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PE3IOME

Axtyansnictb. Ha cyyacHoMy erami po3BHUTKY OHKOJIOTII KPiOXipypri4HUi
METOJ| JIKyBaHHS 3aliMae MilHI MO3WMIl MOps 3 IHIIUMH XipypriYHUMH
croco0aMu JIiKyBaHHS 370sIKICHUX My XJuH. [Iporte, ocoGmuBo npu 3acTocyBaH-
Hi KpioarutiKaliifHOro MeToay, paavKajibHa HU3bKOTEMIIEpaTypHa NEeCTPYKIis
MYyXJIUH BEJIMKOTO PO3MIpy CTHUKAa€ThCS 3 TIPOOIEMOI0 HEPiBHOMIPHOTO
MIpOMep3aHHs TKaHWHH BCEpelUHI Ta Ha repudepii 30HH Kpioalmsiii, 1o
MIPU3BOJMTH A0 HEJOCTaTHHO MOBHOTO PYHHYBaHHS BCiX IMyXJIMHHUX KIIITHH.
[epcriekTHBHOO CTpATETIEI0 MiBUIICHHS €(EKTUBHOCTI KPIOTEHHOTO METOLY
JIIKYBaHHS, 110 JI03BOJINTh MAKCUMAJIBHO MPOSIBUTH MOTEHII1aJl BIUTUBY HU3bKHX
TeMreparyp Ha OiOJOTiuHI TKaHWHH, € KOMOIHOBaHE WOTO BUKOPUCTAHHS 3
iHIMMK (I3UYHIMH MeToAaMH. 3 1HIIOTO OOKy, MONepeqHid KpiOBIUTMB Ha
MyXJIMHHY TKAHUHY MOXKe OyTH BUKOPUCTAHHH JUIS TiABUIIECHHS €()EKTUBHOCTI
MIPOTUIYXJIMHHOI Tepamii iHIIMMH, 30KpeMa, (i3HYHUMHI METOJaMH.

Merta po0oTH — Yy3arajpHEHHs Ta aHami3 JaHUX JITEpaTypu M0N0
KOMOIHOBAaHOTO BHKOPHCTaHHS HU3BKUX TEMIIEparyp 3 IHIIUMHU (Gi3HYHUMHU
METOJaMH JIIKyBaHHsS I BH3HAUCHHS €(EKTUBHOCTI Ta INEPCHEKTUBHOCTI
X 3aCTOCYBaHHS B Cy4acHiil OHKOJOTII.

Marepiaimn Ta meromau. [IpoBeneHo anamni3z poOit, omyOmikopanux y 2000—
2020 pp., B SKMX BUCBITIIOBAINCH BIJIOMOCTI NMPO BIUIMB HU3BKUX TEMIIEpa-
Typ B KoMOiHamii 3 iHIMMHU (DI3MYHUMH MeToAaMH Ha OlOJNOTiYHI TKaHWHH.
[Ticns momryky 3a KITIOYOBMMH CIIOBaMH 10 MDKHApOAHUX Ta YKPaiHCBKHX
0azax maHux, Oyiau BimiOpaHi, MpoaHaNi30BaHI CTATTi 32 JAHOK TEMATHKOIO
Ta BKITIOYEHI /IO CIMCKY JIiTEpaTypH.

Pe3ysnbraTi Ta ix 06roBopenHsi. 3 ypaxyBaHHSIM NTaTOTCHETHYHUX MEXaHI3MiB
Jil HU3BKMX TEMIlepaTyp Ha OIlOJIOTIYHI CTPYKTYpH B ONISIAI NpEICTaBIICHI
TiepeBark Ta HeOJMIKH 3aCTOCYBAHHS KPiOXipypriYHOTO METOAY Y JIIKYBaJIbHIH
npaktuii. Ha migcTaBi 1aHUX eKCIEPUMEHTATBHHUX Ta KIIHIYHUX JTOCITIJHKEHb
MOKa3aHO MTO3UTUBHUI e(eKT KOMOIHOBaHOTO BUKOPHCTAHHS KPIOXipypridyHUX
MiIXOMIB 3 IHIUMH (PI3UYHUMH METOIAMH TIPU TPOBEACHHI OMEPaTUBHUX
BTpyYaHb 3 TPHUBOLY aOJsLii 3JOSKICHUX HOBOyTBOpeHb. Ha posrmsg Oynu
TIpe/ICTaBieHi IMyOmiKamii, B SIKMX ONWCaHI pe3yJbTaTd JOCHIPKEHb M0N0
KoMOiHamii KpioXipyprii: 3 HONepeIHbOI0 TEMOIITIONIEI0; PaIi0YaCTOTHOIO Ta
MIKpPOXBHIJIBOBOIO TiIIEPTEPMIUHOIO a0iIsIi€r0; JIa3epHOI0 Ta (POTOANHAMIYHOIO
Teparii€ro; enekTpornopaiieto. Tako NpeacTaBieHi CydyacHi YSBICHHS MPO
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KpIOyJIbTPa3ByKOBY —Tepamiio, KpioHaHOaOMsIio,
JIKYBaHHS Ta KPIOCICKTPOIi3.

BucnoBku. Kpioxipypris € eQpeKTHBHMM MalOiHBa3UBHMM XIipypri4HUM
METOJOM 1 3aliMae TifiHe Micue Mopsii 3 IHIIMMH CII0CO0aMH JIiKyBaHHS
3JIOSIKICHUX ITyXJINH, HE3BAKAIOUH Ha Te, 10 HA ChOTOAHI IIE MPOJOBXKYIOTHCS
JOCII/DKEHHST 3 ONTHMi3alii METOJWKH BIUIMBY HU3bKHUX TEMIIEparyp Ha
Gionoriuni TkaHMHU. KoMOiHOBaHE BMKOPHCTaHHS KpPiOXipypridHOTO METOIY
3 iHmWMH (I3MYHUMH MeToJaMu TpH adJsinii MyXJIMH MOXE CIPHATH
e(PeKTUBHOCTI JIIKyBaHHS OHKOJIOTIYHUX XBOPHX.

KpiONpoOMeHeBUil MeTox

ABSTRACT

Background. At the present stage of oncology development, cryosurgery is
keeping up with other surgical options of treating malignant tumors. However,
especially when using cryoapplication technique, radical low-temperature
destruction of large tumors is challenged with uneven freezing of the tissue
inside and on the periphery of the cryoablation zone resulting in insufficient
complete destruction of all tumor cells. The long-term strategy of increasing
the efficiency of cryogenic treatment, which will maximize the potential for
exposure of biological tissues to low temperatures, is its combination with
other physical methods. On the other hand, the preliminary cryotherapy of the
tumor tissue can be used to increase the efficiency of antitumor therapy by other
methods, in particular, physical ones.

Purpose — to summarize and analyze the literature data on applying low
temperatures in combination with other physical medicine techniques in order
to assess the efficiency and the potential of those in uptodate oncology.
Materials and Methods. The paper deals with analyzing the studies published
within the period from 2000 to 2020 outlining the data on the impact of low
temperatures on the biological tissues in combination with other physical
medicine techniques. After keyword search against international and Ukrainian
databases, the papers, focused on this subject area, were sorted out, analyzed
and included in the references.

Results. The review presents pros and cons of using cryosurgery in medical
practice with due regard for pathogenetic mechanisms of low temperature
impact on biological structures. Based on experimental and clinical studies
data, a positive effect of cryosurgical approaches in combination with other
physical medicine techniques when performing surgical interventions for
ablation of malignant neoplasms has been shown. The paper included the
contributions describing the findings on combining cryosurgery with:
preliminary hemodilution; radiofrequency and microwave hyperthermic
ablation; laser and photodynamic therapy; electroporation. Additionally,
a contemporary view of cryo-ultrasound therapy, cryonanoablation, cryo-
radiation treatment and cryoelectrolysis was presented.

Conclusions. Cryosurgery is an effective minimally invasive surgical method
keeping up with other methods of treating malignant tumors, despite the fact
that these days the research on optimizing the method of exposure of biological
tissues to low temperatures is still ongoing. Cryosurgery in combination with
other physical medicine techniques in case of tumor ablation can enhance the
effectiveness of treating cancer patients.
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TeMmeparyp Ta  OIOJOTriYHO  AKTHBHHX  PCUOBHHY.
Homep nepxaBhoi peectparii 0117U000849. Tepmin
BukoHaHHs 2017-2021 pp., dyHaameHTanbHa, KepiBHUK
KaHau/JaT MEAWYHUX HayK, CTapliMid  JOCHiJHUK,
B. 0. 3aBiJyBaya BiJJily EKCIIEPUMEHTAIbHOI KpioMeIu-
uuHA [HCTHTYTY TIpoOieM KpiobioJorii i KpioMeAHIMHU
HauionaneHoi akagemii Hayk Ykpaiun Ykpainu Yk M. O.

BCTYII

Cy4yacHui migXig 10 JIKYBaHHS OHKOJOTTYHHX
XBOpUX 3/IHCHIOETBCS Ha OCHOBI 3arajbHONPUHHATHX
MDKHApOIHUX CTaHAAPTIB, MO 0a3ylOThCS Ha MPHUHIMIIAX
nokazooi MemunuHu (Evidence-Based Medicine) Ta
MaroTh Ha METi MOKpAIlaHHs SKOCTi Ha/IaHHS OHKOJIOTiY-
Hoi nmoromMoru. 3rigHo 3 HakazoM Ne 554 MO3 VYkpainu
«IIpo 3arBepmKEeHHS TPOTOKOJIIB HAIAaHHSI METUYHOT IO~
MOTH 3a crerianbHicTio «Onkomoris» Big 17.09.2007 p.
NMPUAHATI CTAaHIAPTH pPENIaMEHTYIOTh BHUOIp MeETomy
Ta CXEM JIKyBaHHS XBOPHX OHKOJIOTIYHOTO MpOQiIo.
Jns pyiiHyBaHHS ITaTOJIOTIYHMX HOBOYTBOPEHb BCE Hac-
Tille 3aCTOCOBYIOTh METOIM MaJIOIHBa3MBHOI Xipyprii,
30KpeMa, Kpioxipypriuti [1].

Po3poOka KpiOT€HHOTO METOAY € PEe3yNbTaTOM CIijlb-
HUX JOCHI/PKeHb KpioOioJyoriB, iHXKEHEpiB, PO3POOHUKIB
KpPIOTCHHOT TEXHIKHM, KIIHIIKCTIB, 30KpEMa OHKOJIOTIB.
TeopernuHi po3paxyHKH Ta JIOCBiJ poOOTH 3 BUKOpHC-
TaHHS HU3BKUX TEMIIEpaTyp B EKCIEPHUMEHTAIbHUX
JOCII/DKCHHSIX Ha TBapHHaX CTalM MIATPYHTSIM JUIs
BITPOBA/DKEHHST KPIiOXipypriYHOTO METOAY B IPAaKTHYHY
MenunuHy. Ha cporogHi KpioreHHMH MeTox 3aiimMae
MIIHI TO3UIT TOpPS] 3 IHIIUMH CIOCOO0AMHU JIIKyBaHHS
3MOSIKICHUX TyXJHH. o OCHOBHMX MOTEHIIHHUX Tepe-
Bar KpioxXipypriyHoro MeTojy JiKyBaHHS BiHOCSTbH HHU3b-
Ky 4YacTOTy YCKJIaJHEHb, KOPOTKUH JII)KKO-A€Hb, HIKUY
BapTICTh JIIKYBaHHS, MOXJIMBICTh TPOBE/ICHHS JIIKYBaHHS
XBOpUX 13 TSOHKKOIO CYMYTHBOIO MATOJIOTIEIO0 1, HaiBax-
JIUBIIIE, 3HIKSHHS a0o 3armo0iraHHs pU3UKy JUCEeMiHalii
Ta MeTacTa3yBaHHs MyXJIMHH 3aBASKH T'eMO- Ta JiMdocTa-
THYHOMY e(heKTy IITMOOKOro 3aMOpOKyBaHHS TKaHUH [2—5].

TonoBHOO 331a4€t0 KPiOXipypril € NECTPYKIIisl MaToo-
TiYHO-3MIHEHHX TKaHUH y MeXax 310poBHX. OcoOIMBICTIO
KploXipypri4Horo crnoco0y € AecTpyKiis MyXJuH 0e3 ix
BuaaneHHs. Jns moBHOT KpiopecTpyKiii HOBOYTBOPEHb,
LIbOBA TEMIEpaTypa B MyXJIMHHOMY CalTi MOBUHHA OyTH
He Buie -40°C. MexaHi3M KpiOyNIKOKEHb O10JOTIYHUX
TKaHWH peayli3y€Tbesl MiJ| 4Yac Ta ICHs KpPiOBTPYYaHHS
Ha MOJICKYJISIPHOMY, KIIITHHHOMY, TKAHUHHOMY Ta CHCTEM-
HOMY piBHAX. BimoMo, 110 micis KpioXipypriqHOro BTpY-
YaHHS BMHUKAaE KOAryJIslidiHMN Hekpo3 TKaHuH. OqHHM
3 (akTopiB JAECTPYKTHUBHOI Aii HH3BKUX TeMIEpaTyp
Ha KIITHHHOMY piBHI € T03a- i BHYTPIIIHBOKIITUHHE
KPHCTAJIOYTBOPEHHSI, SIKE IMPHU3BOJHUTH /10 MEXaHIYHOTO
TMOLIKO/DKEHHST KJIITHH. 3MiHY OCMOTHYHOTO THCKY, pH
1 JlerigpaTailifo BBaXKAIOTh JOJATKOBUMH (HaKTOpaMHU
JNECTPYKINi, 70 SKUX OCOOJHMBO YYTIMBI JIMOMPOTEIAM
KITHHHEX MeMOpaH [6]. Came 3aBAsSKHM IOCSTHEHHIO
HU3BKUX TEMIIEpaTyp y WIHOMHI TKaHWH BiOyBaeThCS
MaKcUMallbHa JAECTPYKIis MyXJIMHHHUX KIITHH I[UIIXOM
HEKpO3y, IO NMPHUBOAWTH 1O BUBUIBHEHHS BHYTPILIHBO-
kiiTuHHOTO BMicTy, B Tomy uncii JJHK, PHK i cienndiu-

in vivo after effect of Low Temperature and Biological
Active Substances”, state registration No 0117U000849.
Periodforperformance:2017-2021, fundamental,ledby Can-
didate of Medical Science, Senior Researcher, Acting Head
of Experimental Cryomedicine Department of Institute for
Problems of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine Mykola O. Chyzh.

INTRODUCTION

The uptodate approach to treating cancer patients is
based on generally accepted international standards, main-
tained according to the principles of evidence-based
medicine (Evidence-Based Medicine) and aimed at impro-
ving the quality of cancer care. According to Order No 554
of the Ministry of Health of Ukraine “On approval of
protocols for medical care in the specialty “Oncology”
dated 17.09.2007, the adopted standards regulate the
choice of method and treatment regimens for cancer
patients. Methods of minimally invasive surgery, in parti-
cular, cryosurgical ones [1], are increasingly used to
destroy pathological neoplasms.

The development of the cryogenic method results from
collaborative study of cryobiologists, engineers, cryogenic
equipment developers, clinicians, in particular, oncologists.
Theoretical calculations and experience in applying low
temperatures in experimental animal research have become
the basis for introducing the cryosurgical method into
practical medicine. Today, the cryogenic method is keeping
up with other methods of treating malignant tumors.
The main potential advantages of cryosurgical treatment
include low incidence of complications, short bed-day,
lower cost of treatment, the possibility of treating patients
with severe comorbidities and, above all, reducing or
preventing the risk of dissemination and metastasis
of the tumor due to hemo- and lymphostatic effect of
tissue freezing [2-5].

The major challenge of cryosurgery is the destruction
of pathologically altered tissues within the healthy ones.
A peculiarity of the cryosurgical method is the destruction
of tumors without removing them. For complete cryodes-
truction of tumors, the target temperature at the tumor site
should not be higher — 40°C. The mechanism of cryo-
damage of biological tissues is fulfilled during and after
cryo-intervention at molecular, cellular, tissue and system
levels. The coagulation necrosis of tissues is known to
appear after cryosurgery. One of the factors of destructive
action of low temperatures at the cellular level is extra-
and intracellular crystal formation leading to mechanical
damage of cells. The changes in osmotic pressure, pH and
dehydration are considered as additional factors of des-
truction, which lipoproteins of cell membranes are parti-
cularly sensitive to [6]. Due to reaching low temperatures
in the depth of the tissues, the destruction of tumor cells
by necrosis is highest possible, which leads to the release
of intracellular contents, including DNA, RNA and
specific tumor proteins [7]. The immune system
recognizes these tumor antigens and provides an immune
specific reaction in the form of proliferation and
activation of T- and B-cells [9]. Studies have shown
that low temperatures can sensitize dendritic cells,
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Hux OinkiB myxiuH [7]. IMyHHa cucrema posmi3Hae I
AQHTUICHU NYXJIUHU 1 Ja€ iMyHOCHenu(DiuyHy peakKilito,
IO MPOSIBIISIEThCS B Ipodtidepanii 1 aktuBarii T- 1 B-kumi-
il [9]. JochmiKkeHHsS MOKa3aiy, IO Jis HU3bKUX TEM-
mepaTyp MOXe CEHCHOUTI3yBaTH NCHAPUTHI KIITUHY, Mij-
BHUIIYIOYH X 3JaTHICTH MPEACTABISATH aHTHICH 1 CIPHUSITH
cekpenii Humu 1L-4, IL-12 Tta iHmmx uutokiHi [10].
€ TOBIIOMJICHHSI PO BHIIAJIKU, KOJIHM IMyHOcHenugiyHa
peakiiisi MOXXe TakoX BIUIMBAaTH Ha PAaKOBi KIITHHHU 1032
MEPBUHHOI0 MYXJHMHOIO, IO BIIOMO SIK aOCKONMaJbHHUN
epexr [8]. Takum 4YMHOM, KpioalOuALis HOBOYTBOPEHB,
KpiM JEeCTPYKIil MyXJIMHHM, MOXE MiJCHUIIOBAaTH TPOTH-
MyXJIMHHY IMyHHY BIJITIOBiJIb OpraHi3My, HallpaBleHy Ha
3ano0iraHHs peyI1BY 3aXBOPIOBAHHS Ta METACTa3yBaHHIO.

CTyniHb IOUIKO/PKEHHS KJIITHH 3aJIEKUTh BiJ TemIle-
parypHO-4acoBUX pekuMiB. OTxe, HaWBaKINBIIIUMHU
rapameTpamMu KpioJeCTpyKIii IMyXJIMHH € piBeHb HU3BKUX
TEeMIlepaTyp, eKCIO3MLis KpPIOBTPyYaHHs, IIBHUAKICTh
3aMOPOXKYBaHHS Ta BiJTaBaHHS TKaHWH, KUIbKICTh IIUKIIIB
3aMOpOXXyBaHHS-BiATaBanHs [3, 5, 11].

B onkomorii 3anexHO BiJ pPO3TalIyBaHHS MYyXJIHMHU
BUKOPUCTOBYIOTh KpiO3pOIICHHS, aluTiKalliifHy Ta IeHe-
Tpauiiiny kpioaOmsiro. Kpio3pomeHnHs Haiyacrime 3a-
CTOCOBYIOTH B JIEPMArojIorii, a TakoX B TracTPOEHTEPO-
sorii Ta JIOP-mpakTHmi B KOMIUIEKCHOMY JIIKYBaHHI
MOBEPXHEBUX HOBOYTBOPEHb HAa CJIHM30BHX OOOJOHKaxX
OpraHiB 3 BHUKOPHCTaHHSM EHJOCKOIIYHOI amapaTrypu.
ATmutikaniiHui crmocid, ToOTO CmoCi0 KOHTAaKTHOI Kpio-
JNECTPYKINi JO3BOJISE TPOBECTH JCCTPYKIIO OUIBII
DIMOOKUX TAaTOJOTIYHO3MIHEHHX TKaHuH. st pyiHy-
BaHHS BEJIHMKHX 00’€MIB TKaHMH Y KpiOXipyprii 3acToco-
BYIOTh TCHETPAIlifHUN CIIOCIO, KOMH KPIO30HI 3aHYpIO-
I0Th Ha BCIO TIMOMHY MyXJIMHH. [InTaHHS BiTHOCHO
BUOOpPY TEXHIYHOTO CHOCOOy KpPIOT€HHOTO JIKyBaHHS
BUPILIYETHCS ISl KOKHOTO KOHKPETHOTO BUITAJKY 3 Ypaxy-
BaHHSIM JIOKAJi3allii, pPO3MIpiB, XapakTepy poOCTy Ta
ricronoriyHoi OyZOBM TyXJIMHM, 3arajbHOrO CTaHy
XBOpPOTO, HOT0 BiKy Ta HasBHOCTI CYIyTHBOI IMarToJOTii,
TOIIO. 3arajioM, KpiOreHHUH METOJ JIKYBaHHS HaJEeXKHUTh
10 (YHKIIOHATBHO OE3MEYHUX METOMIB JIOKAJIBHOTO
BILUIMBY Ha MaTOJOTIYHUIA ocepenok [3, 51.

J10 MO3UTHBHUX BIACTUBOCTEH J1ii HU3BKHX TEMIIEPATyp
Ha CyAWHH abo IOPOXKHUCTI OPraHM MOXKHA BITHECTH Te,
IO MiJ IX BIUIMBOM BiIOYBA€ThCS 3arnOenb KIITHHHUX
€IEMEHTIB 31 30epekeHHsSM KOJAareHOBOTO KapKaca.
3aBasku 1bOMY €(EeKTy MONEpeKYEThCSI PUBUK KPOBO-
Teui abo mepdopauii sk mix 4ac KpiogecTpykuii, Tak i
micist Hel. ToMy iCHye MOXITUBICTB TPOBOJIUTH OTIEPaTHBHI
BTPY4YaHHS y B@XKOJOCTYHNHHX MiCISX Ta MOOIU3Y
BeNuKUX cyauH [12, 13].

IIpoTe, 0coOMMBO B XOJ1 3aCTOCYBaHHS KpiOaruTiKa-
LWifHOTO  MEeTONmy, paauKajdbHa HHU3bKOTEMIIEpaTypHa
JECTPYKIlsl IyXJIUH BEIUKOIO PO3MIPY CTHKAEThCS 3
mpoOJIeMOI0  HEPIBHOMIPHOTO TMPOMEp3aHHS TKaHMHU
BcepenuHi Ta Ha nepudepii 30HM Kpioabmsuii, o
MIPU3BOJIMTH 10 HEJOCTaTHHO TOBHOTO PYyHHYBaHHS BCIX
MyXJIMHHUX KIiTHH [14, 15].

Jnst KpiOTOIIKO/DKEHHSI CYTTEBE 3HAYCHHS Ma€ CTaH
3B’s13aHOT BOAM B KIITHHHHX Ta TKAHUHHUX CHCTEMaXx.
VY 3B’s3aHOMY CTaHi BoJa 31 3HM)KEHHSM TEMIIEpaTypu

increasing their ability to present antigen and promote
secreting IL-4, IL-12 and other cytokines by them [10].
There have been reports on cases when immune specific
reactions may also affect cancer cells outside the primary
tumor, which is known as abscopal effect [8]. Thus, cryo-
ablation of tumors, in addition to tumor destruction, can
enhance the body antitumor immune response to prevent
recurrence and metastasis.

The degree of cell damage depends on temperature
and time modes. Thus, the most crucial parameters
of cryodes-truction of the tumor are low temperatures
level, exposure to cryotherapy, the rate of freezing
and thawing of tissues, and the number of freezing-thawing
cycles [3, 5, 11].

In oncology, depending on tumor location, cryoirri-
gation, application and penetration cryoablation are used.
Cryoirrigation is most frequently indicated in dermatology,
as well as in gastroenterology and ENT practice in compre-
hensive treatment of superficial neoplasms on the mucous
membranes of organs by means of endoscopic equipment.
Application method, i.e. the method of contact cryodes-
truction, makes it possible to destruct deeper pathologically
altered tissues. Cryosurgery uses the penetration method
to destroy large volumes of tissue, when a cryoprobe is
immersed to the full depth of the tumor. The question of
choosing a technical method of cryogenic treatment is
decided for each case individually taking into account
location, size, nature of growth and histological structure
of the tumor, the general condition of a patient, his/her
age, concomitant pathology, etc. In general, the cryogenic
method of treatment refers to functionally safe methods
of local exposure of the pathological focus [3, 5].

The positive properties of low temperature impact on
the blood vessels or hollow organs is the fact that under
their influence there is a death of cellular elements while
preserving the collagen framework. This effect prevents
the risk of bleeding or perforation both during and after
cryodestruction. Therefore, it is possible to perform surgery
in hard-to-reach places and near large vessels [12, 13].

However, especially when applying the cryoappli-
cation method, radical low-temperature destruction
of large tumors is challenged with uneven freezing of
tissue inside and on the periphery of the cryoablation
zone, leading to insufficient complete destruction of all
tumor cells [14, 15].

The state of bound water in cellular and tissue systems
is essential for cryo-damage. In the bound state, water
may not crystallize at all when the temperature decreases.
This, to some extent, explains the resistance of tissues to
the local action of low temperatures. If, in addition to the
state of water, to take into account the heterogeneous
structure of tissues and their metabolism, as well as the
contribution of microcirculation, i.e. the blood supply
intensity and heat flow activity, it becomes clear that the
destruction of large volumes of tissues by cryopreservation
is a significant issue requiring to change the tissue state,
so that it becomes more sensitive to low-temperature
destruction [16, 17]. Applying additional physical methods
of tissue exposure for this purpose can contribute to a more
complete tumor cryodestruction.
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B3arajii Moke He KpucTaiidyBarucs. Lle nesxoro Miporo
TMOSICHIOE CTIHKICTh TKaHWH JO JIOKAIBHOI Aii HU3BKUX
Temrieparyp. SIkio, KpiM cTaHy BOJAHM, BpaxyBaTu reTepo-
TeHHY CTPYKTYpY TKaHHMH 1 iX MeTaboJ1i3M, a TaKO’K BHECOK
MIKpOIMPKYJIsIHii, TOOTO IHTEHCUBHICTH KPOBOITOCTAYaHHS
Ta aKTHBHICTH TEIJIONPUTOKY, TO CTA€ 3pO3YMUIUM, IIO
pyHHYBaHHS BEJIMKUX 00’€MiB TKaHHMH KpiocrocoOoMm €
3HAYHOIO TIPOOJIEMOIO, JJIsI BHPINICHHS sIKOI HEOOXiTHO
TaK 3MIHUTH CTaH TKaHMHH, 100 BOHa cTayia OLIbMI 4yT-
JIUBOIO 10 HU3BKOTEMIIEpaTypHOTo pyiHHyBaHHS [16, 17].
BuxopuctaHHs 3 I[i€l0 METOI JOJATKOBHX (DI3UUHUX
METOJIB BIUIMBY Ha TKAaHWHY MOXE CHPHUITH OUIbII
TIOBHIH KpPiOAECTPYKLIT Ty XJINHH.

3 iHmoro OOKy, MOMEpeaHi KPIOBIUIMB HA MyXJIHHHY
TKaHWHY MOXX€ OyTHM BUKOPUCTAHMH Uil TiJBUILIECHHS
e(peKTUBHOCTI NMPOTUIYXJIMHHOI Teparlii iHIINMH, Y TOMY
4yucti, GiI3MYHIMHU METOJJaMH.

Merta po0GoTH — y3araJbHEHHS Ta aHali3 JaHUX
JITEepaTypy 1070 KOMOIHOBAHOTO BUKOPUCTAHHSI HU3BKUX
TeMIeparyp 3 IHIMMHU (DI3MYHUMH METOJaMHU JIIKyBaHHS
JUIl  BHU3HA4YECHHS e(QEeKTUBHOCTI Ta NEPCIEKTHBHOCTI
IXHBOTO 3aCTOCYBaHHS B Cy4acHil OHKOJIOTII.

MATEPIAJIM TA METOIU JOCJIIAKEHHSA
Indopmaniiinuii momyk nmpoBoaMIM MO 0a3ax JaHUX
PubMed (https://pubmed.ncbi.nlm.nih.gov/), ResearchGate
(https://www.researchgate.net/), «HaykoBa mepionuka
VYkpaiam»  (http://www.irbis-nbuv.gov.ua/).  InmuGuna
nouryky — 2000-2020 pp. IlpoBeneHus anamizy pesrome
cTarell 3a KIIOYOBUMHM CIIOBAaMHM: KpioXipyprist i ¢i3uuHi
MeToau aOysimii  JJO3BOJMJIO KOHKPETH3YyBaTH IOLIYK.
[ToBHOTEKCTOBI CTATTI 3a KJIIOYOBMMH CIIOBAMH: Kpio- i
rimeprepMiyHa  aOisLis, KpiOyNbTPa3sByKOBa Teparris,
KplOoHaHOAOMIMIs, KPioXipypris B KOMOIHAIIT 3 Jla3epHOI0
Ta ()OTOAMHAMIYHOIO Tepamiclo, KPiONpOMEHEBUIH METOI,
KpIOEJeKTpOIIi3, KpioXipypris i exekTpornopartis Oyau Bii-
OpaHi, MpoaHai30BaHi Ta BKIIOYEHI 10 CITUCKY JIITepaTypH.

PE3YJIBTATH TA iX OBTOBOPEHHS

Bukopucranss koMOiHalii pi3HUX METOIB JIKYBaHHS
BXKE JIaBHO YBIMIUIO B MeOU4HY MNpakTUKy. [IpuHImN
KOMOIHOBaHOTO CIOCOOY MOJIATae y MOCIIIOBHOMY a0o
OJTHOYACHOMY 3aCTOCYBaHHI JIBOX METOJIB CIEIiaIbHOTO
JIIKYBaHHS 3 JIOKaJibHOIO niero. Came 3a KOMOIHOBAaHOTO
BUKOPUCTAHHSI PI3HUX METO[IB MiJBUILY€EThCS €(eKTHB-
HICTh JIKYBaHHS 3aBIsKH CyMallii — aJWTHBHIA ii,
MOTEHIIIOBAaHHIO e(eKTIB JBOX ab0 JEKUIbKOX Tepa-
MEBTUYHUX METO/IB 200, HaBIIaKH, KOMOiHOBaHE BUKOPHC-
TaHHS MOXE 3HU3UTH ab0 HIBEIIOBATH TEPaNeBTHUHY
JIIFO METOIIB.

IIpoBenenHs kpiogecTpyKuii
3 MONePETHBOI0 TeMOTUIIIOLI€I0

OnHUM 13 METOJIB, KM OM CHpPUSB MOCHICHHIO il
KpIOIeCTPYKLIi € TONepeqHe MPOBEACHHS TeMOIMIIIOLI.
Bimomo, 1m0 3acTOCYBaHHS TOCTPOi HOPMOBOJEMIUHOL
TeMOAMIIONIT Yy MOEIHAHHI 3 TEXHOJIOTIE€ KOHTPOJIbOBA-
HOTO HH3BKOTO IIEHTPAJIBHOTO BEHO3HOTO THUCKY MpH
pe3exiii NeYiHKM y XBOPHX Ha relaToeNIONsIpHy Kapiu-
HOMY, 3MEHIIyE€ IHTpaolepariiiHi KpOBOBHJHMBH Ta

On the other hand, the preliminary cryotherapy
of the tumor tissue can be used to increase the efficiency
of anti-tumor therapy by other methods, including
physical ones.

Purpose — to summarize and analyze the literature
data on applying low temperatures in combination with
other physical medicine techniques in order to assess the
efficiency and the potential of those in uptodate oncology.

MATERIALS AND METHODS

Information search was carried out against PubMed
database (https://pubmed.ncbi.nlm.nih.gov/), ResearchGate
database  (https://www.researchgate.net/),  Scientific
Periodicals of Ukraine (http://www.irbis-nbuv.gov.ua/).
The search depth: 2000-2020. Analyzing the summary
of papers by keywords: cryosurgery and physical methods
of ablation made it possible to specify the search. Full-text
papers by the keywords: cryo- and hyperthermic ablation,
cryo-ultrasound therapy, cryonanoablation, cryosurgery
in combination with laser and photodynamic therapy,
cryoradiation method, cryoelectrolysis, cryosurgery and
electroporation were sorted out, analyzed and included
in the references.

RESULTS AND DISCUSSION

Applying a combination of different treatment options
was included in medical practice for a while now.
The combined method principle consists in the sequential
or simultaneous application of two methods of special
treatment with local action. It is the combined use of
different methods that increases the efficiency of treatment
due to summation — additive action, potentiation of the
effects of two or more therapeutic methods or, on the
contrary, the combined use can reduce or eliminate
the therapeutic effect of the methods.

Cryodestruction with preliminary hemodilution

One of the methods that would enhance the cryo-
destruction effect is pre-hemodilution. The use of acute
normovolemic hemodilution in combination with the
technology of controlled low central venous pressure in
liver resection in patients with hepatocellular carcinoma,
is known to reduce intraoperative hemorrhage and it
does not significantly affect coagulation function [18].
Increasing the volume of circulating blood in the vessels
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ICTOTHO HE BIUTMBAEe Ha (DyHKIIFO 3ropraHHs Kposi [18].
30inbiIeHHs 00’eMy IUPKYIIOOUOi KPOBI B CyAMHax
TEOPETHYHO TPHU3BOAUTH 10 30LIBIIEHHS BUILHOI BOAM
B OIONOTiYHMX TKaHMHAX, 1, TAKUM YHHOM, TIIiJ dYac
KPIOBIUIMBY MiZBHIIYETHCS BipOTiAHICTD MOSBH 3apOIKIB
KPHCTAJIOYTBOPEHHS, B IEPIIy Yepry B MO3aKJIiTHHHOMY
mpoctopi [19].

Ha i3ompoBaniii mewinni cBuHi O.I. JIpoHoB Ta
CIIBaBTOPHM IIOKa3all TOCHJICHHS KPIOBIUIUBY 3aBJSKH
MoTIepeTHbOMY BBE/ICHHIO JIMCTHUIIBOBAaHOI BOIU B Oio-
JIOTiYHy TKaHWHY. [IpoBeneHHS TeMOIWIIONIi 3a 5 XB
JI0 TIOYaTKy JIOKaJbHOTO KPiOBIUIMBY YHHHTH ITOTEHIIIIO-
BaIbHUH €(EKT, SIKMH MPOSBISETHCS B JTOCITHEHHI OUIBII
HU3BKHUX TEMIIEpaTyp y IUITHKaX, BiAJAICHUX BiJ pobodoi
MOBEpXHI Kpioamikaropa. CepeaHs Temmeparypa Y
TKaHMHI TEYiHKM TBapHH JOCIIKYBaHOI I'pyNH Ha VM-
6uHi 3 MM BiJ po0OOUYOi MOBEPXHI Kpioarulikaropa Harpu-
KiHmi 10-1 XBUJIMHE JPYyroro MUKy KPIOBIUTMUBY Oyia Ha
36°C HIKUOI0, HIX Y KOHTpoubHiH [19]. Ciin BpaxoByBarwy,
[0 pe3yJbTaTd, OTPUMaHI Ha TaKiii MOJENBHINA CHCTEeMI,
TOOTO 3a BIJICYyTHOCTI CIUIAHXHIYHOTO KpPOBOTOKY, HE
MOXXYTb TIOBHOIO MIpOIO BiJIIIOBiIaTH yMOBaM in Vivo.
[Ipore, edekr Big NpPOBEAEHHS IONEPEAHBOI TEMOIH-
ol € HMOBIPHUM, 110 MOTpeOye MOAABIINX EKCIIepH-
MEHTAJIBHUX 1 KIIHIYHUX JOCIIUKEHD.

Komo0inanist kpio- Ta rineprepmiuHoi a0dasuii

Jnst TOKaJbHOTO TIJIBHUIIEHHS TEMIEparypu B IyX-
JIMHAaX CTBOPEHI ¥ YCIIIIHO 3aCTOCOBYIOTHCSI CHUCTEMH
rinmeprepMiyHoi aOmswil: pagioyacTOTHOI, MIKPOXBHIIBO-
BOI, IPUYOMY EJIEKTPOAM MOXYTh BBOAMTHCS SIK Oe3Io-
cepenHbo B OpraH (ITicis JJanapoToMii), Tak i Yepe3IKipHO
i ynbTpa3ByKoBMM abo0 MpoOMeHEeBUM KoHTpoieM [20,
21]. Eneprisi, 1110 3aCTOCOBY€ETBCS IS HATPIBaHHS My XJIVH,
MICTUTh EHEpril0 MIKpoXBmib (y Jiama3oHi YacToT
433 — 2450 MTIn), pagiodactot (100 x['m — 150 MI'm).
lnmeprepMiss € NEPCIEKTHBHUM METOJOM JIIKYBaHHS
3JI0SIKICHUX HOBOYTBOpPEHb, SKHH MOJNATaE B TOMY, LIO
JIUISHKA Tina a00 OKpeMi OpraHd IMiJJIalOThCsl BIUIUBY
BHUCOKOI Temmeparypu (moHax 39°C, ax no 44-45°C)
[22-24]. YucneHHi NOCHIMKCHHS MOKAa3aid, MO TEPMO-
YyTIAUBICTh MYyXJIMHHOI TKaHWHH TPH HaJBHCOKOYACTOT-
Hiit (HBY) rineprepmii 3anexuTh BiJ CTyINeHS BacKy-
JApu3aNii i KpoBOTOKy B Hii, piBna pO, i pH i Tin.
[23-25]. BigMiHHOIO PHCOIO B JIIKyBaHHI 13 3aCTOCYBaHHIM
HBUY-rineprepMii € Te, O TEIUIOBa €HEPTisl BUILISIETHCS
B CaMHUX TKaHHMHAaX, a HE TiIBOANTHCS KOHBEKTHBHO 330BHI,
IIPY IbOMY BHUKITIOYA€THCS TIEPETrPiB MOBEPXHEBUX TKAaHHH.

KomOiHOBaHOMY BUKOPHCTaHHIO KPIOT€HHOTO METONY 1
HBUY-rineprepMii B eKCIEpUMEHTI Ta KIIIHIII TPUCBIYEHO
bararo po6it [16, 21]. B.B. llladppanoB mokazas, mio
ToTiepeTHE BTPYYaHHSI Ha 30HY 3aMOPOXKYBAaHHS MIKpO-
XBHJSIMH  (HaJIBUCOKOYACTOTHE €JIEKTPOMArHiTHE I10JIe)
3HAYHO 301IBIIYe 00’€M KPiOHEKPO3y 1 JI03BOJISIE BHKO-
pPHUCTOBYBaTd JaHWW METOJ JIIKyBaHHS y pa3i BEIMKUX
DINOOKUX HOBOYTBOPEHb OCOOJIMBO CKIIaHOI aHATOMIYHOT
JIOKaJTi3allii, KOJIM MPOBEJCHHS IHIINX METOJIB JIIKyBaHHS
HemoxsmBe. OHUM i3 MEXaHi3MiB 3HaYHOTO TIOCHJICHHS
KpIOHEKpo3y MiJ Yac KOMOIHOBaHOTO BHKOPHCTaHHS
MIKpOXBHJIb € 301IbIICHHS TEIUIONPOBIAHOCTI O10JIOTTYHUX

theoretically leads to increasing free water in biological
tissues, and thus, during cryopreservation, the probability
of crystal formation centers, primarily in the extracellular
space, increases [19].

On the isolated pig liver, O.I. Dronov et al. showed
increased cryotherapy due to the preliminary administered
distilled water into biological tissue. Carrying out hemo-
dilution 5 minutes before the onset of local cryotherapy
has a potentiating effect, which manifests in reaching
lower temperatures in the areas remote from the cryo-
applicator working surface. The average temperature in the
liver tissue of animals of the study group, at a depth
of 3 mm from the cryoapplicator working surface, at the
end of the 10th minute of the second cycle of cryo-impact
was by 36°C lower than in the control group [19]. It should
be taken into consideration that the findings, obtained via
such simulaing system, i.e. in the absence of splanchnic
blood flow, can not fully meet the conditions in vivo.
However, the effect of previous hemodilution is probable,
which requires further experimental and clinical studies.

Combination of cryo- and hyperthermic ablation

Hyperthermal ablation systems have been created and
successfully used for local temperature rise in tumors:
radiofrequency, microwave; moreover, electrodes can be
inserted directly into the organ (after laparotomy) as well
as percutancously under ultrasound or radiation control
[20, 21]. The energy used to heat tumors includes micro-
wave energy (in the frequency range 433-2450 MHz),
radio frequencies (100 kHz-150 MHz). Hyperthermia is
a long-term method of treating malignant neoplasms,
which consists in the fact that a part of the body or individual
organs are exposed to high temperatures (above 39°C,
up to 44-45°C) [22-24]. Numerous studies have shown
that the thermal sensitivity of tumor tissue in ultrahigh-
frequency (UHF) hyperthermia depends on the degree of
vascularization and blood flow in it, the level of pO,
and pH, etc. [23-25]. A distinctive feature in treatment
with the use of microwave hyperthermia is that thermal
energy is released in the tissues themselves, and is not
supplied convectively from the outside, thus eliminating
overheating of surface tissues.

A great number of papers have been focused on
combined use of the cryogenic method and microwave
hyperthermia in experiment and clinic [16, 21]. V.V. Shaf-
ranov showed that preliminary intervention on the freezing
zone by microwaves (ultrahigh-frequency electromagnetic
field) significantly increases the volume of cryonecrosis
and makes it possible to use this treatment option for
large deep tumors of particularly complex anatomical
location, when other treatments are not possible. One of the
mechanisms of substantial enhancement of cryonecrosis
in combined use of microwaves is to increase the thermal
conductivity of biological tissues [16]. Under microwaves,
polar molecules become excited, resonant phenomena
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TkaHuH [ 16]. [Tix BIUTMBOM MiKPOXBIJIb MOJISIPHI MOJICKYITH
nepexonsiTh y 30y/UKeHHH CTaH, BUHUKAIOTh PE30HAHCHI
SIBUIA, WIO TNPU3BOAWTH JIO 3MIHU 30HH Tijapararii,
PO3pHBIB BHYTPIIIHEOMOJIEKYJISIPHUX 3B’s13KiB. Lle, y cBOIO
4epry, JAecTabulizye CTpPyKTypy BOAM, POOWUTH ii OUIbII
PYXOMOIO 1 YyTJIMBOIO 10 Pi3HMX BIUTUBIB. TakuM 4nHOM,
BIUIMB MIKPOXBWJIb Ma€ MEBHY TOYKY INPHKJIAJICHHS, IO
BiJIIOBia€ 3a1auam Kpioxipyprii [16].

Hespaxaroun Ha mpoBeneHHs moHan 900 KIiHIYHMX
JoCHipKeHb 3a ocTaHHl 50 pokiB, rimeprepMmis Tak i He
yBIHIIIa B MPaKTUYHY OHKOJIOTiI0. BuBUeHHS paHIoMi3o-
BaHUX KJIIHIYHHUX JOCII/DKEHb 3 CJICKTPOMATHITHOI Timep-
TepMii, BukoHaHuMX micis 1990 p. [26], mokazano, O
3 14 pocmikeHb pe3ynbTaTH 9 BH3HAHI HETATUBHUMU
camumu aBTopamu [27-29]. TIpoTe CbOTOIHI OCIIIKCHHS
3 TOpIBHSHHSA e(eKTiB Ta BHMBYCHHS MEXaHi3MIB
KkoMOiHOBaHOT Aii Kpio- Ta rinmeprepMiuHOi abisuii He
BTPAYaroTh aKTYaJIbHOCTI.

B ekcnepumeHnTax Ha CBUHAX OyB TNIpOBENEHHIH
MOPIBHSUIBHUM aHaJIi3 pe3yibraTiB Kpio- 1 MiKpOXBHIIBO-
BOT1 a0l mewinku. KoM’ roTepHa Tomorpadis mokasana,
o0 ofpa3y TMicias MIKPOXBHIBOBOI a0l IIoIia
ypakeHHs! OyJia 3Ha4HO OLTBIIOO, HIX IIJIOIIA TiCHst Kpio-
XIpypriuHOTO BTpYYaHHs, TOJl SK DIMOWHA HEKPOTHYHOI
ninsaku Oyna moniouoro [30]. Uepes 7 ai0 30HA MOIIKOA-
JKEHHsI TICJIsI  MIKpPOXBHJIBOBOI aOmsmii  30iipLIMIiIach
BIJHOCHO PO3MipiB, OTpUMaHHX Ha Tepury o0y, mpore
30Ha Micis Kpioadmsuii He BiIPi3HSIACH Bil EPBHHHUX
po3mipiB. 3a pe3yibpTaTaMu JOCHIHKCHHS BCTAHOBJICHO,
IO TPOTArOM TPUBAJIOrO0 dacy Iicias 000X MeTOMiB
JIIKYBaHHSI MOKHA JOCSTTH IIOBHOTO HEKPO3Y TKaHUH, aje
CTYMiHb Ta TIMOWHA HEKPO3y BIJPI3HIIOTHCSA: BOTHUILA
Hekpo3y micist Kpioadmsuii min KT-300pakeHHsM He
3MIHIOIOTBCS, @ MICNsI MIKPOXBHIILOBOI aOismii 3 yacom
30UIBIIYIOTECS. ABTOpPH  pOOJSITH BHCHOBKH, IO I
JIBA METOIM MOXKYTh 3aCTOCOBYBAaTHCS B KoMOiHarlii,
aje TapaMeTpy BHUKOHAaHHS IPOLEAYp HOTpeOyIOTh
nojajnbioro BuBueHHs [30].

VY pobori [23] mopaHO eKcIepUMEHTaJIbHE OOIpYyH-
TYBaHHS  KOMOIHOBaHOTO  3aCTOCYBaHHS  JIOKaJbHOI
KkpiozmecTpykuii 1 nopansioi HBU-rineprepmii Ha moneni
capkomu 37 y mumed i xapuuHomu l[epenHa y miypiB.
BcranoBneno, mo komOiHamisi KpiogecTpyKLii NEepBUH-
HOTO MYXJMHHOTO By3J1a 3 MOAAJIBIION0 JoKaibHOIO HBY-
rinmeprepMmielo Maja 3HaYHO OUIBIIUI MPOTUITYXJIMHHHUA
e(eKT, HXK MOHOTeparisi, OCKUIbKM IOBHICTIO BWIIIKyBa-
HuX TBapuH Oyno Ha 30% Ourblue, TOPIBHSHO 3
MOHOTEpAIi€I0, a TPUBATICTh )KUTTSI TBAPUH 301IBLIMIACH
y 1,5-2 pa3um, He3alne:KHO BiJ TicTOreHe3y MEepBUHHOT
myxJuHU. [IpoTHIyXTMHHNE e(eKT 3yMOBICHUH THM, IO
ICIst KPiOIECTPYKIIT CTBOPIOIOTHCSI ONTHMAJIBHI YMOBHU
st mopanbimoi HBU-rimeprepmii: BHpaxkeHa TillOKCis
MyXJIMHHOI TKaHWHH, IOPYIIEHHS MIKPOUMPKYJISALii
PO3BHUTOK CTIHKOTO CyIWHHOTO cTa3y, 3MimeHHs pH B
yxHuit 01k [23].

VY KiiHIYHIA TpakTUIl Micns JIKyBaHHS XBOPHX
Ha pak CiIM30BOI OOOJIOHKM pOTa 3 BUKOPHCTAHHSIM
Kpioxipyprii 1 nokaneHoi HBY-rineprepmii orpumano
Kpami (QyHKIIOHaNbHI 1 ecTeTWyHi pe3yasrard 0e3
JIONATKOBUX BIJIHOBIIOBAIBHUX YTpy4aHb. IloenHaHHs

occur, leading to changes in the hydration zone, breaking
intramolecular bonds. This fact, in its turn, destabilizes
the water structure, making it more mobile and sensitive
to various influences. Thus, the influence of microwaves
has a certain point of application, which corresponds to the
purpose of cryosurgery [16].

Despite the availability of more than 900 clinical trials
over the past 50 years, hyperthermia has not been included
in practical oncology. Studying randomized clinical trials on
electromagnetic hyperthermia performed after 1990 [26]
showed that out of 14 studies, the results of 9 were con-
sidered to be negative by the authors themselves [27-29].
However, these days, studies on comparing the effects and
exploring the mechanisms of the combined action of cryo-
and hyperthermic ablation do not become less of an issue.

Via experiments on pigs, a comparative analysis of the
results of cryo- and microwave liver ablation was per-
formed. Computed tomography showed that immediately
after microwave ablation, the lesion area was significantly
larger than the area after cryosurgery, while the depth of the
necrotic area was similar [30]. Seven days later, the arca
of damage after microwave ablation increased vs the sizes
obtained on day 1, but the area after cryoablation did not
differ from the original size. Due to the study, it has been
found that for a long time after both treatment options,
complete tissue necrosis can be achieved, but the degree
and depth of necrosis differ: foci of necrosis after cryo-
ablation under CT image do not change, while after
microwave ablation they increase over time. The authors
conclude that these two methods can be used in combi-
nation, but the parameters of the procedures need further
study [30].

The paper [23] presents an experimental substantiation
of combined use of local cryodestruction and subsequent
UHF hyperthermia on simulated sarcoma 37 in mice and
Guerin’s carcinoma in rats. Combination of cryodestruction
of the primary tumor site with subsequent local microwave
hyperthermia was revealed to have a significantly greater
antitumor effect than monotherapy, since there were 30%
more fully cured animals compared with monotherapy,
and the life expectancy of animals increased 1.5-2-fold
times, regardless of primary tumor histogenesis.
The antitumor effect is driven by the fact that after
cryodestruction, there are optimal conditions for further
UHF hyperthermia: severe hypoxia of tumor tissue, micro-
circulation disorders and development of persistent
vascular stasis, pH shift to the alkaline side [23].

In clinical practice, after treatment of patients with
oral mucosal cancer using cryosurgery and local UHF
hyperthermia, the best functional and aesthetic results
were obtained without additional restorative interventions.
Combination of two physical factors has made it possible
to significantly increase the degree of tumor destruction,
reduce the recurrence rate and, thus, increase the radical
nature of treatment. Comprehensive treatment (cryodes-
truction of the tumor with further, in 24 hours, local UHF
hyperthermia in 1.0-1.5 months after chemotherapy)
substantially reduced the frequency of recurrences and
regional metastases of the tumor. During the first 12 months,
the recurrence rate decreased from 31.6 to 7.7%, for
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JMBOX (hi3MYHUX (PAKTOPIB JO3BOJIUIIO 3HAYHO 30LTBIIUTH
CTYMiHb AECTPYKIIi ITyXJIMHU, 3HU3UTH YacTOTy PELUIu-
BIB i, TUM CaMHUM, MiJBHUIUTA PATUKAIBHICTD JIKYBaHHS.
KommnekcHe JikyBaHHs (KpiOAECTPYKISl IyXJIMHH 3
MOJANBINIO Yepe3 24 rtoi. nokaiapHOl HBU-rimeprep-
Mmiero uepes 1,0 — 1,5 wmicami micnst XiMionmpoMeHeBOT
Teparii) 03BOJIMIO 3HAYHO 3HWU3UTH YacTOTYy PELUAWBIB
1 perioHapHUX MeTacTa3iB MyXJWHU. 3a mepmi 12 wmics-
LiB CHOCTEPEIKECHHS YacTOTa PELUUIWBIB 3MEHIIMIACS
3 31,6 0o 7,7%, 3a mepiox Big 1 10 2 poKiB perioHapHUX
METAacTa3iB y JOCHI/KYBaHIil Tpymi XBOpUX HE OYI0
BUSIBJICHO. Y KOHTPOJBHIM Tpymi 4acToTa perioHapHUX
MeTacTasiB ckianana 34,2% [24].

Ha monenmi Muinadoi kapiuHOMHU MOJIOYHOT 3251034 4T 1
OyJi0 BHSIBIICHO, IO MicIieBa KpioTepMidHa Tepartis (dep-
TYBaHHS OXOJIOJDKEHHS PIAKMM a30TOM Ta HarpiBaHHS
panioyacTOTHUMU XBWISMH) TPHUBOAMIA 1O 3HAYHOTO
3MEHIICHHS BiJIaJIEHNX METacTa3iB y JIEreHSIX Ta JO0BIO-
TPUBAJIOTO MOJMIMIICHHS BWKUBaHHs. binbie Toro, pesysb-
TaTl EKCIIEPUMEHTIB 3 IOBTOPHOTO BUKIMKY MYXJIMHU
BKazyBald Ha (OPMYBaHHS CHJIBHOI IyXJIHMHO-CIICIH-
¢iuHOi IMYHHOT TaM’sTi WICIAS MICIEBOTO JIIKyBaHHS
NEpBUHHUX MyXJuH. [lomanbire nociikeHHs 110Ka3alo,
IO KpiOTepMiuHa Teparis CIpHs€e MiIBUIICHOMY I103a-
KIITHHHOMY BUKHIYy Oinka TemioBoro mioky Hsp70.
3rogom Hsp70 imgykyBaB maudepenmiamito Myeloid
derived suppressor cells (MDSCs) y 3pim aeHApHTHI
kiituHr DC, crpusitoud MOJIETIIEHHIO ONOCepeIKOBaHOT
MDSCs imyHocympecii Ta, 3peITor, aKTUBAIll CHILHOL
MPOTUNYXJIMHHOT iMyHHOT Biamoimi [22]. 3aranom,
HE3BOKAIOYM Ha KPUTHUYHI  BHCIIOBJIIOBAHHS OO
MeToAy rimeprepmii, KOMOIHOBaHE BHUKOPUCTaHHS Kpio-
i rimeprepMii J03BOJIsIE 3HAYHO 30UIBLIMTH  CTYIIiHb
JECTPYKI{ 3JI0SKICHUX HOBOYTBOPEHb, 3HU3UTH YacTOTY
iX penuIuByBaHHS 1, THM CaMHUM, IiJABUIINTH pPaJUKallb-
HICTB JIiIKyBaHHI.

KpioysisTpasBykoBa Teparnist

Cepen XipypriuHux CrIocoOiB JIIKyBaHHS XBOPUX Ha
snmosikicHi myxiuHu JIOP-opraHiB mepeBara BiJa€eTbes
KPIOYJBTPa3ByKOBI Tepamii — BiTHOCHO ONTHUMAIBLHOMY
METOIy JIIKYBaHHS ITyXJIMH SIK 3 TOYKH 30pY KOCMETHYHOTO
i QyHKIiOHANIBEHOTO €(eKTy, TaK 1 JOCATHEHHS MaKCH-
MaJIbHOT JIOKaJbHOI AECTPYKTHUBHOI JIii Ha NyXJIHHHY
TKaHUHY TPH MiHIMaJbHOMY YIIKO/DKEHHI OTOYYIOUMX
3mopoBux TkaHuH [31]. ¥V pobGori Monoroa O.B. Tta
CIIBaBTOPIB II0Ka3aHO, IO BUKOPUCTaHHSA JIOKaJbHOI
KpIOYJIBTPa3ByKOBOI JECTPYKIT Ha T Mozaudikamii
JICHKUH(PEPOHOM CIOCTEPITaeThCsl 30UTBIICHHS KiTBKOCTI
IMYHOKOMITETCHTHUX KIIITHH, IO 3a0e3MeUye IHTCHCHBHY
pe3opOIIiro Ta exiMiHaMNil0 HEKPOTH30BaHUX MAaC ITyXJIMHH,
MIPUCKOPEHHSI MICLIEBUX pEeNapaTUBHUX IPOIECIB y 30HI
KpIOHEKpO3y 3 YTBOPEHHSIM 3 €HYBAJIBHHX CTPYKTYP.
[IporsiroMm TpHOX POKIB MicCis JIiIKyBaHHS KOMOIHOBaHUM
crocoOOM, pEHUIWMBH, PETiOHApHI Ta BiATANEHI MeTa-
cra3u Oynu BusBieHi y 13,5% XxBopux, a B KOHTpPOJII —
y 33,6% xBOpuX.

VY TiHEKOJOTIYHIH TpaKTHIi JUIsi TMOCWIEHHS Kpio-
MOUIKO/PKEHHST TaTOJIOTIYHO 3MIHEHMX TKAaHWH LIMHKU
MaTKd 3 YCHIXOM BHKOPUCTOBYETHCS YIIBTPa3ByK Mayoi

a period from 1 to 2 years, the regional metastases in
the study group of patients were not detected. In the
control group, the frequency of regional metastases
was 34.2% [24].

The 4T1 mouse breast cancer model showed that
local cryothermal therapy (alternating cooling with
liquid nitrogen and heating with radiofrequency waves)
was significantly reducing distant lung metastases and
improving long-term survival. Moreover, the results of
tumor re-triggering experiments indicated the formation
of strong tumor-specific immune memory after local
treatment of primary tumors. Further research has shown
that cryothermal therapy promotes increasing extracellular
release of heat shock protein Hsp70. After a while, Hsp70
induced differentiating Myeloid derived suppressor
cells (MDSCs) into mature DC dendritic cells, facilitating
MDSCs-mediated  immunosuppression easing and,
ultimately, the activation of a strong antitumor immune
response [22]. In general, despite criticizing the method
of hyperthermia, combined use of cryo- and hyperthermia
can significantly increase the degree of destruction of
malignant neoplasms, reduce the frequency of their re-
currence and, thus, increase the radical nature of treatment.

Cryo-ultrasound therapy

Among surgical methods of treating patients with
malignant tumors of the ENT organs, cryo-ultrasound
therapy is preferred as a relatively optimal method of
treating tumors both in terms of cosmetic and functional
effect, and achieving maximum local destructive effect on
tumor tissue with minimal damage to surrounding healthy
tissues [31]. Molotov O.V et al. have shown in their paper
that in case of applying local cryo-ultrasound destruction
on the background of modification by leukinferon, the
increased number of immunocompetent cells is observed,
providing intensive resorption and elimination of necro-
tized tumor masses, acceleration of local reparative
processes in the area of cryonecrosis along with the
formation of connective structures. Within three years
after combination therapy, recurrences, regional and
distant metastases were detected in 13.5% of patients, and
in control — in 33.6% of patients.

In gynecological practice, low-intensity ultrasound
has been successfully used to enhance cryo-damage of
pathologically altered cervical tissues [32]. According to
the findings of a clinical study, it’s been found that
applying cryo-ultrasound leads to a larger and deeper area
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iHTeHcuBHOCTI [32]. 3a pesynpraraMu KIIHIYHOTO JO-
CJIIJDKCHHSI BCTAQHOBIICHO, IO 3aCTOCYBaHHS KpiOyJbTpa-
3ByKOBOTO BIUIMBY IpPU3BOJAMTH JO OUIBII BEJIUKOI
Ta TIMOOKOI 30HM HEKpO3y, HDK Micis i30JbOBaHOTO
KpioxipypriyHoro BTpy4aHHs. HaiiOinbine momkomxy-
I0ThCSI TKAaHWHH B PEKMMaXx, KOJIM O3By4YyBaHHsS BijOyBa-
€TBCS SIK Yy TIPOIECi 3aMOPOXKYBaHHS, TaK 1 BiATaBaHHS.
Kpim Toro, 3acrocyBaHHS yAbTPa3ByKy B MO€IHAHHI
3 HU3BKUMH TeMIlepaTypaMu BIUIMBAE€ Ha IIBHAKICTh
pemnapaTuBHUX TIpoleciB y Oik CKOpOYEHHsS TEepMiHIB
perenepariii. Tak, micis KOMOIHOBAaHOTO KpiOyJIBTpa-
3ByKOBOTO BTPYYaHHs 3 TIONEPEIHIM O03ByYyBaHHSIM
(opMyBaBcsl Ol eNacTUYHUI CTPYI, SIKMH BiJTOpPTaBCs
CaMOCTIHHO BXe Ha 6-Ty — 8-My 100y, Ha BiAMIHY Bif
OZIHOYAaCHOTO KpiOyJbTPa3BYKOBOTO BTPYYaHHS, 3a SIKOTO
cTpyn Biaroprascs Ha 10—14-ty noOy. Ha nymky aBropis,
nocuiieHHs epekTy KpiomecTpyKuii Moxke OyTH NOB’si3aHe
3 BIUIMBOM YJBTPa3BYKy Ha 3apO/DKEHHS Ta 30UIbIIECHHS
pPO3MIpiB KpUCTAJIB JIbOLY, IOSBY ApiOHOAMCIIEPCHOT
KpPHCTJIIYHO CTPYKTYpH (Ha eTami 3aMOpOXKyBaHHS)
Ta MOXIIHMBOIO IHTCHCH(]IKaIi€l0 pekpucTamizamii B
YIBTpa3BYKOBOMY I10J11 (Ha eTari BinTaBaHHs) [32].

VY pobori M.B. Mep3iikiHa moka3aHO, IO 3aCTOCY-
BaHHS HaJHU3bKUX TEMIIEpPaTyp Ui pEe3eKIil MyXJIHH
TIEYiHKY 3HUKY€ IHTpaoIepaliiiny KpOBOBTpaTy, Mi/IBUIILY€
a0bnacTUYHICTh omepaliil 3a paXyHOK IECTPYKLil TKaHWUH
mo JiHil po3THHy nevinku. Kpioaito mijg yac onepamiit
3 TPUBOLY 3710- Ta JOOPOSKICHMX IyXJIUH TI€YiHKU
MOXKHA 3IIMCHUTH y TphOX BapiaHTax: Kpiope3eKIis
3a JIONIOMOTOI0  KpPiOCKaJIbIIENs, KpiOyJbTpa3ByKOBOTO
CKaJIbIeNs 1 KpioBiOpOCKasbIeNs; 3BUYAifHA pe3eKiis 3
KPIOJICCTPYKIII€I0 KYKCH TCYIHKH Y3IOBXK JIiHIT pO3THHY;
KpIOZIECTPYKIIiSt MeTacTa3iB 1 TIeMaHrioM HEBEIMKUX
po3MipiB. Y IMX BHIAIKaX MOXKJIMBE BUKOHAHHSI Omeparii
JIAapoCKOMiYHUM AocTymoM [33].

MOXIUBICTD JTUCTAHIIHHOTO BIUIMBY Ha IyXJIUHY
MOLIMPHJIIACS. 3aBASKM TOSBI HOBOTO HEIHBa3HMBHOTO
Meroqy — yiabTpasBykoBoi aoOmauii (High Intensive
Focused Ultrasound — HIFU) [20]. [Tpuanun gikyBagbHOT
Iii yneTpasByKy Takuii camui, SIK i B [JiarHOCTHIN, 1
3aCHOBaHMI Ha 31aTHOCTI YIBTPa3ByKOBOI XBWIII HPOXO-
JUTH Kpi3h TKaHWHM, HE NOIIKoKyroun ix. Ilim wac
MIPOXO/DKEHHSI Kpi3hb TKAaHWHM 4YacTUHA eHeprii Tmepe-
TBOpIOEThCsl Ha Terwio. [lix wac QoxycyBanHs ynerpa-
3ByKOBOI XBHJII 3a JJOIIOMOTOIO CIIEIiaJIbHOI JIH3M HpHU
HIFU-BmnmBi  Temmeparypa  MiJBHUIIYETBCS  JOCHTh
mBHAKO (TpoTsiroM 1 ¢) 1o MiHiManbHOTO piBHS 56°C,
10 CTBOPIOE IUTOTOKCUYHHUH €(EKT, BUKJIMKAIOUN HE3BO-
POTHI 3MiHHM B TKAHMHAX — KOAryJsiidHuid Hekpo3. I1ix yac
HIFU-BmnuBy — Temmeparypa MOXE  ITiABHILYyBaTHCS
nonax 80°C, 3a sikoi e(peKTUBHO PYHHYIOTHCS MyXJIMHHI
TKaHUHH [34, 35].

HectpykruBHa miss HIFU-abnsmii  gocsraetscs 3a
PaxyHOK TO€THAHOI, MaibKke OMHOYACHOI, Iii TPHOX
MIPOLIECIB: TEPIINH — MEPEeTBOPEHHSI MEXaHIuHOi eHepril
B TEIUIOBY, APYTMH — 3alycK KaBiTawii, TpeTiii — mpsme
TIOIIKO/PKEHHS CYJIMH, SIKi JKHUBJISATH MyXJIUHY. BHacmizok
nposenenns HIFU-a0:1s1i1ii BUHNKa€e HEBETUKUIN TIOKATHHUH
0CEpEeIOK YIIKOKEHHS 1 HEKpOo3Y, IPH 1[bOMY TTOBEpXHEBI
1 HaBKOJNIMIIHI TKaHWHM 3QJIMINAIOTHCS  IHTAKTHUMHU.

of necrosis than after isolated cryosurgery. Tissues are
most damaged in modes when insonification occurs both
in freezing and thawing processes. In addition, ultrasound
in combination with low temperatures affects the speed
of reparative processes in the direction of reducing the
regeneration time. Thus, after combined cryo-ultrasound
intervention with preliminary insonification, a white
elastic scab was formed, which was rejected independently
on day 6-8, in contrast to the simultaneous cryo-ultrasound
intervention, in which the scab was rejected on day 10—14.
According to the authors, the strengthening of cryodestruc-
tion effect may be associated with the impact of ultrasound
on formation and increase of ice crystal size, appearance
of fine crystalline structure (at freezing stage) and possible
intensification of recrystallization in the ultrasonic field
(at thawing stage) [32].

M.V. Merzlikin shows in his study that using ultra-low
temperatures for resection of liver tumors reduces intra-
operative blood loss, increases the ablasticity of operations
due to tissue destruction along the line of liver dissection.
Cryotherapy in operations for malignant and benign
liver tumors can be performed in three versions: cryo-
resection by means of cryoscalpel, cryo-ultrasonic scalpel
and cryovibroscalpel; normal resection with cryodes-
truction of the stump of the liver along the line of dissecting;
cryodestruction of metastases and small hemangiomas.
In these cases, it is possible to perform the operation via
laparoscopic access [33].

The possibility of remote exposure of the tumor has
spread due a new non-invasive method, i.e. ultrasonic
ablation (High Intensive Focused Ultrasound — HIFU) [20].
The principle of therapeutic action of ultrasound is the
same as in diagnosis, and is based on the ability of the
ultrasonic wave to pass through the tissues without
damaging them. As it passes through the tissue, some
energy is converted into heat. When focusing the ultra-
sonic wave with a special lens under HIFU-exposure, the
temperature rises quite rapidly (1s) to a minimal level of
56°C, which creates a cytotoxic effect, causing irreversible
changes in tissues — coagulation necrosis. During HIFU
exposure, the temperature can rise above 80°C, at which
tumor tissues are effectively destroyed [34, 35].

The destructive effect of HIFU-ablation is achieved
due to the combined, almost simultaneous action of three
processes: 1 — conversion of mechanical energy into heat
energy, 2 — cavitation start, 3 — direct damage to the vessels
supplying the tumor. As a result of HIFU-ablation there is
a small local center of damage and necrosis, while the
superficial and surrounding tissues remain intact. In tissues,
these processes occur extremely quickly and simul-
taneously, so coagulation necrosis caused by focused
high-intensity ultrasound is due to the total biological
effect of all factors [20]. The literature provides only data
on comparing the effectiveness of cryo- and HIFU-ablation
in treatment of tumors, such as prostate cancer [36, 37].
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B TkaHmHax mi mponecH BiIOYBAlOTHCS HaJl3BUYANHHO
LIBHJKO 1 OIHOYACHO, TOMY KOaryisiiHHUA HEKpo3,
BUKJIMKaHUH (POKYCOBAaHHMM YJBTPa3BYKOM BHUCOKOI i1HTEH-
CHBHOCTI, 3yMOBJICHHI CyMapHHM OioJOriYHUM edeKkToM
ycix ¢akropie [20]. ¥V miteparypi HaBEACHO JHINEC IaHI
I0JI0 TOPIBHSIHHS edeKTuBHOCTI Kpio- Ta HIFU-abmsnii
B JIIKyBaHHI MyXJIMH, HAPUKJIAJ, paKky npoctaru [36, 37].

Kpionanoaoasiisn

OmHuM 13 WOXOAiB JUI  BUPINIEHHS MPOOIEeMH
HEpPiBHOMIPHOTO TNPOMEpP3aHHS TKAHUH € JIOKAJIBHE BBE-
neHHs HaHouacTuHOK (HY) y myximiHy nepen mpoBeieHHIM
nponenypu kpioabmsmii  [38—40]. Buxopucramas HY
3yMOBJICHO 3aTHICTIO JESIKHX iX BWJIB 30UIbIIYBaTH
HWMOBIPHICTh YTBOPEHHSI BHYTPILIHBOKJIITHHHOTO JIbOLY,
IO MTPU3BOJMTH JIO TOIIKO/KEHHS IIUTOCKENEeTa, OpraHes
Ta MeMOpaH i, SK HacHigoK, 10 3arubeni wmituH [10].
Pesyneraru excriepuMeHTIB 3 An(epeHIianbHOT CKaHy 0401
KaJlopuMeTpii miaTBepamny, mo BBeaeHHs HU moxe mo-
CHJINTH TETepOreHHE 3apOKCHHS KPIKAHOTO sipa Ta
CTIpHUATUME KJIacTepu3allii 3apoKiB iboay. Binqomo, mo HU
BUSIBIISIIOTH TaKOXX YHIKaJIbHI TETUIONPOBIAHI BIACTHBOCTI,
3aBASKH SIKUM €(QEKTUBHICTH KOMOIHOBaHOI KpioaOmsmii
3 BukopucTanHsaM HY 3a3Buuail mepeBepiiye pe3yabraru
3BHYallHHUX KplOXipypriuyHux omnepariii [14, 40, 41].

s BurotoBneHHss HY BUKOPHCTOBY€EThCS IIHMPOKUI
CIIEKTp MarepialliB, 30KpeMa HEOpraHiuHi MeTajH, IOoJIi-
MepH, sIKi 010JOTIYHO PO3KIAJAI0ThCS, JITIOCOMH, MILleNIn
Ta HAaMiBOPOBIJHUKUA. 3 METOIO ITOKPAIIEHHS KiHETHKH
HyKJIealii Ta MOCWIEHHS TEePMOIUHAMIYHUX IapaMeTpiB
3actocoByloTh Fe,O,, a s MOCWIEHHS KpioAecTpyKILii
3acTOCOBYIOTH noniMepHi HY, ski 3MiHIOIOTE MOpdOIIOTito
KPIKaHUX KPUCTANIB Ta 30UIBINYIOTH TEIUIONPOBIIHICTE.
Hanowacturku okcuny amowminito (ALO,) 3nathi 30inb-
LIyBaTH MIBUAKICTh YTBOPEHHS KPWJXKAHOI Kyii, THM
CaMUM ICTOTHO ITiJBUIIYBaTH €(pEeKTHBHICTh IPOMEP3aHHS
Tkauuau [14, 41, 42]. HaHOYAaCTHHKH OKCHAY MAarHIitO
(MgO) 30imbIIyIOTh MIBUAKICTH NPOMOPOXKYBaHHS 3a
paxyHOK 30iJbIIEHHS TeIuonpoBigHocTi. OKpiM BiAMiH-
HUX TeruioBux BrnactuBoctei, HU MgO € 6iocymicHUMHU
pedoBMHaMH, i 37aTHI A0 OiomecTpykuii, 10 J03BOJISE
OIBII IMIMPOKO X 3aCTOCOBYBaTH B KpioXipypriuHiii
npakTaui [14].

Crnig  3a3HauUTH, MO BHUKOPHCTaHHS KpiOHAHO-
XIpypriuHUX yTpydYaHb MoTpedye BU3HAYCHHS IapaMeTpiB
Kpi0aOAIii, 10 Ma€ CyTTEBE 3HAYCHHS I e(DeKTUBHOL
KplofiecTpyKIii MyxJH. [0IOBHUM YMHOM II€ CTOCYETHCS
LIBHJIKOCTI 3aMOpOXXKyBaHHs. Koy mIBHIKICTH 3aMOPOXKY-
BaHHS BUCOKa, y PO3YMHI HE YTBOPIOETHCS JIiA, 1 Kili-
THHM He 3a3HaloTh Bedukux Brpar [40]. Tomy ciin
MATPUMYBaTH ONTHUMAaJbHY IIBHIKICTH OXOJIOPKEHHS
JUISl JIOCSTHEHHsI IHTEHCHBHOTO (hOPMYBaHHS KPHCTAIIB
npony. J. Wang B eKcriepMMEHTI Ha KIIITHHHHUX KyJIbTypax
MOKa3aB, M0 MaKCHUMajlbHa WMOBIPHICTh YTBOPEHHS
BHYTPILIHBOKIIITHHHOTO JILO/LY CITOCTEpIiraiacs npy MIBU/-
kocti 3amopoxxyBaHHs 30°C/xB [40]. [ToniOHi pe3ynbraru
Oy OTpHMaHi B KJIITHHAX eMOpIOHAILHOT HUPKH JIFOANHU
Ta MIKpOCYIMHHUX KJIiTHHaX eHporenito [40]. Ha choromni
IIe HEeIOCTAaTHBO BHMBYEHO MPOLECH, SKi BiIOYBAIOTHCS
I Yyac 3aMOpPOXKYBaHHS B TKaHMHAX 1 OpraHax BEJIMKHX

Cryonanoablation

One of the approaches to solve the issue of uneven
tissue freezing is the local introduction of nanoparticles
(NP) into the tumor before cryoablation procedure
[38-40]. The use of NP is driven by the ability of some
species to increase the likelihood of intracellular ice
formation, which leads to damage to the cytoskeleton,
organelles and membranes and, as a consequence, to cell
death [10]. The results of experiments on differential
scanning calorimetry confirmed that administering NP
can enhance the heterogencous formation of the ice core
and promote the clustering of ice. NPs are known to also
show unique thermally conductive properties, due to
which the efficiency of combined cryoablation by means
of NPs usually exceeds the results of standard cryo-
surgical operations [14, 40, 41].

A wide range of materials are used to produce NPs,
including inorganic metals, biodegradable polymers,
liposomes, micelles, and semiconductors. In order to
improve the nucleation kinetics and enhance the thermo-
dynamic parameters, Fe O, is used, while to enhance
cryodestruction, polymer NPs are used, which change the
morphology of ice crystals and increase thermal conduc-
tivity. Nanoparticles of aluminum oxide (Al,O,) are able
to increase the rate of formation of an ice ball, thereby
significantly increasing the efficiency of tissue freezing
[14, 41, 42]. Magnesium oxide nanoparticles (MgO)
increase the rate of freezing by increasing thermal
conductivity. In addition to excellent thermal properties,
MgO NPs are biocompatible substances and are capable
of biodegradation, which allows them to be more widely
used in cryosurgical practice [14].

It is worth pointing out that the use of cryosurgical
interventions requires the determination of cryoablation
parameters, which is essential for effective cryodestruction
of tumors. This mainly concerns the freezing rate.
When the freezing rate is high, no ice is formed in the
solution and the cells do not suffer large losses [40].
Therefore, the optimal cooling rate should be maintained
to achieve intensive formation of ice crystals. J. Wang in
an experiment on cell cultures showed that the maximum
probability of formation of intracellular ice was observed
at a freezing rate of 30°C/min [40]. Similar results have
been obtained in human embryonic kidney cells and
microvascular endothelial cells [40]. Up to date, the
processes that occur during freezing in tissues and large
organs, as well as cryostability of tumors depending
on the organs where they are located are not sufficiently
studied, and, as a result, the questions on the parameters
of tumor freezing in self-cryoablation as well as cryonano-
surgery remain open. Sun Zi et al. [43] present an attempt
to estimate the distribution of tissue freezing zone in the
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PO3MIpiB, @ TaKoX KPIOCTIMKICTh IMyXJIMH 3aJIeKHO BiJl
OpraHiB, Jic BOHH PO3TAIllOBaHi, i, K HACIIJIOK, 3aJHIIa-
I0TbCS ~ aKTYaIbHHMMH THTaHHA I[OI0  IapaMeTpiB
3aMOpPOXKYBaHHS ITyXJIMH SIK TIPH CaMOCTIHHIH KpioaOmsii,
Tak 1 nmpu KpioHaHoXipyprii. ¥ po6oti Sun Zi Ta crniBas-
TopiB [43] momaHO cmpoOy OIMHKH PO3MOALTY 30HU
MIPOMOPOXKYBaHHS TKaHMH B ekcriepumenTi. Ha momeni
130J1b0BaHOT M’SI30BOT TKAHWUHM, TCYIHKH 1 CEpI CBHHI
MIpOBEZICHa  IMITallisl HAHOKPIOXIPYPriuyHHMX OIepallii.
BukopucroBysanu 5%-i Boanuit pozunn HY Fe,O,, sxuii
BBOJIMJIM B TKAHWHH iH’ eK1iiiHO. KOHTpOJIE TEMIIEpAaTypHUX
MOJNIB 3AIMCHIOBAJIM TepMoIlapaMH Ta I1H(padepBOHUM
TepMOMETpOM. BCTaHOBIIEHO, 1110 KpHKaHI KYJIbKH MaroTh
pi3HMI pO3MIp uepe3 HEOAHOPINHICT TKaHWH, 1 TOMY
rapameTpy KpioXipypriuHUX yTpy4aHb MaroTh 3aJIe)KaTh
Bi ¢akTuyHOi curtyanii. M’s3u, newiHKa Ta cepue
PI3HATBCS 32 TOPHCTICTIO, BMICTOM BOJM, HIUIBHICTIO,
KPOBOHAITIOBHEHHSIM, TETUIONPOBIAHICTIO, TUTOMOIO TEILIO-
€MHICTIO TOIIIO, TOMY KUTbKicTh HU, siKi MaroTh BBOTUTHCS
B TKaHUHY, CIIiJ nepeadavaTy 3a3naneriiap. Lle momomoxe
3IICHUTH BUCOKOSIKICHY KOHTPOJIbOBaHY aOJsIiI0 TKAHWH
My XJIMHU-MIIICHI B XOJ[i OTICPAaTUBHUX BTpy4aHb [43].

3narnicts HY HemeTaieBoi mpupoIiv 3HUKYBaTH TEILIO-
MIPOBITHICTH TKAHMHU JI03BOJISIE TX TAKO)K BUKOPHUCTOBYBATH
B KpioHanoxipyprii [38]. Taki HY BBomaThcs mo kpasx
COJIIZTHOT MyXJIMHU JIJISI «3aXUCTY» 30POBUX TKAHWUH Tepe]
KplOXipypriYHUM BTPYYaHHSIM.

JlazepHa Tepamisi Ta KpioabJsinis

Jocuth apryMeHTOBaHi i TOKa30Bi pe3yJbTaTH BHKO-
pHUCTaHHS B OTOJAPHMHTOJIOTIYHIH NpPaKTHII KpioXipyp-
TiYHUX METOAIB JIIKYBaHHS B TIOEJHAHHI 3 JIA3epHUM
OIIPOMiHIOBaHH:M [44]. XapaKTepUCTHKU CyYacHHUX Xipyp-
TYHMX J1a3epiB (KOMIAKTHICTh, aBTOHOMHICTB, BiICYTHICTh
CHeiaJIbHUX 30BHILIHIX CHCTEM OXOJO/DKEHHS, ITHPOKHUIt
Jiana3oH ITOTYXXHOCTI Ta JIOBXHHH XBHJI) JO3BOJISIIOTH
3aCTOCOBYBATH iX NMPAaKTUYHO B YCiX chepax OHKOXipyprii
[44]. A. Michke Ta cmiBaBT. omucaad OCHOBHI MeXaHi3-
mu B3aemofiii CO,-nazepa 3 TKaHWHAMH JIIOJMHH, TIOKa-
3aHHsI 10 J1a3epHOT Xipyprii ropraHi, 30KpeMa XOpJIeKTOMist
1 PO3THH MiJI3B’SI3KOBOTO CTEHO3Y, @ TaKOX BH3HAYMIH
MIePCIEKTUBY PO3LINPEHHS ii BUKOpUCTaHHA [44].

Bucoka edextuBHICTE KOMOiHAIi sazepHoi Tepamil
Ta KpioXipyprii Moka3aHa y MaliaTUBHINA BETePHHAPHIN
MIPaKTHIL. 3a pe3y/bTaTaMy JIiKyBaHHs OyJI0 BCTaHOBJIEHO,
mo kombinosana CO,-nasepHa Ta Kpioxipypriuna abmsimis
MIpaKTHYHA, CKOHOMIYHO BUTiZHA Ta 3a0e3leuye BUCOKHUH
CCTCTUYHHUN e(eKT y CO0aK i3 MIOCKOKIITHHHHM PaKOM
HOCOBOT IMOPOXKHMHU, 3a0€3MeYYI0UH MTPU [IOMY TIPHHAHST-
HE TOJICTIIICHHS MICIICBHUX MPOSBIB 3aXBOPIOBaHHA [45].

Kombinanisa ¢poroqunamivynoi Tepanii Ta kpioadasii
BaxiBo 3a3Ha4nTH, 1110 B OHKOXIPYPrii JOCUTH 4acTo
BUKOPUCTOBY€EThCS METOJ| (POTOAMHAMIYHOT Teparii, SKui
JI03BOJISIE OTPUMYBATH CEJICKTHBHE PYHHYBaHHS MyXJIMHU
3 MiHIMaJIFHUM ITOIIKO/DKEHHSM HABKOJIMIIHIX 30POBUX
TKaHUH. 3aB/SIKK TOMY, 1[0 PEYOBHHU sl POTOAMHAMIYHOT
Teparii MaloTh BJIAaCTHUBICTh BHOOPYOTO HAKONWYEHHS B
MyXJIMHI, ypaKeHI IaTOJOTIYHUM TIPOLECOM TKaHMHHU
OIIPOMIHIOIOTH  CBITJIOM 13 JOBXMHOIO XBHJI, IO

experiment. Nanocryosurgical operations were simulated
in a model of isolated muscle tissue, liver and heart of
a pig. A 5% aqueous solution of NP Fe,O, was used,
which was injected into the tissues. Temperature fields
were monitored by thermocouples and an infrared
thermometer. Ice balls were found to have different sizes
due to tissue heterogeneity, and therefore the parameters
of cryosurgical interventions should depend on the actual
situation. Muscles, liver and heart differ in terms of
porosity, water content, density, blood supply, thermal
conductivity, specific heat, etc., so the number of NPs
to be injected into the tissue should be predicted in
advance. This will help to perform high-quality controlled
ablation of target tumor tissues during surgery [43].

The ability of non-metallic nature of NPs to reduce
the thermal conductivity of tissue make it possible to use
them in cryonanosurgery [38]. Such NPs are injected
along the edges of a solid tumor to “protect” healthy tissues
before cryosurgery.

Laser therapy and cryoablation

The results of applying cryosurgical methods of
treatment in combination with laser irradiation in ENT
practice are well-argued and indicative [44]. The capa-
bilities of modern surgical lasers (small size, autonomy,
lack of special external cooling systems, a wide range of
power and wavelength) allow them to be used in almost
all oncosurgery areas [44]. A. Miehke et al. described the
main mechanisms of interaction of CO,-laser with human
tissues, indications for laser surgery of the larynx, in
particular chordectomy and dissection of the ligament
stenosis, and identified prospects for its expansion [44].

A high efficiency of combination of laser therapy and
cryosurgery is shown in palliative veterinary practice.
According to the outcomes of treatment, it was found
that combined CO,-laser and cryosurgical ablation is
reasonable, cost-effective long with providing a high
aesthetic effect in dogs with squamous cell carcinoma of
the nasal cavity as well as acceptable relief of local
manifestations of the disease [45].

Combination of photodynamic therapy
and cryoablation

It is noteworthy that the method of photodynamic
therapy is frequently used in oncosurgery, which enables
obtaining selective destruction of the tumor with minimal
damage to surrounding healthy tissues. Due to the fact that
substances for photodynamic therapy have the property of
selective accumulation in the tumor, the affected tissues are
irradiated with light, where a wavelength corresponds to or
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BiJmoBifHa a0o Onu3bka 10 MaKCUMyMy IOIVIMHAHHS
OapBHuKa. Sk JpKepenla CBiTJIa 3aCTOCOBYIOThH Ja3epHi
YCTAHOBKHM, IO JO3BOJSIOTH BHUIIPOMIHIOBAaTH CBITJIO
MIEBHOT JIOBKUHY XBHJII 1 BUCOKOT IHTCHCUBHOCTI [406, 47].
BukopucranHst KpioxipypriyHoro miaxony y KoMmOiHarmii
3 (OTOOMHAMIYHOIO Teparli€ro BUCBITICHO Ha NpPHKJIagax
JIIKYBaHHSI aKTHHIYHOTO Keparosy [48], ame pesynbraru
PAHIOMI30BaHOTO JIOCHI/DKCHHS HE TOBIJOMIISIOTHCS.
Jnst nocsirHeHHsT peMicii y BHIAJKaX TSHKKHX Ypa)KeHb
came KOMOIHOBaHE 3aCTOCYBaHHS Kpioxipyprii 3 ¢oro-
JMHAMIYHOIO Tepartiero MOXKE JO3BOJIMTH 3MEHILIUTH OSBY
PEIMIUBIB IIOTO 3aXBOproBaHHS [48].

[Noennanns kpioxipyprii Ta poTogMHAMIYHOT Tepamii —
aJIbTepHATUBA 3BUYAWHIN Xipyprii AJs JIiKyBaHHS MYJIBTH-
¢okanpHOi XxBOpoOM Ilemkera BynbBH 3 BEIMKHMH a0bo
PELMAMBYIOUMMH TPOSIBAMH Y JIIOIEH TOXHWIIOTO BIKY.
B po6ori C. Boularda Ta cmiBasr. [49] onncano jiKyBaHHS
JIBOX MAIli€HTOK 3 XBopoOoto [le/keTa 1 HABEICHI TO3UTHB-
Hi pe3yJbTaTH BUKOPHCTAHHS KPIOXipypriYHUX METOIUK
y KoMOiHaii 3 (POTOAMHAMIYHOIO TEPAITIEI0 3 3aCTOCYBaH-
nam CO,-nazepa. [losHa pemicis 3aXBOpIOBaHHs y mHalli-
€HTOK HacTaJsia uepe3 12 MicsIiB micis JikyBaHHS [49].

3acmyroBye Ha yBary po6ora Hou Yi Ta cmiBaBTOpiB
[50], B skiit mogana po3poOka TiOpUHOT MIaTHOPMH, IO
MICTUTB NACTy 3 PIIKOTO0 METajy 3 BMICTOM TaJlito Ta MiJi.
[lacra Mae BHCOKY TEIJIONPOBIJHICTh, @ HAHOYACTHHKHU
PiAKOTO MeTaly MaloTh BUCOKY (DOTOTEPMIYHY KOHBEPCIIO,
JUIS TTOCHJIEHHS TEPAINIeBTUYHOTO €(eKTy MyJIBTUMOJAITLHOT
tepamii. Ilacta 3 pigkoro merany i€ SIK TOB’s3Ka Ha
IIKIpy 3 BHCOKOK TCIUIONPOBIMHICTIO, TMOKPAITYIOYH
TerIonepeaayy MyXJIHMHHOI TKAaHWHH MiJ Yac KpioaOmsii.
3 BUKOPUCTaHHSM ITaCTH KiHIIEBa TEMIIEpaTypa Iy XJIMHHOT
TKaHWHU OyJia HIKYOI0, a PO3IOJLIT TEMIIEpaTypH — OUTbII
PIBHOMIpHMM, HDX 0€3 mMacTH, 1110, IMOBIPHO, HOCHIIHIO
edexT pyiiHyBaHHS KIiTHH. HaHOYacTHMHKH 3 pPiAKOTO
MeTajy Iisuii K (OTOTEpPMIUHI areHTH, sSKi 30UIbIIYBaIN
3MIHM TEMIIEpaTypH IIiJ] 4ac Jla3epHoro orpomMineHHs [50].
Takum unHOM, riOpuaHa mathopma Moxe OyTH BOAHOYAC
MOCEPEAHUKOM Yy TIOJBiiHIN JIiT Ta peaizyBaTi CHHEpTidHi
edexTu B Teparii paxy.

Kpionpomenesuii meTox

[TpomeHeBa Teparisi € «KIaCHYHUMY, TOPA] 13 XiMio-
Tepami€r, HEXipypriyHUM METOIOM OOpOTHOM 3 OHKO-
3axBoproBaHHsAMH. CaMe HasIBHICTh BiAMOBIZHOTO yCTaTKy-
BaHHs cTajya 0a3010 I opraHizanii NPOBIAHUX HAYKOBO-
JOCHIJTHAX KJITHIYHUX OHKOJIOTTYHHX YCTaHOB. 30Kpema, B
VYkpaiHi 11e iCHyr0Ul BXKE IMOHA]] CTOJIITTS YCTAaHOBH, BiIOMI
chorogni sk HamionaneHuil iHcTUTYT paky (M. Kwuis)
ta [HCTUTYT MemuuHOI panionorii Ta OHKOJNOTII iMeHi
C.I1.Tpurop’esa (M. Xapkir). He3paxkarouu Ha TOCUTh BUCO-
Ky 4acTOTy BHHUKHEHHS TSDKKMX YCKIIQJIHEHb BHACIIJIOK
IIpOMEHEeBO1 Teparii, 30KkpeMa Ha piBHi XpOMOCOMHOTO ara-
pary KIJIITHH, Lei croci0 BIUIMBY Ha 3JOSKICHI ITyXJIH-
HU 3allUIIAETBhCA Jyxke 3aTpeOyBaHuM. Bimomo, 1m0
e(eKTUBHICTh ITPOMEHEBOI Tepallii 3aJIeKUTh MEePEBAKHO
BiJl PafiouyTIMBOCTI MyXJMHH. [0 MyXJIMH 3 BiTHOCHO
HEBHCOKOIO PaJiOuyTIIMBICTIO HAaJIeKUTh aJeHOKapIH-
HoMma eHnomerpis. B JlepxaBHa ycranoBa «lHCTHTYT
MenuuHOi pamionorii Ta onkomorii im. C.II. Ipu-

is close to the maximum dye absorption. As light sources,
laser installations are used, which allow to emit light of
a certain wavelength and high intensity [46, 47]. The use
of a cryosurgical approach in combination with photo-
dynamic therapy has been outlined in the treatment of
actinic keratosis [48], however the results of a randomized
study have not been reported. To achieve remission in
cases of severe lesions, combined use of cryosurgery
with photodynamic therapy can reduce the recurrence
of this disease [48].

Combination of cryosurgery and photodynamic therapy
is an alternative to conventional surgery for treatment
of multifocal Paget disease of the vulva with substantial
or recurrent manifestations in the elderly. C. Boularda
et al. [49] described the treatment of two patients
with Paget disease and presented positive outcomes of
the use of cryosurgical techniques in combination
with photodynamic therapy using CO,-laser. Complete
remission of the disease in patients occurred 12 months
after treatment [49].

The paper of Hou Yi et al. [50], presenting the
development of a hybrid platform that includes a paste
of liquid metal containing gallium and copper, is
especially noteworthy. The paste has a high thermal
conductivity, while liquid metal nanoparticles have a high
photothermal conversion, to enhance the therapeutic effect
of multimodal therapy. The liquid metal paste acts as
a bandage on the skin with high thermal conductivity,
improving the heat transfer of tumor tissue during cryo-
ablation. With the use of the paste, the final temperature
of the tumor tissue was lower, and the temperature distri-
bution was more uniform than without the paste, which
probably increased the effect of cell destruction. Liquid
metal nanoparticles acted as photothermal agents that
increased temperature changes during laser irradiation [50].
Thus, the hybrid platform can simultaneously mediate dual
action and fulfill synergistic effects in cancer therapy.

Cryoradiation method

Radiation therapy is a “classic”, along with chemo-
therapy, non-surgical method of fighting cancer. It is the
availability of appropriate equipment that has become
the basis for establishing the leading research clinical
oncology institutions. In particular, in Ukraine these are the
institutions known today as National Cancer Institute (Kyiv)
and Grigoriev Institute for Medical Radiology and
Oncology (Kharkiv). Despite the relatively high incidence
of severe complications due to radiation therapy, especially
at the level of chromosomal apparatus of cells, this method
of exposure of malignant tumors remains highly-demanded.
The efficiency of radiation therapy is known to mainly
depend on tumor radiosensitivity. Tumors with relatively
low radiosensitivity include endometrial adenocarcinoma.
At Grigoriev Institute for Medical Radiology and Onco-
logy S.P. Grigoriev, Professor O.A. Mykhanovskyi
conducted fundamental studies of the efficiency of cryo-
destruction of the tumor in radiation therapy of patients
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rop’eBa HaronansHOT akaieMii MeTMUHUX HayK YKpaiHm»
npodecopom O.A. MixaHOBCEKHM OyIin TpoBeieH] GyH/a-
MEHTaNbHI JIOCTIJDKEHHSI e(EeKTUBHOCTI KpPioAeCTPyKIil
ITyXJIMHYU TiJ1 Yac MPOMEHEBOTO JIIKYBaHHS XBOPUX Ha pak
TiJIa MaTKy. 3a pe3yJabTaraMH BHBYEHHS KPiONPOMEHEBO-
ro maromopdo3y paky eHIOMETpis Ta KapuuHomu [epe-
Ha WIypiB, fKa € PaJiOpPEe3UCTEHTHOI0 MyXJIHMHOK 1 3a
MOPQOJIOTIYHIUMHU OCOOIMBOCTAMH HAaHOLIBII ONN3BKOIO
JI0 aJCHOKapIHOMH EHJOMETpis, OyB BCTAaHOBJICHHH
ONITUMAJILHUI YacOBUH iHTepBai, 24 roauHU, MK KpioJ-
€CTPYKIIEI0 1 ONpPOMIHIOBaHHSAM, 1 Bij3HaueHa HeOe3-
MIEYHICTh TOJOBKEHHS I[LOT0 iHTepBaTy 10 48 romuH [51,
52]. YacTkoBa KpiogecTpyKIlis, IpoBeacHa 3a 24 TOIMHU
JI0 OTIPOMIHIOBAaHHS, HE 3MiHIOBaJIa TEHICHIIT MyXJIMHHUX
KIITHH 70 nudepeHIianii mia BIUIMBOM pajiamiiHOl
Iii, ajlie 3HAYHO 3HIDKYBaja Mpomidepamiro B MyXJIHHI.
Kpiomectpykuist 3a 48 TonH 10 ONPOMIHIOBAaHHS TAKOX
HE TIePEIIKOKAIa paiaiiHo 3yMOBIICH I TudepeHIianii
KIITHH KapuuMHOMHU [epeHa, ane BHKIIMKajga TOCHICHHS
IpoleciB Moxity 1 mosiBy HeaudepeHmiioBaHUX pajio-
pe3ucTeHTHUX (OpM, IO € HECTIPHATIMBUMHU O3HAKAMH.
[opiBHSHO 3 JIiIKyBaHHSM NPOMEHEBHM METOJIOM IIepe-
IIpOMEHeBa KpIOJACCTPYKIS MyXJauHW Ha 22,2% miaBu-
IIyBajia ITSITUPIYHY BIKMBaHICTh XBOPHX Ha pakK Tina
Marku. KpionpomeHeBe JKyBaHHS pO3DVIAIAEThCS SIK
MeToJ BHOOpY Yy BHUNAJKax BHCOKOTO OIEpaliifHOro
pusuky. lluToreHeTHYHI TOCIIKCHHS 3aCBiTUMIH BiJICYT-
HICTb BIUIMBY KpIONPOIEAYpH Ha pPagiouyTIUBICTh
XpOMOCOM Y KIITHHaX HOPMaJIbHUX TKaHWH, IpOTE Yy
XBOPHUX 13 IEPEANPOMEHEBOIO KPIOAECTPYKLIEIO MyXIIMHU
CIIOCTEpIrajocss MEHII iHTEHCHBHE IIiJIBUILIEHHS BUXOMY
JMUIICHTPUKIB Ta KiJelb Ha a0epaHTHY KIITHHY, IO
KOPEJIoBajo 3 e(eKkToM 3HMKEHHs YacTOTH IOJIIUIOII0B
1 eHJoperuTikamii, Ha BiIMIHY BiJl HAKONMYECHHS TCHOM-
HUX TOpYIIeHb Yy OCi0 0e3 KpiomecTpyKIi MyXJIUHU.
Takuit MomUQiKyBaIbHUN BIUIMB IEPEAIIPOMEHEBOI Kpio-
MpOLIeAYpH HA IIMTOTEHETUYHI MOKAa3HUKU Y XOAl Mpo-
MEHEeBOi Tepartii MOB’SI3YI0Th 3 MOCHUJICHOIO IIUPKYJISLIEI0
JMQOIHTIB Mi’K OPOMIHEHOIO i HEOIIPOMIHEHOIO 30HAMH
tina. lle MOXHa poO3DISLAaTH SK OMUH 3 MEXaHI3MIB
3HW)KEHHST PU3UKY PO3BUTKY MICIEBUX IPOMEHEBUX
peakuiil y MarieHToK, SKUM MTPOBOJIMIHN MEPEIIIPOMEHEBY
KplofecTpyKIito myxiuHu [53].

Y PociiicbkoMy OHKOJIOTIYHOMY HAyKOBOMY ILIEHTpi
imeni M.M. BrioxiHa po3po0ieHo HOBUI KpiONpOMEHEBHit
METOJ| JIKYBaHHS XBOPUX 13 MICIIEBO-TIOIIMPEHNMH Ta
PEIMIUBYIOUMMHE (popMaMu 0a3aibHO- 1 TUIOCKOKJIITHH-
HOTO paKy IIKipu TonoBu [54, 55]. be3nocepenupo nepen
KO)KHUM CEaHCOM TIPOMEHEBOi Tepamii HpOBOIHUIOCS
JIOKAJIbHE OXOJIO/KEHHSI MYXJIMHU JI0 JOCSTHEHHS TeM-
reparypy 3aMOpPOXKYBaHHsSI Ha MEXIi ITyXJIMHH 1 30pOBOT
TKaHrHU. ONpOMIHEHHS BHKOHYBAJIM IPOTATOM 5 JHIB
(3 2-meHHOIO TEPEepBOIO) Y pPa30Bild JIOKANBHIN 1031
2,0-2,5 I'p 1o mocsArHEHHs CyMapHOi BOTHHIIEBOI J03U
60-70 I'p. 3acrocyBaHHS 3a TOKa3aHHSMH KpiolpoMe-
HEBOTO METOAY JIO3BOJIMIIO JOCSTTH 33/I0BUTBHHUX PE3yJlb-
taTiB JikyBaHHsA. CTiifike OIyXaHHsS OYyJ0 JOCATHYTO Y
93 (98,9%) 3 94 xBOpHX i3 MEPBHHHUMHU (OpPMaMHU PaKy
wkipu iy 14 (77,7%) i3 18 namieHTiB 3 peuAMBHUM PakoM
LIKIpH Iicnst Tepanii B iHIMMX ycrtaHoBax [54]. 3aBusku

with uterine cancer. According to the results of studying
cryoradiation pathomorphosis of endometrial cancer and
Guerin’s carcinoma of rats, which is a radioresistant tumor,
morphologically more similar to endometrial adenocarci-
noma, the optimal time interval, 24 hours, between cryo-
destruction and irradiation was determined along with
specifying hazards of prolonging this interval up to
48 hours [51, 52]. Partial cryodestruction performed
24 hours before irradiation did not change the tendency
of tumor cells to differentiate under radiation, but it
significantly reduced tumor proliferation. Cryodestruction,
performed 48 hours before irradiation, also did not
interfere with radiation-induced differentiation of Guerin’s
carcinoma cells, but it caused intensification of division
processes and the appearance of undifferentiated radio-
resistant forms, which were unfavorable features. Compared
to radiation therapy, pre-radiation cryodestruction of the
tumor increased the five-year survival of uterine cancer
patients by 22.2%. Cryoradiation is considered as treatment
of choice in cases of high surgical risk. Cytogenetic
studies showed no effect of cryotherapy on radiosensitivity
of chromosomes in normal tissue cells, however, in
patients with pre-radiation cryodestruction of the tumor,
less intensive increase in appearance of dicentrics and rings
on the aberrant cell was observed, correlating with the
effect of reducing the frequency of polyploids and endo-
replications, as opposed to accumulation of genome
disorders in patients without tumor destruction. Such
a modifying effect of pre-radiation cryotherapy on
cytogenetic parameters in radiation therapy is associated
with increased lymphocyte circulation between irradiated
and non-irradiated areas of the body. This can be consi-
dered as one of the mechanisms to reduce the risk of local
radiation reactions in patients who underwent pre-radiation
cryodestruction of the tumor [53].

A new cryoradiation method for treating patients with
locally advanced and recurrent forms of basal and
squamous cell carcinoma of the scalp was developed
at N.N. Blokhin Russian Cancer Research Center [54, 55].
Immediately before each radiation therapy session, local
cooling of the tumor was performed until freezing
temperature at the border of the tumor and healthy tissue.
Irradiation was being performed 5 days long (with a 2-day
break) in a single local dose of 2.0-2.5 Gy until a total
focal dose of 60-70 Gy was reached. Applying cryo-
radiation if medically required have made it possible to
achievesatisfactory treatment outcomes. Sustained recovery
was achieved in 93 (98.9%) out of 94 patients with primary
skin cancer and in 14 (77.7%) out of 18 patients with recur-
rent skin cancer after treatment at other institutions [54].
Due to preserving the forms and functions of local tissues,
it was possible to maintain a high quality of life and
ensure full rehabilitation. The obtained long-term results
are as good as other methods of treatment along with
avoiding traumatic surgery in the vast majority of patients.
Thus, cryoradiation method, applied in accordance with the
developed indications, allowed to improve the results
and open a new potential in treating patients with primary
cases and recurrences of basal and squamous cell carci-
noma of the face.
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30epekeHHI0 (GOopM 1 (YHKIIIH MiCIIEBUX TKAaHWH BIAJIOCS
30eperTi BUCOKY SKICTh KHTTA 1 320€3M1EeUUTH TOBHOLIHHY
peabimitamito. OTpuMaHi BifgajeHi pes3yJibTaTH He
MOCTYNAIOTHCS 1HIIMM METO/IaM JIIKYBaHHS, HPH LOMY
y aOcoioTHOT OUIBIIOCTI XBOPUX BIANIOCS YHHKHYTH
TpaBMaTHYHHUX OMNEPATUBHUX YTpy4aHb. TakuM UYUHOM,
KpIONPOMEHEBUII METOJ, 3aCTOCOBaHWI BIJIIOBIAHO 0
PO3pO0IIEHUX MTOKa3aHb, J03BOJIHUB MOMIMIINUTH PE3y/IbTaTH
1 BIOKpDUTH HOBI MOMJIMBOCTI B JIKyBaHHI XBOpHX 3
NEPBUHHUMH BHIIQJIKAMH Ta pPEUUIUBAMHU 0a3aibHO-
Ta IUIOCKOKIJIITHHHOTO PaKy LIKIpH 00INYYs.

VY kniniyee nociimpkenHs J.M. Vergnon Ta criBaBTO-
piB [56] Oyno 3amisHO 38 MaIi€HTIB 3 CHMITOMATHYHOO
OOCTPYKTHBHOIO IyXJIMHOIO Tpaxei abo TOJIOBHOTO
OpoHXa, SKMX TIIPOJIKYyBaJHM CIOYaTKy KpioTepariero,
MIPOBEJICHOIO Mijl 3araJlkHUM HapKO30M, a IOTIM 30BHIIII-
HIM ONpOMiHEHHsSM. BcTaHOBIEHO, IO KpioTeparris,
ska Oyna omiHeHa NpH OpoHXOCKOMii, € e(EeKTHBHOIO
y 26 i3 38 manienTis. [Ticns onpominenns y 17 3 26 nari-
€HTIB HE BHSBIICHO 3aJIMIIKOBOI OpPOHXIaJbHOI MyXJIMHU.
Haiixpama BmkuBaHicTh Oyina HOB’si3aHa SIK 3 e(eKTHB-
HICTIO TEPBUHHOI JAECTPYKLIi MyXJIMHH METOAOM Kpio-
Tepartii, Tak 1 3 JIIKyBaHHSIM, BUKIMKAaHUM ONPOMIHEHHSIM
(meniana, 560 nHiB). [To3uTHBHUIT pe3yabTar OTpUMaHU
y 65% (17/26) Bumanxis, T00TO0, Kpamuii, Hix 35%, mpo
SIKI 3a3BMYal MOBIJOMIISIOTH JIMIIE MICs ONPOMIHEHHS.
i pesynbratn cBim4aTh Npo €(EKTHBHICTH TOCHICHHS
OMPOMIHCHHST KpioTepariero [56]. Pesymbratu excrnepu-
MEHTAIbHUX 1 KIIHIYHUX JOCHIPKEHL II0KA3aad, IO
KPIOIECTPYKIiSl 3JI0SKICHOTO HOBOYTBOPEHHSI 3a BU3HA-
YCHHUX PEXKHMMIB CCHCHOUTI3ye KIITHHH IO TMOAAIBIIOL
MpoMeHeBoi [, 10 MOXe CHpPUSITH IiJBUIICHHIO
e(peKTUBHOCTI JiKyBaHHS [56, 57].

Kpioenexkrpoanis
Jlo HOBUX TEHJCHIN PO3BHUTKY KpIOXipyprii cimif
BIJHECTH KpIOEJEKTPOJi3 — HOBa MaJlOiHBa3MBHA

xipypriuHa Meroiuka aOnsiii TKaHWH, SKa IOEIHYE
METO/IM EJCKTPOJITHYHOI abmsIii 3 kpioxipypriero [58].
Mertos €IeKTPOXIMIYHOTO JII3UCY MONSATaE B JIECTPYKIIT
MYyXJUHHOI ~ TKaHWHM, PO3TAlIOBaHOI MDK  Haporo
€JICKTPOJIiB, 32 PAXyHOK JITUYHOI il JIyTry (TLAPOKCHIY
HaTpif0) 1 KUCIOTH (CONSHOI KHCIIOTH), SIKa YTBOPIOIOTHCS
B 30HI Karozia i aHoza BiamoigHo. Kpim Toro, enxekrpuy-
HE TI0JIC BUKITUKAE TOTIK BOMHU (CJIEKTPOOCMOC) BiJ aHO/AA
JI0 KaTofa 1 BiJNOBITHO BUHUKAE HAOpsAK OIS Katona i
3HEBOJIHEHHS TKAHMH HAaBKOJIO aHoza. JIi3uC MoChIoeTbes
MPSMUM  BIUIMBOM TIOCTIHHOTO EJIEKTPUYHOTO CTPYMY.
Enextponitnuna aOnsiist morpedye Jyke HU3BKHX
MOCTIfHUX CTPYMIB (Bil IECATKIB 10 COTEHb MA) 1 JTyXke
HU3BKUX Hampyr (BiJ OAHOrO /O JEKUIBKOX MAECSATKIB
BOJIBT) [58]. 30Ha BIUIMBY MOXKE CYTTEBO TOIIMPIOBATUCS
32 paxyHOK 30UIBIICHHS KITBKOCTI EIEKTPOJIB, SIKi
BBOJSITHCS B MyXJIUHY [59].

3 BHUKOPHCTAaHHSIM ONTHYHHMX BHMIPIOBaHb Ta BHUMi-
pIOBaHb CTPYMIB B EKCHEPHUMEHTaJIBHUX MOCIHIIKSHHIX
OyJ10 MOKAa3aHO, IO EJIEKTPOIIi3 MOXKE TAKOK BifOyBaTHCS
M 4Yac 3aMOpPOXKYBaHHS (Di3i0JIOTIYHOTO PO3YMHY HPHU
MIHYCOBUX TeMIIepaTypax, BHIIE EBTEKTHYHOI TeMmIepa-
TYpH Ul PO34MHY COIMi, i 1m0 nomupeHHs ¢ponty pH

The clinical study by J.M. Vergnon et al. [56] enrolled
38 patients with symptomatic obstructive tumor of the
trachea or main bronchus, who were treated first with
cryotherapy under general anesthesia, and then exposed
to external irradiation. Cryotherapy, assessed by broncho-
scopy, was found to be effective in 26 out of 38 patients.
No residual bronchial tumor was detected after irradiation
in 17 out of 26 patients. The best survival was associ-
ated with both the efficacy of primary tumor destruction
by cryotherapy and radiation-induced treatment (median,
560 days). A positive result was obtained in 65% (17/26)
cases, i.e., it was better than 35% usually reported only
after irradiation. These outcomes indicate the effectiveness
of enhanced irradiation by cryotherapy [56]. The results
of experimental and clinical studies have shown that cryo-
destruction of a malignant neoplasm under certain regi-
mens sensitizes cells to further radiation exposure, which
may increase the effectiveness of treatment [56, 57].

Cryoelectrolysis

Current trends in cryosurgery include cryoelectrolysis
which is a new minimally invasive surgical technique
of tissue ablation, combining electrolytic ablation with
cryosurgery [58]. The electrochemical lysis method
consists in the destruction of tumor tissue located between
a pair of electrodes due to the lytic action of alkali
(sodium hydroxide) and acid (hydrochloric acid), which
are formed in the cathode and anode zone, respectively.
Besides, the electric field causes a flow of water (electro-
osmosis) from the anode to the cathode and, accordingly,
there is swelling near the cathode and dehydration of
the tissues around the anode. Lysis is enhanced by direct
exposure to direct electric current. Electrolytic ablation
requires very low direct currents (from dozens to hundreds
of mA) and very low voltages (from one to several
dozens of volts) [58]. The affected area can expand
significantly due to increasing the number of electrodes
inserted into the tumor [59].

Using optical and current measurements, experimental
studies have shown that electrolysis can also occur during
freezing of normal saline in sub-zero temperatures, higher
than the eutectic temperature for saline solution, and that
spreading pH front does not virtually depend on tempera-
ture [60]. Electrolysis occurs in high subzero temperatures
during the freezing process as well as during thawing.
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MPaKTHYHO HE 3aJeXKHUTh Bix Temmeparypu [60].
Enekrponi3 BigOyBaeTbcs sIK 3a BHCOKHX MiHYCOBUX
TeMIlepaTyp IijJ 4Yac Ipolecy 3aMOpPOXKYBaHHS, TaK 1
MIPOTATOM PO3MOpOXKyBaHHs. OcoOiMBHIT XapakTep 3MiH
TEeMITEpaTypH Ta eJIEKTPUYHHUX CTPYMIB y MPOIeci BiJirpi-
BaHHS 3aMOPOKEHHX TKAHUH aBTOPHU MOSCHIOIOTH BEJINKOIO
KIUJIBKICTIO eHeprii, sika Mae OyTH BHAajeHa Ha 30BHIII-
HBOMY Kpal0 3aMOPOXKEHOI JUISTHKU Yepe3 MepeTBOPEHHS
TBEp/01/pinKkoi Ga3u Ha il Mexi.

KoHrerist kpioeneKTposiTHYHOT aluswii, sIKy 3ampo-
monyBaB F. Lugnani Ta criBaBt. [61] monsrae B Tomy, mo
Ha OpraH-MillleHb CIOYaTKy BIUIMBAIOTH EJIEKTPOIi30M
JUISL OTPUMAaHHS IUTOTOKCHYHHUX TPOAYKTIB EIEKTPOIi3y
B 3ajaHoMy 0O0’eMi; Mmicis 4Oro IyXJIMHA MiIAAa€ThCs
KPIOBIUTUBY JUIs 30UIBIICHHS JIOKAIBHOI KOHIICHTpAIii
Ta [Oii Ha BHYTPINIHIO YacTUHY KIIITHHU IPOIYKTIB
eslekTpoizy. lle TpU3BOAMTE 10 CKOPOYEHHS dYacy s
MPOBE/ICHHS CJIEKTPOII3Y i, K HACIHIJOK, IO 3MCHIICHHS
KOHIICHTPAII IIMTOTOKCHYHUX MPOJIYKTIB EIEKTPOIi3y Ta
CKOPOYEHHSI IIMKJIIB 3aMOpPOXYBaHHS-BIJITaBaHHS il 4ac
MIPOBEICHHS KpioaOsii.

ExcriepuMeHTH 3 TKaHWHAMHU TBapUH MOKa3alH, IO
KploesekTposti3 Oubil e(peKTUBHUN NpH a0l KIIITHH,
HDK Kpioxipyprist abo eleKTpoiiTHYHa alisAlis OKpeMo
[60], 1o cipusie epeKTHBHOCTI KPiOXipypriYHUX BTPYyYaHb.

Kpioxipyprist Ta ejiekTponopanis

JKomen merton JiKyBaHHS — BiJ] PO3POOKH KOHIICTIIIT
JI0 KJIIHIYHOTO 3aCTOCYBaHHs TaK HIBHIKO He OyB BIpO-
Ba/DKCHUH B MEIWYHY IIPAKTUKY, SK EJIEKTPOIOparlis.
VY TexHill enekrpornopaii BUKOPUCTOBYIOThCS IMITYIbCHI
SJIEKTPUYHI T10JIs, SIKi HAIllJIEH] Ha TIOIIKOKEHHS TKaHWH.
Edexr ypakeHHs eNeKTpUYHUM CTPYMOM B TOMY, IO BiH
CTBOPIOE TIOPM HAHOPO3MIpiB Yy KIITHHHIA MeMmOpaHi,
MOPYIIYIOYM BHYTPIIIHBOKIITHHHUN romeocra3 [62].
Peanizamist  enexTpornopanii BiIOyBa€ThCI 3a TaKHUMHU
eTanaMu: 3apsjKa Ta Toisipu3aiis meMOpanu; aecraOi-
Ji3amisg CTPYKTypH MeMOpaHH Ta CTBOPEHHS TiIpodisb-
HUX TI0p; 30UIBLICHHS Ta crabimizamis paniycy NOpH;
MOBTOPHE 3aKPUTTS IOPH 1 BIDKMBAaHHS KIITHH a0o
3aru0esnp 4epe3 MosBy BeJNMKHUX jaedextiB [63]. Popmy-
BaHHS HAHONOpP 3&JIE)KHO BIJ BIUIMBY €JIEKTPUYHOTO
TOKY MOX€ OyTH KOPOTKOYaCHUM a00 MOCTIHHHM, TOMY
BHJIUISIOTH 00OPOTHY 1 HE3BOPOTHY EIEKTPOIOPAIIif0.

B excnepumenTanbhiii pobori J. Edd Ta cniBasr. [64]
BUBYAIM €()EeKT HE3BOPOTHOI EJEKTPONOpallii, BHKIHKA-
HOIO OJTHMM IMITyJbCOM TpUBalicTIO 20 MKC 3 HaIpyroro
1000 B/cwm, in vivo Ha mewinmi mypis. [lim gac ricro-
JIOTIYHOTO JIOCIHI/DKEHHsSI 4epe3 TpU TOIWHM Ticis iM-
MyJIbCY Ha 0OpOOJICHNX JUISHKAX TEYiHKH 3 (iKCOBaHOIO
nepdy3i€r0 aBTOPU CIIOCTEPIraid OKIIO3iF0 MiKPOCYIHH,
HEKpO3 eHJOTeNIiaJIbHUX KIITHH 1 Aianeses, Mo MpU3BO-
JIUJIO /10 1IIEMIYHOTO ITOIIKO/DKEHHS MapeHXIMU 1 MacHB-
HOTO CKYIUYEHHSI €pUTPOLUTIB y cuHycoinax. [Ipore apxi-
TEKTypa BEJIMKHX KPOBOHOCHHX CyAMH Oylia 30epexeHol0.
ABTOpH TakoXX IPOBEJIM MaTeMaTWYHUH aHami3, SKUN
IO0Ka3aB, IO 11 MOLIKO/PKEHHS 332 CBOEIO MTPUPOOI0 OYII0
HereruioBuM [64]. llle oxHielo mepeBaror0 HE3BOPOTHOT
€JIEKTPOIIOPALii € OLIBII MIBUAKE 3arOCHHS PaHH Ta MEHIIE
YTBOPEHHS CIIOTYYHOT TKAHHHHU.

A special nature of changes in temperature and electric
currents in the process of heating the frozen tissues, is
attributed by the authors to large amount of energy that
must be removed at the outer edge of the frozen arca
via transformation of solid/liquid phase at this border.

The concept of cryoelectrolytic ablation suggested
by F. Lugnani et al. [61] is that the target organ is first
exposed to electrolysis to produce cytotoxic electrolysis
products in a specified volume; after that the tumor is
exposed to cryotherapy to increase the local concentration
and action on the inner part of the cell of electrolysis
products. This leads to reducing the time for electrolysis
and, as a consequence, to decreasing concentrations
of cytotoxic electrolysis products and shortening the
freeze-thaw cycles during cryoablation.

Experiments with animal tissues have shown that
cryoelectrolysis is more effective in cell ablation than
cryosurgery or electrolytic ablation alone [60], contributing
to the effectiveness of cryosurgery.

Cryosurgery and electroporation

None of the treatment options in the world, from
concept development to clinical use, has been introduced
into medical practice as quickly as electroporation.
The electroporation technique uses pulsed electric fields
aimed at damaging tissues. The effect of electric shock
consists in creating nanoscale pores in the cell membrane,
disrupting intracellular homeostasis [62]. Fulfilling the
electroporation occurs at the following stages: charging
and polarization of the membrane; destabilization of the
membrane structure and creation of hydrophilic pores;
increase and stabilization of the pore radius; re-closure of
pores and cell survival or cell death due to the appearance
of large defects [63]. The formation of nanopores, depen-
ding on the influence of electric current, can be short-
term or permanent, so there is reversible and irreversible
electroporation.

In the experimental paper, J. Edd et al. [64] studied
the effect of irreversible electroporation caused by a single
impulse lasting 20 ps with 1000 V/cm of voltage, in vivo
in the rat liver. In histological examination three hours
after the impulse on the treated areas of the liver with fixed
perfusion, the authors observed microvascular occlusion,
endothelial cell necrosis and diapedesis, which led to
ischemic damage to the parenchyma and a massive
accumulation of erythrocytes in the sinusoids. However,
the architecture of large blood vessels was preserved.
The authors also performed a mathematical analysis that
showed that this damage was non-thermal in nature.
Another advantage of irreversible electroporation is faster
wound healing and less connective tissue formation.

The authors believe that the successful outcomes of
the procedure are related to the intensity of the applied
electric field, the total impulse duration, as well as the
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ABTOpH BB@XaloTh, IO YCHIIIHI pe3yJibTaTH Ipo-
LIEAYPH TIOB’sI3aHi 3 HATIPYKCHICTIO MPHUKIIAJCHOTO CJICKT-
PHUYHOTO TOJIS, 3aTATEHOI0 TPUBAJIICTIO IMITYJIBCY, @ TAKOXK
3 TUMYaCOBUM PEXHMOM JIOCTaBKH iMITysbciB. Haiikpamti
pe3yNbTaTi OTPUMAHI Micis BUKOpUCTaHHS 80 iMITYJIbCiB
mo 100 mxc npu 0,3 I’y 3 BiIHOIIGHHSM HANPYTH 10
Bigcrani 2500 B/cm. llel mpoTOKoN BHKIIMKAB TOBHY
perpecito B 12 3 13 myxuuH.

BinmbIn BUCOKHIA BiJICOTOK perpecii mMyXJIMH 3a3HavYaiu
y TMaIieHTIB 3 CepeHIM PO3MIpOM MyXJIHHU 1 CM y AiJsH-
Kax 3 MiIBUIIEHUM PU3UKOM ISl POBEJCHHS XIpypriqHUX
MaHIIyJISiH: TepuBacKysipHa 30Ha a00 HOBOYTBOPEHHH,
po3ramoBaHi OJIM3bKO 10 KOBYHHUX TPOTOKIB. Husbkuii
BIJICOTOK perpecii crocrepirany y Hali€HTiB, sKi JiKyBa-
JMCS 3 TPUBOAY METacTasiB y IMEYiHKy Ta pO3MipoM
MyXJIMHU Oinblie 5 cM [62].

VY Mail0yTHROMY TUIaHYETHCS 00’ €IHATH KpioXipyprid-
HUH MeTON JIKyBaHHS 3 ejekrporopauiero. el miaxin
OOyMOBIICHUIT THM, IO 31 3HIKEHHAM TEMIIEpaTypH
TKaHWHH J1isl €JIEKTPUYHOTO MOJISI OOMEXYETHCST OXOJIOKE-
HOIO 30HOK, 1, KpIM TOTO, OXOJIOJUKCHHS 30LIbINy€E
HaNpy>KEHICTh EJIEKTPUYHOrO Moisd. 3 iHIIOro OOKY,
MiJIBUIIEHA OCMOJIUIBHICTh 30BHIIIHBOTO KJIITHHHOTO
CepeNoBHINa, 10 BUKJIMKaHA JIIEI0 HU3BKUX TEMIIEparyp,
CTIpHsIE€ 3HWKEHHIO HAINPyTH €JIEKTPUYHOIO CTPyMY IIif
yac 3aCTOCyBaHHs enekrpomnopariii [62]. To6To po3BuTOK
LBOTO HAINPSMKY, 38 HasIBHOCTI MTPOTUJIC)KHO CIIPSIMOBAHUX
BIUIMBIB TIONEPEIHBOTO 3aMOpPOXXYBaHHS TKAaHWHU Ha
Halpy>KeHICTh E€JIEKTPUYHOTO TOJIs, MOTpPeOye Moaab-
LIOT0 TEOPETHYHOTO 1 EKCHEPHMEHTAIBHOTO BiJIIpallo-
BaHHS PEXHUMIB Kpiofil 1 eeKTpOnopalii JuIs JOCSTHEHHS
OIITUMAJILHOTO PE3yJIbTaTy.

BUCHOBKHA

Kpioxipyprist € eeKTHBHIM MaJOIHBa3UBHHUM Xipyp-
TIYHUM METOIOM 1 3aliMa€e TilHE MicClle Cepen IHIIUX
CIOCO0IB JIIKYBaHHS 3JIOSIKICHUX ITyXJIMH HE3BaKAIOUH
Ha Te, 110 HAa CHOTOAHI MPOJOBKYIOTHCS JOCIHIIPKEHHS
I0JI0 ONTHMI3allii METOUK BIUIMBY HU3BKUX TEMIIEPaTyp
Ha OiosioriuHi TKaHWHH. Marouum HH3Ky IiepeBar Hal
ICHYIOUMMH MeTOIaMH aOsmii, 30KpeMa 3a paxyHOK
KpIOIMYHOJIOTIYHOT CKJIAZOBOI, KPiOXipyprisi € ajbTepHa-
TUBHHUM CITIOCOOOM TPAJAMIIIHHOTO XipYPri4HOTO JiKYBaHHS.

[Morenuiitno ninBUIIUTH €(hEKTHBHICTH KPiOAECTPYKIIii,
B TOMY YHCJIi alUTiKaI[iiHOT KPioAeCTPYKINT IITHOOKO po3Ta-
LIOBAHUX IyXJIMH BEIUKUX 00’€MIiB, MOXE MOEIHAHHS
11 3 MeToJaMH TEeMOJAWIIONIT, HAHOAONAIl, eIeKTPOITi3Y,
eJIEKTpoIopanii, yIsTpa3BykoBoi Ta (oToguHaMigHOT
tepamii. Ilpore, OLNBIIICTh IMX MiAXOMIB 3aJHMIIAETHCS
Ha piBHI MOJICJIbHUX €KCIIEPUMEHTIB.

He3paxarou Ha HasBHICTh KIIHIYHOTO JIOCBIAY
o€ HaHHA KpioBIUMBY 3 HBU-rimeprepMieto, ma3epHOI0,
YIBTPa3BYKOBOIO, (POTOAMHAMIYHOIO ab0 TNPOMEHEBOIO
Tepari€ro, BIIHOCHO IIMPOKO B MPAKTHYHY OHKOJIOTIIO
YBIMIUTM METOAM KPiOyJabTPa3BYKOBOI 1, 0COOIMBO, Kpio-
npoMeHeBoi Teparii. [TonepenHs kpioais MOXKe MiIBHUILY-
BaTW paJiovyTIMBICTh 3JIOAKICHUX KIITHH 1 YaCTKOBO
KOMIICHCY€E HETaTHUBHI MOOIYHI €()eKTH OIIPOMIHIOBAHHS.

AHai3 jJiTepaTypHHX JaHHUX [OKa3aB, 110 HE3BAXKAI0UN
Ha MOTCHUIMHWI eQeKkT pi3HuX (QI3UYHUX METOAIB B

temporary mode of impulse delivery. The best outcomes
were obtained after applying 80 impulses of 100 ps at
0.3 Hz with voltage/distance ratio of 2500 V/cm. This pro-
tocol caused complete regression in 12 out of 13 tumors.

A higher percentage of tumor regression was observed
in patients with a mean tumor size of 1 cm in areas with
increased risk for surgery: perivascular area or tumors
located close to the bile ducts. A low regression rate was
observed in patients treated for liver metastases and tumor
size greater than 5 cm [62].

In the future, cryosurgical treatment is being planned
to be combined with electroporation. This approach is
due to the fact that when the temperature of the tissue
decreases, the action of the electric field is limited to the
cooled zone, and, in addition, cooling increases the electric
field strength. On the other hand, the increased osmolality
of the external cellular environment, caused by the action
of low temperatures, helps to reduce the voltage of electric
current during electroporation [62].

In other words, the development of this direction,
if there are opposite directed effects of pre-freezing of t
he tissue on the electric field strength, requires further
theoretical and experimental adjustment of cryoaction and
electroporation modes to achieve optimal results.

CONCLUSIONS

Cryosurgery is an effective minimally invasive surgical
method keeping up with other methods of treating
malignant tumors, despite the fact that these days the
research on optimizing the method of exposure of biolo-
gical tissues to low temperatures is still ongoing. Having
a number of advantages over existing ablation methods,
especially due to the cryoimmunological component,
cryosurgery is an alternative method of traditional
surgical treatment.

The combination of hemodilution, nanoablation,
electrolysis, electroporation, ultrasound and photodynamic
therapy can potentially increase cryodestruction efficiency,
including application cryodestruction of large deep-seated
tumors. However, most of these approaches remain at the
level of simulated experiments.

Despite the clinical experience in combination of
cryotherapy with UHF-hyperthermia, laser, ultrasound,
photodynamic or radiation therapy, the methods of
cryoultrasound and, especially, cryoradiation therapy
were quite widely introduced into practical oncology.
Pre-cryotherapy can increase the radiosensitivity of
malignant cells and partially compensate the negative side
effects of radiation.

Literature data analysis has shown that despite the
potential effect of different physical methods in combi-
nation with cryosurgery to confirm the effectiveness of
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KoMOiHamii 3 KpioXipypri€ro Juis miaTBEpKeHHS eheKTHB-
HOCTI JIIKyBaHHSI OHKOJIOTIYHMX XBOPHX Y JIOBFOCTPOKOBIH

MIEPCIICKTUBI

HEeOoOXiZIHI MOAaNblIl IMPOCIEKTHBHI Ta

PaHIOMIi30BaHi TOCIIIXKCHHSI.

treatment of cancer patients in the long run, further
prospective and randomized studies are essential.
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IlepcneKTHBY MONANBINNX AOCTIIKEHD

[lepcniekTHBHUME € TOJANBINI JOCHTIPKCHHS BIUIUBY
HU3BKUX TEMIeparyp Ha OloyioriuHi TKaHMHU Ta
OIITHMI3allisl MapameTpiB KpioXipypridyHOro MeTOLy MJIs
JOCSTHEHHS MAaKCHMaJIbHOTO JIECTPYKTHBHOTO edekTy
B OpraHi-MillIeHi.

KonduaikT inTepecis
ABTOpH 3a5IBIISFOTH IPO BIJICYTHICTH KOHQJTIKTY 1HTEpECIB.

Indopmanis npo pinancyBaHHS
PobGora  (iHaHCYyeTbCS  BHIATKaMU
Oro/KeTy YKpaiHu.

Jep:xaBHOro

Prospects for further research

Further studying the effect of low temperatures on
biological tissues and optimizing the parameters of the
cryosurgical method to achieve the maximum destructive
effect in the target organ are promising.
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