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Mechanisms of the development of critical illness
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Ilens paGomov: — BBISIBATH B 9KCIIEPUMEHTE BO3MOKHbIE H3BMEHEHHsI CHCTEMHOIi FeMOAMHAMUKH NI0CJIe IPE/EIbHO A0y~
CTHMOIl Pe3eKIMHU NeYeHHU C ONpe/ieIeHHeM CPOKOB UX (pOPMHPOBAHUSA B PaHHEM IIOCIeoNnepauoOHHOM nepuoje. Ma-
mepuanvi u memoost. B saxcnepumenTte Ha 22 0eCIOPOAHBIX GeNbIX KPbICaX-CaMIaX PErHCTPUPOBAIH IEKTPOKAPAHO-
rpaMMmy, AaBjeHHEe KPOBH B JIeBOil COHHONl apTepHM NPSIMbIM METOJOM, MHTETPAJbHYI0O pPeOrpaMMy H ee IepBYIO
NPOU3BOJHYIO IO MeTouKe TeTpanosapHoii peorpacduu IlI. 1. UcmannoBa u coast. B Moauduxkanuu B. B. Kapnuuxko-
ro u coasTt. yepe3 1, 3, 6, 12 vacoB u 1, 3, 7 cyTOK mocJie NpeeIbHO IOMYCTHUMOI pe3eKIuu NeyeHu. PaccuurteiBaniu
yZAapHblif 06b€M, cpeHee apTepuaIbHOE AaBICHHE, MUHYTHBIH 00beM cep/ua, yaenasHoe nepudepuieckoe ConpoTHB-
aenue cocyoB. OGbeM KPOBOIOTEPH PACCUUTHIBAIN IPABUMETPHYECKHM MeTo oM. Onpesesenne 3HaY4UMOCTH Pasiu-
YHii IPOBEAEHO € MOMOINbBIO METO/Ia HeNapaMeTPUYECKON CTATHCTUKH ¢ pacyeToM nokasarens Friedman ANOVA. Pe-
3yavmamut. Haunnas ¢ 1-ro yaca nocjieonepanyoHHOro nepuo/ia, pa3BuBaeTcsi H COXpaHsgeTcs: B TeyeHue 1-xX cyTox
CHH/IPOM HH3KOI'O CePAEYHOro BbIGPOCa, B OCHOBE KOTOPOTO JIEIKUT 3HAYUTENbHOE CHUKEHUE BEIMYMHbI YAaPHOT0 00b-
eMa, JONMOJHUTENbHDI BKJIAJ BHOCHT HA0IIOAI0MAsICs HA NPOTSKEHNH 1-X CYyTOK ymepeHHas Opaaukapausa. Ha 3-u
CYTKH [OCJIe OePAlHH [I0KAa3aTelH FeMOJMHAMUKY He OTINYAINCh OT HeXoaHbIX. K 7-M cyTkam HaGoeHus Kapano-
Jlelipeccus CMeHsIeTCs YMepPEeHHO! runepanHamMueii Muokap/a Ha (¢)oHe yMepeHHOI TaXUKapAui H YMEPEeHHOTO CHUXKe-
nusa YIICC. 3axatouenue. BoisiBI€HHBIM HAMH KPUTHYECKUM CPOKOM, XapPaKTEPH3YIOMUMCS MUHUMATbHBIM MHHY THBIM
o0beMoM cepaua, spiasercs 1 yac nocie onepauuu. OTINYHTENHHBIME Y€PTAMH T€UE€HUsI CHHAPOMA HU3KOTO CEP/eYHO-
ro BbIGpoca nocje npeieIbHO JAONYCTHMON pe3eKIUH IeYeHH sIBJsIeTCS ero o0paTuMblil Xxapakrep u pediexTopHas
Opaaukapausi B 1-e cytku nocie onepanuu. K 7-M cyTkam kapamonenpeccus CMeHsIeTCsl yMePEHHOI runep uHamuei
MHOKap/a BCJIeCTBUE TEHAEHIMH K Taxukapauu. Kniouesvie ciosa: npenebHo JONMyCTUMAs pE3€KIHs IeYeHH, TeTpa-
noJsisipHasi peorpadus, KpbiChbl.

Objective: to experimentally reveal possible systemic hemodynamic changes after maximally allowable liver resec-
tion, by determining the time of their formation in the early postoperative period. Materials and methods. The exper-
iments on 22 outbred male albino rats recorded an electrocardiogram, left carotid blood pressure by a direct method,
an integral rheogram and its first derivative by the tetrapolar rheographic procedure developed by Sh. I. Ismailov et
al. and modified by V. V. Karpitsky et al. 1, 3, 6, and 12 hours and 1, 3, and 7 days after maximally allowable liver
resection. Stroke volume, mean blood pressure, cardiac output, and specific peripheral vascular resistance (SPVR)
were calculated. Blood loss was estimated by the gravimetric method. The significance of differences was defined by
Friedman ANOVA. Results. At postoperative hour 1, the low cardiac output syndrome the basis for which is a con-
siderable reduction in stroke volume developed and persisted during the first 24 hours; an additional contribution
was made by moderate bradycardia observed within the first 24 hours. On day 3 postsurgery, the hemodynamic para-
meters were similar to those at baseline. By 7 day of an observation, cardiac depression changed into moderate
myocardial hyperdynamia in the presence of moderate tachycardia and a moderate decrease in SPVR. Conclusion.
The critical time found by the authors for the minimum cardiac output was an hour after surgery. The distinctive fea-
tures of low cardiac output syndrome after maximally allowable liver resection are its reversible pattern and reflec-
tory bradycardia on postoperative day 1. By day 7, cardiac depression changed into moderate myocardial hyperdy-
namia due to a tendency towards tachycardia. Key words: maximally allowable liver resection, tetrapolar
rheography, rats.
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Mexaumsmsr Pa3BUTNUIA KPUTUICCKUX COCTOSIHUM

BBenenue

Hapymenust cucteMHON TeMOAMHAMWKN SIBJISTIOTCS
OJIHOM M3 aKTyaJbHBIX 1podseM peanumarosorun [1—3].
Omepaium Ha TMEYEeHH OTHOCATCS K BBICOKOTPABMATHUY-
HBIM, YTO CBSI3aHO ¢ MEXaHUUYECKUM MOBPEKACHUEM 00JIb-
moro oObeMa TKaHel, 3HaYuTebHOI KPOBOIIOTEpEii, Au-
TEJIbHOCTBIO OTIEPAIINH, HH/IOTOKCEMUEH, BO3/ICiICTBUEM Ha
pedJieKcoTeHHbIe 30HBI OPIONTHON TOJIOCTH, MCXOAHOI
nucyHKIMeN TTedeHn, uiemMueii-penepdysueil mapenxu-
MBI [IEYEHH, COMYTCTBYIOMNMHU 3a00sieBanusMu [4, 5).

O6beM KPOBONOTEPU TIPH TIPOBEACHUU OOIIUPHBIX
pesekimii mevenn gocturaet 3000 mr, nam okoa0 50% 06b-
ema nupkyJupyioiieit kposu (OLIK). B cayuae e pesex-
1IUST TIEYEHU COMPOBOK/IAETCS BMEIIATEICTBOM HA BOPOT-
HOW /WM HWKHEH MOJONH BeHaX KPOBOTIOTEPST MOKET
OBITH cBepxXMaccuBHON 1 mocturats 10—20 sutpos [6, 7].

B KpyIHBIX XUPYPTUUECKUX T[EHTPAX MUPA 4acTOTa
MIOCJICOTIEPAIIMOHHBIX OCJOKHEHUN OCTAeTCs BBICOKOH M
nocturaet 30—56% [8—10], metambrocts 3—9%, a mpu Ha-
smann upposa mnedenn 25—35% [11—14]. HeynosreTtso-
PEHHOCTb pe3yJIbTaTaMu OOIIUPHBIX PE3EKIM TeYeHH
Tpebyer cobJI0/IeH ST, B MIOJIHON Mepe, KOHIenuu 6e30-
MACHOCTH TanuenTa [4, 5] KoTopas 3aKkI04aeTcst B TPOBe-
JICHUM aJIEKBATHON aHECTE3N0JIOTHUECKON 3aIUThI, HEeTpe-
PBIBHOTO ¥ yriyOJEHHOTO MOHUTOPMHIA BUTAJbHBIX
(yHKIMiA, pazpabOTKX COBPEMEHHBIX [TPOTOKOJIOB MHTEH-
CUBHOI Teparuu NoCcJaeonepanoHHOTO TEPHO/IA.

B smmtepartype 10CTaTOYHO TIOJTHO OCBEIEHbI BOIPO-
Chl IaroreHesa CrenupuuecKux renato-OuamapHbIx 0c-
JIO)KHEH U 1ocJie OOIIMPHBIX ONIEPATUBHBIX BMEIIATEIbCTB
Ha T€YEHH, OJIHAKO N3MEHEHUSIM CUCTEMHO reMOo/IMHaMu-
KM B PAaHHUE CPOKH MOCJIE OTIEPATUBHBIX BMEIIATEIbCTB Ta-
KOro obbeMa He yJeJIeHO JOJKHOTO BHUMaHusL. B To ke
BpEMs He BbI3bIBAET COMHEHUH TOT (haKT, UYTO CEP/IeUHO-CO-
CyMCTasl CUCTEMa IPeTepIeBaeT 3HAYUTeIbHbIE M3MEeHe-
HUS B YCJIOBUSIX ONEPAIIMOHHOTO CTPECCa, YTO OKA3bIBAET
BJIMSTHUE HA TEUEHME TIOCJIE0NEePAIMOHHOTO TIEPHO/IA U €r0
HCXO/JIBI.

[Testb uccyenoBanmst — B 9KCIIEPUMEHTE BO3MOKHbIE
M3MEHEHHS] CUCTEMHOI TeMOJIMHAMUKH TIOCJIe TIPEIETHHO
JIOTTYCTUMOI PE3EKITNH TIeYeHH C OTIPe/IeJIeHIEM CPOKOB MX
(hopMupoBaHUs B paHHEM MOCTIEOTIEPAIIMOHHOM TIEPUOJIE.

Marepuan u MeTO/bI

IKCIIEPUMEHTDI TPOBEIEHBI Ha 22 6eCTIOPOIHBIX GETBIX KPbI-
cax-camIax Maccoii 272+24 r ¢ cobmoaeneM MoN0KEeHNH, PeKo-
MEHI0OBaHHBIX MesK/IyHAPOIHBIM KOMUTETOM 10 HayKe O Jabopa-
TOPHBIX JKMBOTHBIX U moajaepxanubix BO3, u cormacho
tpeboBanusm Esporeiickoil kousennuu (CrpacOypr, 1986) mo
COIEPIKAHUIO, KOPMJIEHUIO M YXO/Y 32 ITOJONBITHBIMI JKUBOTHbBI-
M, & TaKKe BBIBO/LY X M3 9KCIIEPUMEHTA ¥ TTOCIe/yIoIeil yTHIIn-
satmn. O6beM BBIGOPKH U1t TIOJTyIeHUS JOCTOBEPHBIX PE3yJIbTa-
TOB, paccuuTanHbiil 0 popmysie E Lopez-Jimenez u coasr. [15],
COCTaBUJI 8 JKUBOTHBIX.

Kpsic HaproTusupoBaiu 1unatiioseiM achupom (OAO «Mejt-
XUMITPOM», Poccust) 1 IPOBOIMIIN ATUITNYHYIO TIPE/IE/IBHO JI0ITyC-
tiMylo pesexnmio 80% Mmaccel nedenn. HemocpencTBento repes
oreparineit, a takxke depes 1, 3, 6, 12 vacos u 1, 3, 7 cyTok mnocJe
oliepaliiu PerucTpupoBan ajeKkTpokapauorpammy Bo Il cran-

Introduction

Alterations of systemic hemodynamics is one of chal-
lenging problems in reanimatology-anestesiology [1—3].
Liver surgery is considered as highly traumatic operation
due to damage of a large tissue mass, significant blood loss,
endotoxemia, stimulation of reflexogenic zones of the
abdominal cavity. It is a source of significant liver dysfunc-
tion due to ischemia-reperfusion of the liver parenchyma
and due to comorbidity [4—5].

Amount of blood loss in extensive liver resections
reaches 3000 ml, or about 50% of circulating blood volume.
If liver resection is accompanied by interference with the
portal vein and/or inferior vena cava, the blood loss may be
a supermassive and reach 10—20 liters [6—7].

In large surgical world centers the frequency of post-
operative complications remains high and reaches 30—56%
[8—10], mortality is 3—9%, and in the presence of liver cir-
rhosis the mortality is 25—35% [11—14]. Dissatisfaction
with the results of extensive resections of the liver requires
improvedpatient safety measures [4, 5], which include ade-
quate anesthesia protection, continuous and in-depth
monitoring of the vital functions, development of modern
protocols of intensive care in the postoperative period.

Issues related to the pathogenesis of specific hepato-
biliary complications after major surgical interventions in
the liver have been repeatedly studied, however, changes in
systemic hemodynamic at early stages after surgical inter-
ventions have not been thoroughly clarified. At the same
time, thre is no doubt about the fact that cardiovascular
system is undergoing significant changes due to stress dur-
ing surgery affecting postoperative period and outcome.

Aim: to identify experimental changes in systemic
hemodynamic after the maximum permissible liver resec-
tion during early postoperative period.

Materials and Methods

Experiments were carried out on 22 white outbred male rats,
weigh 272+24 g, subject to the provisions by the International
Guiding Principles for Biomedical Research Involving Animals as rec-
ommended by International Council for Laboratory Animal Science in
accordance with the requirements of the European Convention
(Strasbourg, 1986) on the content, feeding and care of experimental
animals, as well as their withdrawal from the experiment and subse-
quent disposal. The sample size to produce reliable results calculated
by the formula E Lopez-Jimenez et al. [15] was 8 animals.

Rats were anesthetized with diethyl ether («<Medkhimprom»,
Russia) and conducted atypical maximum permissible resection 80%
of the mass of the liver. Prior to operation and after 1, 3, 6, 12 hours
and 1, 3, 7 days after the surgery the animals were monitored by elec-
trocardiography in IT standard with the aid of electrocardiograph
«SCHILLER CARDIOVIT AT-1» (Switzerland), heart rate and
blood pressure in the left carotid artery (by direct method) determi-
nation, integral rheography accompanied by its first derivative in
practice, the tetrapolar theography (Sh. I. Ismailov et al. modified by
V. V. Karpitskiy et al. [16]) with the aid of rheoplethysmography
device «RPG 2-02» and registration device «N-338-4P».

Following parameters were computed: stroke volume accord-
ing to the formula W.G. Kubicek et al. (1966), the surface area of
the body according to the formula D. DuBois (1916), mean arter-
ial pressure, cardiac output, peripheral vascular resistance.
Amount of blood loss was calculated by gravimetric method [17].
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HN3menenue nokasarejieii CHCTEeMHOM reMo/IMHaMUKH Yy KPbIC IIOCJI€ MpPEaeJbHO ﬂOHych/lMOﬁ P€3€KIUU II€YEHU

Me [LQ; HQ].
Changes of parameters of systemic hemodynamics after the maximum permissible resections of the liver in rats
Me [LQ; HQ].
Stages of the study Mean arterial Heart rate, Stroke volume, Cardiac output, Peripheral vascular
pressure, mm Hg min™ ml? ml*min™ resistance,
dean*cecm’
Baseline 91,5 350,7 168,2 58,9 27334
(83,3; 96,3] [326,5; 372,0] [163,4; 171,4] [56,6; 60,1] [23561; 28772]
1 hour 56,0 289,4 78,0 22,6 43599
[53,3; 58,3]* [261,0; 315,0]* [70,1; 83,5]* [19,9; 24,8]* [42502; 45268]*
3 hours 67,4 295,1 96,5 28,5 41612
[62,5; 68,8]* [272,0; 300,0]* [92,3; 99,7]* [25,4; 30,2]* [38898; 43352]*
6 hours 70,1 2721 118,6 32,3 38187
[69,0; 72,2]* [250,0; 286,0]* [112,4; 121,5]* [30,8; 34,01* [36634; 40028]*
12 hours 74,3 3139 129,1 40,5 32280
[71,6; 77,5 [250,0; 375,0]* [126,7; 131,4]* [37,7; 43,2]* [30526; 34546]*
1 day 80,6 3934 142,0 55,9 29370
[78,3; 82,5]* [354,0; 428,0]* [140,2; 145,6]* [52,5; 57,6]* [26365; 31897]*
3 days 92,7 366,0 166,8 61,5 26522
(88,3; 98,3 [337,5; 401,5] [163,2; 169,7] [56,9; 60,3] [24482; 28303]
7 days 93,5 407,6 167,4 68,2 24123
[91,3; 100,0] [375,0; 464,0]* [165,1; 170,6] [62,4; 68,8]* [22544; 26806]*
Friedman ANOVA p<0,00005 »<0,00000 »<0,00000 »<0,00000 »<0,00000

Note (npumeuanue): stages of the study — aransl nccienosanus; baseline — uexoanpiii mokasarenn; hour — vac; day — genn; Mean
arterial pressure, mm Hg — cpexree aprepranproe qaBienne, MM pr. cT.; Heart rate, min' — gactoTa cepieqHbIX COKPAIEHNH, MIH ;
Stroke volume, ml* — ynapubiii 06bem, mar?; Cardiac output, mlemin' — MunyTHBII 06beM cepaia, mu e Mus'; peripheral vascular resis-
tance, deanece(cm’em?*) — yuenbHoe nepudepuueckoe conpoTuBIeHne cocynos, aunece (cm’*m’); Friedman ANOVA — pacuernbrii

nokasaresb Friedman ANOVA.

JAPTHOM  OTBEJIEHMM €  TOMOIIbIO  3jeKTpoKapanorpacba
«SCHILLER CARDIOVIT AT-1» (IlIBenust) ¢ aHaaM30M 4acTo-
ToI cepreunbix cokpartenwii (YCC), naBienue KpoBU B JIEBOIT COH-
HOIl apTepru TIPSIMBIM METOJIOM, MHTETPAIbHYIO PEOTpaMMy U ee
[IepBYIO ITPOM3BOIHYIO 110 METOJMKE TeTPAIoJISIpHOIl peorpadun
1. M. emannosa u coast. (1982) B momudukaru B. B. Kapnmi-
KOTO ¥ c0aBT. [ 16]. Perncrpanuio nHTErpasbHON peorpaMMBbl 1 ee
[IepBOIl TPOM3BOIHOI OCYIIECTBIISIN, HCHOJIb3YsT PEOIJIeTH3MO-
rpad «PIIT 2-02» u perucrparop «H-338-411».

[lasee paccuuTBIBAIN CJEYIONINE MOKA3ATeIN: YIAPHBIN
o6bem (YO) cepana nio dpopmyae W. G. Kubicek u coasr. (1966),
IJIoMAab moBepxHoctu tena mo Gopmyre D. DuBois (1916),
cpenree aprepuaibhoe gapienne (cpearee AJl), MUHYTHBII 00b-
em cepana (MOC), yaenbHoe nepudepuueckoe CONPOTHBIEHUE
cocynos (YIICC). O6beM KpoBOIIOTEPH PACCUNTBIBAIN IPaBUME-
TpUUecKuM MeTozoMm [17].

Craructuueckyio 06pabOTKY Pe3yJIbraTOB HMCCJAEA0BAHUS
BBIIOJIHSIIA € UCIIOJIb30BAHMEM TAKeTa TPUKJIAIHBIX [TPOrPAMM
«STATISTICA 6.0». DxcniepuMeHTaIbHbIE JAHHbBIE TTPEACTaBIIe-
ubl B Bujie Meananbl (Me) ¢ noknnm (LQ) u Bepxaum (HQ) kBap-
tussimi. Otipejiesienie 3HAYUMOCTH PA3JIMIUN TIPOBEAEHO C 110~
MOIIBIO METO/d HerapaMeTPUYecKOi CTATHCTUKU C PACYETOM
nokaszarens Friedman ANOVA, npuMeHsieMoro sl aHajnsa mo-
BTOPHbBIX U3MePeHHil, CBSI3AHHBIX C OJIHUM U TeM JKe MHIUBHUIYY-
MoM. Kputnueckuit ypoBeHb 3HAUMMOCTH IIPU IIPOBEPKE CTATHC-
TUYECKUX MUIIoTe3 npuHuMascs pasabim 0,05,

PesyibraThl U 00CyK/IEHAE

N3 22 XUBOTHBIX BO BpeMs PE3eKINU TEYeHN U B
pasJMYHble CPOKK MOcJe Hee TOornb/au 3 KMBOTHBIX, YTO
coctasuiio 13,6%. Cpexnmii 06beM KPOBOIIOTEPH COCTABILI
3,5+1 mu1, uto He npesbiaer 30% o6beMa IUPKYIHPYIO-
meit kposu (OIIK) xpeicer [18].

Statistical processing of the research results was performed
using the software package «STATISTICA 6.0». Experimental
data are presented as median with lower (LQ) and upper (HQ)
quartile. Significance of differences was determined using the
method of non-parametric statistics to calculate Friedman indica-
tor by ANOVA, which applied to the analysis of repeated measure-
ments related to the same individual. The critical level of signifi-
cance for testing statistical hypotheses was taken equal to 0.05.

Results and Discussion

Three of 22 animals died during liver resection and
in different terms after it (13.6%). Average blood loss was
estimated as 3.5+1 ml, which not exceeded 30% of circu-
lating blood volume of rat [18].

Changes in systemic hemodynamic parameters after
surgery are shown in table. The most significant hemody-
namic impairment was observed after 1 hour after surgery.
Specifically, the hypotension with a minimum level of a
mean arterial pressure (61,2% from baseline), and signifi-
cant reduction in cardiac output (38% from baseline),
both due to the significant reduction of stroke volume
(46% from baseline) and in the expense of a moderate
bradycardia, were recordered Within the first hour after
surgery, peripheral vascular resistance was significantly
increased (1.6-fold over the baseline). Further, during the
first day the mean arterial pressure was increasing reach-
ing 88% of the original level, and a heart rate was partial-
ly restored, whereas low value of stroke volume (46—68%
from baseline) and trens to decreased peripheral vascular
resistance were evident.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2015, 11; 1



DOI:10.15360,/1813-9779-2015-1-14-21

Mexaumsmsr Pa3BUTNUIA KPUTUICCKUX COCTOSIHUM

V3meHeHns cucTeMHON TeMOAMHAMUKU TIOCTIE OTIe-
paruu npuBeaeHsl B Tabauie. Hanbosmee BoIpaKeHHbIC Te-
MOJIMTHAMUYECKUE HAapYIIEeHs OTMeYasich yepes 1 uac no-
cie omnepanuu. Tak, perucTpupoBajach TUIIOTEH3US C
MUHUMaJIbHBIM ypoBHeM cpennero A/l (61,2% ot ucxon-
HOTO YPOBHS), NMPOUCXO/MJIO 3HAUUTETHHOE CHIKEHUE
MOC (38% OT UCXOJHOTO YPOBHS ), MPUYEM KaK 3a CuUeT
3HaunTEABHOTO cHIDKeHns YO (46% OT MCXOIHOTO YPOB-
Hs1), TaK ¥ 3a cueT yMepeHHOU Opagukapauu. Yepes 1 uac
nocste onepanun Y IICC 610 3HAYUTENHHO MOBBIIIEHO (B
1,6 pasa BbIIIe MCXOTHOTO YPOBHS).

B nanbHeiinem, Ha TPOTsKeHUN 1-X CyTOK cpejiHee
AJl moBbImasoch, octuras 88% OT MCXOTHOTO YPOBHS,
YCC yacTH4HO BOCCTAaHABIMBAJIACH, OCHOBHYIO POJb B
dopmuposannn nuskoro MOC urpasa BeJlnduHa HU3KOTO
YO (46—68% ot ncxomanoro yposusi), YIICC umesno ren-
JICHIINIO K CHUKEHUIO.

K 3-M cyTkam mocJjie orepannu moKasaTesan reMo/ii-
HaMWKH JJOCTOBEPHO HE OTIMYAJINCH OT UCXOMHBIX. Uepes 7
cyrok MOC pmake TpeBbITTan MCXoaublit Ha 16% 3a cuer
ymepenHoii Taxukapauu, Y [ICC 1pu aTom GbLI 10CTOBED-
HO HIDKE, 9eM 10 omeparuu (88% OT MCXOMHOTO YPOBHS),
cpentee A/l n YO He OTIMYaanch OT MCXOTHBIX.

AHaJIM3 MOJIyYeHHBIX JIAHHBIX TOKA3aJ1, 4TO POBEJIe-
HUE MPEJIeJIbHO JIOMYCTUMON PE3EKIUH 1TeY€HU COITPOBOK-
JTAeTCsT BHIPAKEHHBIMU U3MEHEHUSIMU CUCTEMHON TeMO/IN-
HaMUKH B pPaHHEM MOCJEONePAITHOHHOM TEPHO/JIE.
Hauunas ¢ 1-ro yaca mnocsie onepaiuu, pa3BuBaeTcst 1 co-
XpaHsieTcst B Tedenue 1-X CyTOK CHUHPOM HU3KOTO cep/ied-
noro Bertopoca (CHCB), B 0CHOBE KOTOPOTO JIEKHUT 3HAYH-
TesbpHOE CcHUWKeHnune BeandnHbl YO, MOTOTHUTETHHBII
BKIaz B cHmkenne Besmuniabl MOC BHOCHT Habmozaio-
mascst Ha MpOTsKeHun 1-X cyTOK ymepeHHast Gpagukap-
nust. B cBoto ouepesnn, Huskuit yposeub MOC ornipenesnsier
(bopMupoBanuMe apTepuanbHON TUIIOTEH3NH, a CTaONIM3a-
1IUsT IaBJICHHST HA 9TOM 9Talle JOCTUTAETCs 3a CUET BbIpa-
JKEHHOU CHCTEMHOU Ba30KOHCTPUKIINN. BhIsSIBIeHHBIM Ha-
CPOKOM,  XapaKTepPU3YIOINMCS
munnMaabHbiM YO 1 MOC n makcumaibibiM Y IICC, saB-

M KPUTUYECKUM

ssteTcs 1 gac mocJie onepanun.

B mesom, AnHAMNKA BOCCTAHOBJIEHUS ITOKa3aTesiell
CUCTEMHON TEeMOJIMHAMUKN CBUIETEIBCTBYET 06 06paTI/I'
MOM XapaKTepe reMOANHaMUYECKUX HapymeHHﬁ " COXpaH-
HOCTH MEXaHU3MOB KOMIIeHcaIn kpoBooOpaienst. Oz-
HAKO Pa3BUTHE JAEKOMIIEHCAIMH KPOBOOOpAIEHUS |
JIETAJILHOTO UCX0/1a Habmoaanoch y 13,6% sKUBOTHBIX.

3-U CyTKU IOCJIe Ollepaliii, KOTr/ia IoKa3aTesn reMo-
JUHAMHWKH HE OTJIMYAJINCh OT UCXOIHBIX, MOKHO OXapaKTe-
pu30BaTh Kak MEPexXOAHBI Tepuos K addexTuBHOMY
(byHKIIMOHMPOBAHUIO CEPAEYHO-COCYUCTOI cucTembl. K
7-M cyTKaM HaGJIioJeHus, KapAnOAEPECCUsl CMEHSIeTCst
YMEpEeHHOIl rurepAnHaMueil MUoKap/a Ha (oHe ymMepeH-
HOI1 TaXUKap/IMU ¥ CONPOBOJK/AETCS YMEPEHHBIM CHUKE-
unem YIICC.

Orenka ToKazaTesell CHCTEMHOH TeMOIMHAMUKH
METO/IOM MHTETPAJIbHON peorpaduu py pa3jinyHbIX MaTo-
JIOTUYECKUX IIpoIleccax IIPOBOAMIIACEh U paHee. Tak, usyda-
JIACHh HEZI0CTATOYHOCTH KPOBOOOPAIIEHNS B IOCTPEAHIMa-

On day 3 after the surgery, hemodynamic parameters
did not differ significantly from the original. After 7 days
cardiac output even exceeded the original to 16% due to
moderate tachycardia, and peripheral vascular resistance
was significantly lower than before surgery (88% from
baseline), whereas mean arterial pressure and stroke vol-
ume did not differ from the original.

Data demonstrate that holding the maximum per-
missible liver resection is accompanied by significant
changes in systemic hemodynamics in early postopera-
tive period. Starting from thefirst hour after the
surgery, the syndrome of low cardiac output develops
and persists for one day based on the significant
decrease in stroke volume; an additional contribution
to the reduction of the cardiac output is moderate
bradycardia that persists for one day. It seems likely
that the low cardiac output determines the formation of
arterial hypotension and stabilization of the pressure at
this step is achieved by severe systemic vasoconstric-
tion. We have identified that duration of a critical peri-
od characterized by minimal stroke volume,minimal
cardiac output and the maximum peripheral vascular
resistance is one hour after surgery.

In general, the dynamics of the recovery of indicators
of systemic hemodynamic testifies the reversible nature of
hemodynamic disturbances and security mechanisms of
circulatory compensation. However, the development of
circulatory decompensation and death was observed in
13.6% of animals.

The 31 day after surgery, when hemodynamic did
not differ from the original, can be described as a transition
period to the effective functioning of the cardiovascular
system. To the 7th day of observation cardiodepression was
replaced by moderate hyperdynamia in the face of moder-
ate tachycardia and accompanied by a moderate reduction
of peripheral vascular resistance.

Assessment of parameters of circulation by the
method of integral rheography in various pathological
processes was carried out in ealier studies. Circulatory
insufficiency in the postresuscitation period, contusion of
the heart, acute blood loss, severe thermal injury and acute
poisoning were intensively studied [19—22].

Our data and the data of other authors clearly
demonstrate that after extensive surgery accompanied
with the maximum permissible liver resection, as well as in
other critical conditions, significant hemodynamic distur-
bances develops and circulatory failure is formed.

According to the available data, the circulatory fail-
ure after extensive surgical interventions might be caused
by a reduction in contractility and non-cardiac factors,
which, in turn, occur due to the volemic violations,
changes in acid-base status, blood rheology and other fac-
tors [23—25].

The identified feature of hemodynamic disorders in
the early stages after the maximum permissible liver resec-
tion is the development of reversible syndrome of low car-
diac output with the gradual recovery of major hemody-
namic performance.
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Mechanisms of the development of critical illness

nroHHOM Trepuoge [19], npu yuube cepaua [20], npu re-
MOpparm4deckoii TunoTeHsnu [21], mpu TsKes1oi TepmMmde-
CKOIT TpaBMe [22], OCTPbIX OTPABJIECHUSIX U JIP.

Ananmn3 coOCTBEHHBIX MAHHBIX U MAHHBIX JAPYTHX
ABTOPOB TTOKA3aJ, YTO MOCJE OOIIMPHOTO XUPYPTHIECKO-
TO BMEIIATeIbCTBA, KAKUM SIBJISIETCS IPEIEeIbHO Oy CTH-
Mas PE3eKIMsI TeYeHn, KaK W TMPHU APYTUX KPUTHIECKUX
COCTOSTHUSIX, PA3BUBAIOTCS 3HAYUTETHHBIE TEMOIANHAMI-
4yeckue HapylieHus u (HopMHUpyeTcss HeloCTaTOYHOCTh
KPOBOOOpaIeHns.

CorlacHO JaHHBIM JIMTEPATYPbI, HETOCTATOUHOCTD
KPOBOOOpaIeH s TI0C)Ie OOIIMPHBIX XUPYPIUUECKUX BMe-
MIATETBCTB MOYKET OBITH OOYCJIOBIEHA KaK CHIZKEHIEM CO-
KPaTUTETbHOI CTOCOOHOCTH MUOKAP/Ia, TaK U 9KCTPaKap-
MUATLHBIME (haKTOPAMH, KOTOPbIE, B CBOIO OY€PEb, MOTYT
OBITH CJIECTBUEM BOJEMHUYECKUX HapyIIECHWUH, U3MeHe-
HUI KHCJIOTHO-IIEJIOYHOTO COCTOSIHUS, PEOJIOTHH KPOBU
[23—25] u zmp.

BblisBiieHHON HaMU 0COOEHHOCTBIO F€MOIMHAMUYEC-
KHX HapyIIeHU! B PaHHME CPOKH HOCJIE IIPE/IEIbHO 0TIy C-
TUMON PE3EKIUK [IEYECHH SIBJSETCS PA3BUTHE 00OPATUMOTO
CHCB c¢ mocTenenHbIM BOCCTAHOBIEHHEM OCHOBHBIX TO-
KasareJieil TeMOITHAMIKH.

MexaHU3Mbl KOMIIEHCAIIMU KPOBOOOPALIECHUS TIPH
cmkennn Besmanasl MOK X0potmo m3BecTHbl 13 JnTe-
patypsl. K HIM OTHOCST MOBBINIEHNE TOHYCA mepudepn-
YecKUX apTepuil («nepudepmaeckoes cepiie) u yBeamnde-
nre YCC BejeficTBUE aKTUBAIIMKA CUMITATO-aPEHATOBO
cucteMsbl [26]. AHanns 1mokasaTesieil CHCTEMHO# reMo/u-
HAMUKH, TOJYIEHHBIX B XO/I¢ HAIIETO UCCACIOBAHII, CBI-
JIETETLCTBYET O PA3BUTHH BBIPAKEHHON CHCTEMHON Baso-
rocJseayonei
apTepUaIbHOTO AaBJICHMUS.

KOHCTPUKIIMU € crabususzaiueit

HpI/I 9TOM, Ba’>XHO OTMETHUTbH, YTO OPUEHTAIIUA Ha
YPOBEHb apTEePUATIBHOTO JIABJIEHUSI B OIEHKE HAPYIIEHUI
TeMOJNHAMUKHN TIPU KPUTUYECKUX COCTOAHUAX 3a4aCTYIO
He siBJisteTcsl MH(OPMATUBHON, TaK KaK KOMIIEHCATOPHAS
«IEHTPAIU3AIKsT> KPOBOOOPAILEHHUS MO3BOJISIET 10 OIpe-
JICJIEHHON CTENeH! TTO/IEPKUBATh CUCTEMHYIO 1Iepdy3uio
U MaCKUPOBATh HEOCTATOK CEPIEYHOTO BHIOPOCA.

Eme oxHoit uepToii, XapakTepuaylorieli TedeHne He-
JIOCTATOUHOCTH KPOBOOOPAIIEHUSI TIOC/IE TIPEIETBHO Oy -
CTUMOI PE3eKIUU TIeYEHH, SIBJISIETCS OTCYTCTBHE TaKOTrO
MeXaHMU3Ma CPOYHOIl KOMIIEHCAIIUU CEPAEYHOro BhIOPOCa,
kak ysesuuerne YCC. Haoboport, Ha nporsikenun 1-x-cy-
TOK TI0CJIe ONEePalii PErUCTPUPOBAJIACH yMepeHHast Gpa-
mukapansa. OIHUMY 13 MEXaHU3MOB Pa3BUTHs OpauKap-
AN MOJKET BBICTYTIATh BaFyCHbeI Bchepo—BchepaHbeIﬁ
pediekc B OTBET Ha MOIIHOE pasjipa)keHne MexXaHoperier-
TOPOB, JIOKAJIM30BAHHBIX B KAIICyJIe eYeH , OprouiHe, 00-
JIACTU COJIHEYHOTO CIJIETEHUs, MPU TIPOBEJEHUN Oliepa-
THUBHDBIX BMEIIATEJIbCTB Ha ITICYCHN.

Pednextopnas 6pagukapans oTpakaet crerududge-
CKHUI XapaKTep BJIWSIHUS MPeebHO JIOMyCTUMON pe3ek-
M1 TMeY€HN Ha MEHTPAJIbHYIO T€eMOJANHAMUKY. IIo Mmepe
CHWJKEHUS Barotonnn Ha npotsikennu 1-x cyroxk YCC va-
CTHYHO BOCCTaHABJINBAJIACH, K 3-M CYTKaM He OTJIMYaIach
OT MCXOJIHOM, a K 7-M CyTKaM PerucTpHUpOBaJIACh yMepeH-

Compensatory mechanisms of circulation such as
reducing the value of the cardiac output are well known
from the literature. These include the increased tone of
peripheral arteries (peripheral heart) and an increase in
heart rate due to activation of sympathoadrenal system
[26]. Analysis of indicators of systemic hemodynamics
obtained in our study shows the development of severe
systemic vasoconstriction with subsequent stabilization of
a blood pressure.

However, it is important to note that measuring the
level of arterial blood pressure in the assessment of hemo-
dynamics is not informative since compensatory «central-
ization» of circulation allows in some extent to support
systemic perfusion and mask the lack of cardiac output.

Another feature that characterizes the period of cir-
culatory failure after the maximum permissible liver resec-
tion is the lack of such mechanism of urgent compensation
in cardiac output as an increased heart rate. On the con-
trary, during the first days after the surgery moderate
bradycardia was recorded. One of the mechanisms of
developing the bradycardia might be vagal viscero-viscer-
al reflex in response to strong stimulation of mechanore-
ceptors in the capsule of the liver, peritoneum, solar plexus,
which are activated when performing surgical procedures
on the liver.

Reflex bradycardia reflects the specific nature of the
influence of the maximum allowable liver resection on cen-
tral homodynamics. At least the reduced vagotonia on day
1 was partially restored in 3 days when it did not differ from
the original, and moderate tachycardia was recorded by day
7. As aresult, on 7 day 7 post-surgery the cardiodepression
is replaced by moderate hyperdynamia and accompanied by
a moderate reduction of peripheral vascular resistance.

We discovered the features of development of
changes of circulation in the postoperative period that are
consistent with the doctrine of compensation according to
which genetically programmed emergency response of
compensation proceeds the principle of «any price» and is
always excessive. In this regard, the compensation cannot
be considered a purely physiological response [26].

After normalization of cardiac output a series of
pathological changes in the body is launched. These
changes are associated with reperfusion and the phe-
nomenon of «<no-reflow» [17]. Reperfusion promotes the
absorption of toxic metabolic products from the tissues
into the systemic circulation ultimately leading to the
formation of multiple organ failure. Thus, the organism
while looking normal on 7th day after the surgery might
achive only limited function and is balancing in the face
of collapse compensation and re-emergence of a critical
state.

The results of the study allow to conclude that the
triggering factor in the formation of circulatory failure
after the maximum permissible liver resection is a signifi-
cant reduction in stroke volume due to blood loss, and
reflex bradycardia. Additional factors might include endo-
toxemia inevitable at the early stages after the maximum
allowable liver resection [27] for the contractility of the
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Mexaumsmsr Pa3BUTNUIA KPUTUICCKUX COCTOSIHUM

Hasl TaXxuKapaus. B pesdymbraTe, KapHOAeTIPeCCHsT CMEHSI-
€TCsl yMEPEHHOM TUTIepInHAMIel MUOKApP/Ia, COMTPOBOK/1A-
1omieiicst ymepennbsim cakenuem Y [ICC.

BoisiB/ieHHAsT HAMM 3aKOHOMEPHOCTh Pa3BUTHUSI Ha-
PYIIEHUH CHCTeMHON TeMOJMHAMUKY B TIOCJIEOTIePAIHOH-
HOM IIepHO/ie BIIOJHE COTJIACYETCs € yIeHHEeM O KOMIIeH Ca-
IUU, COTJIACHO KOTOPOMY TEHETHUYECKU 3aKPEIICHHBIC
peakiy aBapuitHON KOMIIEHCAIMU TPOTEKAIOT 110 TPUH-
uny «1o0oil 1eHoit», Beerna u3bbITOUHbI OTHOCUTEIBHO
CTUMYJIOB, UX BBI3BABIIUX, B 3TOW CBSI3U KOMIIEHCAIIUIO
HEJIb3sT CAUTATD CYTY00 (HDU3HOMOTHIECKON peakitueit [26].

Kak m3BecTHO, mocje HOPMAJIN3AIUH CEPACYHOTO
BbIOPOCA B OPraHU3Me 3AMYCKAETCS P/ MATOJOTHIECKIX
U3MEHEHUHl, CBSI3aHHBIX ¢ periepdysueit U (heHoMeHOM
«no-reflow» [17]. Penepdysust cnocobcTByeT mocTyiie-
HUIO B CUCTEMHBIN KPOBOTOK TOKCHYECKUX TIPOAYKTOB 00-
MeHa U3 TKaHel, MPUBOISIINX B KOHEYHOM urtore K ¢dhop-
MHUPOBAHUIO TTOJIMOPTaHHOi HegocTaTouHocTh. [Ipu atoMm,
opraHusM Ha poHe MHUMOTO OJiaronosryuus (7-e CyTKu 1o-
cJie oTiepaliun ), IOCTUTAEMOTO TIPE/IETbHBIM HATIPSIKEHUEM
(DyHKIIMOHAJIBHBIX CHUCTEM, CTAHOBUTCS HA TPaHb CPbIBA
KOMIIEHCAIIMM U TIOBTOPHOTO BO3HUKHOBEHMS] KPUTHYEC-
KOTO COCTOSTHUSL.

PesysbraThbl IPOBEJIEHHOTO UCCIEIOBAHUS TTO3BOJISI-
10T 3aKJIIOUUTD, YTO TIYCKOBBIM (DaKTOPOM (hOPMHUPOBAHUS
HEZI0CTATOYHOCTH KPOBOOOPAIIEH ST TOCTIE MPEIETBHO JI0-
IIyCTUMOUN PE3EKIUU MTeUEHH SBJISIETCS 3HAUNTEIbHOE CHU-
skerre YO Bese[cTBHE KPOBOMOTEPU ¥ pehJIeKTOPHOI
Opazukapauu. B Toxe BpeMsi HeJib3sl OTPULIATH BJIMSHUE
9H/IOTOKCEMUH, HEM30EKHO BO3HUKAIONIEH B paHHUE CPO-
KU TIOCJIe TIPEJIEJIbHO JOIYCTUMO# pesekiuu redenu [27],
Ha COKpPaTUMOCTh MHOKap/a. JlanbHeiiiee nuccaeoBanme
dyHKIMK 1 MeTaboIM3Ma MUOKAp/a HA MOJIEIH U30JIUPO-
BAHHOTO CEP/IIA, TTO3BOJIUT OIEHUTH BKJIAJ] TTOBPEKIEHHO-
ro cepana B (hOPMUPOBAHUE HEAOCTATOYHOCTU KPOBOOOPa-
IIEHUsT B PaHHUE CPOKHU TOCJE TPEJeJbHO JTOMYCTUMOI
PE3EKIUY TTeUYeHH Y KPbIC.

AHanM3upysl MoJIydeHHbIE JIAHHbIE, Mbl [IPEIITOJIAra-
€M, 4TO OIleHKa PHUCKA, MUHUMM3AIUS OIePAIMOHHOIO
cTpecca 3a CUeT aJleKBaTHOI aHeCcTe3NOJIOTHYEeCKOl 3ali-
ThI, HEIIPEPHIBHBII U yri1yOJIeHHbII MOHUTOPUHI BUTAJIb-
HbIX (DYHKIMIT, pa3paboTKa COBPEMEHHbBIX IIPOTOKOJIOB MH-
TEHCUBHOM Teparuu, HallPaBJIEHHBIX HA TPODUIAKTUKY 1
cBoespeMenHylo koppekiinio CHCB 1103Bo/iUT MOBBICUTH
6€3011aCHOCTD OOIIMPHBIX PE3EKIIUI [IEUECHHU.

3akiaouyeHue

Takum 00pasoM, HPOBEIEHKE MPEIEbHO MOy CTH-
MOIi PE3eKIINN ITeUYeHH BbI3bIBACT BbIPAsKEHHOE HAPYIIIEHUE
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myocardium. Further study of the function and myocar-
dial metabolism in the isolated heart will allow us to eval-
uate the contribution of the damaged heart in the forma-
tion of circulatory failure early after the maximum
allowable hepatectomy in rats.

The data suggest that the risk assessment, minimiza-
tion of operational stress due to adequate anesthesia pro-
tection, continuous and in-depth monitoring of the vital
functions, development of modern protocols of intensive
therapy to prevent and in-time correct syndrome of low
cardiac output will definitely increase the security of
extensive resections of the liver.

Conclusion

Thus, holding the maximum permissible liver resec-
tion causes pronounced impaired function of the heart
and blood vessels. Starting from the first hours of the
postoperative period, the syndrome of low cardiac output
develops and persists for one day. The triggering factor
includes a significant reduction in a stroke volume due to
blood loss, and reflex bradycardia. We have identified
that a critical period characterized by minimal stroke vol-
ume and cardiac output, and maximum peripheral vascu-
lar resistance, is 1 hour after surgery. Different parame-
ters of the flow syndrome of low cardiac output after the
maximum permissible resection of the liver are reversible,
and a gradual restoration of the basic hemodynamic para-
meters and reflex bradycardia on the first day after the
operation are evident.

(ynknun cepana u cocynos. Haunnas ¢ 1-ro vaca nocie-
OTIEPAIIMOHHOTO TIEPHO/IA, PA3BUBACTCS M COXPAHSIETCS B
teuenne 1-x cytok CHCB, myckoBeIM (hakTOPOM KOTOPOTO
SIBJISIETCS] 3HAUMTEIbHOE CHUKeHne YO BCJeacTBUe Kpo-
Borotepu u pedIeKTOpHON Gpaankapany. BoraBieHHbIM
HaMH KPUTUYECKUM CPOKOM, XapaKTEPHU3YIONIUMCSI MUHU-
MasbpHbIM YO 1 MOC n makcumanbabiM YIICC, asiser-
cst 1 yac nocse onepaiuu. OTIUYNTETbHBIMI Y€PTAMU Te-
yenuss CHCB mocite mpesiesbHO JOIyCTUMOI pe3eKIun
[EYEHU SIBJISIETCST €ro 00pPaTUMBII XapakTep ¢ MOCTEIeH-
HBIM BOCCTAHOBJICHIEM OCHOBHBIX FeMOJIMHAMUYECKUX TI0-
Kasatesieil u pepiiekropHas Opaaukapaus B 1-e cyTku mo-
7-M
KapAMO/IETIPECCUsT CMEHSIETCSl YMEPEHHO rutiepmHaMueit

cJie orieparum. K CYTKaM Ha6JHOI[CHI/I${

MUWOKap/ia BCJICJICTBUE TCHACHIINN K TaXUKapAUH.
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