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Obocnosanue. Pesexyuu neueny ocmarmcs OCHOBHbIM MEMOOOM JeYeHls NePEUYHbIX U MEeMACMAMUYecKux onyxonel neueHu, u
obecnequsarom Iyuuyio 06uyio u 6e3peyuouUBHyI S-1emHII0 BbIHCUBAEMOCMY, NO CPABHEHUI) ¢ KOHCEPBAMUBHBIMU MEMOOAMU.
Buinonnenue obwupHoU pe3ekyuu neueHu ConpoBoNcOaemcs pUCKOM 803HUKHOBEHUS NOCIMPE3EKYUOHHOU NEYeHOYHOU HeOCmamoy-
HOCMU, UOCANbHO20 ANROPUMMA ONPEOeeHUs NPOSHO3A KOMOPOUl Ha OAHHbII MOMeHm He cyujecmeyem. OOHUM u3 nymeil Noucka
HOBbIX NOOX0008 K OYeHKe NPOSHO3A U OUASHOCIUKE NOCMPE3eKYUOHHOU NEUeHOUHOU HEOOCIMAMOYHOCU ABNAEMC S OUOUMNEOAHC-
HbIU AHATU3 NeYeHl.

Llensv. Oyenra 6nuaHUA OKKIIO3UU NEUEHOUHO20 KPOBONOKA HA USMEHEHUe NOKA3ameneil 31eKmpuyecko2o UMneOancd neuenu u ce-
JIe3€HKU.

Memoowl. Hccredosanue npogedero Ha 20 kpvicax aunuu Bucmap myosicckoeo nona maccou 180-270 2. B nepeoii cepuu sxcnepu-
MEHMATLHBIM HCUBONHBIM BbINOTHANU OKKIIO3UIO NEYEHOUHO20 KPOBOMOKA 8 meyeHue 15 Murym, a 3amem npoeoounu penep@ysuio
(n=10); 80 6MOpOIL — OKKII03UI0 NEUeHOUHO20 Kpogomoka ocyujecmensinu 6 meverue 90 murnym (n=10). I1o0 napxozom npouzeoouu
CPEOUHHYIO ANAPOMOMUID, HAKAAOBIBANU COCYOUCIYIO KIUNCY HA AHALO02 NEYEHOUHO-08EHAOYAMUNEPCIHOU CEA3KU, ¢ NOCLe)Y-
HOWUM Nepelcamuem HCetuHo20 NPOMOoKd, NeYeHOUHOU apmepuu U BOPOMHOU 6eHbl 8 medeHue 15 MuHym 6 nepeoii cepuul sKkcne-
pumenma, u 90 murym - 60 6mopoii cepuu. HH8a3U6HYI0O GUOUMNEOAHCOMEMPUIO NEUeHU NPOU3BOOUNU C NOMOWBIO OPUSUHATLHOSO
yempoticmea 05 usmepeHus umneoanca ouonoeuveckux mxauei BUM-II (namenm P® Ne2366360). B xo0e ananuza nonyyeHHwix
Odanuvix Ha yacmome 2 kl'y paccuumvisanu nevenourno-cenesenounwiil unoexc (IICH), kxax omHoweHue cpeonezo a1eKmpuieckoeo
UMNEOaHCa neveHU K CPeOHeMY NeKMPULECKOMY UMNEOAHC) CeNe3eHKU.

Pezynomameot. 1-5 cepusi skcnepumenmos. ITocne HanodceHus KIuncol Ha AHai02 NeYeHOYHO-08EHAOYAMUNEPCIHOU CEA3KU SHAYEHUe
ANEKMPUYECKO20 UMNEOAHCA NAPeHXUMbl nedeHuy Ha yacmome 2 kl iy He usmenunoce u cocmasuno 2,3 (2,11, 3,1) kOm, npomug 2,34
(2,05; 2,81) kOm 00 manunynayuu. Meouana umneoauca cene3enKu CmamucmudecKu 3Hadyumo cuudxcaiace ¢ 2,7 (2,07; 3,5) kOm,
0o 1,63 (1,47; 2,04) kOm (p<0,05). Cnycms 15 munym oKKII03UY NEYEHOUHO20 KPOBOMOKA 3NeKMPUYECKULl UMNEOAHC NApeHXUMbL
neweHu cmamucmuiecku sHauumo yseauuusancs 6 1,47 paza u cocmasun 3,98 (2,64, 4,59) kOm. 3nauenue meduanvr umneoanca
cenesenxu pasuanoce 1,86 (1,52; 2,23) kOm u 6vi10 cmamucmuyecku 3uaqyumo Hudxce (p<0,05), uem do ycmanoexu kauncwl. Ilocie
penepdhysuu umneoanc nevenu cuudxcancs 0o 3,11 (2,06, 5,11) kOm, a cenezenxu - ovin pasen 2,08 (1,53, 2,55) kOm, npu smom oba
napamempa cmamucmu4ecky 3HaYUMO OMAUYATUCH OM UCXOOHBIX 3HaueHull. Koaghguyuenm oucnepcuu D2kl y/20xk1 'y nevenu cma-
mucmuiecku sHauumo yseauuugancsa 0o 2,10 (1,67; 2,58) uepes 15 murym nocie Hanodicenus KIuncol, OMHOCUMENbHO noKazamesnell
00 sackynapHou skckaosuu — 1,71 (1,44, 2,08), u nenocpedcmsenHo nocie nepexcamus AHaI02a NeYeHoYHO-08eHAOYAMUnepCmHol
ceasku — 1,60 (1,46, 2,11). Ilocie penepgysuu kospgpuyuenm oucnepcuu D2xly/20x1 'y napenxumvl newenu He OMAUYAICA OM UC-
X0OHbIX 3HaveHutl u cocmasun 1,79 (1,52; 2,29). Kosgpgpuyuenm oucnepcuu D2xly/20x[y cene3eHku 3HAUUMO CHUNCATCA CPA3Y
nocie oKKa3UuU nedeHouHo2o kposomoxa ¢ 1,54 (1,28; 1,71) 0o 1,36 (1,20; 1,62), u Haxoouics Ha coomeemcmayowem ypogue, 8
mom uucie, u nocie penepgysuu. Yepesz 15 mumnym nocie nanodxcenusn Kauncol kodgguyuenm oucnepcuu D2xly/20xly cenezenku
OvLL cmamucmuyecku sHauumo meHnvue 3navenuti D2kl y/20xly nevenu (p<0,05) — 1,42 (1,19; 1,6), npomus 2,1 (1,67, 2,58). /lo
NnpoeedeHUst 6ACKYIAPHOU dKcKao3uu nevernu meouara IICH cocmasuna 0,89 (0,72, 1,11). Ilocre Hanodcenus Kauncol nokasamens
TICH cmamucmuyecku 3uauumo yseauuuncsa 0o 1,43 (1,28; 1,95), 3a cuem cHudiceHus: a1eKmpuieckoeo umMneoanca 6 napeHxume
cenesenxu. Cnycmsa 15 munym uwemuu [ICH cmamucmuuecku 3uauumo nosviwancsa 0o 2,01 (1,26, 2,68), a nocre penepghysuu
0CMABANCs HA YPOBHE 8blUe UCXOOHOZ2O.

2-51 cepust SKCnepumenmos. Jlo 6acKyIAPHOU SKCKAO3UU SNEKMPULECKULL UMNEOAHC NAPEHXUMbL NeYeHU IKCNEPUMEHMATbHBIX KPbLC
ovL1 Ha yposHe 2,39 (1,8, 2,57) kOm. Uepes 15 munym noxkazamens s1eKmpuiecko2o UMnedanca sHauumo yseauuuics - 00 3,2 (3,08;
3,32) kOm, umo coomgemcmeosano pe3yrvmamam npeovioyujeeo sxcnepumenma. Cnycms 30, 45, 60 u 90 munym sHavenus umne-
0aHCa NAPEHXUMbL NeYeHU He USMEHATUCH U HAXOOUTUCH BblULE UCXOOHO20 YPOBHS.

Kosghgpuyuenm oucnepcuu snexmpuueckoeo umnedanca nedenu Cmamucmuiecku 3Ha4umMo 603pacmai nocie NAmHaOyamuMuHyn-
HOU UmeMuu U 0OCMasaiics Ha 8blCOKOM YpO8He 00 KoHYa sKkcnepumenma. Ilocne Hanoocenus kauncel nokasamens IICH cmamu-
CIMUYeCcKU 3HAYUMO Y8enuyuics cnycms 15 munym u ocmasancs Ha yposHe gviute ucxooHo2o yepes 30, 45, 60 u 90 munym uwemuu.
3aknrwuenue. ITocie nposedenus 8ACKYIAPHOU IKCKIIO3UU NEUEHU 8 medeHue 15 Munym, npoucxoounu 63aumMoCesa3aHHble USMEeHEHUs.
ANEKMPUUECKO20 UMNEOAHCA NeUeHU U Celle3eHKU. Bo MHO20M amu npoyeccyl Ces3aHbl ¢ USMEHEHUeM KPOBEHANOIHEHUs Uccedye-
MbIX OP2AHO8 U NOCIEOCMEUAMU ULUEMUU.

Knroueewvle cnosa: neuenv, ceneseHkd; 8ACKVIAPHAS IKCKAIO3USA, HNEKMPULECKUL UMNEOAHC
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ORIGINAL STUDY

Assessment of Electrical Impedance of the Liver and Spleen under Occlusion
of Hepatic Blood Flow

© S.D. LEONOV!, D.N. PANCHENKOV? V.M. BARANOV?3, A.V. RODIN%, O.V. KHALEPO*,
R.D. MUSTAFAEV!

ISkobelkin Scientific and Practical Center for Laser Medicine FMBA, Moscow, Russian Federation
“Russian University of Medicine, Moscow, Russian Federation

*Institute of Biomedical Problems of the Russian Academy of Sciences, Moscow, Russian Federation
“Smolensk State Medical University, Smolensk, Russian Federation

Introduction. Liver resection remains the main trend in the treatment for primary and metastatic liver tumors and provides better
overall and disease-free 5-year survival compared with conservative treatment options. Extensive liver resection is accompanied
by the risk of post-resection liver failure. There is currently no absolute algorithm for determining the prognosis of post-resection
liver failure. One of the ways to find new approaches to assessing the prognosis and diagnosing post-resection liver failure is
bioimpedance analysis of the liver.

The aim of the study was to assess the effect of hepatic blood flow occlusion on changes in the electrical impedance of the liver and
spleen.

Materials and methods. The study involved 20 male Wistar rats weighed 180-270 g. In the first series, experimental animals
underwent occlusion of the hepatic blood flow for 15 minutes, and then underwent reperfusion (n=10). In the second series, occlusion
of the hepatic blood flow was carried out for 90 minutes (n=10). Under general anesthesia, a median laparotomy was performed,
followed by the application of a vascular clip to an analogue of the hepatoduodenal ligament, followed by clamping of the bile
duct, hepatic artery and portal vein for 15 minutes in the first series and 90 minutes in the second series of the experiment. Invasive
bioimpedansometry of the liver was performed using an original device for measuring the impedance of biological tissues BIM-11
(RF patent No. 2366360). The data obtained were analysed at a frequency of 2 kHz, the hepatosplenic index (HSI) was calculated as
the ratio of the average electrical impedance of the liver to the average electrical impedance of the spleen.

Results. The Ist series of experiments. After applying the clips to the hepatoduodenal ligament analogue, the value of the electrical
impedance of the liver parenchyma at a frequency of 2 kHz did not change and amounted to 2.3 (2.11; 3.1) kQ versus 2.34 (2.05;
2.81) kQ registered before manipulation. The median spleen impedance decreased statistically significantly from 2.7 (2.07; 3.5) kQ to
1.63 (1.47; 2.04) kQ (p <0.05). After 15-minute occlusion of the hepatic blood flow, the electrical impedance of the liver parenchyma
statistically significantly increased by 1.47 times and amounted to 3.98 (2.64; 4.59) kQ. The median value of spleen impedance
was 1.86 (1.52; 2.23) kQ, and was statistically significantly lower (p<0.05) than before the clip application. After reperfusion,
the liver impedance decreased to 3.11 (2.06; 5.11) kQ, and the spleen impedance was 2.08 (1.53; 2.55) kQ, while both parameters
were statistically significantly different from the initial values. The dispersion coefficient D2kHz/20kHz of the liver statistically
significantly increased to 2.10 (1.67; 2.58) 15 minutes after the clip application relative to the parameters before vascular exclusion
—1.71 (1.44; 2.08) and immediately after clamping analogue of the hepatoduodenal ligament — 1.60 (1.46, 2.11). After reperfusion,
the dispersion coefficient D2kHz/20kHz of the liver parenchyma did not differ from the initial values and amounted to 1.79 (1.52;
2.29). The dispersion coefficient D2kHz/20kHz of the spleen decreased significantly immediately after occlusion of the hepatic blood
flow from 1.54 (1.28; 1.71) to 1.36 (1.20; 1.62) and was at the corresponding level, including that after reperfusion. Fifteen minutes
after the clip application, the dispersion coefficient D2kHz/20kHz of the spleen was statistically significantly lower than the values
of D2kHz/20kHz of the liver (p<0.05) — 1.42 (1.19; 1.6) versus 2.1 (1.67; 2.58). Before vascular exclusion of the liver, the median
HSI was 0.89 (0.72, 1.11). After the clip application, the HSI parameter statistically significantly increased to 1.43 (1.28; 1.95) due
to a decreased electrical impedance in the spleen parenchyma. After 15-minute ischemia, HSI statistically significantly increased to
2.01 (1.26; 2.68), and after reperfusion it remained at a level higher than the initial level.

The 2nd series of experiments. Before vascular exclusion, the electrical impedance of the liver parenchyma of experimental rats was
2.39 (1.8, 2.57) kQ. After 15 minutes, the electrical impedance increased significantly to 3.2 (3.08; 3.32) kQ, which was consistent
with the results of the previous experiment. After 30, 45, 60 and 90 minutes, the impedance values of the liver parenchyma did not
change and were increased if compared with the initial level. The coefficient of the electrical impedance dispersion of the liver
increased statistically significantly after 15-minute ischemia and remained at a high level until the end of the experiment. After the
clip application, the HSI parameter statistically significantly increased after 15 minutes and remained at a level higher than the
initial level in 30 minutes, 45 minutes, 60 minutes, 90 minutes of ischemia.

Conclusions. After vascular exclusion of the liver, interrelated changes in the electrical impedance of the liver and spleen occurred
within 15 minutes. These processes are mainly associated with changes in blood supply to the studied organs and ischemia effects.
Keywords: liver, spleen; vascular exclusion; electrical impedance

Pezexninu medyeHu OCTArOTCS OCHOBHBIM METO-
JIOM JICUCHUS MEPBUYHBIX U METACTATUUECKUX OIy-
XOJIeH TICUCHU, U 00CCIICYUBAIOT JIYUIITYIO OOIIYI0 U
OC3pEIUANBHYIO S-JISTHIO BEIKHBAEMOCTD 110 CPaB-
HEHHUIO C KOHCEpPBAaTUBHBIMU MeTomamu [1, 2]. Anb-
TEPHATHBBI OOIITUPHON PE3CKI[UU TICUCHU CETOIHS HE

CYIIECTBYET U NIPH JOOPOKAYECTBEHHBIX €€ HOBOOO-
pa3oBaHUsIX OOJNBIIMX Pa3MEpPOB, B YaCTHOCTH, TH-
TaHTCKUX FTEeMaHTUOMAaX, a TAKKe OOIIIMPHOM TTapa3u-
TapHOM KHUCTO3HOM MOPaKEHUU (IIPU 3XUHOKOKKO3E,
aJIbBEOKOKKO03€) U THOWHO a0CIeNUPYIOIINX MPOIec-
cax B OffHOM u3 jonei [3].
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OPUTHHAABHOE HCCAEAOBAHHE

Cpenu Bcex BBIMOJIHSAEMBIX PE3EKIUN Me4YeHU
OOIIUpPHBIE pe3eKIy 3aHuMaroT okoiio 30-40%. [Ipu
9TOoM UG 15-20% ManueHToB ¢ METaCTaTHYECKMMU
nopaxeHusiMu mnedeHn u 25-30% - ¢ mepBUYHBIMU
3]I0KaY€CTBEHHBIMH OITYXOJISIMH II€YE€HH MOTYT OBITH
onepupoBaHbl. Kak mpaBuio, OCHOBHON MPUYMHOMN
0TKa3a OT ONEpaINH SIBISETCSA paclpoCTPaHEHHOCTh
OITYXOJIEBOTO Tpolecca U MpEeAroiaraeMblil MOBBI-
LIEHHBI PUCK Pa3BUTHS MOCTPE3EKIIMOHHOHN meue-
Hounoit Henocrarounoctu (I1ITH) [4, 5].

IlocTpe3ekmoHHasl TME4YeHOYHas HEeJI0CTaTod-
HOCTb, TPU TSKEIOM TEUEHHH, COIPOBOKIAETCS
KpaiiHe BBICOKOH JIETalIbHOCTHIO, KOTOpask MOYKET, 110
JAHHBIM pa3HbIX aBTOPOB, COCTaBIATH OT 1% 110 59%
[6, 71.

Jnst Gomee >¢p¢PEKTUBHONH OLEHKH MPOTHO3a
[IITH, Hapsiay ¢ pa3sinu4HbIMU IKAJIAMU, B KIMHUAYE-
CKOM IIPaKTHUKE PYKOBOJCTBYIOTCS TAHHBIMU UHCTPY-
MEHTAJbHBIX METOJOB JAMATHOCTHKH, TaKUMM Kak
VY3U neuenu, snactorpadusi, 1 QyKIHOHAILHBIMH
tTecTaMy. He MeHblee 3HaUeHe UMEET O pe/iesIeHne
0CTaTOYHOTO 00beMa (PyHKIMOHUPYIOLICH MapeHXu-
MbI TeueHH [8].

OnHako, UJeanbHOTO alroOpUTMa ONpeeIeHuUs
nporHo3a [1ITH Ha naHHBIA MOMEHT HE CYIIECTBYET,
MOTOMY BOIMPOC MPOJOIIKAET OBITh aKTYaJbHBIM B
MPaKTHUYECKOH renaToXupypruu.

OnHUM W3 METOJOB aHanmu3a MOp(OoPyHKIH-
OHAJIBHOTO COCTOSIHUS BHYTPEHHHMX OPraHOB M TKa-
Hel, sBiseTcs OuommnenaHcHblil aHammu3 (BUA),
OCHOBAHHBIN Ha OLEHKE EKTPUUYECKOr0 UMIIeJaHCca
(MOJTHOTO DJEKTPUYECKOTO COMPOTHBIICHUS) OHOIIO-
THYECKHUX TKaHel [9].

N3Mmepenune »IeKTpUYECKOro HMIIEJaHca HC-
MOJBb3yeTcss NI XapaKTePUCTUKH  (PU3MUYECKUX
CBOMCTB XUBOW TKAaHU, U3y4YCHUS U3MEHEHUH, CBS-

3aHHBIX C €€ PYHKIIMOHAJIBEHBIM COCTOSTHUEM U CTPYK-
TypHbIMH ocoOeHHocTsiMu [10, 11]. B marorenese
MOCTPE3EKIIMOHHON TEYEeHOYHON HeI0CTaTOYHOCTH
peIIaoNy0 poJib UTpaeT MOBHIIIEHWE JaBJICHHS B
MOPTAJIbHON BEHE W HapyLIEHHE MUKPOIUPKYIISIIINT
[12]. TIpu >TOM HpOUCXOAAT 3HAYMUTEIBHBIE CTPYK-
TypHBIE U3MEHEHHUs B MapeHXUMe MeYeHHU, KOTOphle
MOTYT BJIMSTh Ha MOKa3aTeIN 3JIEKTPUUECKOr0 HM-
neganca. B cBsi3u ¢ 3TUM, OMOMMIICJAHCHBIN aHAN3
MOeT OBITh aKTyaJeH JUIsl TOMCKa HOBBIX TOIXOI0B
K OLIEHKE Iporxo3a u auarnoctuke [TITH.

HOeasn

OHCHKa BJIMAHUSA OKKJIFO3UU NTEYECHOYHOT O KPO-
BOTOKA Ha M3MCHCHHUE MOKa3aTelei DJICKTPHUYCCKOTO
uMIicgaHca NICYCHU U CCIIC3CHKH.

Marepuanbl 1 METOABI

WccnenoBanue nposeaeHo Ha 20 KpbIcax JUHUA
Bucrap mysckoro nmona maccoit 180-270 r. Cozmep-
JKaHHe KPBIC U YXOJ 3a )KMBOTHBIMH OCYIIECTBIISUIH
B YCJOBHSIX BUBapus, ¢ cobmronennem «I[IpuHuunmnos
Hajnexaneld sadoparopHoil mpaktuku» (Hanmo-
HanbHBIA cTannapT Poccutickoit ®eneparuu 'OCT
No 33044-2014, BBenen c¢ 01.08.2015 r.) u mpukasa
Munzapasa Poccun ot 01.04.2016 r. Ne 1991 «O06
YTBEPXKACHUU MpaBHJI HaJJIexKale 1abopaTopHOM
MPaKTUKW». DBTaHA3MIO JKUBOTHBIX OCYIIECTBIISLIN
1oz o0mKM 00€300TMBaHUEM ITYTEM JICKaTUTAIIHH.

OmneHKy mokazaTesiell AJIEKTPHYECKOro HMIIe-
JaHca MapeHXHMMBbI MEeYeHU MPOU3BOAMIA WHBA3HB-
HBIM METOJIOM C MOMOIIBIO0 OPUTHHAIBHOTO YCTPOK-
CTBa JUISl M3MEPEHHUS DJIEKTPUUYECKOrO HMIIeJaHca
ouonornueckux Tranei « BIM I1» [13].

Bbu1o mpoBeneHo ABe cepru 3KCIIEPUMEHTOB. B
NEePBO CEpHH IKCIIEPUMEHTAIBHBIM KUBOTHBIM BbI-
MOJTHSUTH OKKJTIO3UIO NIEYEHOYHOTO KPOBOTOKA B Te-

TaﬁJmua 1. CpaBHeHI/Ie IoKa3areleu SJICKTPUYCCKOI'0O UMIICAaHCa MMEYCHU U CCJIIC3CHKHU B YCJIOBUU BaCKyﬂﬂpHOﬁ OKCKIIIO-

3un (BD)

Table 1. Comparison of electrical impedance indices of the liver and spleen under vascular exclusion conditions

Cpox nadaonenus / Observation
period

JuekTpuyeckuii umnenanc Me
(min; max) Ha yactore 2 KI'u, kO™ /
Electrical impedance Me (min; max) on

IICH una yacrote 2
kI'y Me (min; max) /
Hepatosplenic index (HSI)

2 kHz, kQ .
Heuens / Liver Cenesenka / Spleen on 2 kHz Me (min; max)
Jlo BD / Before vascular exclusion (VE) 2,34 (2,05; 2,81) 2,7(2,07; 3,5) 0,89 (0,72; 1,11)

Cpasy mociie BD / Just after VE

23(2,11;3,1)

1,63* (1,47; 2,04) 1,43* (1,28; 1,95)

15 munyt BD / 15 minutes after VE

3,98% (2,64; 4,59)

1,86*" (1,52;2,23) 2,01*° (1,26; 2,68)

Penepdysus / Reperfusion

3,11% (2,06; 5,11)

2,08*' (1,53; 2,55) 1,51* (0,88; 3,32)

[Tpumeuanue: * - p<0,05 mo cpaBHEHHUIO C MOKA3aTENSIMU B MpeAeiax ofHoi yacToTsl; ' - p<0,05 1o cpaBHEHHIO C MOKa3are-
JISIMH 3JIEKTPUYESCKOTO UMIIEAaHCca TICUYCHH B IIPE/IesiaX OHOT0 CpoKa HabmroaeHus; © - p<0,05 mo cpaBHeHHIO ¢ mokasarensimu [ICHU

cpasy nocie BD

Note: * - p<0,05 in comparison with indices on the same frequency; ' - p<0,05 in comparison with indices within one observation

period; ° - p<0,05 in comparison with indices HSI just after VE
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4YeHWU 15 MHUHYT, a 3aTeM IPOBOAMIN penepysnto
(n=10); BO BTOPOI1 — OKKJIFO3HIO TIEYEHOYHOTO KPOBO-
TOKa ocymiecTBisuy B TedeHun 90 MmunyT (n=10).

Ilon kcmma3WH-30JI€TUIIOBBIM HApKo30M (30J1€e-
tua 20-40 Mr/kr Maccel, Kcuiasud 5-10 Mr/kr mac-
Chl >KMBOTHOTO BHYTPHUOPIOIIMHHO) TPOU3BOAMIN
CpPeIMHHYIO JarnapoToMuto. CpeiuHHYI0 U JIEBYIO
OOKOBYIO JIONTM TI€YEHH BBIBOAMIIN B JATAPOTOMHYIO
paHy ¥ MPOBOJWIH OMOUMIIEIAHCOMETPHIO, UCTIONb-
3ysl OMTIONSIPHBIE UTOJIBYATHIC DJIEKTPOJBI C OrpaHU-
YHUTEJeM, KOTOPBIE BBOJIWIHM TaK, YTOOBI MX aKTHB-
HbIE YaCTH HaXOJWJINCh B TKaHU NeueHu. M3mepenue
BBITOJIHSUIM B TPEX MPOU3BOJBHBIX 30HAX Ha 4acTo-
tax 2 k' u 20 xI'1, ¢ pacyeToM CpeaHEero 3HaUCHUS
aleKTpuueckoro wumnenanca. llocie mnposeneHus
OMOMMITIEIAHCOMETPUN OCYIIECTBISUIM HAJIOKCHHE
COCYAMCTON KJIMTICHI Ha aHAJIOT MEYEeHOYHO-ABEHAI-
HATUNEPCTHOMN CBS3KH, C MOCIEAYIOIHUM MepexKaTh-
€M KEJTYHOr0 MPOTOKa, NEYeHOYHOH apTepuu U BO-
pOTHOH BEHBI B TeueHHe 15 MUHYT B MEpBOM cepuH
JKcnepuMenTa, 1 90 MUHYT Bo BTOpo#l cepun. B xone
aHaJau3a TMOJYYEHHBIX JAHHBIX Ha 4dactoTe 2 KIIg
paccUMTHIBAIM TE€YEHOUHO-CEJIe3€HOUHBIN HMHAEKC
(IICH), xak OTHOIICHHE CPEIHETO SIEKTPUUECKOrO
MMIIEIaHCca IEYEHH K CPETHEMY UIEKTPUUECKOMY HM-
TIETaHCY CEJIE3EHKH.

CraTuctTudeckuil aHaIu3 MOJTYYEHHBIX Pe3yJib-
TaTOB TPOBOJMWIH, HCIHOIB3Ys HEMapaMeTpUUYEecKre
KpuTepuu ManHa-YuTHu U Bunkokcona. Beibopku
MPEICTaBUIIN B BHJI€ MEIHAHbI, C YKa3aHUEM MUHHU-
MaJIbHOTO0 M MaKCHUMaJIBHOTO 3HAUY€HUH MoKa3aTes.
J17151 OLIEHKHM CTaTUCTUYECKON 3HAUMMOCTH HCIIOIB30-
Basnach BennunHa p<0,05.

PesyabTaTel n nx o6Ccyx)aAeHUE

Ilocne HaMOXEHMS KIUIICHI HA aHAJIOT IIEYCHOY-
HO-,Z[BCHaI[HaTHHGpCTHOfI CBA3KH 3HAYCHHC DJICKTPH-

ORIGINAL STUDY

YECKOTr0 MMIIe/IaHCa TAPSHXUMBI [IEYeHU Ha 9acTOTe
2 xI'u He u3MeHUNIOCH U coctaBuio 2,3 (2,11; 3,1)
kOwm, iportus 2,34 (2,05; 2,81) kOM 10 MaHUTTYJISIITUU
(tabn. 1). B cBoOO ouepe/p, MeuaHa UMIIEJaHCa Ce-
JIE3€HKU CTATUCTHYECKM 3HAYMMO CHMKAlach ¢ 2,7
(2,07; 3,5) kOm no 1,63 (1,47; 2,04) kOm (p<0,05).

Crycts 15 MUHYT OKKJIFO3UU TIEYSHOYHOTO KPO-
BOTOKA JJICKTPUUYSCKUN MMIIEIAHC MApPCHXHUMBI I1e-
YCHHM CTATUCTUYECKU 3HAYUMO yBenuuuBajcs B 1,47
pasa u coctaBui 3,98 (2,64; 4,59) kOwm. 3naueHnue me-
JIMaHbl UMIIEJAaHCA CEeIe3eHKHU paBHsIoch 1,86 (1,52;
2,23) kOM # OBIJIO CTATHCTUYECKH 3HAYMMO HHUKE
(p<0,05), uem no ycranoBku kiwurchel. [locie pemnep-
¢y3uu umIenanc nedyeHu cHwxkaics no 3,11 (2,06;
5,11) kOwm, a cene3enku - ObL1 paBeH 2,08 (1,53; 2,55)
kOwm, ipu 3TOM 00a mapameTpa CTATUCTUYCCKHU 3HA-
YUMO OTIANYAINCH OT UCXOMHBIX 3HAUCHUM,

Takum 00pa3oM, 3JICKTPUYCCKUN UMIIEIAHC
MEYCHU YBEIMYHMBAJICS B XOJC HMINEMUYESCKOTO BO3-
JIEHCTBUS, a Tocie penepdy3uu HE JIOCTUTAT HOP-
MaJIbHBIX 3HaueHUM. MMnenaHc cesie3eHKH, Hampo-
THB, CHUXKAJICS Cpa3y MOCJE OKKITFO3UU IEUEHOYHOTO
KPOBOTOKA U OCTABAaJICSl HA YPOBHE HHKE MCXOIHBIX
napamMeTpoB M mocie pernepdy3uu. AHanu3 Kod(h-
¢unmenta aucnepcun D2x['/20x[ neuenn (Tadm.
2) moka3all CTATUCTUYECKU 3HAYUMOE €r0 yBEJHYe-
Hue 1o 2,10 (1,67; 2,58) yepe3 15 MuHYT mocie Ha-
JIO’KEHUSI KJIUIICHI, OTHOCHTEILHO IOKa3aTeaeH 10
BackyJsipHor 3kckmozun — 1,71 (1,44; 2,08), u He-
MOCPEACTBCHHO IIOCJE TIEPEKaTUsl aHaJlora Ieve-
HOUHO-IBeHaANaTunepcTHot cesizku — 1,60 (1,46;
2,11). Iocne penepdys3nu KO3PPUIUEHT TUCTIEPCUN
D2kI'1/20k[ 11 mapeHXUMBI TIEUEHU HE OTIMYAJICS OT
HCXOMHBIX 3HaUeHUU U coctaBui 1,79 (1,52; 2,29).

Koadpdunment nucnmepcun D2xI'/20xI'm ce-
JIC3CHKU 3HAYUMO CHUXKAJICS CPa3y IMOCIE OKKIIIO-
3UM TIEYeHOYHOro KpoBoToka ¢ 1,54 (1,28; 1,71) mo

Tadsuna 2. CpaBHeHue nokasareseid kodduunentos aucnepcnu D2k /20 11 meueHn 1 celle3eHKH B YCIIOBUHU BaCKY-

nsipHOH AKCKII03un (BD)

Table 2. Comparison of dispersion coefficient of the electrical impedance D2xI'1/20xI 11 of the liver and spleen under

vascular exclusion conditions

Ilepuon naéaonenus / Observation

Koxddnuuent qucnepenn D2xIM'n/20kI'n
Me (min; max) / Dispersion coefficient of the electrical impedance

period D2xI'u/20xI'y Me (min; max)
Ileyens / Liver CeJie3enka / Spleen
Jlo BD / Before VE 1,71 (1,44; 2,08) 1,54 (1,28; 1,71)

Cpasy nociie BD / Just after VE

1,60 (1,46; 2,11)

1,36 (1,2; 1,62)

15 munryT BD / 15 minutes after VE

2,10* (1,67; 2,58)

1,42"1,19; 1,6)

Penepdysus / Reperfusion

1,79 (1,52; 2,29)

1,40 (1,18; 1,71)

[Ipumeuanne: * - p<0,05 mo cpaBHeHuto ¢ nmokasarensimMu D2x['m/20k['1 medeny; ' - p<0,05 mo cpaBHEHUIO ¢ MOKAa3aTEIAMHU

D2x['1/20kI 11 meyeHu B mpeenax oQHOro CpoKa HaOMIOACHHS

Note: * - p<0,05 in comparison with D2kI'1/20xI "1 indices of the liver; " - p<0,05 in comparison with D2xI't/20kI "1 indices of

the liver within one observation period
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Tadnauua 3. DIeKTpudeckuii UMITEAaHC TTAPSHXUMBI TIEICHU M CEJIe3CHKH MPH TPOJODKUTEIFHON BACKYISPHON IKCKITIO-

3un (BD)

Table 3. Electrical impedance of the liver and spleen under prolonged vascular exclusion conditions

Cpoxk Habaonenus /
Observation period

DuiekTpuyeckuii ummneaanc Me (min; max) Ha yacTo-
Te 2 k', kO™ / Electrical impedance Me (min; max)
on 2 kHz, kQ

InCcu
Ha yactoTe 2 k'
Me (min; max) / HSI on 2

ITeuyenn / Liver

CeJie3enka / Spleen kHz Me (min; max)

Jlo BD / Before VE 2,39 (1,8; 2,57)

2,0 (1,88;2,37) 1,21 (0,94; 1,29)

15 munyT / 15 minutes 3,2* (3,08; 3,32)

1,62* (1,47; 1,82) 2,03* (1,8; 2,17)

30 muayT / 30 minutes 3,49* (2,82; 5,13)

1,72 (1,39; 1,78) 2,01% (1,62;2.,9)

45 munyT / 45 minutes 3,16* (2,24; 4,02)

1,67* (1,41; 1,83) 1,73* (1,55;2,2)

60 munyT / 60 minutes 3,16% (2,51;4.,4)

1,68* (1,64; 1,93) 1,87* (1,3; 2.3)

90 munyT / 90 minutes 3,04* (2,34; 5,25)

1,86*' (1,53;2,19) 1,67* (1,4; 1,93)

IIpnmeuanne: * - p<0,05 1Mo cpaBHEHUIO C TOKA3aTEIISIMU JI0 BACKYJISIpPHON SKCKIIO3uH; ' - p<0,05 110 CpaBHEHHIO ¢ IMOKa3aTems-
MU 2JIEKTPHUYECKOT0 MMIIEIaHCa TIEYEHH B IIpeJieslaX OHOTO CPOKa HAOIIOICHHS
Note: * - p<0,05 in comparison with indices before VE; ' - p<0,05 in comparison with electrical impedance indices within one

observation period

1,36 (1,20; 1,62) n HaxoamMiICad Ha COOTBETCTBYIOILEM
YPOBHE, B TOM uucie u nocie penepdysuu. Odpaiia-
eT Ha ceds BHUMaHue TOT (akT, uTo yepe3 15 MUHYT
MOCJIE HAJIOKEHUST KJIUIChI KOA(PPUIIUSHT JTUCTIep-
cun D2xI'1/20k[ 1 celle3eHKH OB CTATUCTUYECKH
3HaunMo MeHblne 3HadeHnid D2k[1/20x['1 meuenu
(p<0,05)- 1,42 (1,19; 1,6), npotus 2,1 (1,67; 2,58). I1o-
BUJUMOMY, TIOBBIIICHHE KOA(PPHUIIMEHTA TUCTIEPCHH
D2kI'1/20x[ 11 neueHu mocie naTHaANATUMUHY THOTO
HIIEMHUYECKOr0 BO3JCHCTBHS CBSI3aHO C aKTHBHBIM
MPOLIECCOM KJIETOYHOTO MeTaldoJinu3Ma, BCICICTBUC
HIIEMUH FernaTOIUTOB.

Jlo mpoBejicHHS BACKYJISIPHOM SKCKIIFO3UU TIeUe-
uu menuana [ICU coctaBuna 0,89 (0,72; 1,11). Ilocne
HaJoXeHusl Kiurchl nokas3arenb [ICHU cratucruye-
CKM 3HauuMO yBenuumics a0 1,43 (1,28; 1,95), 3a cuet
CHUKCHHS JICKTPUUECKOT0 UMIIC/IaHCa B TAPEHXUME
cenesenku. Cnycra 15 munyt umemun IICU craru-
CTUYECKH 3HaumMMoO moBkImancs 1o 2,01 (1,26; 2,68),
a mocJie pernepdy3uu 0CTABAJICS Ha YPOBHE BBIIIC UC-
XOIHOTO.

TakuM 00pa3oM, 3JIEKTPUUYCCKUN HMIICAHC B
MApeHXUME TEYCHH JI0 OKKJIFO3MM KPOBOTOKA OBLI
HIDKE WM HA YPOBHE JJIEKTPUUYECKOTO HMIICIaH-
ca ceneseHku. MineMus BbI3bIBaja OTHOCHTEIBHOE
YBEIIMYCHHUE MapaMETPOB HMIICAAHCA IIEYCHU, IO
CPaBHEHUIO C CEJIC3CHKOW, MPUYEM IIEKTPUUCCKUI
MMIIEITAHC CEJIC3CHKU CHUIKAJICS, CKOpEee BCEro, u3-3a
YBEJIMYCHUS] KPOBEHATIOTHEHUS OpraHa, o MpuInHe
OTCYTCTBHSI BEHO3HOT'O OTTOKa 4Yepe3 MOPTaJbHYIO
BEHY.

bl mpoBenEH AOMONHUTENBHBIA DKCIEPH-
MEHT, C IEIBI0 BBISBICHUS M3MEHEHUM MapamMeTpoB
SJEKTPUUECKOTO UMIIEaHCa MEYCHU U CEJIE3EHKU B
TEUCHHUM JUIMTENIbHOW uinemMuu. [Ipu 3TOM OnonM-
negaHcoMeTpuro mposogaunu cmycts 15, 30, 45, 60
1 90 MUHYT TOCJe MepekaTrs aHajiora Ne4YeHOYHO-
JIBEHAIIIATUTICPCTHOM CBsi3ku (Tabdi. 3, 4). [lo Backy-
JSAPHON DKCKIIO3UU DIICKTPUUYCCKUM HMMIIENAHC Ta-
PEHXUMBI [IEYCHHU IKCIIEPUMEHTAJIBHBIX KPBIC ObLT Ha
yposre 2,39 (1,8; 2,57) kOm. Uepe3 15 MUHYT nOKa-
3aTeNb PICKTPUUECKOTO UMIIEIAHCA 3HAYUMO yBEIU-
gucs 10 3,2 (3,08; 3,32) kOM, 4TO COOTBETCTBOBAJIO

Taonuua 4. Kosdpdumument nucnepcrn D2k '1/20k[ 11 mapeHXUMBI TIEYCHU U CEIe3CHKH MPH MPOJODKUTEIFHON BaCcKy-

TApHOH AKcKiIro3un (BD)

Table 4. Dispersion coefficient D2xI't/20xI 11 of the liver and spleen under prolonged vascular exclusion conditions

Ilepuon nadaonenus /
Observation period

Kosppuument nucnepeuu D2xl'u/20xI '
Me (min; max) / Dispersion coefficient of the electrical impedance D2xI'u/20xI'y Me

(min; max)

ITeuyenn / Liver

Cenesenka / Spleen

Jlo BD / Before VE 1,54 (1,43; 1,86)

1,28 (1,22; 1,43)

15 munyT / 15 minutes 1,88% (1,75;2,23)

1,26 (1,22; 1,42)

30 munyT / 30 minutes 2,16% (1,61;2,41)

1,3 (1,22; 1,37)

45 munyT / 45 minutes 1,80%* (1,57; 2,14)

1,35 (1,26; 1,43)

60 muHyT / 60 minutes 1,92%* (1,5; 2,67)

1,27 (1,17; 1,6)

90 munyT / 90 minutes 2,09%* (1,64; 3,04)

1,42 (1,34; 1,5)

[Mpumewanne: * - p<0,05 Mo cpaBHEHUIO ¢ MOKA3ATEISIMH 0 BaCKYJISPHOH SKCKITIO3UT

Note: * - p<0,05 in comparison with indices before VE
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pe3ynbTataM IpeablIyIero skcrnepumenta. Crycrs
30, 45, 60 1 90 MUHYT 3HaYCHHS MUMIIEJaHCA TTAPEH-
XHMMBI TI€YCHH HE M3MEHSUINCh W HaXOIWJIHNCH BBIIIEC
HCXOJTHOTO YPOBHS.

Koadhdumnuent nqucrepcnuu 31eKTPUIECKOTO HM-
TeJaHca TeYeHH CTaTHCTHYECKH 3HAaYNMO BO3pacTal
TOCJIe TATHAIATUMUHYTHOH HIIEMHUH W OCTaBaJICsa
Ha BBICOKOM YpOBHE 0 KOHIA 3KcmepuMeHta. [lo-
BUJIUMOMY, KOI(DQPHUIIMEHT JUCIEPCUH DICKTpUYe-
CKOTO MMIIE/TaHCA HE 3aBUCHT OT KPOBEHANIOTHEHHS
OMOIOTMYECKOI TKaHW M OT MHTEHCHBHOCTH €€ Kpo-
BocHaO)keHMsI. BeposiTHO, OH 3aBHCHUT OT MPOHHUIA-
€MOCTH KJIETOYHBIX MEMOpaH, WM WHTCHCHBHOCTH
MOJIEKYJIIPHOTO X HOHHOT'O TPAHCIIOPTa MEX Y KIIEeT-
KOH ¥ MEXKKJIETOUHOM KUIKOCTBIO.

[locne Hanoxkenust knumncel nokasarens [ICU
CTaTUCTHYECKH 3HAYMMO YBEIUYHIICS CIyCTs 15 Mu-
HYT ¥ OCTaBaJICS Ha YPOBHE BBIIIE HCXOMHOTO Yepe3
30, 45, 60 u 90 MUHYT UIIEMUH.

Hcxons n3 anann3a MoiaydeHHBIX JAHHBIX, MOXK-
HO CZIeJIaTh MPEIoNIoKeHHe 0 0ojee MHTEHCHBHBIX
MOphOoQyHKIIMOHATBHBIX IPOIECCaX, KOTOpPbIC Ha-
OmromaroTcs B MEPHOJ MIIEMHUYECKOTO BO3JICHCTBHS
Ha TKaHb [ICYCHH.

Crnucoxk aurepar

3aknaoueHHne

Ilocne mpoBeneHuss BacKyISPHOM 3KCKIIO3HH
MEYEHN B TEUCHHM 15 MHUHYT, IPOUCXOJUIH B3au-
MOCBSI3aHHbBIE H3MEHEHUSI HJIEKTPUYECKOT0 NMIIe/IaH-
ca MEYEeHU U celle3eHKH. Bo MHOroOM 3TH mpoueccs
CBSI3aHBI C U3MEHEHUEM KPOBEHAIIOJIHEHUS UCCIIENY-
€MBIX OPTaHOB U MOCJIEACTBUSIMHU UILIEMHUH.

HccnenoBanue aOCOMIOTHBIX M OTHOCHUTEIb-
HBIX TI0OKa3aTesell MMIIeaHca [EUYeHH B IEPCIIEKTHBE
MOYKHO HCIIOJIb30BaTh IPU OLEHKE TTyOHHBI UIIEMU-
YECKOro MOBPEKICHUS TKaHU B Xone npuema llpu-
HIJIA, IPU BBITIOJHEHUHU OOIIMPHBIX PE3EKLUUH, KOTO-
pble IPOBOAST y MALMEHTOB Ha ()OHE BBIPAKEHHBIX
JU(GQY3HBIX MATOJIOTMYECKUX MPOLECCOB B MEUYEHHU.
WHauBuayanbHBIA HOAXOMA U OLIEHKA HIIEMHUYECKOI0
BO3ACHCTBHS B PeajlbHOM BPEMEHH, BO3MOXKHO, I10-
3BOJISIT NMPOQUIAKTUPOBATH NEYCHOYHYIO HENOCTa-
TOYHOCTH B OJMDKalIIeM MOCIEONepaliOHHOM NIepH-
oze.

AomnorHuTeAbHas1 HHGOpMALI U

KouduiukT nurepecon

ABTOpBI JICKJIAPUPYIOT OTCYTCTBUE SBHBIX M IOTCHIHAIBHBIX
KOH(MIINKTOB HHTEPECOB, CBA3aHHBIX C ITyOJIMKAlMeH HAacTOsMIEeH cTa-
TBH.
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