
Ka3aHo, YTO BOBHUKHOBEHNE OTEKA JIETKUX U PECTTUPATOP-
Hble HapyLIEHUS HE CBsI3aHbl KaKUM-Ju00 00pasoM ¢
TUIIOM TIpUMeHsieMoro pactsopa [13]. B uccienoBanusix y
MAIMEHTOB C CETICHCOM U CENITHYECKIM TMOKOM BBISIBIIEHO,
YTO JIUIST TOCTUKEHUS TEIEBBIX TEMOAMHAMUIECKUX TTapa-
MeTpoB Tpedyercst yuiib Ha 30% MeHblii 06beM KOJLIO-
UAHBIX PACTBOPOB TIO CPABHEHWIO € KPUCTAJTOUIHBIMH,
P 9TOM PHUCK Pa3BUTHsI TKAHEBOTO OTEKa COTIOCTABUM
[PU UCIIOJAb30BaHUK 00erX TPyl UH(GY3UOHHBIX CPE/l
[13—15]. lanuble 0 mperMyIecTBax KOJJIOMIOB HAJl KPH-
CTAJTOUIAMU Y KapAUOXUPYPTUIECKUX MANEHTOB TAKKe
HeojiHO3HauHbI [16].

ITpunnmast BO BHUMAHIE TepeIrCIeHibie GakThl 1
UX MPOTUBOPEUNBOCTD, TIETHIO HACTOSIIETO UCCTETOBAHMUS
ObLIO U3yYeHUE BAUSHUS UH(DY3UOHHOI TepaIiy Ha OCHO-
B€ COBPEMEHHBIX PACTBOPOB Ha GOPMUPOBAHIE OTEKA TKA-
Hell y 60sbHbIX TBC, KOTOPBIM OblLiIa BBINOJHEHA PEBACKY-
JISIPUBAINST MHOKap/la B YCJIOBHUSX HCKYCCTBEHHOTO
KPOBOOOpAIIEHNS.

Introduction

Infusion therapy is one of the important components
of anesthetic management in cardiac surgery and early
postoperative period. The volume status of patient is
important to support hemodynamic goals. The fluids are
divided into two main groups: colloids and crystalloids.
Colloids possess several advantages over crystalloids. The
main advantage is that colloids cause less tissue swelling
[1—4]. It is believed, that large amounts of crystalloids can
lead to tissue edema, including pulmonary edema [5].
Positive water balance and tissue swelling in postoperative
period increase the number of complications and mortality
rates [6, 7]. However, crystalloids do not affect renal func-
tion, do not promote coagulation disturbances and do not
cause allergic reactions, unlike the colloids [8—12].

Data from recent studies have called into question this
advantage of colloid solutions. It is shown that the occur-
rence of pulmonary edema and respiratory disorders is not
related in any way to the type of the used solution [13]. In
studies in patients with sepsis and septic shock it is revealed
that in order to achieve hemodynamic goals it requires only
30% smaller volume of colloids compared to crystalloids,
with the risk of tissue edema comparable in both groups
[13—15]. Data about benefits of colloids over crystalloids in
cardiac surgery patients are also ambiguous [16].

Taking into account these facts and their inconsis-
tency, the purpose of the present study was to investigate
the effect of infusion therapy based on modern solutions on
the formation of edema in patients with coronary artery
disease who underwent myocardial revascularization with
cardiopulmonary bypass.

Materials and Methods

During period from January, 2013 to June, 2014 a prospec-
tive, randomized, single-blind clinical trial was performed.
Informed consent form was signed by all participants in the study.
Inclusion criteria: patients with coronary artery disease with
strong indications for CABG with CPB. Exclusion criteria: emer-
gency surgery, patients age above 75 years, left ventricular ejec-
tion fraction less than 40%, myocardial infarction less than 6
months ago, glomerular filtration rate less than 60 ml/ min, the
patient's body mass index less than 20 or more than 35 kg/m*

The study included 91 patients with coronary artery disease.
All patients underwent coronary artery bypass surgery with car-
diopulmonary bypass. Patients were randomly allocated by sealed
envelopes into 3 groups: balanced crystalloid solution group
(ster), gelatin-group (gel), HES 6%-group (tetr). In every group
patients received appropriate solution for CPB prime and to pro-
viding the hemodynamic goals (Global end diastolic volume index
(GEDVT) — 680—850 ml/m?). Infusion therapy for physiological
fluid requirements, compensation for loss of water and electrolytes
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Marepuan u MeTObI

B mepuon ¢ suBaps 2013 r. mo mions 2014 r. mpoBeneHo
[IPOCIIEKTUBHOE, PAHAOMU3NPOBAHHOE, TPOCTOE CJIETIOe, KITIHH-
yecKoe nccieioBatne. Bblio moyueHo 0106peH e JT0KaIbHOTO
9TUYECKOT0 KOMHUTETa Ha rpoBefenue ncciaenopanns. Dopma
nHMDOPMUPOBAHHOTO COTJIACHST TTO/IIINCAHA BCEMHU YYaCTHUKAMMU
uccaenoBanus. Kpurepnu BKIIOUEHMS: TAIMEHTHI ¢ HIIEMUYeC-
koii 6osesnpio cepaia (MBC), koropbim Obliia TTOKazaHa peBac-
KyJISIPU3AIHsl MUOKap/ia B YCJAOBUSX HCKYCCTBEHHOTO KPOBOOG-
pamenus (UK).

KpurepusiMu NCKIIOYEHNS SIBJISIITUCH: 9KCTPEHHOE XUPYPri-
YeCKOe BMEIIATEIbCTBO, BO3PACT MAIMEHTa CTapiie 75 JeT, Ghpak-
1ust BBIGPOCa JIEBOTO sKemyouka MeHee 40%, repeHeceHHblil UH-
(apkT MHOKapJa JaBHOCTbIO MeHee 6 MecsieB, CKOPOCTb
KJIy60uKOBOIT hustbrparn Meree 60 MJ/MUH, HHAEKC MACChI TeJIa
narenta Metee 20 wiu 6onee 35 kr/m%

B uccaemoBanmy npuasa yuactre 91 marmment ¢ MIBC. Beem
nauenTam ObLIa TPOBE/IEHA OTIEPAI A0PTOKOPOHAPHOTO Iy H-
THUPOBAHUs B YCJIOBUSIX UCKYCCTBEHHOrO KpoBooOpaiieHus. B
ZIEHb OTIEPATHBHOTO BMEIIATETCTBA TAIIMEHTHI OBUTH PAHIOMIT-
3UPOBAHBI TIPH TOMOIIU METO/IA 3aIleYaTaHHbIX KOHBEPTOB HA TPH
IpyIIIbE: TPyIina Ster — uHby3HMOHHAsI TEPAIHs C UCIIOIb30BAHH-
eM cHaTaHCHPOBAHHOTO cOIeBOTO pacTBopa (CrepodyHIIH 130-
rtonnyeckuii, B.Braun, Tepmanus); rpynmna Gel — undysuonnas
Teparnus ¢ UCI0JIb30BaHueM 4% PacTBOPA CYKIIMHUINPOBAHHOTO
skenaruna (Temodysun, B. Braun, lepmanus); rpymma Tetr — nm-
(bysunonnas Tepanust ¢ ucnosab3oBaHueM 6% pacTBopa THIPOKCH-
sTuspoBantoro kpaxmana (I'9K) 130/0,42 B cHhanmancupoBan-
Hom cosxeBom pactBope (Terpacmam, B. Braun, lepmanms).
Wudysnonnyo Tepanuio Amnst obecrieueHnst GU3MOIOrmIecKoit
HOTPEOGHOCTHU B KUAKOCTHU, BO3MEIEHHSI TIOTEPb BOJIbI 1 3JIEKTPO-
JIUTOB, CBSI3AHHBIX C HPE/IIECTBYIONMM OrpaHUYeHIeM ITpreMa
SKUIKOCTHU ¥ TIUIIH, TIEPCIIPAIei, NCIIapeHreM, a TAKKe [y pe-
30M, BO BCEX TPYIIAX MPOBOAUIN C UCHOIb30BAHIEM COATAHCH-
pOBaHHOTO cosieBoro pacTBopa (CtepodyHANMH H30TOHIMYECKHUIT ).
J171s1 5THX 1iesieil pacTBOP BBOJMJICS BO BPEMsI ONIEPATHBHOTO BMe-
MIATEIBLCTBA CO CKOPOCTBIO 3—4 MJI/KT/4, B IOCJIEOIEPAIIMOHHOM
Hepro/ie 10 OKOHYAHUS TTEPBBIX CYTOK CO CKOPOCTHIO 2 MJI/KT/4.
Jlst texnomorndeckoro obecredenus MK, a takxke ycrpanenns
nedunuTa BHYTPUCOCYAUCTOTO 00BEMA JKUAKOCTU B KaKIOU
IpyIIIe UCHOIb30BAIN COOTBETCTBYIOINIHIT HCCIeyeMBbIil PACTBOP
(Ster — Crepodyuaun uzorornueckuii; Gel — 4% Tenodysun; B
rpyriie Tetr — Terpacnamn).

Ornpesiesienne BOJEMUYECKOTO CTATyCa MPOBOAMIM IyTEM
U3MEepPEHNsT MH/AEKCA TI0OATbHOTO KOHEYHOTO AUACTOJMYECKOTO
obvema (UTK/IO) 1ipu moMoInu MeToga TpaHCIyIbMOHATIbHOM
tepmoniionnu. Omnpenesnenrie UTK/IO nponsBoanam kak cpej-
Hee 3HaueHWe, MOJYYEeHHOEe MPH TPOEKPATHOM GOJTIOCHOM BBeEsie-
Hun oxstaskaenHoro pacrtsopa 0,9% NaCl. PactBop TepMOuH/nKa-
TOpa BBOJIMJIN B TIPABOE IIPeJicep/iyie Yyepes IMPOKCUMATbHBII OPT
[[EHTPATBHOTO BEHO3HOTO KaTeTepa, HaXO/SIIErocsi BO BHYTPEH-
Heil sspeMHOiT BeHe. 3nauenrst 680—850 mit/M? ABJISIICH eJIEBbI-
mu st UTKO. TTpu UTK/IO nmske 680 mur/mM* mpoBOAMIN MH-
(hysnio oHUM U3 TPeX PacTBOPOB B 3aBUCUMOCTU OT TPYIIIOBOI
npuHagiekHocty B oobeme 500 mu B Teuenue 30 mun. Ilpu
NTK/TO Boime 850 Mi/mM* ncnonbzoBaau Gypocemust, oo mpo-
BOJIMIIN NH(DY3UIO HUTPOTJINIIEPUHA B 3aBUCHMOCTH OT KJIMHUYEC-
kux ocobernocreii. [Ipu CU menee 2,2 j1/Mut,/M? IPUMEHSAIIH J10-
OGyramun B crapToBoil 03¢ 3,0 MKr/kr/muH. Ilpu 3HaueHUsX
NOTICC < 600 aumececm?/M* IPUMEHSII HOPapeHannt. Ane-
cresnosiornueckoe obecrevenue: cesodaiopan 0,5—1,0 MAK,
dhenranmn 2,5—3,5 MKr/Kr/4, anexyponst 6pomuz (0,1 Mr/Kr Bo
BpeMst nHAyKImn), nporodona 2—4 mr/kr/a (o Bpems VK). B
MHTPA- U TI0CJIEONEPAINOHHOM MePHO/ie UCIOIb30BAIN UIEHTHY-
Hblii iporokos UBJI ¢ KOHTpoJIeM 10 06beMy: JAbIXaTeIbHbIN 00b-
em 8 Mu1/Kr 10JKHOH Maccest Tesia, Y/1/] 12—14 /mMun (st noaep-
skanust HopMokanauu) u IIJIKB ¢ ypoBHeM HEOOXOIMMBIM [IJIst
noctmskenst SpOy >95% (Fabius Tiro u Evita XL, Drager, Tepma-
nust). Pesepsyap MK sanosssiim 1500 M1 oHOTO M3 Tpex mpe-

associated with the prior restricted intake of fluid and food, per-
spiration, evaporation and diuresis in all groups were carried out
using a balanced crystalloid solution. For these purposes, the solu-
tion was introduced during the surgery — 3—4 ml/kg/hr, first day
postoperatively — 2 ml/kg/h. For CPB prime and for elimination
of the intravascular volume deficit in each group appropriate test
solution was used (Ster — Sterofundin isotonic; Gel — gelofusin
4%; in the group Tetr — Tetraspan). To control the volume status
GEDVI was measured by transpulmonary thermodilution
method. The aimed values of GEDVI were 680—850 ml/m* If
GEDVTI was below 680 ml/m’ patient received bolus (500ml) of
one of the test solutions. If CI was less than 2.2 1/min/m? dobut-
amine was used in initial dose — 3.0 mkg/kg/min. The anesthetic
management was the same in all groups. GEDVI, ELIWI and
hemodynamic parameters (HR, MAP, CVP, mPAP, PCWP, SVI,
CI, SVRI) were measured at: T1 — before surgery (after induc-
tion); T2 — 5 minutes before CPB; T3 — 5 minutes after CPB; T4
— the end of surgery; T5 — 2 hours after CPB; T6 — 4 hours after
CPB; T7 — 6 hours after CPB; T8 — 12 hours after CPB; T9 —
after the first postoperative day (POD). Measurements of CI,
ELWI, GEDVI and SVI were done by PiCCO Plus (Pulsion
Medical Systems AG). PAP and PCWP were measured using a
Swan-Ganz catheter (Corodyn TD, B Braun).

To assess the extent of myocardial damage the level of tro-
ponin I (Tn I) in circulation was examined; it was carried out in
patients with the disease at stages T1, T3, T7, T9 and on the sec-
ond POD. Balance was calculated at the end of surgery as the dif-
ference between the volume of infusion, diuresis, CPB balance and
ultrafiltration, to the end of the first post-operative day — as the
difference between the of amount infusion, diuresis and blood loss.
To evaluate the acid-base status, water-electrolyte metabolism,
SvO, and lactate the Rapidlab 865 (Bayer Corporation, UK) was
employed. To assess the type of the distribution of variables
Kolmogorov-Smirnov test was used. Comparative analysis of
quantitative traits in cases of normal distribution of variables was
performed by one-way ANOVA. In cases of distribution of the
variables far from normality the Kruskal-Wallis test was used.
Intergroup comparisons were performed using the criterion of
Tukey-Kramer. For comparison of qualitative traits Chi-square or
Fisher exact test were used. For all statistical tests the Type I error
was set as 0.05. The null hypothesis (no difference) was rejected if
the probability (P) did not exceed the Type I error. For statistical
analysis MedCalc Statistical Software v12.1.4 (MedCalc
Software, Mariakerke, Belgium) was employed.

Results and Discussion

Data of all patients who were included into the study
(Ster-31 patients; Gel-29 patients; Tetr-31 patients) were
used in the statistical analysis. Demographic and clinical
characteristics are presented in Table 1; there is no any dif-
ference between groups. Significant difference was
revealed among the parameters of intraoperative period in
CPB time, aortic cross clamp time and in the number of
grafts (data presented in Table 2). Length of stay in the
intensive care unit (ICU) and hospital stay were similar in
all groups (Table 3)

Measured hemodynamic parameters (HR, MAP,
CVP, MPAP, PCWP, SVI, CI, SVRI, PVRI, GEDVTI) did
not exhibit any significant difference in all stages of the
study (Table 4). Analysis of ELWT during the study also
demonstrated no difference between groups (Table 5,
Figure 1). Analysis of SvO, and lactate showed no differ-
ence between groups. Moreover, there was no difference
between groups in Tn I concentration. Initial values (T1)
in all groups were equal to 0£0 mkg/l, then Tn I concen-
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cTaBjieHHbIX pactBopoB. IIposesenne nopmorepmudeckoro MK
OCYIIECTBJISITION B HEITYJIBCUPYIONIEM PEsKIME ¢ 00bEMHOIT CKOPO-
croio epdysun 2,4—2,5 ji/mMun/M* u yposaem cpenero A/l 50—
70 MM pt. cT. C 11€J1bI0 3aIUTBI MHOKAP/Ia AHTEPOTPAHO ITPUMeE-
Hsn (hapMaKkoxos10710By1o (4°C) KpUCTAITIONTHYIO Kap/HOILIIETHIO.
Bo Bpemsi K «110 TpeGOBaHUIO» HCIIOJIb30BAIM CTAHAAPTHBIN
MPOTOKOJ yJisTpaduibrpanu. [TIOKOKOPTHKOCTEPOH/IHBIE TOP-
MOHBI HE MPUMEHsIN. AHTH(OUOPUHOIUTUYECCKUM TPENapaToM
ObLJT PACTBOP aMUHOKAIIPOHOBOH K1ca0ThI (20 T).

V3mepenne WHIEKCA BHECOCYIUCTOI BOJAbI  JIETKUX
(UBCBJI), UTKAO, a rtaxxke mokasarejieil TeMOAMHAMUKU
(UCC, CALl, IIB/, c[IJIA, I3JIK, UYO, CU, unpekca cucrem-
noro cocyaucroro conpotuBienus (M1CCC)), npousBoanian ua
caexyronmx atamnax (T): T1 — ucxoano (mocse MHAYKIINN aHec-
teaun); T2 — 5 mun go vHayana UK; T3 — 5 mun nocie UK; T4 —
koner oniepanuu; T5 — 2 4 ocse VIK; T6 — 4 4 nocie UK; T7 —
6 utocste VIK; T8 — 12 u mocsie IK; T9 — o ncrevennn 1-wix cy-
Tok nocsie omneparuu. /s usmepenuss CU, UBCBJI, UTK/O,
NYO npumensiin cucremy PiCCO Plus (Pulsion Medical
Systems AG, Iepmanns). JIA u /I3JIK onpenessinnm, NCHoab3yst
karerep Csan-Tanca. [[yis1 BOJIOMETPHUYECKOTO U CTATHYECKOTO
reMO/IMHAMIYECKOTO MOHUTOPUHTA KaTeTePU3UPOBAJIU JIEBYIO
Genpernyio aprepuio 5F  TepMOAMIIONMOHHBIM KATETEPOM
(PV2015L.20N PULSOCATH; Pulsion Medical Systems AG,
Mionxen, Tepmannst), a Takxke MPaByI0 BHYTPEHHIO SIPEMHYIO
BeHYy 7F TpexImpocBeTHBIM IIEHTPATBbHBIM BEHO3HBIM KAaTETEPOM
(Certofix, B Braun) u 8F untponsiocepom (Intradyn, B Braun),
yepes nocaeannii Boguan 7F karerep Cpan-Tanca (Corodyn
TD, B Braun).

J1J1st O1IeHKHM CTeTeHN OBPEsKIEHUST MOKap/Ia TPOU3BOINIIN
onpeznenenuie Tporionnna I (Tn T), 3a60p KpoBU NMPOBOAMIN Ha
aramax T1, T3, T7, T9Y, a Takske Ha BTOpBIE CYTKH TOCJIE OTIEPAIINN.

Tuapobanane K OKOHYAHHMIO ONEPAI[MK PACCUNTHIBAIN KAK
PasHUILYy MEKIY 0ObeMOM BBEIEHHBIX MH(BY3UOHHBIX CPEJl 1 [Hi-
ypesom, ¢ ygetom Gananca K u yasrpaduasrpanun, K OKoHYa-
HUO 1-TO MOCIEONEPAIIMOHHOTO IHsT — KaK PAsHUILY MEKIY 00b-
eMOM BBeJeHHbIX MH(BY3MOHHBIX CPell U [IYyPe30M, a TaKKe
KPOBOTIOTEPEIi.

JlIs1 OIleHKHM KUCJIOTHO-OCHOBHOTO COCTOSIHUS, BOJIHO-
9JIEKTPOJNUTHOTO oOMeHa, onpenenenus SvO, U JakTaTa mc-
mosp30Baan  razoanasmsatop Rapidlab 865  (Bayer
Corporation, BenukoGpuranus).

Jliist olleHKH XapakTepa pacipe/iesieHnst B COBOKYITHOCTH 110
BBIGOPOYHBIM JIAHHBIM HCTIOJIb30BaM TecT Kosmoroposa-Cmup-
HoBa. CpaBHUTEIbHBII AHAIN3 KOJUYECTBEHHbIX TPU3HAKOB TIPH
UX TIPaBUJILHOM pacHpejiesieHud MPOBOAMJCI IPU TTOMOIIH
ANOVA. Tlpu nempaBuIbHOM pacHpeae/seHny HCHOab30BaIN
Kruskal-Wallis test. Tlocaenyrormume MeKrpynioBble CpaBHEHUs
MPOBOIMIIH ¢ ToMOTIbIo KpuTepuist Tukey-Kramer. [list cpaBrenust
Ka4eCTBEHHBIX MPU3HAKOB Hcrosb3oBaan Chi-square tect wmmm
Fisher's exact tect. [[Jist Bcex CTaTHCTUUECKUX KPUTEPHEB OMIUOKY
nepBoro poja ycranasiusaiu pastoit 0,05. HyseBast rumnoresa
(OTCyTCTBUE PA3M4uil) OTBEprajach, €CJN BEPOSTHOCTDL (p) He
npeBbIaja omuoKy 1epBoro poga. Jljist CTaTUCTHIECKOTO aHAIN-
3a ucnosb3oBasu nporpammy MedCale Statistical Software
v12.1.4 (MedCalc Software, Mariakerke, Besbrust).

PesyubraThl 1 00CyKAEHUE

[lepBuunble MaHHBIE BCEX TMAIMEHTOB, BKIIOUECHHBIX
B nccaenosanne (Ster-31 manument; Gel-29 maumenr; Tetr-
31 marenT), ObLIN KCIIOIB30BaHbI B CTATHCTHYECKOM aHa-
mmse. [lemorpaduieckre M OCHOBHbBIE KJIMHUYECKHE Xa-
PaKTepUCTUKK TpeAcTaBaensl B Tabm. 1. Cpenm Hux mHe
BBISIBUJIN KAaKUX-THO0 MEKTPYMTOBLIX OTIUINH.

Cpenu mokazaTeseil HTPAOIIEPAIIMOHHOTO TTeproia
JTOCTOBEPHBIE Pa3Indus BBIABUIN BOo BpeMenn MK, Bpeme-
HU OKKJIO3UM AOPTBl W KOJWYeCcTBe IMYHTOB (/laHHBIE

tration was increased 6 hours after surgery to 2.1£0.7
mkg/l, and then to 2 POD accompanied by gradual
reduction of troponin I concentration to 0.8+0,6 mkg/I
(Table 6).

Total volume of infusion during the surgery was
higher in group Ster — 1400 [1400—1900] ml compared
with Gel-1400 [1000—1650] and Tetr — 1400 ml [1000—
1600] ml (»p=0.005). However, the amount of solution
required to maintain goals of GEDVI and the need for
their administering were comparable in all groups. Balance
during CPB was also higher in the Ster group — 1150
[880—1430] ml; Gel — in 500 [30—1432] 550 ml; Tetr —
[0—1250] ml (p=0.029), diuresis during CPB was signifi-
cantly higher in the Ster group too — 1200 [900—1500] ml,
the volume of urine output during CPB in Gel group —
600 [400—663] ml; in Tetr group — 700 [400—1075] ml
(»p=0.001). In all groups, the ultrafiltration volume was
comparable, but the requirement for its performance was
significantly lower in the Ster group (16%) than in the Gel
(59%) and Tetr (61%) groups (p=0.001).

The total urine output during the surgery was signif-
icantly higher in the Ster group — 2000 [1600—2200] ml
than in the Gel and Tetr, 1400 [1175—1713] and 1500 ml
[1000—2000] ml, respectively (p=0.016). Even against the
backdrop of higher rates of diuresis in Ster group, balance
during the surgery in it was 2 times higher and made up
2000 [1415—2200] ml; Gel — in 1020 [650—1563] 1070 ml
Tetr — [550—1675] ml (p=0.001).

There was no difference between groups in balance
for POD-1. Patients in the group Ster, however, required
greater volume of infusion to maintain hemodynamic
goals. In the Ster group patients received 2690 [2243—
4328] ml, in Gel-group — 2150 [1610—2650] ml, in Tetr-
group 2100 [1925—2623] ml (p=0.005). In the Ster Group
there were also higher rates of diuresis (p=0.005). It should
be noted that the total balance (during the study), sum-
mary infusion volume and summary diuresis were signifi-
cantly higher in the Ster group.

In this study we investigated only balanced types of
infusion fluids were studied because they do not lead to a
hyperchloremic acidosis and possess higher safety profile
in comparison with other solutions employed in surgical
patients [17—19] Volumetric monitoring with transpul-
monary thermodilution technique was chosen due to the
fact that the commonly used indicators CVP and PCWP
limit appreciated level of filling of heart chambers, and
because they could not predict increasing of stroke vol-
ume following administering of intravenous fluids [17,
20, 22]. Global end diastolic volume index was chosen as
a goal because it adequately characterizes the filling of
heart chambers and is correlated with the data obtained
by transesophageal echocardiography and accurately
shows the correlation between the stroke volume and
preload [17, 23, 24]. Pulmonary extravascular water
index is a specific and sensitive indicator of volumetric
monitoring, reflecting the liquid content in the lung tis-
sue [25—27]. There is a dependence between ELWI and
severity of respiratory dysfunction, and outcomes in ICU
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Ta6auna 1. [lepuonepanonHas XapaKkTepUCTHKA NAIIUEHTOB.
Table 1. Demographic and clinical characteristics.

Indicators Values of indicators in the groups

Ster (n=31) Gel (n=29) Tetr (n=31) P value
Age (years) 62+6 62+6 617 0.74
Female, n (%) 8 (25) 3(10) 8 (25) 0.23
Body weight index (kg/m?) 29+3.5 29+3.4 29+2.7 0.99
LV ejection fraction (%) 61+8.4 63+8 61+6 0.50
Postinfarction cardiosclerosis, 7 (%) 18 (58) 19 (65) 18(58) 0.79
Chronic heart failure (NYHA) 2.8+0.4 2.7+0.6 3.4%22 0.60
Brachiocephalic Trunk atherosclerosis, 7 (%) 13 (41) 16 (55) 19 (61) 0.29
Stroke in anamnesis, 7 (%) 1(3) 5(17) 1(3) 0.65
diabetes mellitus, 7 (%) 9(29) 8(38) 11 (35) 0.77
Angina, n
1FC, n (%) 10 (32) 3(10) 7(22)
1 FC, n (%) 5(16) 9(31) 6 (19)
1L FC, n (%) 15 (48) 14 (48) 14 (45)
IV FC, n (%) 1(3) 0 1(3) 0.31
EuroSCORE 32 3£2 3£2 0.65

Note (npumevanue): Indicators — nokasaresy; age (years) — Bospact (toapr); female — sxenckuii mor; body weight index (kg/m?) — un-
nekce macenl tesia (kr/m*); LV (left ventriculator) ejection fraction — dpakius BoiGpoca JieBbiil skenypouek; postinfarction cardiosclero-
sis — nocrundapkrabii kapauockiaepos; NYHA (chronic heart failure) — xponnyeckas cepaeunast nepocrarounocts; brachiocephalic
trunk — Gpaxuonedanbubie aprepun; stroke in anamnesis — ocTpoe HapyIeHe MO3TOBOTO KpoBooOpaleHus: B anamuese; diabetes mel-
litus — caxapublii guabet; angina — crenokapaus Hanpsukenns; FC (functional class) — dynkimonansubiii kiaace; EuroSCORE — espo-
TeficKast IKasa OIeHKH PICKA KAPANOXIPYPIHIECKOIT OTIepaIiii.

TaGauna 2. [lokazaTen MHTPAONIEPAIIMOHHOTO TIEPUOJIA.
Table 2. Parameters of intraoperative period.

Indicators Values of indicators in the groups
Ster (n=31) Gel (n=29)  Tetr (n=31) P value

Number of grafts 2.5%0.5 2+0.5 3+0.6 0.01
Endarterectomy, 7 (%) 4(13) 1(3) 4(13) 0.42
CPB time (min) 60=15.5 52+12 65+19 0.007
Aortic cross clamp time (min) 36 [28-45] 28 [24-35] 37 [29-48] 0.004
Ventilation time (h) 5+2 5.5%2 6+3 0.79
Inotropic support, 7 (%) 6 (19) 4 (13) 4(12) 0.74

Note (npumeuanue): Indicators — mokasaresu; number of grafts — komuyectso mynTos; endarterectomy — sumaprepakromusi; CPB
time (min) — Bpems MK (nckyccerBerntoe kpoBooOpalienne, MiuH); aortic cross clamp time (min) — BpeMst OKKJIIO31K a0PThI (MUH); Ven-
tilation time (h) — pmureapHocTs UBJI (MCKyCCTBEHHAS BEHTUIIAIMS JIETKUX, 4); inotropic support — moTpeGHOCTh B MHOTPOITHOM MO/~
nep:ke; values of indicators in the groups — 3nayenus nokasaresneil B rpynnax; value — snauenue P.

Ta6auna 3. /laurensHocTb Haxoskaenus nanuentos B OPUT u cranuonape.
Table 3. Length of ICU-stay and hospital stay.

Indicators Values of indicators in the groups

Ster (n=31) Gel (n=29)  Tetr (n=31) P value
Length of ICU-stay (days) 1.3+0.4 1.4+0.8 1.6+0.8 0.24
Length of hospital stay (days) 16£3.4 17+£2.7 18+4 0.11

Note (npumeuanue): Indicators — noxaszarenu; Length of ICU-stay (days) — mimreabHocTh IpeOBIBAHNS B OT/IEJICHUI PeaHUMAIUN
u uHTeHCUBHOU Tepanuu (xHu); length of hospital stay (days) — anurensrocts rocnutamusaru (nuu); Values of indicators in the
groups — 3HaYeHUs rokKaszatesieil B rpynmax; value — snauenue P.

npencrasiaedsl B tabs. 2). Bpemss UK B rpynme Tetr
(65+19) mun 6b10 Gosbiie yem B rpymie Gel (52+12)
muH (p=0,007). Bpemst OKKITI0311 20pTHI OBLIO TOCTOBEP-
HO MeHbIie B rpytie Gel u cocraBuio 28 [24—35] muH 110
cpasuennio ¢ Ster — 36 [28—45] mun. u Tetr — 37 [29—48]
muH (p=0,004). B rpyrme Tetr marmenTam GbITO BBITOJTHE-
HO GoJiblIIee KOJIMYecTBO MyHTOB ueM B rpyine Gel (3£0,6
n 2+0,5 coorsercrenno; p=0,01). JlmurenbHoCTb MpeObI-

patients [28—31]. We choose a cohort of patients with
CAD due to the fact that it is the largest group of cardiac
patients around the world [32]. The main result of the
present work is that regardless of the type of solution
used, content of extravascular lung water did not differ
between the groups in all points of study. According to
the data to maintain the hemodynamic goals it required
more infusions with the balanced crystalloid solution in
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Ta6auna 4. [TokazaTenu reMOJMHAMHKH.
Table 4. Hemodynamic parameters.

Indicators Values of indicators in the groups during the study
baseline 5 min 5 min End of After CPB 1-POD
before CPB after CPB  surgery 2h 4h 6h 12h

HR/min

Ster 59+8 58+10 78+11 80+11 80+10 81+11 84+10 86+11 86+10

Gel 57+13 61+13 80+12 77+12 78+12 75%9 7610 80+11 82+11

Tetr 55+10 61+12 78+11 77+10 80+12 80+12 79+12 81+11 81+11
CI (I/min/)

Ster 2+0.4 2.4+0.4 3.0x0.5 2.6+04 2.9+0.4 2.9+0.5 3+0.5 3%0.6 3.1+0.4

Gel 2+0.3 2.3+0.4 3.3+£0.6 2.7+0.6 2.8+0.5 2.8+0.5 3+0.4 2.9+0.4 3%0.4

Tetr 2.1+0.3 2.5+0.5 3.3+0.7  3.0+0.4 3.0+0.7 3.1£0.6  29+05  29+04  3.0£0.5
SVI (ml/m?/beat)

Ster 35+8 36+6 38+8 33+6 36+7 37+7 36+7 37+8 37+8

Gel 37+7 39+10 42+9 35+8 36+8 38+5 39+7 37+7 377

Tetr 38+8 40+11 43+7 39+5 39+8 39+5 37£6 37+ 38+6
MAP (mm Hg)

Ster 83+13 79+10 70+9 70+8 738 74+8 76+8 797 80+8

Gel 82+15 7710 73%9 7410 72+11 76+9 79+8 85+11 83+9

Tetr 78+13 79+13 70+8 68+8 76+10 76+10 78+10 80+10 80+8
SVRI (dynese®sec/cm?/m?)

Ster 3017+850 2408+672 1661+414 1846384 1756+388 1773+353 1804%332 1757326 1751%11

Gel 2937+702 2243%£831 1579+412 1841%£345 1866=530 1809+345 1843+258 2040+432 1947+362

Tetr 2937702 2243+£831 1579+412 1841£350 1803+£574 1716+528 1870+£384 1930+442 1874+442
PCWP (mm Hg)

Ster 12+3 11£3 12+3 12+3 12+2 12+3 11£3 12+4 12+4

Gel 12+3 12+2 13+3 14+3 13+3 12+3 13+4 13+3 13+3

Tetr 11£3 134 14+3 13£3 13£2 12£2 12+3 12+3 12+3
mPAP (mmHg)

Ster 19+5 18+4 18+3 19+4 21+4 21+4 21+4 23+4 23+4

Gel 18+5 164 20+5 20+4 20+4 19+4 20+5 21+6 20+5

Tetr 18+5 18+5 19+4 19+4 20+3 19+3 21+4 20+4 22+4
PVRI (dynes*sec/cm”®/m?)

Ster 2224158 22199 155£108  206+99 233+101 250+99  230+102 248+126  275+119

Gel 221175 240110  222+176 160£127  214+119  215+138 198111 193110 209+136

Tetr 213138  188+137  215+171  150+88 207+63 176£96  242+130  229+110 258+125
CVP (mm Hg)

Ster 9+3 9+3 9+3 11£3 12+3 12+3 11£4 11+4 14

Gel 9+3 8+2 10+2 12+3 11+3 11+3 11+3 12+3 12+6

Tetr 9+4 9+4 11£3 12+3 11£3 10£3 11£3 104 114
GEDVI (ml/m?)

Ster 735+122  717+93 726£106 697107 691125 693118 709+103 768123  767+94

Gel 770126  776+133  827+160 784+741  779+179  810+178 838+144 870156 876*176

Tetr 745+112  748+131  756+114  737+87 712+93 726+88 729495 767£89  813+137

Note (npumeuanue): Indicators — nokaszaresnn; HR (heart rate)/min — sacrora cepaeunnix cokpamenuii/mun; CI (cardiac index,
1/min/m*) — cepmeunsriii naaexc, 1/mun/m% SVI (stroke volume index, ml/m?/beat) — unnekc ynapaoro oobema, ma/m*/ynap; MAP
(mean arterial pressure, mm Hg) — cpeanee aprepuaibHoe aasienue, MM pr. cr.; SVRI (systemic vascular resistance Index,
dynesesec/cm?®/m*) — HHIEKC CUCTEMHOTO COCYAMCTOTO CONpoTHBIeHus, AnH*c*cm”/M% PCWP (pulmonary capillary wedge pres-
sure, mm Hg) — maBieHne 3aKIMHIBAHI JETOYHBIX KAMIIAPOB, MM PT. ¢T.; mMPAP (Mean Pulmonary Artery Pressure, mmHg) —
cpejHee AaBienue B Jerounoii aprepuu, mm pr. cr.; PVRI (Pulmonary Vascular Resistance Index, dynesesec/cm?®/m?) — unjekc
JIETOYHOTO COCYAMUCTOro cotnporusienus, aurececm’/m% CVP (Central Venous Pressure, mmHg) — uenTpasbHoe BeHO3HOE
nasaenue, MM pr. cT.; GEDVI (global end diastolic volume index, ml/m*) — mHmekc r106aapbHOTO KOHEUHOTO AMACTOJMIECKOTO
obbema, mii/m?% Values of indicators in the groups during the study — snauenus nokasaresieil B Tpyrnax B Xojie uccjiegobanus; base-
line — ncxonno; before CPB (cardiopulmonary bypass) — no uckyccrsennoro kposoobpauienust (MK); after CPB — nocaie K; End
of surgery — kowerr onepaini; POD (postoperative day) — mocsieonepaiinonusiii ieHp; min — mun; h — .

BaHUS MAIMEHTOB B OT/IEJICHUN PEAaHUMAINN U UHTEHCUB-
noit teparmu (OPUT) n ammreapHOCTD TOCTIUTATN3ATTIT
ObLIK COMOCTABMMBI MEsKy rpymmamu (tabir. 3)

Cpemn moxazateneii remogunamukn (HCC, CA/],
UBA, cIJIA, [A3JIK, UYO, CU, NCCC, NJICC,
NTK/O) He BBIABUIN TOCTOBEPHBIX PA3ININI HA dTANax
uccenosanust (tabu. 4). Ananus sHauenuit UBCBJI Ha
TIPOTSIKEHUN NCCIIEIOBAHNS TaKKe He MOKa3as Pa3Imanit

patients, as well as during the first postoperative day. It
was accompanied by more intensive urine output.
Summary balance for the operation was significantly
higher in balanced crystalloid solution group. However,
there was no any influence on the content of extravascu-
lar lung water and there were no any respiratory disor-
ders. It should be noted that in this study reported a suf-
ficiently short CPB time, in which any changes that may
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Ta6auua 5. Tunamuka UBCBJI (Mi/Kr).
Table 5. Dynamic of ELWI (ml/kg).

Groups Values of indicators in the groups during the study
baseline 5 min 5 min End of After CPB, h 1-POD
before CPB after CPB  surgery 2 4 6 12
Ster 8.6+1.6 8.5%1.2 8.2+1 8.1£1.3 7.0+1.5 7.0+1.3 7.0=1.3 7.1£1.5 7.3£1.6
Gel 9.0£1.6 8.8%1.6 8.1£1.0 8.2t1.5 6.8+1.4 6.6+1.2 6.7+1.2 7.1+1.3 7.4%1.5
Tetr 8.7£1.8 8.6x1.8 8.4+1.3 8.0£1.4 7.1x1.3 8.0+1.3 7.1£1.1 6.8+1.0 7.1+13

Note (mpumeuanue): Groups — rpynmsr; values of indicators (ml/kg) in the groups during the study — sHauenus moxasaremneii (m/Kr)
B IpymIax B xojie uccaenoanust; baseline — nexonno; before CPB (cardiopulmonary bypass) — 10 nckyccTBeHHOTO KpoBOOOpalieHust
(UK); after CPB — nocaie IK; end of surgery — xonert onepannu; POD (postoperative day) — nocsieoneparmonnbiii genb; ELWT (extra
lung water index) — BCBJI (nnzeKc BHECOCYAMCTON BO/bI JIETKKX); Min — MuH; h — .

[] Crystalloid solution B Gelatin ] HES

12

10 1T

1 TT+

ELWI (ml/kg)
[=7]

0 .

Baseline 5 min 5 min End 6h 12h 1-POD

before CPB after CPB of surgery

Jlunamuka unaexca BHecocyaucroii Boasl Jerkux (MBCBJI) (ma/kr).

Dynamic of extra lung water index (ELWTI) (ml/kg).

Note (npumeuanue): Crystalloid solution — crepodynann; gelatin — renodysun; HES — terpacnan; baseline — ncxonno; before CPB
(cardiopulmonary bypass) — 1o uckyccrsentoro kposoobpaienust (MK); after CPB — nocsie UK; end of surgery — xonern oneparuu;
POD (postoperative day) — mocsieoneparioHHblii eHb; min — MuH; h — .

Ta6auua 6. lunamuka Tpononuna I (Mkr/a).
Table 6. Troponin I concentration (mkg/1).

Groups Values of troponin I concentration (mkg/1) in the groups during the study
baseline 5 min after CPB 6 h after CPB 1 POD 2POD
Ster 0£0 0.9+0.5 2.0£0.7 1.5£0.6 0.9+0.6
Gel 0=0 0.7+0.5 1.7£0.9 1.5+1.0 0.9£0.6
Tetr 0+0 0.7+0.5 2.1+0.7 1.5+0.5 0.8+0.6

Note (npumeuanue): Groups — rpymisr; values of troponin I concentration (mkg/1) in the groups during the study — snauenus Tpormo-
nuna I (MKr/a) B TpyIiax B Xoze uccienosanust; baseline — uexonuno; after CPB (cardiopulmonary bypass) — nociie nckyccTBeHHOTO
kposoobpamnienst; POD (postoperative day) — mocsieonepaitnoHnbIii ferb; min — mum; h — q.

B COJIEPKAHUU BHECOCYINUCTOH BOBI JIETKUX MEXKIY TPYII-
mamu (tabu. 5, puc. 1). IIpu anamuse SvO, u jakrara He
BBISIBUJIM MEKTPYIIIOBBIX PA3JINUNil Ha MPOTSKEHUN BCe-
ro wucciepoBanus. He HaGM0OAaTOCh PAsHUIBI MEKLY
rpymmamu 1ipu orierke Tn I. Mexonubie 3navenns (T1) Bo
Beex rpynnax Obuin pashbl 0£0 MKT/J1, KOHIleHTpauus Tn
I yBenmmumBanace x 6 wacam mocie oneparuu go 2,1+0,7
MKT/JI, 3aT€M, KO 2-M CyTKaM OTMeJaJIi IIOCTEIIeHHOEe CHU-
skernune yposast Tn I go 0,8+0,6 mkr/a (tabu. 6). O6muit
o6beM nHdYy3UN 32 BpeMst orepaiiui Ol Bbitie B [pymme

lead to increased vascular permeability are not so much
expressed. Therefore, we can not exclude possibility that
if CPB time had been much longer the result would have
been different.

Lactate level during surgery and in the postoperative
period did not exceed 4 mmol/l. It is known that the
exceeding this level in cardiac surgery patients is associat-
ed with a higher risk of complications, increased length of
ICU stay and hospital stay [33]. In all groups there was
adequate blood supply of tissues and organs, evidenced by
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Ster- 1400 [1400—1900] mu no cpasuenuio ¢ Gel-1400
[1000—1650] ™M wu Tetr- 1400 [1000—1600] wmu
(p=0,005). TIpr 9TOM KOJUYECTBO BBOAUMBIX PACTBOPOB
HEOOXOAUMBIX ISl TIOJJIEP/KAHUST TIeJIeBbIX MOKasaTeeil
WTK/IO B onepannonHoi, a Takke moTpeOHOCTD B UX BBE-
JEHNUN OB COTTOCTABUMBI MEK/Y TPYTITIAMI.

Basanc Bo Bpemst MK 6bLt Bbite B rpyiime Ster u co-
crazsin 1150 [880—1430] mur; 8 Gel — 500 [30—1432] mut
Tetr- 550 [0—1250] Mt (p=0,029), iput aTOM IMYpE3 BO Bpe-
mst MK moctoBepro Boire B rpymie Ster — 1200 [900—1500]
M1, 00beM auypesa Bo Bpemst K B rpymie Gel cocrasui 600
[400—663] M, B Tetr — 700 [400—1075] M1 (p=0,001). Bo
BCEX TPyMIax 0ObeM yJabTpapuIBTPaIH, TIPOBOAUBIIEHCS
Bo Bpemsi UK, comocTaBiM, OIHAKO HEOOXOANMOCTD B €€
npoBeeHnn Obljla 3HAYNTENbHO HUKe B rpyte Ster (16%),
yem B Gel (59%) u Tetr (61%) (p=0,001).

CyMMapHbIil Inype3 K KOHITY OTeparini COCTABUIT B
rpymie Ster — 2000 [1600—2200] mu1, uto GbLIO 3HAYHU-
TesbHO Bbilie yeMm B rpynmax Gel m Tetr, 1400 [1175—
1713] M m 1500 [1000—2000] M CcOOTBETCTBEHHO
(p=0.016). Ha one GoJiee BBICOKUX MTOKazaTeiell Juypesa
B rpyiiie Ster GasaHc 3a oneparuio ObLI Bbillle B 2 pasa U
cocraBu 2000 [1415—2200] mu; 8 Gel — 1020 [650—
1563] mut B Tetr — 1070 [550—1675] mur (p=0,001).

OTcyTCcTBOBAIM pasiuuust B THAPOOATAHCE MEKILY
rpymnmamu K kKoHity [TO/[-1. Oxnako nmainueHTam B rpyiiie
Ster norpeGoBasicst Gosbiuii 00beM UHPY3UU AT TO/-
Jleps>KaHns TIeJIeBbIX ToKa3aresell reMoanHaMuKN. B rpyti-
ne Ster manueHTsl nosyuman 2690 [2243—4328] mi, B
rpymie Gel — 2150 [1610—2650] mut, B8 rpynne Tetr —
2100 [1925 —2623] M (p=0,005). B rpymnme Ster taxske
ormeuanu GoJiee BbicOKHe nokasaTesu auypesa (p=0,005).
CJielyeT OTMETHTB, Y4TO CyMMapHbIii GasaHc (3a Bpems
BCEr0 UCCJIEN0BAHNS), & TAK/KE CyMMapHbIil 00beM BBe/ICH-
HOTO MH(PY3MOHHOTO PACTBOPA U CyMMaPHBbIii 1uype3 ObLIu
JIOCTOBEPHO BBITIE B TpyTie Ster.

B npescrasieHHoil pabore uccienosany coOaaHCcu-
pOBaHHbIE BUBI NH(MY3HOHHBIX PACTBOPOB B CBSI3U C TEM,
YTO OHU He TIPUBOST K THIEPXIOPEMIIECKOMY AIlHI03Y 1
umeroT 6oJiee BbICOKHIT Pouib GE30IIaCHOCTU B CpaBHE-
HUW ¢ IPYTUMU PACTBOPAMH Y XUPYPTUIECKUX TAIMEHTOB
[17—19]. Bostomerpudeckuii MOHUTOPUHT, KOTOPbIi BbI-
HOJIHSJICS. B JIAHHOU paboTe IIPK MOMOIIN METOUKY TPAHC-
IyJIbMOHAJIbHO TepMOZIeNIoNuK, Obll BBIOPAaH B CBSA3U C
TEM, YTO PACIPOCTPAHEHHBIE MOKA3ATENN MOHUTOPUHTA
cepaeuno-cocynuctoii cucremst (I1B/I, /I3JIK) ne nosso-
JISTIOT B TIOJTHOW Mepe OIeHUTDh CTETeHDb HATIOTHEHUST KaMep
Cep/Illa, a TAaKKe He SBJISIOTCS MPEAUKTOPAMHU YBeJTMYeHUs]
yaapHoro obbeMa cepilia Ha BHYTPUBEHHOE BBEJIEHUE
skuzikoctu [17, 20—22]. TlesieBbIM 1oKasaTesieM, Ha KOTO-
Pblii GbLIA B IAHHOM MCCJIEI0OBAHUN OPUEHTUPOBAHA UHDY-
suoHHast tepanus Obu1 BoiGpan UTK/O. 1o gaHHBIM MHO-
rux coBpemennbix uccienosareneii UTKIO mnosBossier
a/IEKBATHO OIEHWBAThH HATIOJHEHUE TOJOCTEN cepana. B
psizie uccaenosanuii nokazano yro KO koppesupyer
C JTAHHBIM, TTOJYJaeMbIMU TIPH IPECITHUIIEBOIHOM 9XOKap-
muorpadun. UTK/O manbGosee TOUHO TTOKa3bIBAET 3aBU-
cumoctb CB ot nnpennarpysku [17, 23, 24]. Inaekc BHeco-

satisfactory SvO, (62—76%) at all stages of the study.
Gradual increase of troponin I concentration to 6 after
operation (T7), and then decrease towards the end of
POD-2 can be associated with mechanical action on the
myocardium during the surgery as well as aortic cross
clamping. This fact was not accompanied by any clinical
manifestations and was not associated with any dynamics
of CI at this stage.

The present study has several limitations. Above all,
it is a single-center study. It is also necessary to take into
account the fact that patients included in this study have
normal ejection fraction and there was no long CPB time
in all cases. Consequently, these results cannot be com-
pared with more severe category of patients with CAD
who exhibit lower left ventricular ejection fraction and
prolonged CPB perfusion time.

Conclusion

The goal-directed therapy with balanced crystalloid
solution allows maintaining hemodynamic goals in
patients with coronary artery disease undergoing cardiac
surgery with cardiopulmonary bypass, as well as colloids.
To achieve the intravascular volume sufficient for main-
taining optimal hemodynamic and oxygen delivery in tis-
sues significantly increased volumes of crystalloid solution
than colloid are required. Goal-directed therapy with the
balanced crystalloid fluid does not increase the extravas-
cular lung water, as well as colloid-based infusion therapy.
larger volumes of crystalloid saline are compensated by
more intensive urine output. Administering the infusion
fluids used in this study does not affect the troponin I con-
centration, which serves as a biomarker of absence of any
myocardial damage. The absence of differences in clinical
course of postoperative period between groups administer-
ing with different fluids makes balanced crystalloid solu-
tion preferable in CABG surgery patients.

CYZIICTOI BOJIBI JIETKUX SIBJISICTCS CHEIU(UUHBIM U YYBCT-
BHUTEJBHBIM TOKa3aTeseM BOJIOMETPUYECKOTO MOHHUTO-
PHUHTA, OTPAKAIOIIUM CO/EPKAHNE KUIKOCTH B JIETOYHOM
TRaHu [25—27]. Bosee Toro, BhIsIBICHA KOPPEJISIIMOHHAS
cBa3b Mexxay UBCBJI u TsxecThio pecimpaTopHOi auc-
(ynkuu, a takxke ucxomom Jjedenus mnaimeHToB OPUT
[28—31]. BbiGop momyisiiuy naiueHToB 00y CI0BJIEH TeM,
YTO OHA IpeJcTaBisger co0oi Hanboee MHOTOUNCIEHHY IO
IPYIITY KapJAMOXUPYPrUYECKUX TAIMEHTOB BO BCEM MUPe
[32]. OCHOBHBIM pe3yJBTaTOM IPEACTABJICHHOI PabOThI
SIBJISIETCS TO, YTO HE3aBUCHMO OT BH/IA UCIOJB30BAHHOTO
pacTBopa cojiepskaHue BHECOCYIUCTON BOJIbI JIETKUX HE OT-
JINYAJIOCH MEK/LY TPYTIIIAMU BO BCEX TOYKAX MCCIICTOBAHMS
[IPY TIPOBEIEHNN NH(MY3UMOHHON Teparuu, OCHOBAHHON Ha
nmocTmkeHnn 1eseBbix mokasateneir MT'K/1O. CormacHo
MIPE/ICTABJICHHBIM JJAHHBIM BO BPEMsI OTIEPAIINH, TAK JKe KaK
1 BO BpPeMs MEPBOTO MOCIEOTIEPAIIMOHHOTO JIHS ISl TIO/I-
JIepKaHMsl 11eJIeBbIX 3HAYCHUN TeMOAMHAMUKU 1OTPebo-
Basicst GOJIBIITNI 06beM cOATAHCHPOBAHHOTO KPHCTAILIION/I-
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HOTO PacTBOPa, Ha (hoHe GoJiee BBICOKKX TTOKa3aTeell Auy-
pesa. CymmapHbIil GajaHe 3a BCIO ONEpaiuio Obll 3HAUN-
TEJIBHO BBIIIE B IPYIINE C IPUMEHEHUEM KPHCTAJION/IOB.
Tem He MeHee, He OTMEYATOCh KAKOTO-TNO0 BIUSHUS HA
cojiepsKaHue BHECOCY/IMCTOI BOJIBI JIETKUX, & TAKKe He Ha-
6JI01a710Ch HAPYIIEHUIT CO CTOPOHBI JBIXATEbHON CHCTe-
MbL. OJIHAKO CJIe/IyeT OTMETUTb, YTO B IAHHOM HCCJIeI0BA-
HUU 3aPETUCTPUPOBAHO IOCTATOUHO HEIIPOAOJIKUTEIbHOE
Bpemst VK, 1ipr KOTOPOM MasioBEpPOSITHBI Kakue-au00 u3-
MEHEHUsI, KOTOPbIE MOTYT MPUBECTH K YBEJIUUYEHHIO COCY-
JIMCTOU TIPOHUIIaeMoCTH. Helb3st MCKIIIOUnTh, 4To 11pH 60-
see puuresnbHoM MK gantbie MOTIN Obl OTINYATHCSL.
YpoBeHb JIakTaTa Ha TPOTSKEHUU OTEPaTHUBHOTIO
BMEIIIATEJNBCTBA U B TIOCJICONIEPAITIOHHOM TTEPUOJIE HE TIpe-
BBIMIAT 4 MMOib/n. VI3BecTHO, UTO TPEBBINIEHUE ITOTO
YPOBHS Y KapAUOXUPYPrUYeCcKuX MalMeHTOB CBA3aHO ¢ 60-
Jiee BBICOKMM PHUCKOM OCJIOKHEHWIi, YBEJUUECHUEM [IJIN-
TEJIBHOCTHU MPEOBIBAHUS B OT/CJCHUM PEAHUMAIIUK U JJIU-
TeqpHOCTH Tocmurtanusaiun [33]. Bo Bcex rpymmax
obecreunBaioch aJleKBaTHOE KPOBOCHAOKEHME TKaHel U
OpraHoB, 00 9TOM CBUIETEILCTBYIOT YIOBIETBOPUTEIbHBIE
mokazaresan SvO, (62—76%) Ha Bcex aTamax MCCIeI0Ba-
Hust. [TocrenienHoe HapacTaHye KOHIEHTPAIIUK TPOITOHNHA
I x 6 moce onepanmu (T7), a 3arem cHMIKEHME KO 2 CyTKaM
MOJKHO CBSI3aTh ¢ MEXaHUYECKUM BO3/IEHCTBUEM HA MHO-
Kap7l BO BPEMsI OTI€pallni, a TaKKe ¢ TPOBOAUMOIT BO BCEX
cIIydasix OKKJo3ueil aoptol. [lanHblil (hakT He COMPOBOK-
JAJICST KAaKUMU-JTNO0 KIMHUYECKUMUE TIPOSIBICHUSIME 1 HE
CBsI3aH ¢ IuHaAMUKON Tokaszareseil CU Ha janHOM arare.
[TpezcraBienHoe uccae[oBaHIE UMEET Psifi OTPAHH-
yenuil. [Ipeskiie Bcero, OHO SIBISIETCST OTHOIEHTPOBBIM. Tak-
JKe HEeOOXOAMMO YUUTBIBATH TOT (DAKT, YTO MCCIIeLyeMast
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rpymmna mpeacTaBisiia coboil TANHeHTOB ¢ HOPMAIbHOI
(dbpakipeil BBIGPOca U HENMPOIOJIKUTENbHBIM UCKYCCTBEH-
HBIM KpoBoobparierreM. ClieoBaTeIbHO, MOIYYeHHBIE Pe-
3yJIBTATBI HEe MOTYT OBITH OTHECEHBI K GoJTee TSKETON Kare-
cepiia,
HMEIONINX HU3KYIO (DPAKINIO BBIOPOCA JIEBOTO JKEMYI0UKA
WJIU K TIAIIMeHTaM, KOTOPBIM ITPOBOINIIOCH aynTerbHoe K.

ropur  GOJIbHBIX ~HUIIEMUYECKOU OOJIE3HBIO

3akjoyeHue

[lenenanpasiennas HHGY3UOHHAST Teparst cOaTaH-
CHPOBAaHHBIM COJIEBBIM PACTBOPOM ITO3BOJISICT ITOJIEPIKU-
BaTh IleJIEBbIEe ITIOKA3ATeNN TEeMOJAMHAMUKUA Y OOJBHBIX
UIITEMIYECKOiT OOJIE3HBIO CEPIA, OTIEPHPOBAHHBIX B YCJIO-
BUSIX MCKYCCTBEHHOTO KPOBOOODAIEHHsI, HApaBHE € KOJI-
JIOUIHBIMEU pacTBopamu. [lJist gocTuKeHns: o0beMa BHYT-
PHUCOCYANCTOH KUIKOCTH, TO3BOJIIONIETO MOALEPKUBATD
OTITUMAJIbHBIE TOKA3aTeJN TEeMOJAMHAMUKU U JIOCTABKY
KHCJIOPOJa K TKAHsIM, TPEOYETCsT 3HAYMTETHHO OOJBIINIT
06beM KPUCTAJIIOMHOTO PACTBOPA, YeM TIPH HCIIOIb30Ba-
HUH KoJutonzioB. LlemenanpasienHas nHPY3UOHHAs Tepa-
nust cOaNaHCUPOBAHHBIM COJIEBBIM PACTBOPOM HE MPUBO-
AT K YBEJMYCHUIO COJEPsKaHMS BHECOCYANUCTOH BOJBI
JIETKMX, KaK 1 PU MHQPY3UOHHON Tepary KOJIOUIHBIMU
pactBopami. VIcroib30BaHHbBIE B UCCIIE0BAHUN PACTBOPbI
He TIPUBOJIAT K YBEJUUYEHUIO MapKepa MOBPEKICHUS MHO-
Kap/ia — TPOMOHKWHA [, 4TO cBUETETBCTBYET 06 OTCYTCT-
BUM KaKOTO-JIMOO MOBPEK/IAIONIEr0 BO3IEHCTBIST AAHHBIX
MHOY3UOHHBIX cpejl Ha MUOKapA. OTcyTcTBUE Pasinduii
KJIMHUYECKOTO TEUEHMs IIOCJEOIePAlOHHOTO IIePHOoJa
MEXK/Ly TPYIIIaMU IeJIaeT IIPUMEeHeHne COaTaHCUPOBAHHbIX
KPUCTAJJIOUIHBIX PACTBOPOB MPE/IIOUTUTEbHBIM.
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