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BnnuB enekTpokoarynsiLinHol, Kpio- Ta ynbTpa3ByKOBOi 0OpOoOKu
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Effect of Electrocoagulational, Cryo- and Ultrasound Treatment
of the Gallbladder Bed After Experimental Cholecystectomy

Pedbepar: [NpoBegeHO MOPIBHANBHWI aHamia pesynbraTtiB enekTPOHHO-MIKPOCKOMNIYHOro AOCHiAXKEeHHSA penapaTuBHMX MpoLeciB
Yy TKaHWHI MEeYiHKM KPOMMWKIB MiCns XONeuucTekToMil, 3AiNCHEeHOI 3a OOMOMOrol MOHOMOMSIPHOI enekTpokoarynsiuii, ynsTpasByKOBO-
ro ckanbnens Ta 3a yMoB Hu3bkux Temnepatyp Ha 1, 3, 14, 21 i 30-Ty goby. Pesynsratn ekcnepMMeHTy A03BONUAM MOPIBHATU remo-
Ta xonecTaTu4Hu edeKkTn pPi3HNX BUAIB €Heprii, OLiHUTK CTyNiHb TpaBMaTu3auii NapeHXiM1 MeYiHKM B 30HI ONepaTUBHOIO BTPYYaHHS,
a TakoX Ta BMNVMB Pi3HNX METOAIB Ha SAKICTb | TEPMiHM penapauii. YNbTpacTpyKTypHi 3MiHW B renatoumTtax 3anexHo Big METOAIB BNAMBY
XapakTepuayBanucs pisHUMW AMCTPOMDIYHUMM | AECTPYKTMBHUMMK npouecamu. [poBeaeHi enekTpoHHO-MIKPOCKOMIYHI AOCHIMKEHHS
nokasanu, WO ynbTpacTpyKTypa KMiTUH MeYiHKM NIiCNs enekTpoKoarynsAuiiHoro BMMMBY Ha NOXe BMAANEHOro >XOBYHOrO Mixypa Bigno-
Bigana Hopmi Ha 30-Ty goby, micnsa kpioAii — Ha 21-wy foby, a nicns ynsTpa3sykoBoro BnnmBy — Ha 14-Ty ooby. [loBedeHo, Lo BUKOpK-
CTaHHSA ynbTPa3ByKOBOIO BMIMBY i KPIOAIT NPY XONELMCTEKTOMIT MOPIBHAHO 3 EMEKTPOKoAarynsauied € HaiMeHLWw TpaBMaTUYHUM ANS TKa-
HUHU NEYiHKN.

Knto4yoBi cnoBa: remocTas, Kpiogisi, neviHka, penapaTviBHi 3MiHW, yrbTPa3ByKOBUIA BNVB, EMEKTPOKoarynsuis.

Abstract: The results of electron microscopic examination of reparative processes in liver tissue of rabbits after cholecystec-
tomy performed with monopolar electrocoagulation, ultrasonic scalpel and at low temperatures on days 1, 3, 14, 21 and 30 were
comparatively analyzed. Experimental findings allowed to compare the hemo- and cholestatic effects of different types of energy,
to assess the degree of trauma to the liver parenchyma in the surgery area and the impact of different methods on the quality and
timing of repair. Ultrastructural changes in hepatocytes depending on the methods of influence were characterized with various dystro-
phic and destructive processes. Electron microscopic studies showed that the ultrastructure of liver cells after electrocoagulation
on the bed of the removed gallbladder corresponded the norm on day 30, after cryoeffect it did on day 21, and after ultrasound this
was on day 14. It has been proven that the use of ultrasound and cryoeffect in cholecystectomy compared to electrocoagulation occur-
red to be the least traumatic for liver tissue.

Key words: hemostasis, cryoeffect, liver, reparative changes, ultrasound exposure, electrocoagulation.

VY abnomiHanbHIN Xipyprii omepaTtuBHI BTpY-
YaHHSI TPOBOJSTHCS 3 BHUKOPUCTAHHIM pi3HHX (i-
3M4HUX (DAaKTOpiB 1 CTBOPEHHX HA OCHOBI IX nii

In abdominal surgery, the interventions are
performed using various physical factors and
medical devices created on their basis: mono- and

MEIMYHUX TIPUIIAJIIB; MOHO- 1 OINOJISIPHUE TUCEKTOP,
CJIEKTPOIUCEKTOP, KOATYISTOP, KPIOCKAIBIIENb, a Ta-
KOX YJNBTPa3BYKOBHH, JTa3epHUH, [Ia3MOBHH, paio-
YaCTOTHUN 1 BOZOCTpYMHHMIA cKasbneni [6, 9]. binb-
IIOCTI 3 HUX BJIACTHBA CEJICKTHBHICTh — PYHHYBaHHS
KIIITUH TIEYiHKU 31 30epeXEeHHSAM IUTICHOCTI CyIuH
Ta CEKPETOPHHUX EJIEMEHTIB IEUiHKH, [0 B XOi
PE3EeKIii JO3BOJISIE 1X KIITyBaTH, KOAryIIIOBaTH a0o
JTYBATH 3aJIeHO Bix aiametpa [5].

Ha cporomni icHye 0e3miy crnocoOiB 3yMHHKA
KpOBOTEUi MiJl Yac orepaiii Ha MediHIl, mpoTe Mo-
HIyK HalOuIbll e(EeKTUBHOTO 3 HUX 3aJIUINAETHCS
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bipolar dissector, electrodissector, coagulator, cryo-
genic scalpel, as well as ultrasonic, laser, plasma,
radiofrequency and water jet scalpels [6, 11].
Most of them are characterized with selectivity,
i. e. the destruction of liver cells while maintai-
ning the integrity of blood vessels and secretory
elements of liver, which during resection allows
them to clip, coagulate or ligate depending on the
diameter [5].

Today, there are many ways to prevent bleeding
during liver surgery, but the search for the most

effective of them remains relevant. Mono- and bi-
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akTyansHUM. MOHO- 1 OinossipHa Koaryssiis, sKa 1mo-
IMpeHa B JIAMapoCKOMiuHiN Xipyprii, He 3aBKIu
3a0e3neuye HaliliHy 3ynHMHKY KpoBoTedi (remoc-
Ta3) y Joxi >xoB4HOrOo Mixypa [3, 9, 10, 11]. Ilic-
ns enexTpokoaryisiiitHoro BBy (EKB) yTBO-
PIOETBCS KOATYISAIIHHIN HEKpO3, KU MOXe OyTH
CyOCTpaToM IJIs pO3BUTKY 1H(PEKIIIHHUX YCKIIaTHEHD,
BTOPUHHHUX KpOBOTEY, JKOBYHHX HOPHUIL [2, 5,
8, 9]. ¥V XipypriuHiii npakTHIl TOHNIMPEHE BHKO-
pucranns kpioBmuBy (KB), mpore mporxosysartu
HOro pe3ynbTaTH JOCTaTHHO CKJIAIHO uepe3 Heoll-
HOPIAHICTh 3MiH, $Ki BigOyBalOThbCd B TKaHMHAX
IIPOTSITOM Ta IiCIIsl OXOJOKEHH-BinirpiBy [1, 7].

OcobnmBe Micue cepen ycix crnoco0iB ¢izuy-
HOI JIMCEKIIii Ta Koarylsiii 3aiiMae yIbTpa3ByKOBUH
BruuB (Y3B), 3a sikoro TepmiuHuil eheKkT HE3HAYHMIA,
OCKUIBKM PO3CIYEHHS! TKaHWH OOCSATAETbCS TOJIOB-
HAM YHHOM 3a paxyHOK KaBitamii. Ilim mi€ro THCKY
U yABTPa3ByKy B TKaHWHAX (ParMEHTYIOTHCS OiJl-
ku i popmyrothest Tpom6Ou. Li mponiecu BiOyBaroTh-
¢s I BIUIMBOM MEXaHIYHUX KOJIMBAHb 1 MEHIIOI0
MipoIo 3a paxyHOK TeryioBux edexris [4, 9, 10].

TakuM YMHOM, AN BHPOBAKEHHS BKa3aHUX
¢$i3nYHUX crmoCcOo0iB y XIpypridyHy HpPakTHKYy HEoO-
X1IHO BHM3HAUUTH YJABTPACTPYKTYpPHI 3MiHM TKaHUH
y 30HI BIUIMBY 1 MEXaHi3M pernapaTHBHOI pereHepa-
mii.

Mera [OCHIIKEHHS — BUBYCHHS TUHAMIKU YIlb-
TPACTPYKTypHUX 3MiH TIEUiHKH KpPOJHKIB 3a pi3-
HHUX CIOCO0IB TeMOCTa3y B JIOKI YKOBYHOTO MiXy-
pa TICIs XOJEIUCTEKTOMIl 3 3aCTOCYBAaHHSM MOHO-
MIOJISIPHOTO €JIEKTPOKOATYIISIIIIMHOTO BIUIMBY, KPiofii
Ta YIBTPAa3BYKOBOTO CKaJBIICIIS.

Marepiajau Ta meToau

EnekTpoHHO-MIKpPOCKOIIIYHE  JOCTIMKEHHS BU-
KOoHyBanM Ha 84 Kponukax-camusgx nopoxu llun-
mmiaa wmacoo  3,0-3,5 kxr. PoGory BukoHyBam
BiMOBIHO 10 3akoHY Ykpainu «[Ipo 3axucT TBa-
puH Bix skopcTKoro moBopkeHH (No 3447-1V Bin
21.02.2006 p.) i3 morpuMaHHsAIM BHMOT Kowmitery
3 OloeTnky XapKiBCHKOTO HAIllOHAIBHOTO YHIBEp-
cutery imeni B.H. Kapasina, y3romxenunx i3 mo-
JIOKEHHAMU «EBPOTENHCHKOi KOHBEHII MPO 3aXHUCT
XpeOeTHUX TBAPHH, SKI BUKOPUCTOBYIOTHCSI B EKCIIe-
PUMEHTAJILHUX Ta IHIIMX HaykoBHX Hisix» (Crpac-
Oypr, 1986). VYci TBapuHuM mepeOyBain B yMOBax
BiBapilo Ha CTAHIAPTHOMY Xap4OBOMY PEXHMi.

st 3A1CHEHHST OCTaTOYHOTO TeMOCTa3y B JIOKI
BHJIAJICHOTO YKOBYHOTO MiXypa 3aCTOCOBYBAIIU OIIH-
CaHi HIDKYE TIPUIIaJIH.

Enexrpoxipypriunnii anapar EXBA-350M / 120b
«Hamis» («MEJIAH», VYkpaina) BHKOPHCTOBYIOTH
Y MOHOIIOJIIPHOMY pekumi pobotu. Yacrora cTpy-
My ckmamgae (440 + 10) kI, MakcuManbHa BHXimHA
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polar coagulation, which is common in laparos-
copic surgery, does not always provide reliable
hemostasis in the gallbladder bed [3, 9-11]. After
electrocoagulation exposure (ECE), the coagu-
lation necrosis is formed, which can be a subst-
rate for the development of infectious complica-
tions, secondary bleeding, bile fistulas [2, 5,
8, 11]. In surgical practice, the use of cryoeffect (CE)
is common, but its results are difficult to predict
due to the heterogeneity of changes that oc-
cur in tissues during and after cooling-warming [1,
71.

A special place among all the methods of phy-
sical dissection and coagulation is occupied
by ultrasound (US), which has a slight thermal
effect, because the tissue dissection is achieved
mainly through cavitation. Under the action of
pressure and ultrasound in tissues the proteins are
fragmented and the blood clots are formed. These
processes occur under the influence of mechanical
oscillations and to a lesser extent due to thermal
effects [4, 9, 11].

Thus, to introduce these physical methods into
surgical practice it is necessary to examine the
ultrastructural changes of tissues in the affected
area and the mechanism of reparative regenera-
tion.

The aim of the research was to study the dynamics
of ultrastructural changes in liver of rabbits by
different hemostatic techniques in the gallbladder
bed after cholecystectomy using monopolar electro-
coagulation, cryoeffect and ultrasonic scalpel.

Materials and methods

Electron microscopic examination was perfor-
med in 84 male chinchilla rabbits weighing 3.0—
3.5 kg. The research was performed in accordance
with the Law of Ukraine ‘On Protection of Ani-
mals Against Cruelty’ (Ne 3447-1V of 21.02.2006)
in compliance with the requirements of the Com-
mittee in Bioethics of V.N. Karazin Kharkiv Na-
tional University, consistent with the provisions
of the ‘European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental
and Other Scientific Purposes’ (Strasbourg, 1986).
All the animals were kept in the Animals House
on a standard diet.

To achieve final hemostasis in the removed
gallbladder bed we used the following devices.

Electrosurgical device EHVA-350M / 120B ‘Na-
diya’ (MEDAN, Ukraine) is used in monopolar
mode. The current frequency makes (440 = 10) kHz,
the maximum output power is 500 Ohms, the no-
minal load in the cutting mode is (220 £ 40) W, in
the monopolar coagulation mode is (100 + 28) W.




notykHicTh — 500 OM, HOMiHAJIbHE HaBaHTAKCHHS
y pexumi pizansas — (220 + 40) BT, y pexumi MOHO-
nossipHOi Koaryssiuii — (100 + 28) Br.
Kpioammikarop KI'-01 KMT («IIporpec Meny,
Pocist) mae miamerp HakoHeYHHMKa 2 MM. Temrepa-
typa (—80,0 = 1,0)°C ma #oro pobouiii moBepxHi
nocsraeTbes nogadero okcuay asory (I) N,O. Tpu-
BaJIicTh Kpionii craHoBHUTH 2—3 xB. TemneparypHuit
KOHTPOJIb 3IHCHIOETHCS 3a JIOIIOMOTOI MiJbKOHC-
TAHTAHOBOI TEpMOIapyW Ha ABTOMATHUYHOMY Camo-
3anucyrodyomy mnoreHmiomerpi AKC-4-003 («Mepa-
tect», Pocis). Temmneparypa B uentpi 3ouu KB
nocsirae —39°C i3 miaMeTpoM 3arajbHOi 30HH JIHOJIO-
yrBOpeHHsl 13—15 mm, Ommkue no mnepudepii Tem-
repaTrypa TKaHMHHU MOCTYIIOBO miaBULLyeThes 10 0°C.
VnerpasBykoBa Xipypriuia ycraHoBka «Harmo-
nic scalpel Ultracision» («Ethicon Endo Surgery»,
CIIA) mpamroe B peKUMax «KOAryisIii» Ta «po3-
CIYEHHS» 3 YaCTOTOI0 KOJIMBAHH POOOYOi YACTHHH
55,5 x[', ammumitymoro pyxy aesa 50—100 MM, Tem-
reparyporo B 30H1 BIuuBy 37—63°C.
3aJIe:KHO BiJ] CIOCOOY BUIAJICHHS YKOBYHOTO MiXYy-
pa i crtocoOy reMocTasy Bci TBApUHH OyJIH PO3IiNeHi
Ha rpynu. Y KpOJHKiB rpynu 1 BUIANIEHHS )KOBYHOTO
MixXypa i reMocTa3 y JIOXKI1 >KOBYHOI'O MiXypa BUKOHY-
BaJM 32 JONOMOIOI MOHOMOJISIPHOI €JIeKTPOKOary-
TSI, y TPyMi 2 TICIs XONEMUCTEKTOMIT HOXHIISIMH
MIPOBOJIMIIA TEMOCTa3 MUISIXOM KpPioreHHOi 00poOKH
JI0Ka YKOBYHOTO MiXypa JIaImapoCKOIIYHUM Kpioarnii-
KaTopoM, y TPy 3 I XOJEIHCTEKTOMIi Ta TeMocC-
Ta3y BUKOPUCTOBYBAJIHU YIbTPAa3BYKOBUH CKajb-
nenb. TBapuH onepyBaiy MmiJ BHYTPIIIHbOBEHHUM
TIOTIEHTAIOBUM Hapko3oM. KOHTpOIIbHY TpyIly CKIia-
71 6 KpOJHKIB 03 ONepaTuBHOTO BTPYYaHHS.
EnekTpoHHO-MIKPOCKOITIIYHE JOCTIKEHHS 3pa3-
Ka TKaHWHH TICYiHKH, SKUH Opaiu Ha MEXi 3 30HOIO
BIUIMBY, BUKOHyBanu Ha 1, 3, 14, 21 i 30-ty mo0y
micyist  omepauii. ®parmMeHTH TediHKH (iKcyBaIH
B 2,5%-My po3umHi mIroTapoBoro ajbierigy («SPI-
Chemy», CIIA) nHa docharHOoMy Oydepi mpoTsrom
4 roguH 1 B 1%-My po3unHi TeTpokcus ocmiro («SPI-
Chemy) mpotsrom 2 rox 3a Temmneparypu 4°C. 3pas-
KM TKaHWHW 3HEBOJHIOBAIM B €TAHOJI 3pOCTAIOuO0l
KOHIICHTpaIii i abcomtoTHOMY areToni. dparmeH-
TH TKaHUHH TPOCOYYBAIM 1 3aJMBad CYMIIIIIIO
eMOKCUIIHMX cMoJl emoH-apaimity («SPI-Chemy).
VYnpTpaToHKi 3pi3H TOTYBAIM Ha YABTPAMIKPOTOMI
«YMTII-6 AT» («Selmi», Ykpaina), KoHTpacTyBaiu
ypaHiJalleTaToM 1 LUTPaTOM CBHHIIO Ta BHBYAJIH
i eneKTpoHHUM MikpockonoM «EOM-100 BP AT»
(«Selmiy) 3a mpuckoprorodoi Harpyru 75 kB.

Pe3yiabTaTn Ta 00roBOpeHHs
VY tBapun rpymu 1 depe3 moOy micis omepartii
Ha MeXIi 3 30HOI0 BIUIUBY B KJIITHHAX TMEYiHKH CITO-

The KG-01 KMT cryoapplicator (Progress-
Med, Russia) has a tip diameter of 2 mm. The
temperature (—80.0 = 1.0) °C on its operating sur-
face is achieved by the supply of nitric oxide (I)
N,O. The duration of cryoeffect is 2-3 minutes.
Temperature was controlled by means of a copper-
constantan thermocouple with automatic self-
recording potentiometer AKS-4-003 (Meratest,
Russia). The temperature in the center of the CE
zone reaches —39°C with the diameter of the
general ice formation zone of 13—15 mm, closer to
the periphery the tissue temperature gradually
rises to 0°C.

The harmonic scalpel (Ultracision, Ethicon
Endo Surgery, USA) provides the modes of
‘coagulation” and ‘dissection’ with an oscilla-
tion frequency of 55.5 kHz, 50-100 pum blade
amplitude, the temperature in the affected area
of 37-63°C.

Depending on the method of the gallbladder
removal and hemostatic technique, all animals
were divided into groups. In rabbits of group 1
the gallbladder removal and hemostatic technique
in the gallbladder bed was performed by mono-
polar electrocoagulation, in group 2 after cho-
lecystectomy with scissors the hemostatic technique
included cryogenic treatment of the gallbladder
bed with a laparoscopic cryoapplicator, in group 3
there was used ultrasound for cholecystectomy
and as a hemostatic technique. Animals were ope-
rated under intravenous thiopental anesthesia.
The control group consisted of 6 rabbits without
surgery.

Liver tissue, sampled on the border with the af-
fected area, was examined with electron micro-
scope on days 1, 3, 14, 21 and 30 after surgery.
Liver fragments were fixed in a 2.5% solution of
glutaraldehyde (SPI-Chem, USA) with a phosphate
buffer for 4 hours and in a 1% solution of os-
mium tetroxide (SPI-Chem) for 2 hours at 4°C.
Tissue samples were dehydrated in increasing
concentration of ethanol and absolute acetone.
Tissue fragments were impregnated and filled
with a mixture of epon-araldite epoxy resins (SPI-
Chem). Ultrathin sections were prepared with an
ultramicrotome ‘UMTP-6 AT’ (Selmi, Ukraine),
contrasted with uranyl acetate and lead citrate
and studied with an electron microscope ‘Com-
puter-100 BR AT’ (Selmi) at an accelerating voltage
of 75 kV.

Results and discussion

In animals of group 1 a day after surgery on
the border with the zone of the effect in liver cells
there were observed ultrastructural changes of
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Puc 1 lepraCprKTypa cbparmeHﬂB FeI'IaTOLl,VITIB KpOJ‘IVIKIB l4epea 1- Luy ,u,o6y nicns EKB y NOXi XOBYHOro Mlxypa A -

HabyxaHHSA MITOXOHAPIV | Ae3opraHisauia kpucTt; B — pisHi Buau nisocom y uutonnaami. N — sapo; n — agepue; M
xoHAapii; EPR — eHgonnasMaTnyHuin petukynym; L — nisocomu.

— MiTO-

Fig. 1. Ultrastructure of fragments of rabbit hepatocytes in by the 1t day after ECE in gallbladder bed: A — mitochondria

swelling and cristae disorganization;
mitochondria; EPR — endoplasmic reticulum; L —

CTepiranucsi ynpTpacTpyKTypHI 3MiHM OpraHels, Xa-
pPaKkTepHi Uil MOYaTKy PO3BUTKY 3amajbHOI peak-
uii. Ilepunykneapuuii mpoctip sizep OyB MOMIpHO
po3mpeHuid. Y LUTOIIIa3Mi BHABISUTUCS HAOPSK-
Ji MITOXOHZpII 3 MaTpUKCOM HHU3BKOI €IEKTPOHHOT
IIUTBHOCTI Ta Jae3opraHizamiero kKpuct (puc.l, A).
I'panynsapuuii eanomnazmarnaauii petuxynym (EIIP)
XapaKTepPHU3yBaBCsl BUPAKCHUM PO3IIUPEHHSAM 1 Ba-
KyOJTi3al[i€0 I[UCTEPH, CIOCTEPIragocs MOPYyIICHHS
LUTICHOCTI OKpeMuX IUISHOK MemOpad. Komruieke
Tonpmki OyB rinmeprpodoBaHuid, y 30HI JIOKasi3a-
1ii SKOrO CIOCTEepIrajiucs JIi30COMU Ta JIMijIHI
kpami (puc. 1, B). XKoBuni kaminsipu i mpoctopu
Hicce Oynu MOMIpHO PO3LIMPEHI Ta MICTHIM TIO-
OIMHOKI HaOpSKIl MIKPOBOPCHHKH. Y IHTOIJIa3Mi
€HJ/IOTEIIONUTIB CHHYCOIIHUX KalIApiB BUSBISIIH-
csi HaOpSKIl MITOXOH/PIi 3 OCEPEAKOBOIO JIECTPYK-
Li€I0 30BHIMIHIX MeMOpaH 1 KpPUCT Ta BaKyoOl-i-
30BaHi nEcTepHu rpanymspHoro EITP.

Ha 3-tio mo6y micms EKB BusHawammcs sk
JECTPYKTHBHI, Tak 1 IUCTpOQiYHI 3MIHH KIITHH
MeYiHKH. Slapa TenaTrolMTiB Maju IPOCBITICHUN
MaTpUKC 1 HEpPIBHOMIPHUHM PO3MOII XPOMAaTHHY.
BusiBnsiivicss miuOoki  iHBariHaiii - sigepHoi MemO-
paHM 1 pPO3LIMPEHHS TEPHHYKIICAPHOTO MPOCTO-
py. O3HakaMu AECTPYKTHBHUX 3MiH MiTOXOHApPiH
Oynu iX 3HayHe HAOpSIKAHHS, 3MEHILEHHS KiJIbKOCTI,
BE3MKYJISILIA KPUCT Ta JI3UC 30BHIIIHIX MeMOpaH.
I'panynspuuit  EIIP xapakTepusyBaBcsi 3HAYHOIO
BaKyoOJi3aIli€cf0 MHCTEPH 1 OCEPEIKOBUM Ji3UCOM
MeMOpaH. KifgbKiCTh TpaHyll TIKOTEHY Y ITUTOILIA3-
Ml TenaToluTiB iCTOTHO 3MeHmmiacs. Komiuiekc
lonb/Ki  TPEACTaBICHO BEIUKMMH — BaKyOJSIMH.
[opsim i3 mNEepBHHHUMHK J1i30COMaMH 3’ sIBIsUIACS
BEJIMKa KUTBbKICTh ayTodarocom. JKoBuHi Kamiisipw
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B — different types of lysosomes in cytoplasm. N — nucleus; n — nucleolus; M —
lysosomes.

organelles, characteristic of the inflammation onset.
The perinuclear space of the nuclei was modera-
tely expanded. Swollen mitochondria with a low
electron density matrix and disorganization of
crystals were found in cytoplasm (Fig. 1A). Gra-
nular endoplasmic reticulum (EPR) was charac-
terized with a pronounced expansion and vacuo-
lation of the tanks, there was a disordered integrity
of individual sections of the membranes. The
Golgi complex was hypertrophied, in the area of
localization of which the lysosomes and lipid drop-
lets were observed (Fig. 1B). The bile capillaries
and spaces of Disse were moderately dilated
and contained single swollen microvilli. Swollen
mitochondria with focal destruction of outer
membranes and cristae as well as vacuolated gra-
nules of granular EPR were found in cytoplasm
of sinusoidal capillary endothelial cells.

On day 3 after ECE, both destructive and
dystrophic changes of liver cells were determined.
The nuclei of hepatocytes had an enlightened mat-
rix and uneven distribution of chromatin. Deep
invaginations of the nuclear membrane and the
perinuclear space expansion were revealed. Signs
of destructive changes in mitochondria were their
significant swelling, decrease in number, vesicle
crystallization and lysis of outer membranes. Gra-
nular EPR was characterized by significant
vacuolation of tanks and focal lysis of membranes.
The number of glycogen granules in cytoplasm
of hepatocytes decreased significantly. The Golgi
complex is represented by large vacuoles. Along
with the primary lysosomes, a large number
of autophagosomes appeared. The bile capil-
laries were dilated and filled with a low electron




Oy pO3IIMPEH] Ta 3alOBHEHI CYOCTAHIIE) HU3b-
KOi eneKTpoHHOi IinbHOCTI. [loOnu3y >KOBYHHX
KanuIsipiB 4acTo CIOCTEpiraiucs BEIHMKI BKIIOYEH-
HS mimigiB. L{imiCHICTh LMTOIJIA3MAaTHYHOI MeMO-
paHM AesKuX remarouuTiB Oyna mopyueHoro. IIpo-
cropu Micce micusamu Oynu 3BY)KeHi, a CHHYCOiTHI
KalJIIpH — PO3MIUPEHi. Y IUTOINIa3Mi €HIOTENi0-
[UTIB 3YCTPIYaNNCA OCEPEIKH ISCTPYKIIi Kapio-
JeMH, MeMOpaH MITOXOHIpiH, a TakoK IHCTEPH
rpanyssipaoro EINTP. Y mpocBiTi KamiyispiB BUSBIIS-
JIUCS CKYITYSHHS KIIITHHHOTO JICTPUTY.

Ha 14-ty noOy y TBapuH rpynu | 3aBepiumiocs
(opMyBaHHSI LIIBHOTO CIIOJYYHOTKAHWHHOTO pyO-
LS B 30HI KOAryJsiifHOTO HEKpO3y. 3MiHHM yIbTpa-
CTPYKTYpH KJIITHH TEYIHKH Ha MEX1 30HH Jii Maln
B OCHOBHOMY maucTpopiuHuil Xapakrep 1 30epira-
mucs mo 21-i mobum. Slmpa TemaTromwTiB MiCTHIH
BEITUKI CKYITYCHHI TETEPOXPOMATHHY, a iX ITUTO-
m1azMa Oyia icToTHO po3pimkeHoro (puc. 2). Opra-
HEJIM [UTOTUIa3MHU KOHIEHTPYBAIUCS MOOIN3Y sipa.
MiToxoH/pii Madu TPOCBITIICHWH MaTpUKC 1 Jie-
3opraHizoBaHi kpuctu. [[is Garathox remnaronuTiB
Oyna xapakTepHa Trimepruiaszisi MemMOpaH TpaHymsp-
goro EIIP. Kommiexc Ionbmki MiCTHB J1i30CO-
MOTO/IOHI TUIBLISA, 3allOBHEHI OCMIO(UIBHOIO CYO-
CTaHLi€r0. 3MiHM YJIBTPACTPYKTYPHU EHIOTETIOH-
TiB CHHYCOIJHMX KaIliJsApiB OylnH aHaJOTIYHUMHU
TAKUM Ha IIONEPEIHbOMY TEPMiHI CIIOCTEPEkEH-
HSL.

Ha 30-ty mo6y micis EKB 3Mian ymeTpacTpyk-
Typud KJIITHH TIEYiHKA B TOCITIDKyBaHIH 30HI Oymu
MIHIMaJIbHHUMU Ta BUPAXKAJIUCS B HE3HAYHOMY PO3-
LIIMPEHHI TEPUHYKIIEApHOTO TPOCTOPY 1 IHCTEPH
EIIP, ne3opranizamii KpUCT JESIKHUX MITOXOH/I-
piit. [lopymens kommiuekcy [oabIki, MIa3MoieMy,
YKOBUHHX 1 CHHYCOIJHUX KaliJIsIpiB HE BUSABJIICHO.

JocnipkeHHst TKAaHUHY TIe4iHKK TBApUH TPYNH 2,
SKHM TeMOCTa3 MpoBoAWiIM 3a pomnomoror KB,
Ha l-my i 3-T0 100y B IUISHIN, SIKa PO3TAIIOBY-
Bajacsl MOpA 13 30HOI0 KPIOHEKPO3y, BUSBMIIO Jie-
CTPYKTHBHI 3MiHM KIiTHH (puc. 3, A), mpore
BOHHU Oy MCHIII BUPaKCHIi, HIXK Y TBApUH Tpymnu 1.
Ha 3-110 100y 3’siBsmucs mepini 03HaKd BHYTPIII-
HBOKIIITHHHOT penapamii. ®opMyBaHHS CIOJIyY-
HOTKQaHHHHOTO PYyOIll 3 TMyXKWM pO3TallyBaHHSIM
BOJIOKOH BiZIOyBaJioCsl BKe Ha 7-My 7100y croctepe-
JKCHHSI.

Ha 14-ty noOy micisi omepaTMBHOTO BTpYYaH-
HSl 3MiHM YABTPACTPYKTYpH KIITHH TEYiHKH Oyiu
MiHIMaIbHUMHU 3 TIEPEBAKaHHSAM IPOLECIB pere-
Hepauii. Slnpa renarouuTiB Majdd THIIOBY CTPYKTY-
py 1 IpiOHO3EpHUCTHII MATPHKC, YaCTO CIIOCTepira-
JIACS BETUKI smepIlst OurssMeMOpaHHOI JTOKami3artii,
o, sK 1 rirmeprurasis muctepH rpanymsapHoro EITP,
CBITYUTH TIPO AaKTHBAIIIIO MPOIECiB OiOCHHTE3Y.

1 . S o i S
Puc. 2. Po3pigxeHHs untonnasmu (*) i NpocBiTneHHa ma-
TpUkCy mitoxoHapiv (M) renatounTiB Ha 14-wy foby nicns
EKB y noxi >xoe4Horo mixypa. N — aapo.

Fig. 2. Loosening of cytoplasm (*) and enlightenment of
mitochondrial matrix (M) of hepatocytes on day 14 after
ECE in gallbladder bed. N — nucleus.

density substance. Large lipid inclusions were
often observed near the bile capillaries. The integ-
rity of cytoplasmic membrane of some hepatocytes
was disordered. Disse spaces were narrowed
somewhere, and sinusoidal capillaries were ex-
panded. In cytoplasm of endotheliocytes there
were the foci of destruction of karyolemma,
mitochondrial membranes, as well as granular
EPR tanks. Accumulations of cell detritus were
found in the lumen of capillaries.

On day 14 in animals of group 1 the formation
of a dense connective tissue scar in the area of
coagulation necrosis completed. Changes in the
ultrastructure of liver cells at the boundary of
the zone of effect were mainly dystrophic in nature
and persisted until the 21% day. The nuclei of hepato-
cytes contained large accumulations of hete-
rochromatin, and their cytoplasm was significantly
loosened (Fig. 2). Cytoplasmic organelles were
concentrated near the nucleus. Mitochondria had
an enlightened matrix and disorganized -cristae.
Many hepatocytes were characterized by hyper-
plasia of the granular EPR membranes. The Golgi
complex contained lysosomal bodies filled with
an osmophilic substance. Changes in the ultrastruc-
ture of sinusoidal capillary endothelial cells
were similar to those in the previous observation
period.

On day 30 after ECE the changes in ultrastruc-
ture of liver cells in the area studied were mi-
nimal and were expressed in a slight expansion
of the perinuclear space and EPR tanks, disorga-
nization of the crystals of some mitochondria.
Disorders of the Golgi complex, plasmolem-
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MitoxoHzpii Gararbox KIITHH INepeOyBajiu B CTaHi
(yHKIIOHANBHOI HANpYyTH: MOMIpHE MPOCBITIIHHS,
YIIUIBHEHHS MAaTpUKCy Ta Je30praHizamisi KpucT
(puc. 3, B). YV dactuni remartonuriB 30epiraiocs
posmmpenas uuctepH EIIP. Tlopymenp i3 Ooxy
KOMITIEKCY [OnbKi, MiIa3MoieMu, KOBYHUX 1 CH-
HYCOIMHHUX KAITIApiB, a TaKOK CHIOTEIIONHUTIB HE
BUSIBIICHO.

Ha 21-my 100y y KpOJuKiB rpymu 2 yIbTpacTpyK-
Typa KIITHHHHX €JEMEHTIB IIEYiHKA TPAKTUIHO
BIJIMIOBI/1aJ1a HOPMI.

VY excliepuMeHTaIbHUX TBapUH TIPymu 3 uepes
o0y micist 3acrocyBanHs Y3B Bijg3nauanucs auc-
Tpo(iuHi 3MiHM OpraHesn KJIITHH NEYiHKH 0e3 03-
HaK BHPaXEHOI AECTPYKILii, B sApax TIeHnaToOLUTIB
MepeBakaB EyXpPOMAaTHH 31 CKyNUEHHSIMHU ApiOHUX
TPYAOYOK TeTepoxXpoMaruHy 1o mnepudepii smpa.
CriocTepiramocsi po3MHUPEHHS MNEPUHYKICAPHOTO
MpoCTOpY. Y TMTOIIa3Mi BHSIBISUTACS HaOPSIKIIi
MITOXOH/IPIT 3 1€30praHi30BaHUMHU KPUCTAMHU.

Hucrepuu rpanynspuoro EIIP mamu Bumian
CJIEKTPOHHO CBITIIMX BakyoJsied i3 napiOHoamcnepc-
HUM BMICTOM, Ha MeMOpaHax SIKHMX pO3TalloBY-
Banucsi pubocomu (puc. 4, A). Y nuroruiazmi 3MeH-
mryBasiacsl Kinbkicte mnoiicoM. Kommexe [oibmoki
MaB BUDJISAJ CKYMYEHHS JOBUIBHO OpPi€EHTOBAHUX
IagKUX MeMOpaH, OTOYCHMX BE3UKYJIaMH pi3-
HUX po3mipiB. JKoBuHi Kamiysipu i mpoctopu Jlic-
ce pO3IHMpeHi Ta 3amoBHEHI HAOPSKIMMH MIiKpO-
BOpCHHKaMHU. BusBIsBcS HAOpSIK IUTOIUTa3MA 1
MITOXOHJIpifi EHIOTENIONUTIB CHHYCOIMHUX Kalli-
qspiB. Lucrepuu rpanyssipaoro EINP posmupeni
Ta MICISIMH BaKyoOJli30BaHi, KUIBKICTh pHOOCOM
3MeHIneHa. CriocTepiranocsi NOpyIeHHs! IUTICHOCTI
NIEPUCUHYCOIJAIbHOI YAaCTUHU LMUTOIUIA3MAaTHYHOI
MEMOpaHU CHJIOTETIOIUTIB.

Ha 3-tio 100y yibpacTpykTypa TIenaToLUTIB
CBiIYMIIa [IPO [TOYATOK PO3BUTKY pElapaTUBHOI pere-
Hepamii KIITHH. Y sapax TenaTroluTiB BUSBISBCS Je-
KOHJICHCOBaHUH XPOMaTHH, PIBHOMIPHO pPO3IOije-
HUH 10 sAApy. Y CTPYKTypi saepHOi MeMOpaHu
ICTOTHHX 3MiH HE BHUSBISUIOCH, ajie TEePUHYyKIeap-
HI IPOCTOpPH OyJIM TOMIPHO PO3IIMpeHi. Marpukc
MITOXOH/IPIfi MaB HU3bKY CJICKTPOHHY IMIIBHICTH 13
YaCTKOBO JIE30praHi30BaHUMU KpHCTaMu. [HOMI 3yc-
Tpiuanucst MiTOXOHAPIT, sIKi AisThes. L{ucrepuu rpa-
nynspaoro EIIP Hesnauno poszmmpeHni. KinbkicTb
BiIbHUX puOOCOM 1 mosicom Oyna 30imbIneHO0. Y
LUTOMJIa3Mi TENaTOLUUTIB BUSIBISUIACS 3HAYHA Kilb-
KicTh IpaHyll DIiKoreHy, Bakyosed mankoro EITP i
nizocoM (puc. 4, B). Kommieke ['obki MaB THIIOBY
OynoBy. Y IIUTOIIa3Mi €HIOTEINIOIHTIB CHHYCOITHIX
KaliJIsIpiB  CIIOCTepiramucs HaOpAKII MITOXOHMIT,
nuctepHu rpanyispaoro EITP 1 MikporiHOIUTO3HI
BE3UKYIIH.
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Puc. 3. YneTpacTpykTypa opraHoigis uutonnasmu renaro-
LMTIB Y NOXi »OBYHOro Mixypa nicnst KB: A — Bakyonisauis
unctepH EPR i HabyxaHHs miToxoHapin (M) Ha 3-Tio foby;
B — miToxoHapii y pisHOMY (PyHKLiOHanNsHOMY CTaHi Yyepes
14 pi6.

Fig. 3. Ultrastructure of hepatocyte cytoplasm organelles
in gallbladder bed after CE: A — vacuolation of EPR tanks
and swelling of mitochondria (M) on the 3™ day; B — mito-
chondria in different functional state after 14 days.

ma, bile and sinusoidal capillaries were not detec-
ted.

Examination of the liver tissue of group 2 ani-
mals, the hemostatic technique for those was
performed using CE, on the 1 and 3" days in the
area located near the cryonecrosis site, revealed
destructive changes in cells (Fig. 3A), but they
were less pronounced than in the animals of
group 1. On day 3 the first signs of intracellular
repair appeared. The formation of a connective tissue
scar with a loose arrangement of fibers occurred
on the 7™ day of observation.

On day 14 after surgery, changes in the ultra-
structure of liver cells were minimal with a
regeneration predominance. The nuclei of hepato-
cytes had a typical structure and fine-grained
matrix, large nucleoli of near-membrane locali-
zation were often observed, which, like hyperplasia
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Puc. 4. YneTpacTpykTypa renatouuTiB y NOXi XXOBYHOroO
mixypa nicna Y3B: A — HabyxaHHs miToxoHapin (M) i Ba-
Kyonisauisa umctepH EPR uepes goby nicnsa onepadii; B —
CKYM4YeHHS Ni30COMOMOAIOHNX CTPYKTYP Y HaBKOMULLHBO-
SA0EepHin 30HI uMTonnasMu Ha 3-Tio oOy nicnga onepadii.
L — nisocomu, N — agpo.

Fig. 4. Ultrastructure of hepatocytes in gallbladder bed
after ultrasound: A — swelling of mitochondria (M) and vacuo-
lation of EPR tanks in a day after surgery; B — accumulation
of lysosomal structures in surrounding nuclear zone of
cytoplasm on the 3™ day after surgery. L — lysosomes, N —
nucleus.

Ha 14-ty noGy ynsrpacTpykTypa KIITHH I1€4iH-
KM BiTHOBHWJAcsS 1 Mama THMIOBY OynoBy. Snpa
rermaTouuTiB OyJau OKpyrioi (opMH 3 PIBHOMIPHO
PO3MOAUICHUM XPOMAaTHHOM 1 YITKO KOHTYpOBa-
HOIO KapioyieMoro. binmplricTh MiITOXOHApIH Mic-
TUJIM MaTPUKC CEPEeIHbOI EIeKTPOHHOI MIUIBHOCTI
3 YITKO BUpaXeHUMH Kpuctamu. Crocrepiramucs
rimeprpodiss 1 rinmepruiasis eJEeMEHTIB TpaHyJsip-
Horo EIIP, sxi BusBisuncs y 3011bLICHH] KiJBKOCTI
LUCTEPH 1 MPUKPIMIICHUX A0 HUX pubocoMm, a Ta-
KOX y po3wmpeHHi kaHaibpliB. Komruiekc ['omnbmki
30epiraB THIOBY JIOKalli3allito, MPOTE 1HOMI I KIIi-
TUHU Oynu TinepTpodoBaHUMHA. Y ITUTOTIA3Mi BHSB-
JISITUCST  CKYITYEHHS TpaHysl TIKOTEHY, JI30Co-
MOTIOMIOHI TiNbILE Ta IMOOAMHOKI JIMIiJHI Kparuii.
JKoBuHi kaminspu micusmu posiiupeni. [Ipocropu
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of granular EPR tanks, indicates the activation
of biosynthesis processes. Mitochondria of many
cells were in a state of functional stress: mode-
rate enlightenment, matrix compaction and di-
sorganization of the cristae (Fig. 3B). In part of
hepatocytes the expansion of EPR tanks remained.
Disorders of the Golgi complex, plasmolemma,
bile and sinusoidal capillaries, as well as endothe-
liocytes were not detected.

On day 21 in rabbits of group 2, the ultrastructure
of liver cell elements was almost normal.

In experimental animals of group 3 a day
after the use of ultrasound there were dystrophic
changes of liver cell organelles without the signs
of severe destruction, in the nuclei of hepato-
cytes there was euchromatin domination with the
clusters of small lumps of heterochromatin on
the periphery of the nucleus. The perinuc-
lear space was expanded. Swollen mitochondria
with disorganized cristac were found in cyto-
plasm.

Granular EPR tanks had the form of electro-
nically light vacuoles with fine content, on the
membranes of which ribosomes were located
(Fig. 4A). In cytoplasm the number of polysomes
decreased. The Golgi complex had the appea-
rance of an accumulation of arbitrarily oriented
smooth membranes surrounded by vesicles of
various sizes. The bile capillaries and spaces
of the Disse are dilated and filled with swollen
microvilli. Cytoplasmic edema and mitochond-
ria of sinusoidal capillary endothelial cells were
detected. Granular EPR tanks are expanded
and vacuolated in places, the number of riboso-
mes is reduced. Disordered integrity of the peri-
sinusoidal part of the cytoplasmic membrane
of endothelial cells was observed.

On day 3, the ultrastructure of hepatocytes in-
dicated the beginning of the development of re-
parative cell regeneration. In the nuclei of hepa-
tocytes was found decondensed chromatin, evenly
distributed throughout the nucleus. There were
no significant changes in nuclear membrane struc-
ture, but the perinuclear spaces were moderately
expanded. The mitochondrial matrix was low
electron density with partially disorganized crys-
tals. Occasionally there are mitochondria that
divide. Granular EPR tanks are slightly expan-
ded. The number of free ribosomes and poly-
somes was increased. In cytoplasm of hepatocytes
there was found a significant number of gly-
cogen granules, vacuoles of smooth EPR and
lysosomes (Fig. 4B). The Golgi complex was
of a typical structure. Swollen mitochondria, gra-
nular EPR tanks, and micropinocytic vesicles
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Puc. 5. HopmanlsaﬁlﬂynTpaCprKTpr reneTTouMTlB yno>|<|
XKOBYHOro Mixypa Ha 21-wy go6y nicng Y3B. M — MiTOXOH-
Apii, EPR — enpgonnasmaTuyHuin peTukynym.

Fig. 5. Normalization of ultrastructure of hepatocytes in
gallbladder bed on day 21 after ultrasound. M — mitochond-
ria, EPR — endoplasmic reticulum.

Hicce Manu HOpManbHy MIMPHUHY 1 OyJaM 3alOBHEHI
3BUTUMH MiKPOBOPCHHKaMH. YIBTPAaCTPYKTypa €H-
JOTENIOUUTIB CHUHYCOIAHMX KamaspiB HaOmmxa-
nacst 10 HOpMH.

Ha 21-my nmoby micns Y3B moBHiCTIO BigHO-
BUJIACSl YIBTPACTPYKTypa BCIX KIITHHHHUX KOMIIO-
HEHTIB NIEYiHKU. YIBTPACTPYKTypa siApa i OpraHoiis
[IATOTUIa3MH TEMATOIUTIB CBIMYMIA TIPO BHCOKY
(hyHKIIOHANBHY aKTUBHICTh KIITHH. Slnpa, 3amoB-
HEHI JICKOH/ICHCOBAaHWM XpPOMAaTHHOM, MICTHIHA 1—
2 Benmukux anaepud. Lucrepuu rpanymspuaoro EITP
pO3TalIOBYBaJIMCS TMOONMM3Y sapa 1 MITOXOHIPIH,
4acTO KOHTakTyBand 3 HUMH (puc. 5). Yucnenni
MITOXOHAPI Majl MaTpUKC CEPEeAHbOI eJIEeKTPOH-
HOI LITBHOCTI Ta YiTKO BUpaxeHi KpucTH. CTpyk-
Typa €HIOTETIOUUTIB CHHYCOIMHUX KaIIsipiB Bif-
TIOBi1aJ1a HOPMi.

TakuMm 4MHOM, Pe3yabTaTH EKCIIEPUMEHTAIBHOTO
JOCITIDKEHHST YIBTPacCTPYKTypHOI OpraHizariii Kii-
trH nedinku micias EKB, KB i Y3B, npoenennx
IiJ] 9ac XOJEUMCTEKTOMIl 3 METOI0 TeéMO- Ta XOJec-
Tazy, CBIIYATh MPO PO3BUTOK pENaparuBHUX MpoIie-
CiB y mapeHximMi B pi3HI TEpMIHH CIOCTEpEKEH-
Hsi. [lepuri o3naku perenepauii TkanuH miciss EKB
cnoctepiranucs Ha 14-ty no0y, miciast KB 1 ¥Y3B —
Ha 3-Ty m00y. YIbTpacTpyKTypHa OpraHizauis Kili-
THH TICUIHKMA BiJHOBIIOBajiacs Ta HaOyBana TH-
nosoi Oynosu micnst KB 1 Y3B panime, Hix micns
EKB, 110 cBigunTh mpo OiibII maaHy iX Aif0.

3acrocyBanHs KB i1 Y3B momepemkae Hekpo3
TKaHWH, TOIIKOKCHHS IPIOHMX KPOBOHOCHHX CY-
IUH 1 KOBYHUX IUIAXIB CHPHSIE MIBUAKOMY (HOpMy-
BaHHIO CIIOJIyYHOTKAHWHHOTO pyOIsl Ta MIHIMI3y€e
PHU3UK PO3BUTKY iHTpa- Ta MicisonepamiiHux yc-
KJIaIHEHb.
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were observed in cytoplasm of sinusoidal capillary
endothelial cells.

On day 14, the ultrastructure of liver cells
was restored and had a typical structure. The
nuclei of hepatocytes were round with a uniformly
distributed chromatin and a clearly contoured ka-
ryolemma. Most mitochondria contained a medium
electron density matrix with distinct crystals.
Hypertrophy and hyperplasia of granular EPR
elements were observed, which were manifested
in an increased number of tanks and ribosomes
attached to them, as well as in the expansion of tu-
bules. The Golgi complex retained its typical
localization, but sometimes these cells were hy-
pertrophied. Accumulations of glycogen granules,
lysosomal bodies and single lipid droplets were
detected in the cytoplasm. The bile capillaries
were somewhere dilated. Disse spaces were of
normal width and were filled with curled micro-
villi. The ultrastructure of endothelial cells of
sinusoidal capillaries approached to the norm.

On day 21 after ultrasound, the ultrastructure
of all cell components of liver completely re-
stored. The ultrastructure of the nucleus and
organelles of cytoplasm of hepatocytes showed
a high functional activity of cells. Nuclei filled
with decondensed chromatin contained 1-2 large
nucleoli. Granular EPR tanks were located near
the nucleus and mitochondria, often in contact
with them (Fig. 5). Numerous mitochondria had
a medium electron density matrix and distinct
cristae. The structure of endothelial cells of sinu-
soidal capillaries was normal.

Thus, the results of an experimental study
of ultrastructural organization of liver cells after
ECE, CE and US, performed during cholecystec-
tomy for achieving the hemo- and cholestasis,
indicate the development of reparative processes
in the parenchyma at different observation terms.
The first signs of tissue regeneration after ECE
were observed on day 14, after CE and US were
found on day 3. The ultrastructural organi-
zation of liver cells was restored and acquired
a typical structure after CE and US earlier than
after ECE, which indicates a more gentle ac-
tion.

The use of CE and ultrasound prevents tissue
necrosis, damage to small blood vessels and
bile ducts, promotes the rapid formation of connec-
tive tissue scar and minimizes the risk of intra-
and post-surgery complications.

The obtained experimental data can be used
to develop new approaches and modern techni-
ques of gentle dissection of liver tissues in lapa-
roscopic surgery.




OTpumaHi eKCIepUMEHTaJbHI JaHi MOXYTb
OyTH BHWIKOPUCTaHI I PO3pOOKA HOBHUX ITiJXOIIB
1 Cy4yacCHHMX TEXHOJIOTIH IIAJAHOTO PO3TUHY TKAHUH
MIEYiHKH B JIAMapOCKOMIUHIN Xipyprii.

BucHoBku

Buxopuctanus Y3B i1 KB mig gac xomenmcrek-
ToMii mopiBHsAHO 3 EKB € HaliMeHII TpaBMaTHYHUM
JUIsl TKAHWHU TIEYiHKH, BUKIIMKA€ HE3HAYHE 3arajieH-
HSl TapeHXIMHU TEYiHKH, CHpPHUSE OUTBII IIBUAKOMY
BiTHOBJICHHIO CTPYKTYPH KJIITHH 1 3aBEPILICHHIO (a3u
pereHepaiiii 3 GopMyBaHHSIM HIXKHOTO CIIOJYYHOTKA-
HUHHOT'O pyOIIs.

Hopwmamnizanist ynbsTpacTpyKTypH KJIITHH II€4iH-
ku micns EKB BigOyBamacst ma 30-Ty moOy, micis
KB — na 21-1y 100y, a micns Y3B — Ha 14-Ty 100y.

Excnepumenmu eukonami 6ionogiono 00 KOMNJIEKCHUX HAy-
KOB0-00CIIOHUX pobim Kkagedpu Xipypeiunux xeopob XapKieco-
K020 Hayionanvhozo ynieepcumemy imeni B.H. Kapasina «Po3-
pobdKa ManoiHEA3UGHUX ONEPAMUBHUX GMPYHAHb Y NiKYEAHHI
X60PUX HA HCOBUHOKAM SIHY X60POOY, 8UPAZKOEY X6OPOOY WLLYH-

Ka 1 08aHadysmunanol Kuwkuy (Homep depicasHoi peecmpayii

0100U005308) ma «Buguenns 0ii ¢izuunux memooie i mop-
Godyuryionanvroeo cmany cyOouH, MKAHUH WAYHKA, MOHKO20
il MOBCMO20 KueyHuKa npu ix oucexyii ma xoaeynayii y Xi-
PYpeii  WIYHKOBO-KUUKOBO2O — MPAKMY»
peecmpayii 0106U001585).

Nlitepatypa

1. Anekcangpos BB, MackuH CC, Uronkuxa J1A, n gp. MNMepcnektu-
Bbl MCMONb30BaHWSA MOKaNbHOro KpuoremocTasa npu Tpasmax
neyeHn n ceneseHkn. KybaHckuii Hay4HbI MeaULMHCKWI BECT-
Huk. 2013; 142(7): 45-51.

2. Actawos BJl, ConoHuosa EH, MyxtapynuHa CB. MNpumeHeHne
BbICOKMX TEXHOMOINA B XUPYprun nevenu. BoeHHo-meamumH-
ckun xypHan. 2013; 334(8): 30—4.

3. BaixapkmHoBa AB. Xupyprudeckme acrnekTbl OCnoxHeHun JIXO
n TXO. MexayHapoaHbIv XXypHan npuknagHbix U dyHaameH-
TanbHbIX nccnegosanuin. 2014; 12(1): 86-9.

4. BaytknH AB, EneeB AA, MenukoBa CI. N3yyeHne acbekTnB-
HOCTK ynbTpassykoBoro ckanenensa «Ultracision Harmonic
Scalpel» B akcnepMMeHTe Ha XMBOTHbIX. MeguunHckniA BecT-
Huk KOra Poccun. 2013; (3): 28-30.

5. bowiko BB, PemHeBa HA, YepHsie HC, u ap. MNatomopdonoru-
Yyeckme 0COBEHHOCTU PE3EKLMOHHOIO Kpasi MevyeHn Henocpea-
CTBEHHO MOCMe MCMNOoMb30BaHUS annapara BbICOKOYaCTOTHOW
3MEeKTPOXUPYPruYeckor CBapKu U MOHOMOSSIPHOTO 3MEeKTPOKoa-
rynatopa. Hosoctu xupyprum. 2015; 23(3): 256-61.

6. MenkoHsH T, Mymnaase PB. cnonb3oBaHue nasepHbIX Tex-
HOMoruk Mpu nanapoCcoKOMMYECKOW XOMNeUUCTIKTOMUN. Anb-
manax WHctutyTta xmpyprun nmenmn A.B. BuwHesckoro. 2015;
10(1): 2-3.

7. Oguwenawsunu ', Ncmannos 9X. Beibop cnocob6oB ocTaHOB-
KW KPOBOTEYEHMS MpU MOBPEXAEHUM MedeHn. AcTpaxaHCKui
MeauUMHCKUIA XypHan. 2012; 7(1): 124-6.

8. MaxneBaHsH BI, KonecHukoB CA. 3nekTpokoarynsiMOHHbI
remocTas, npemmyLecTBa n HegocTaTkn. Hay4Hble BegomMocTu

186

(Homep  Oeporcagnol

Conclusions

The use of ultrasound and CE during cholecys-
tectomy compared to ECE is the least traumatic to
liver tissue, causes minor inflammation of liver
parenchyma, promotes faster recovery of cell
structure and completion of a regeneration phase
with the formation of a delicate connective tissue
scar.

Normalization of the ultrastructure of liver
cells after ECE occurred on the 30" day, after
cryopreservation it was noted on day 21, and on
day 14 after ultrasound.

The experiments were performed in accordance with the
comprehensive research work of the Department of Surgical
Diseases of V.N. Karazin Kharkiv National University ‘De-
velopment of minimally invasive surgical interventions in
treatment of patients with gallstone disease, gastric and duo-
denal ulcers’, State Registration Number (Ne 0100U005308) and
‘Study of effect of physical methods and morphofunctional
condition of blood vessels, gastrointestinal tract coagulation
in surgery of gastrointestinal tract’ (Ne 0106U001585).
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