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Temperature Changes During Cryoeffect Potentiated
With Distilled Water Assessed in Porcine Liver Model
Without Splanchnic Blood Flow

Pedepart: EdhekTMBHICTb NOKanbHOro KpioBNAMBY Ha NATOMOrYHY AiNAHKY TKaHWUHW 3anexuTb Bif 3Ha4YeHb AOCSATHYTOI
TemnepaTypy Ha KOHKPETHIil rmMubuHi. Y AaHOMy AocChifXeHHi npeacTaBneHo pesyrbTaTi NOPIBHANBHOMO aHanidy AvHaMmiku 3MiH
TemnepaTtypu 3a nokasHWKaMy KOMMNEKCY BUMIpIOBarbHOrO iHTpaonepauiiHoro TepmonapHoro vyotupukaHansHoro «KBIT-4» Ha
auckpeTHux rmubuHax 3, 8, 13 ta 18 Mm. Ha ekcnepuMeHTanbHil MoAeni NeYiHKU CBUHI 3a YMOB BiACYTHOCTi CMaHXHi4YHOro
KPOBOTOKY Hamu NpoBeAeHO ABa MOCNiAOBHI LUMKMAM NoKanbHOI Kpiodii 3 nonepedHiM BBeAEHHAM y napeHxiMy nediHkn AUCTUIbO-
BaHOi Boau (OCHOBHa rpyna) Ta 6e3 BBeAeHHsi (KOHTpornbHa rpyna). CepegHsi TemnepaTtypa y TKaHWHI NeYiHku TBapuUH OCHOB-
HOi rpynu Ha rmubuHi 3 MM Big pobo4yoi NoBepxHi kpioannikatopa HanpukiHui 10-i1 XBUNWHW ApPYroro UMKy KpioBnnuBy Gyna Ha
36 rpagyciB HWXKYOM, HiXX Y KOHTpOnbHIN (—85,2 Ta —49,2°C BignoBigHo); Ha rMnbuHI 8 MM — HWx4Yow Ha 52,5 rpagyca (—61,1 Ta
—-8,5°C BignoBigHo); Ha rmunbuHi 13 MM — Hxkyor Ha 51,5 rpagyca (—59,5 ta —3,0°C BignoBiaHO), Ha rMUOWHI 18 MM — HUXYOK Ha
40,4 rpagycu (—40,5 ta —0,1°C BignosigHo). BBeaeHHs ancTunboBaHoi Boau B GionoriyHy TkaHWHy 3a 5 XB 4O noyaTtky rokanbHOro
KpIOBMMMBY MOCUNIOBAro MOro eeKTUBHICTb, NPO O CBIAYMIIO AOCATHEHHS Ginbll HU3bKUX TeMnepaTyp Yy HaWbinbL BigganeHux
Bi poboyoi noBepxHi kpioannikaTtopa AinsiHKax.

KnrouoBi cnoBa: KpiogecTpykuisi, nokanbHUI KPIOBMAMB, NOCUIEHHS KpiodecTpyKuil, AnCTunboBaHa Boga, Tepmonapa.

Pedepat: SPdPpekTMBHOCTL NOKanNbHOrO KPMOBO3AENCTBUS HA MATONOMMYECKUIA y4acTOK TKaHW 3aBUCUT OT 3HAYEHWN Joc-
TUTHYTON TemnepaTypbl Ha KOHKpPeTHoW rnybuHe. B gaHHOM nccrnegoBaHWM NpefcTaBreHbl pesynbraTbl CPaBHUTENbHOTO aHa-
nM3a AMHaMUKV U3MEHEHWUI TeMnepaTypbl Mo nokasaTensiM Kommnnekca n3MepuTenbHOro MHTpaonepaLyioHHOro TEPMOMapHOro YeTbipex-
kaHanbHoro «KBUT-4» Ha guckpeTHbix rmybuHax 3, 8, 13 n 18 mm. Ha akcnepumeHTanbHON MoAenu neyYeHu npu OTCYTCTBUU
CNnaHXHNYEeCKoro KPOBOTOKa HaMu MPOBEeAEHO ABa MNocrnefoBaTesNlbHbIX LKA NokanbHOro KpUMoBO3AenCcTBUS C npeaBapuTenb-
HbIM BBEJEHMEM B MapeHXuMy NneyveHun CBMHbW AWCTUINMPOBAHHON BOAbl (OCHOBHas rpynna) n 6e3 BBefeHWUst (KOHTpONbHast
rpynna). CpefgHsia TemnepaTypa B TKaHW MeYeHU XXMBOTHbIX OCHOBHOWM rpynmbl Ha rrnybuHe 3 MM oT paboyelt NOBEPXHOCTU KpUO-
annnukaTopa B koHue 10-0 MWHYTbI BTOPOro LMKMa KpUOBO3AEWCTBUSI Obina Ha 36 rpagycoB HWxe, YeM B KOHTPOISibHON (—85,2 n
—49,2°C cOOTBETCTBEHHO); Ha rmnybuHe 8 MM — HUxe Ha 52,5 rpagyca (—61,1 n —8,5°C coOTBETCTBEHHO); Ha rnybvHe 13 MM — HuXe Ha
51,5 rpagyca (-59,5 un —3,0°C cooTBeTCTBEHHO), Ha rmnybuHe 18 mm — Huxe Ha 40,4 rpagyca (—40,5 n —0,1°C COOTBETCTBEHHO).
BBegeHve guctunnupoBaHHOM BoAbl B GMONOrMYEckyto TkaHb 3a 5 MUHYT 4O Havana nokanbHOro KpMOBO3AEWCTBUSI YyCUNMBAmNo ero
3 HEKTUBHOCTb, O YeM CBUAETENLCTBOBANO AOCTMXEHUS Gonee HU3KMX TemnepaTyp B Haubonee yganeHHbix oT paboyel noBepx-
HOCTM KpuoannnukaTtopa yvacTkax.

KnioyeBble crnoBa: KpMoAeCcTpyKUMs, NoKanbHOe KPUOBO3AENCTBME, YCUINEHUE KPUOAECTPYKUMM, AUCTUMIMPOBaHHasA BOAA,
Tepmonapa.

Abstract: The efficiency of local cryoeffect on pathological tissue area depends on the values of achieved temperature at a
certain depth. This study presents the results on comparative analysis of the dynamics of temperature changes measured by
intraoperative four-channel thermocouple unit KVIT-4 at discrete depths of 3, 8, 13 and 18 mm. We carried out two successive cycles
of local cryoeffect with preliminary introduction of a distilled water into parenchyma of porcine liver (main group) and without any
additional action (control group) in experimental model of porcine liver without splanchnic blood flow. The average temperature in
animal liver tissue of the main group at a distance of 3 mm deep from the cryoapplicator operating surface was lower by 35 degrees
at the end of the 10" min of cryoeffect of the 2nd cycle if compared with the control (-85.2 and —49.2°C, respectively), at a depth
of 8 mm it was lower by 52.5 degrees (-61.1 and —8.5°C, respectively), at 13 mm this index was lower by 51.5 degrees (-59.5 and
—-3.0°C, respectively), and at 18 mm it was lower by 40.4 degrees (—40.5 and —0.1°C, respectively). An introduction of a distilled water
into biological tissue 5 min prior to the initiation of local cryoeffect increased its effectiveness, as evidenced by the reaching of lower
temperatures in the areas distant from the operating surface of the cryoapplicator.

Key words: cryodestruction, local cryoeffect, enhanced cryodestruction, distilled water, thermocouple.
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Ha nanwit vac ogauM 13 HAHOUTBIIT PO3TOBCIOIKE-
HUX Y XipypriduHiil MpaKTHIIl METOI0M abJsIIil BBaXxa-
€TBCSI KPIOAECTPYKLIsl TKaHWH. Bennkuii BHECOK y Po3-
BHUTOK JIaHOTO METOy 3poouiu Hewpoxipypr 1. Kynep
Ta imxeHep A.JIi [5]. Bonu po3pobuiu nepmmii kpioxi-
PYPriYHMH anapart, X0JI0JJOBUM areHTOM Y sIKoMY OyB
cKparuieHuit a3or [14]. ¥V kpioxipyprii 3anumaeTrses
PSA HEBUPILIEHUX MUTaHb, OHUM 13 SIKUX € PO3pO0Ka
e(eKTHBHOTO METO/Y IMOCHJICHHS JIOKAJILHOTO KPio-
BIUIHBY, IKUH MOXE 3a0€3MEUUTH TTOBHY IECTPYKITIFO
MyXJIMHHUX KJIITHH y 33JJaHOMY 00’ eMi TKaHuH [1].

VY cyuacHiil Kpioxipyprii BUKOPHCTOBYIOTh Hac-
TYITHI METO/IM TOCWIJICHHSI IECTPYKIIii TKAHUH: TIOBTO-
PEHHS [IUKITIB «3aMOPOKyBaHHS-BinTaBaHHM [9]; BBE-
JCHHS B TKaHWHY PO3YMHY €TaM3WiaTy Hatpiio [2];
CTBOPEHHS MONEepPeAHbO] imemii y TKaHuHI (CyaIuHHA
13050 [6], eHIOBacKyIsApHA OKIIO3is CyOuH, SIKi
XKUBJIATH MyxJuHY [ 10]); moeqHaHHS JTIOKAaTBbHOI Kpioil
3 iHIUMU Qi3MYHUMH MeTonaMHu (YIbTPa3BYKOBE
BHIIPOMiHIOBaHHS [4], HAJIBUCOKOYACTOTHE €JIEKTPO-
mardiTHe noje [10, 12]).

Cuij 3a3Ha4MTH, 1[0 HaBEIEHI METOU IIOCHJIEHHS
JIOKQJIBHOTO KPIOBIUIMBY HE 3HAMIIIIIN ITHPOKOTO 3ac-
TOCYBaHHS B KJIIHIYHIHN IPaKTHIIl, 30KpeMa B Xipyprii
pe3eKTa0eNbHOTO paKy IMiANUIYHKOBOI 3aJI03H, KPiM
MTOBTOPEHHS IUKIIIB KpioBIumBY. OHAK II€H CIIOCiO
HE rapaHTye€ MOBHOI AECTPYKUIi MyXJIMHHUX KIITHH Y
3aJlaHOMy 00’ €Mi TKaHWHH [16] Ta 3HAYHO TIOJAOBKYE
TPUBAJICTh omeparii. ¥ 3B’S3Ky 3 MM BaKJIMBUMU €
MOLIYK Ta PO3p0oOKa e()eKTUBHOIO METOLY MTOTEHIIIIO-
BaHHSI JIOKAJILHOTO KPIOBIUIMBY Ha O10JI0T1UHY TKAaHUHY.

Pesynbratn nepmoro [8] Ta apyroro [7] eramis
HAILIOTO EKCIIEPUMEHTAIILHOTO OCIIDKEHHS, SIKE BU-
koHyBajocs B 2016 p. Ha 6a3i [HcTUTY Ty ekcriepuMeH-
TaJBHOI MaTOJIOT i1, OHKOJIOT] 1 pamiobiosmorii im. P.€.Ka-
Benbkoro HAH Ykpainu, 103BOIHIIN IPUITYCTUTH, 1110
BBENICHHS JUCTHIILOBAHOI BOIU B 010JIOTIYHY TKAHHHY,
30KpeMa IyXJINHHY, 32 S XB JI0 TIOYaTKy JIOKATEHOTO KPio-
BILIMBY MOXeE IIOTEHIIIOBATH MPOLIEC KPioJAeCTPYKIILii
3a paxyHOK TiJiparallii KJIiTHH BHACIII0K X 0CMOTHY-
HOro HaOpsKy. i1t miATBEpIKEHHSI HAILIOTO MPHILY-
IIEHHsI He0OX1THO OYII0 ITPOBECTH JOCIIIKEHHS i1 Vitro.

MeTta poOOTH — OLliHKa Ha €KCIIEPUMEHTAIbHIH
MOJIeJIi AMHAMIKH 3MiH TeMIepaTypH Ha AUCKPETHUX
mmbuHax 3, 8, 13 Tta 18 MM mijg 4ac J0KaJbHOTO
KpiOBIUIMBY IIPH TIONIEpETHHOMY BBE/ICHHI B TAPEHXIMY
MEYiHKH JUCTUIIHOBAHOI BOJM 332 YMOB BiJICYTHOCTI
CIUTAHXHIYHOT'O KPOBOTOKY Ta MPOBEJCHHS MOPiB-
HSUTBHOT'O aHAaJI3y OTPUMAaHKX JIaHUX.

Marepianu Ta MeTOIU

ExcnepuMeHTa1bHOI0 MOJEIUTIO Oys10 00paHo me-
YiHKY CBHHI. BuiydeHuil B 1eHb €KCIEPUMEHTY OpraH
CBHHI MiZirpiBamay B TepMocTari 1o temmneparypu 37°C.
JocnimxyBanu ABi TpyNu 3pa3KiB TKAHUHH MTEYIHKH:
koHTponbHa (KI') Ta ocHoBHa (OI'). Cepenust Maca
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Nowadays, the tissue cryodestruction is one of the
most common surgical ablation practices [ 10]. The first
cryosurgical device was based on using liquid nitrogen
as a coolant [1]. Cryosurgery has a number of unre-
solved issues, one of those is the development of an
effective method for strengthening a local cryoexposure,
which could provide a complete destruction of tumor
cells in a particular volume of tissues [7].

Contemporary cryosurgery involves the following
methods of enhancing the tissue destruction: repetition
of freeze-thawing cycles [4]; introduction into the tissue
of' sodium ethamzylate solution [2]; preliminary deve-
lopment of ischemia in a tissue (vascular isolation [ 15],
endovascular occlusion of tumor-feeding vessels [12]);
combination of local cryoexposure with other physical
methods (ultrasound radiation [5], ultrahigh-frequency
electromagnetic field (HF-EMF) [12, 13]).

It should be noted that the methods, enhancing a
local cryoexposure have not been widely used in clinical
practice, in particular in surgery of resectable pancrea-
tic cancer, except repeating the cycles of cryoeffect.
However, this method does not guarantee a complete
destruction of tumor cells in a given tissue [16] and sig-
nificantly extends the duration of surgery. In this regard,
it is important to search and develop an effective method
for potentiating a local cryoexposure on biological tissue.

The results of the first [8] and the second [9] stages
of our experimental study, carried out in 2016 at the
R.E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology of the National Academy
of Sciences of Ukraine, enabled to suggest that an
introduction of distilled water into a biological tissue,
in particular a tumor, 5 min before the initiation of lo-
cal cryoexposure, could potentiate a cryodestruction
due to the hydration of cells, due to their osmotic
oedema. Our assumption needed the confirmation by
an in vitro study.

The research aim was to evaluate the dynamics of
temperature changes in the experimental model at
discrete depths of 3, 8, 13 and 18 mm during local
cryoeffect after the preliminary introduction of dis-
tilled water into hepatic parenchyma without splan-
chnic blood flow and to comparatively analyze the ob-
tained data.

Materials and methods

The porcine liver was chosen as an experimental
model. The organ was isolated at the day of experiment
and warmed up to 37°C in thermostat right before the
procedure. The control (CG) and main (MG) groups
of hepatic tissue samples were studied. An average
organ mass made (1,553 £+ 65.3) g. Hepatic tissue
samples of the CG (n = 3) were exposed to cryoeffect
without additional procedures, 20 ml of distilled water
were injected into hepatic parenchyma samples of
the MG (n = 3). The temperature in hepatic tissue at

349



oprana ckiamana (1553 + 65,3) . 3pa3ku TKaHUHH Tie-
yinku KI' (n = 3) miggaBanu KpioBILIMBY Oe3 101aT-
KOBHX IIPOLIEYP, Y AUTSHKY 3pa3KiB MapeHXiMH EUiHKH
OI" (n=3) BBogmm 20 MJI AUCTHILOBAHOT BOAH. TeM-
neparypy B TKaHUHI IEYiHKK Ha JUCKPETHUX ITUOMHAX
3, 8, 13 Ta 18 MM Bix poboU0i MOBEpXHi Kpioarutika-
TOpa BU3HAYAJIH 32 JOMIOMOTOI0 KOMILJIEKCY BUMIipIO-
BaJIbHOT'O TEPMOITAPHOT0 YOTHPHKaHATBLHOTO «KBIT-4»,
JNOCTIIHUN eK3eMIUISIp SIKOTO OyJio po3poOJeHo Ka-
(benpoto 3aransHOi Xipyprii Nel criinbro 3 TOB HB®
«ITymse» (Kui) [ 13]. HuzpkoTemmeparypHuii JTOKaIb-
HUH KPIOBILIUB 3/11HCHIOBAJIN 3a JOTIOMOTOK0 YHIBEP-
canbHOI Kpioxipypriunoi ycraHoBku «Kpio-ITymbe»
(TOB HB® «ITynbey). 3acTOCOBYBAIIM KpioariikaTop
i3 niameTpoM poOodvoi moBepxHi 20 MM Ta TemImepa-
Typoto —180°C, yac excro3ullii KpiOBIIUBY CKJIATaB
10 xB. TkaHMHHU NEYIHKYU MiAaBaIM KPIOASCTPYKIIT 3
MOABIHHNM LIUKJIOM Ta MOJaJIbIINM CHIOHTaHHUM BiJITa-
BaHHAM miciast 10-01 XBUIMHU KPiOBIUIMBY KOXHOT'O
LUKy 3aMOPOXYBaHHS SIK i3 KPiOMOTEHLIIOBaHHIM
PO34YMHOM JUCTHIIBOBAHOT BOJIH, TAK 13a HOTO BiICYT-
HOCTI.

Jo kpioarutikaropa (C) HIUIbHO 3aKPIILTFOBAIM TPH-
Mmau tepmornap (B) «kKBIT-4» (D) (puc. 1). Kpio3onn
(ikcyBasy B MITATHBI TAKUM YHHOM, 11100 YCi TepMO-
mapu (3, 8, 13, 18 mm) xommutekcy «KBIT-4» Oymu
BBeJIeHi i KyToM 90° (110 BiIHOIIEHHIO /10 IIOBEPXHI
[micoHoBOI Kamcynn) B mpaBy JaTepalbHy YacTKy
neuinku cBuHi (A). Koxxna tepmomnapa peectpyBaia
TeMIeparypy Ha BiANOBiAHIA TUCKPETHIN TIMOWHI:
T1 -3 mm, T2 — 8 MM, T3 — 13 mm, T4 — 18 mMm. 3a-
Oe3nevyBai IIIbHUNA KOHTAKT poO040i HOBEPXHI Kpio-
aruTikaTropa 3 IOBepXHEIo eviHKu. Bucora yacTku me-
YiHKW B MPOEKIII BBEJACHHS TepMOIIap CKiiajana He
MmeHine 3,0 cMm. ExcriepuMeHT MOBTOpIOBAIM TPHYI.
[Iporiec TepMOMETPIi il Yac JIOKaJIbHOTO KPIOBILIUBY
MpeCcTaBiIeHo Ha puc. 1.

VY AKOCTI IUCTUIBLOBAHOT BOJIM 3aCTOCOBYBAJIH CTE-
puibHy «Bony Juis iH’€KIii», sIKa BUTOTOBIISIETHCS
nuIsTxoM 000B’si3k0Boi nucTmwisii [Ip AT «Dapmarie-
tuuHa ¢pipma «lapauus» (M. Kuis, Ykpaina) Ta BHe-
cena 10 [epxaBnoi papmakonei Ykpainu [3].

Juist cratuctuaHoi 00POOKH TaHUX BUKOPHUCTOBY-
BaJIM rporpamue 3ade3neuenns «IBM SPSS Statistics
22» (CIIA) ta metog ANOVA. Pesynbraru peectpa-
uii Temmeparyp y KI' ta OI' 3a nokasHHKaMu TepMo-
nap T1, T2, T3 ta T4 xommuiekcy «KBIT-4» mpencras-
JISUT Y BUDIISIZI CePEIHBOTO 3HaYeHHS (M) Ta OXUOKU
CepEeIHBOTO 3HAYCHHS (711).

Jiist IOpIBHSIHHS CEPEe/IHIX MOKA3HUKIB TeMIiepa-
Typ y 3pa3kax Tkanuuu rnevinku B KI' ta O pizHuio
BBa)KaJIM CTAaTUCTUYHO 3HAUYy1010 Ipu p < 0,05.

Pe3syabTatu Ta 00roBOpeHHH
Ha ocHOBi oTprMaHKUX TeMIepaTypHUX JaHUX IO~
OynoBaHo rpadiku 3MiH TeMIepaTyp Ha AUCKPETHUX
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Puc. 1. MNpouec TepmomeTpii Ha ANCKpeTHUX rMmnbrHax y
TKaHWHI NeYiHKX CBUHI Nig Yac kpiogecTpykuii: A — neviHka
cBuHi; B — Tpumau tepmonap; C — kpioannikaTtop; D —
€reKTPoHHi TepmomeTpun komnnekcy «KBIT-4».

Fig. 1. Design of thermometry at discrete depths in porcine
hepatic tissue during cryodestruction: A — porcine liver;
B — thermocouple holder; C — cryoapplicator; D — electronic
thermometers of the KVIT-4 unit.

discrete depths of 3, 8, 13 and 18 mm from the operating
surface of cryoapplicator was determined using intra-
operative four-channel thermocouple KVIT-4, develo-
ped by the Department of General Surgery Nel mutual-
ly with the Pulse Research and Production Company
(Kyiv) [3]. Local cryoeffect was performed using
the cryosurgical unit Cryo-Pulse (Pulse, Kyiv). The
cryoapplicator had a working surface of 20 mm and a
temperature of —180°C, the time of cryoexposure was
10 min. The hepatic tissues were exposed to a double
cycle of cryodestruction and the following spon-
taneous thawing after the 10™ min of cryoexposure for
each freezing cycle, both with the cryopotentiation
by a solution of distilled water and without the pro-
cedure.

The holder of thermocouples (B) (Fig. 1) of device
(D) was tightly fixed to the cryoapplicator (C). The
cryoprobe was fixed in a tripod so that all the
thermocouples (3, 8, 13, 18 mm) of the KVIT-4 unit
were introduced at an angle of 90° (to the surface of
the Glisson’s capsule) into the right lateral lobe of
porcine liver (A). Each thermocouple recorded the
temperature at an appropriate discrete depth: T1 —
3 mm, T2 -8 mm, T3 — 13 mm, T4 — 18 mm. Tight con-
tact of cryoapplicator working area with liver surface
was provided. The height of liver part in the projection
of thermocouples introduction was more than 3.0 cm.
The experiment was repeated three times. The ther-
mometry design during local cryoexposure is presen-
ted in Fig. 1.
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Puc. 2. 3miHn TemnepaTtyp 3a nokasHukamu tepmonap T1(A), T2(B), T3(C), T4(D) Big pob6o4oi noBepxHi kpioannikatopa
B neuviHui cBuHi: O, A — KpyBi 3HWXKEHHS TeMnepaTyp 6e3 KpioNoTEeHLit0OBaHHS NpY NEPLLOMY Ta APYroMy LyKIax KpioBnimey
BignosiaHo; A, ll — KpuBi 3HWXKEHHS TemnepaTyp i3 KPioONOTEHLilOBaHHSIM AMCTUIIEOBAHOK BOZAO Mif Yac nepLuoro Ta
Opyroro Uu1knis KpioBnnuMBYy BigNoBigHO.

Fig. 2. Temperature changes according to thermocouples indices T1(A), T2(B), T3(C), T4(D): O, A — curves of temperature
decrease without cryopotentiation during the 15t and the 2™ cycles of cryoexposure, respectively; A, ll — curves of tem-
perature decrease with cryopotentiation by distilled water during the 1t and the 2" cycles of cryoexposure, respectively.

mbunax 3, 8, 13 ta 18 mm y KI' ta OI" mpoTsirom
MEPUIOTO Ta APYTOro IUKIIiB KPiOBILIUBY (pHC. 2).

[opiBHSAHHS cepenHiX 3HAYEHb TEMIIEparyp, OTpH-
MaHHX 32 MOKa3HUKaMu mnepuroi Tepmomnapu B KI™ Ta
Ol Ha mMOKHI 3 MM IIPOTATOM HEPILOTO LHUKITY Kpio-
BILTUBY, ITOKa3ajo, mo y OI'i3 1-i Ta go 10-i xBuimHN
BKJIIOYHO TOKAa3HUKH TEMIlepaTyp Oynu 3HauyIie
menmumu, HiK y KI' (p < 0,001). Hanpuxinmi 1-i
XBHWJIMHH JIPYTOTO IIUKITY KPIOBIUIMBY JIOCATHYTA TEM-
neparypa B KI" Oyia cTaTHCTHYHO 3HAYyIIE HIKIOIO,
Hix B Ol (p <0,001). Ha puc. 2 BinMiueHO nepexpect
KpuBHUX 2 Ta 4 Mix 1- Ta 2-10 XBHJIMHAMH KP1OBILTUBY.
[Ticns mepexpecty kpuBux B Ol mocATHYyTO 3HaUyIIIE
HWOKY1 MOKa3HUKHU Temneparyp 3 2- ta go 10-i xBu-
JIMHY KP1OBIUIMBY BKIIOYHO (p <0,001).
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As a distilled water, we used commercial sterile
Water for Injections, which is produced by mandato-
ry distillation by the Darnitsa Pharmaceutical Plant
(Kyiv, Ukraine) and is listed in the State Pharmaco-
poeia of Ukraine [14].

The data were statistically processed using IBM
SPSS Statistics 22 (USA) software and ANOVA. The
results of temperature recording in the CG and MG ac-
cording to the parameters of thermocouples T1, T2,
T3 and T4 of the KVIT-4 unit were presented as the
mean value (M) and mean error (m).

To compare the mean values of temperatures in
the specimens of hepatic tissue in the CG and MG, the
difference was considered as statistically significant
at p <0.05.
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CepenHi 3HaYeHHS TEMIIEpaTyp 3a MOKa3HUKaMHU
T2 B 000x rpynax Ha MUOWHI § MM TIPOTSTOM TIep-
LIOTO LMKITY KPIOBIUIMBY MaJIM HACTYTIHI BiAMIHHOCTI:
HanpuKiHOi 1-1 XBWIMHU KPIOBIIUBY TeMIepaTypa
B KI" Oyna 3nauyme Buma, Hixk B OI (p = 0,04); Ha-
NPUKiHLI 2-1 XBUJIMHU KPiOBIJIMBY 3HAUYIIOi pi3-
HUILI MK TeMIIepaTypamMu B 000X rpynax He BUSBJICHO
(»p = 0,511); nanpukinui 3-1 XBUIMHH KPIOBIUIUBY 3Ha-
YyII01 pi3HUII MK OTpUMaHUMHU Temriepatypamu B KI'
ta OI' He Bctanorieno (p = 0,866); Hanpukinmi 4-1
XBWJIMHA KPIOBIUIMBY 3HAYYI[01 Pi3HUI MIX OTpH-
MaHHMMH TEMIIEPAaTypaMu B 000X IpyIax He BUSBICHO
(»p =0,479). B OI' 6yno goCATHYTO HUXYi ITOKA3HU-
KH TeMrieparyp 3 5- ta 10 10-1 XBUIHHH KPiOBIUTHBY
BKJTIOUHO (p < 0,001).

AHati3 cepeHiX TeMIeparypHHUX 3HaueHb 3a IO0-
ka3Hukamu T2 (Ha mMOMHI 8§ MM) IPOTATOM APYTOTO
LUKy KpIOBIUTUBY IMoKa3as, mo B Ol 3 1- ta mo 10-i
XBUJIMHH BKJTIOYHO TIOKa3HUKH TEMITEPATYPH Oy 1 HIDKUI,
Hix y KI' (p=0,003 ms 1-1 XBUITUHH KPiOBIUIMBY Ta
p <0,001 mist TemmiepaTyp y Aiana3zoHi 4acy Ipyroro
LUKITY KPIOBILTUBY 3 2- 110 10-1 XBHJTMHY BKJTIOYHO).

B OI" nmpotsarom nepioro UKy KpioBILUTUBY 3HA-
YEeHHsI CepeHbOI TEMIIEpaTypH 3a oKa3HUKaMu 13,
SKy BCTAHOBJIEHO Ha TUOWHI 13 MM, MOYMHAIOUH 3
1-iTa 1o 10-1 XBUITMHM BKITIOUHO Oyru HYoKdi, HDK y KT
(p=0,004 nns 1-1 xBunMHYM KpioBIMBY; p = 0,005 mys
2-i xBunuHM KpioBIumBy; p = 0,003 s 3-01 xBUIMHA
KpIOBILIMBY; AJIsl TEMIIEpaTyp y Aiana3oHi yacy mep-
LIOTO LUKITY KpioBIUMBY 3 4-1 1o 10-Ty XBUIMHY BKIIIOY-
HO p <0,001).

[1ix yac nOpiBHAHHS OTPUMAHHUX CEPEIHIX 3HAYCHD
temneparyp y KI' ra OI' 3a nokaznukamu T3 Ha miu-
6uHi 13 MM TPOTITOM APYTOro IUKIY KPIOBIUIUBY
Oyrmo BusiBJIeHO, 110 B OI, mounHarouu 3 1- Ta mo 10-1
XBWJIMHHU BKITIOYHO, TEMIIEPATYPH OyII HIDKY1, HIXK Y
KT (p <0,001).

AmHani3 cepennix 3HadeHs Temmeparyp y KI' ta O
3a mokasHukamu T4 Ha IMOuHI 18 MM IIPOTSIroM Iiep-
LIOT0 LMKITY KPiOBIUIMBY BUsIBHB, 110 B Ol 3 1-01 1o
3-TI0 XBUJIMHY Ta 3 6-1 110 10-Ty XBUJIMHY KPiOBIUIUBY
BKJIIOYHO JIOCSITAIOThCS TEMIEpaTypu HIDKYI, HIXK Y
KT (ans 1-i xBunwan p = 0,044; nns 2-1 XBUIMHA
p=0,003; nns 3-1 xBunuuu p = 0,037; 3 6-1 no 10-Ty
xBuiuHY p < 0,001). 3Hauymoi pi3HULI HOKA3HUKIB
cepennix Temmepatyp Mixk KI' Ta Ol Tinbku Hamnpu-
KiHII 4- Ta 5-1 XBUJIUH KPIOBIUIMBY TEPIIOTO IIHKITY
He Oyno BusBieHo (g 4-i xsunuau p = 0,15); ans
5-i xBunmnu p = 0,062).

Cepenni TemrepatypHu, 1o OyJIu 3apeecTpoBaHi 3a
nmokasuukaMu T4, BcraHoBiaeHol Ha THOMHI 18 MM
Big poOoYoi MOBepxHiI KpioaruiikaTopa, IpOTAroM
JIPYTOro MUKy KpioBIUIUBY 3 1- mo 10-i XxBUIuHU
BkJt0uHO B OI” Oynu Hrokui nopiBasiHo 3 KI' (p <0,001).
Cuiz 3BepHYTH yBary Ha JpyTry KpUBY TWHAMIKH 3HU-
KEeHHsI TemnepaTyp: npotsaroM 10-i XBUIMHHE Kpio-
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Results and discussion

On the basis of the obtained temperature data we
plotted the curves of temperature changes at discrete
depths of 3, 8, 13 and 18 mm in CG and MG during the
first and second cycles of cryoexposure (Fig. 2).

The comparison of the temperature mean values
obtained with the 1* thermocouple in the CG and MG
at a depth of 3 mm during the 1% cycle of cryoexposure
showed that in the MG from the Ist to the 10" min
inclusively the temperature indices were significantly
lower than in the CG (p <0.001). At the end of the 1% min
of the 2™ cycle of cryoexposure, the achieved tempe-
rature in the CG was significantly lower than in the
MG (p <0.001). In Fig. 2, an intersection of the cur-
ves 2 and 4 between the 1* and the 2™ min of cryoex-
posure was noted. After crossing the curves the signifi-
cantly lower temperature indices from the 2™ to the
10" min of cryoexposure inclusively were achieved in
the MG (p < 0.001).

The temperature mean values by the T2 in both
groups at a depth of 8 mm during the 1* cycle of cryo-
exposure had the following differences: at the end of
the 1% min of cryoexposure the temperature in the CG
was significantly higher than in the MG (p = 0.04); at
the end of the 2" min no significant difference bet-
ween the temperatures in both groups was revealed
(p = 0.511); at the end of the 3™ min, no significant
difference between the obtained temperatures in the
CG and the MG was found (p = 0.866); at the end of
the 4™ min, no significant difference between the
obtained temperatures in both groups was observed
(p = 0.479). In the MG the lower temperatures were
achieved from the 5" to the 10" min of cryoexposure
inclusively (p <0.001).

The analysis of mean temperature values by the
T2 (at 8 mm depth) during the 2™ cycle of cryoexpo-
sure showed that in the MG from the 1* to the 10" min
inclusively, the temperature indices were lower than
in the CG (p = 0.003 for the 1 min of cryoexposure
and p < 0.001 for the temperatures of the 2™ cycle
of cryoexposure within the range from the 2™ to the
10" min inclusively).

In the MG during the 1% cycle of cryoexposure
the mean temperature values by the T3 which were
established at a depth of 13 mm, from the 1** and up to
the 10™ min inclusively, were lower than in the CG
(p =0.004 for the 1°*'min of cryoexposure; p=0.005 for
the 2" min; p =0.003 for the 3 min; for the tempera-
tures of the 1% cycle of cryoexposure within the range
of the time from the 4" to the 10" minute inclusively
p<0.001).

When comparing the obtained temperature mean
values in the CG and the MG by the T3 at a depth of
13 mm during the 2" cycle of cryoeffect, it was found
that in the MG, from the 1 to the 10™ min inclusively,
the temperatures were lower than in the CG (p <0.001).
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BILIUBY JIPyTOTO NUKITy 0€3 KpiONMOTEHIIFOBaHHS TEM-
neparypa He Jocsiraia 3HadeHb, Hik4anx 3a —0,1°C
(puc. 2, C).

[1ix yac aHanizy OTpUMaHUX PE3YIIBTATIB BAsKIMBO
OyJ10 BUSIBUTH 3HAYYILy Pi3HUILIIO OKa3HUKIB CepeaHiX
TeMIIepaTyp, 3adikcoBaHux Hanpukini 10-1 XBuimHA
apyroro nukiny kpiosmimsy, Mix KI' ta OI.

[lo BigHOLIEHHIO 10 MOYaTKOBOTO 3HAYECHHSI TEMIIE-
parypu TKaHuHU nedinky cBuHi (37°C) Oyiio BCTaHOB-
neHo, mo B OI" Ha mmbuHi 3 MM Big pob040i moBepxHi
Kpioarutikaropa Harmpukiaii 10-1 XBIIMHU APyTroro
[UKITY KPIOBILTUBY CEepEHs TeMIiepaTypa Oyia H1xK-
4yoro Ha 36 rpaaycis, Hix y KI, Ha mmOuni 8§ MM —
HIDKYOI0 Ha 52,5 rpatyca, Ha mronH1 13 MM — HIHKYIORO
Ha 51,5 rpanyca, Hix y KI' Ta Ha mmbuni 18 mm —
Hux4oro Ha 40,4 rpanycu.

Taxum yuHOM OYJ10 BCTaHOBIIEHO, 1110 B OT, 1€ 3a
5 XB J10 OYATKY JIOKAJILHOTO KPiOBIUIMBY B ApEHXIMY
MEYiHKU CBHHI BBOAWIM AUCTHIBLOBAHY BOAY, HAPH-
ki 10-1 XBUJIMHM NIEPIIOro Ta IPYroro HUKIIiB Kpio-
BIUTUBY Ha BCIX TUCKpeTHHX TmmbuHax (3, 8, 13 Ta
18 MM) OTpHIMaHO 3HAYYIIE HIDKY1 CepeiHi 3HAYCHHS
temneparyp, Hix y KI' (p < 0,001).

OCKiTpKH MINIEHHIO MiJ 9ac KPioJecTpyKIii €
BOJ1a, TO HAHOUTHIIIOMY XOJIOJIOBOMY TTOIITKOIKEHHIO ITi/I-
JIAFOTHCS TKAHWHU 31 3Ha4HKUM i1 BMicToM. B.B. lad-
pasoB [11] Buzinse Tpu yMOBHi TUITM BOAH, sIKa Mic-
TUTHCA B TKAHUHAX, 1110 M1 IAAI0THCS KP1OJAECTPYKIIi:
1) BitbHA BOJ1a (TI€PETBOPIOETHCS B JIi I [P TEMIIEpaTypi
Bix 0 mo —15°C); 2) 3B’s3aHa BojJia ABOX THIIIB: CJ1a0-
KO 3B’s13aHa BoJia (IIEPETBOPIOETHCS B JIiJ1 y Aiana3oHi
MiHycoBHX TeMnepatyp Bix—15°C), miabHo 3B’s13aHa
(me3amep3atoua) Boga (J1iJ1 HE YTBOPIOETHCS, HABITH
pu —200°C).

Came BMICT BUIBHOI Ta CJIAOKO 3B’S13aHOT BOIH B
TKaHWHI BU3HAYAE 11 TOJIEPAHTHICTH 10 KP1OTOIIKOI-
YKEeHHsI. MexaHi3M NOCHIICHHS JIOKaJIbHOTO KPIOBILIHBY
Ha 010JIOTTYHY TKAaHUHY ITUISTXOM TIOTIEPETHBOTO BBEIE-
HHS1 B HET IMCTUIIHOBAHOT BOJIM 00YMOBIICHHUH (i3HUKO-
XIMIYHUMU BJIACTUBOCTSIMH BOJIU. J{MCTHIILOBAaHA BOJA
€ TINOTOHIYHUM PO3YMHOM IO BiJHOIIEHHIO 0 -
TOIUIA3MH KJIITHH, TOMY 11 BBEJIEHHS B JIUISTHKY TKa-
HUHH, sSIKa MiJIA€THCS JIOKAJILHOMY KPiOBIUIUBY, 3a
paxyHOK ocMocy Ta qudy3ii cipuuuHs€e pyX BOAU B
HanpsMKY IHTPALEIIOJIIPHOTO BMICTY, 1, SIK HACIIJIOK,
BUKJIMKAE T1paTallifo KJIITHH. [HTpatestoispHi Kpuc-
TaJIN JIbOJLY, 1110 YTBOPIOIOTHCS B KIIITHHAX 01010TT9HOT
TKaHWHHU II1JI 9ac 3aMOPOKYBaHHS, MPOJIOBXKYIOThH
3pOCTaTH B MEPioj CIIOHTAHHOTO BiATaBaHHS ITUKITY
Kpiogikcallii 3a paxyHOK IPOIECy «PEKPUCTAITI3aIIiD».
BinbHa iHTpanemospHa BojJa IiJ 4ac JOKAILHOTO
KPIOBILIMBY CTA€ TOAATKOBUM JKEPEJIOM YTBOPCHHS
KPHCTAIIB JIbOAY, SIKi HEOOOPOTHO MOUIKOKYIOTh
MeMOpany, ipo, opraHeny KiitTuau [ 15]. A cama rij-
paraitist 610JI0Ti9HOT TKAHIHH, B TOMY YHCITi Ty XJIMHHOT,
MIPU3BOIUTH JI0 OiNBIIT ITHOOKOTO 3MIIIEHHS 130TepM
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The analysis of temperature mean values in the
CG and the MG by T4 indices at a depth of 18 mm
during the 1% cycle of cryoexposure revealed that in
the MG from the 1* to the 3™ min and from the 6™ to
10™ min of cryoexposure inclusively the temperatures
were lower than in the CG (p = 0.044 for the 1% min;
p =0.003 for the 2™ min; p = 0.037 for the 3™ min;
p <0.001 from the 6™ to the 10" min). No significant
difference of temperature mean values between the
CG and the MG was revealed only before the end
of the 4™ and 5" min of the 1* cycle of cryoexposure
p = 0.15 for the 4™ min); for the 5% min p = 0.062).

The average temperatures recorded by the T4 indi-
ces, established at a depth of 18 mm from the opera-
ting surface of the cryoapplicator, during the 2™ cycle
of cryoexposure from the 1% to the 10" min inclusi-
vely in the MG were lower if compared with the CG
(p <0.001). The attention should be paid to the 2
curve of dynamics of temperature decrease. During
the 10" min of cryoeffect of the 2™ cycle without
cryopotentiation the temperature did not approach the
values below —0.1°C (Fig. 2C).

When analyzing the obtained results, it was im-
portant to reveal a significant difference of the mean
temperature indices recorded at the end of the 10" min
of the 2" cycle of cryoexposure, between the CG and
the MG.

Comparing to the initial values of the temperature
of porcine hepatic tissue (37°C), it was found that in
the MG at a depth of 3 mm from the working sur-
face of the cryoapplicator at the end of the 10" min of
the 2™ cycle of cryoexposure, the average tempera-
ture was lower by 36 degrees than in the CG, at a
depth of 8 mm it was below by 52.5 degrees, at a depth
of 13 mm the difference was 51.5 degree and at a
depth of 18 mm this made 40.4 degrees.

Thus, it was found that in the MG, where 5 min
prior to a local cryoexposure, the distilled water was
introduced into porcine liver parenchyma, at the
end of the 10" min of the 1% and the 2™ cycles of
cryoexposure at all the discrete depths (3, 8, 13 and
18 mm) the significantly lower average values of tem-
peratures were obtained if compared with the CG
(p <0.001).

During cryodestruction the tissues with significant
water content are exposed to the strongest damage.
V.V. Shafranov [11] distinguished three conditional
types of water, composing the tissues exposed to cryo-
destruction: 1) free water (frozen at the temperature
from 0 to —15°C); 2) bound water of two types: weakly
bound water (frozen within the range of temperatures
down to —15°C), tightly bound (non-freezing) water
(ice is not formed even at —200°C).

The content of free and weakly bound water in
the tissue determines its resistance to a low tempera-
ture damage. The mechanism of enhancing the local
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KPUTHYHOI TEMIIEPATYPH KPIOTIOITKOYKCHHS 32 paxy-
HOK 301TbIIIEHHSI XOJIOIOITPOBIAHOCTI.

[ToTpeOyroThcsi TOJANBIIN TOCTIIKEHHS BIUIHBY
JICTUIIBOBAHOI BOJIH, BBEJICHOT B 010JIOTIYHY TKAHUHY
Tiepe/1 IOYaTKOM IPOBEICHHS JIOKAJIBbHOTO KPiOBILIHBY,
30KpeMa Ha €KCIEPUMEHTAIbHUX MOJETSAX MEpPEeBU-
TUX COJIITHUX MyXJHH in vivo. Ili yac IoKanpbHOTO
KPIOBILIMBY 3QJIUIIAETHCS HE BABYUCHUM XapaKTEP TEM-
nepaTypHuX Ta MOP(OJIOTIYHIX 3MiH Y COITHIHN 3710-
AKICHIN Iy XJIMHI Ha IUCKPETHUX NINOMHAX TP TTOTIe-
peaHboMY ii BBEJICHHI B TKAHUHY JUCTHIIHOBAHOI BOJIH.

BucHoBku

BBenenns B 610J0Ti14HY TKaHWHY AMCTUIHLOBAHOI
BOIM 32 5 XB JI0 MOYATKY JIOKQJIBHOTO KPiOBILUIMBY 3a
YMOB BiICYyTHOCTI CINTAHXHIYHOT'O KPOBOTOKY YHHUTb
MOTEHLIIOI0YHH e(EeKT, SKUH MPOSIBISETHCS B OCST-
HEHHI O1JIbII HU3bKUX TEMIIEpaTyp Y HalO1IbII Biga-
JICHUX BiJ poO0YO01 MOBEPXHI KpioarsiikaTopa IUIsTHKaX.

Ioosiky sucnosnioemo akademixy HAH Yrpainu B.®. Yexyny
ma aominicmpayii [ncmumymy ekcnepumeHmanbHoi namonoeii,
onkonoeii i padiobionoeii im. P.€. Kaseyvroeo HAH Yxpainu 3a
HAOAHHA MOJNCIUBOCT NPOBEOEHHS eKCNEPUMEHMANbHOT YACTHUHU
docnioxcenns na 6azi Incmumymy.
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cryoeffect on a biological tissue by a preliminary intro-
duction of distilled water into it is associated with the
physical-chemical properties of water. Distilled water
is a hypotonic solution in relation to the cell cytoplasm,
therefore, its introduction into the tissue area, exposed
to local cryoexposure, leads to the movement of water
into the cells due to osmosis and diffusion, and as a
result causes the cell hydration. The intracellular crystals
of ice formed in the cells of biological tissue during
freezing continue their growth during a spontaneous
thawing due to the re-crystallization. Free intracellular
water during a local cryoexposure becomes an additional
source for the formation of ice crystals, which irrever-
sibly damage the cell membrane, nucleus, and organel-
les [6]. The hydration of biological tissue per se, in
particular tumor, leads to a deeper shift of isoterms of
critical temperature of cryodamage due to the increase
of'a cold conductivity.

There is a need in future investigations of the effects
of'a distilled water introduced into biological tissue prior
to a local cryoexposure, including in vivo experimental
models of solid tumors. The nature of temperature and
morphological changes in a solid malignant tumor du-
ring local cryoexposure at discrete depths with the pre-
liminary introduction of distilled water into its tissue
remains to be studied.

Conclusions

Introduction of distilled water to biological tissue
5 min prior to an initiation of local cryoexposure without
splanchnic blood flow had a potentiating effect, mani-
festing in development of lower temperatures in the
zones being distant from the cryoapplicator operating
surface.
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