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Pedrepat: B HacTosiwem nutepaTypHom 0630pe o6cyxaaeTcsi psii BONPOCOB, MOCBSILLEHHbIX MCMOMb30BaHUIO KPUOXMPYP-
rmyeckoro crocoba B 3KCMEPUMEHTANbHON U KIIMHUYECKOW 3HAOCKONUYEcKoW xupyprum. C y4eToM NnaTtoreHeTUYEeCcKUX MexaHW3MOoB
OEeCTBUSI HU3KMX TemnepaTtyp Ha Buonornyeckme CTPyKTypbl OTMEYEHbl NpenMyLLecTBa U HeQOCTaTKN NPUMEHEHUS KPUOXMPYP-
rMyeckoro metoda B riedebHoOlM npakTvke. Ha OCHOBaHWM AaHHbIX KIMHUYECKMX MCCrefoBaHWU NokasaH MonoXUTENbHbIN 3dekT
KPUOXMPYPrMYecknx NMoaxonoB C UCMONb30BaHUMEM 3HOOCKOMMYECKOro 06opyAoBaHUs U onpedeneHbl NepcrnekTuBbl AanbHenwero
pas3BUTUS SHOOCKOMUYECKON KPUOXMPYPruu.

KnioueBble cnoBa: HU3KME TeMnepaTypbl, KPUOXMPYPrusi, IHAOCKONMUS, KPUOAECTPYKLMS, KPUOUMMYHOSOIMSI.

Pecbepar: Y gaHomy nitepaTypHoMy ornsifii 06roBoproeTbCS psif, MMTaHb, NPUCBSYEHUX BUKOPUCTAHHIO KpioXipyprivHoro metoay
B eKCMepUMEeHTanbHiIN i KNiHiYHIn eHgocKoniyHin Xipyprii. 3 ypaxyBaHHAM NaTOreHeTUYHWX MeXaHi3MiB Ail HU3bkuxX TemnepaTtyp Ha
GionorivHi CTpyKTypY BiA3HA4YeHO nepeBarn Ta HeAomniku 3aCTOCYBaHHSI KpioXipyprivHoro mMeToAy B NikyBanbHi npaktuui. Ha nig-
CTaBi JaHMX KMiHIYHUX AOCNIOXEeHb MOKa3aHO MO3UTUBHMWA edeKT KPioXipyprivHMX MigxoAiB i3 BUKOPUCTAHHAM €HOOCKOMIYHOro
obnagHaHHa Ta BM3HA4YeHO MEepCrneKkTMBM NoAanbLIOro PO3BUTKY EHAOCKOMNIYHOT Kpioxipyprii.

KnrouyoBi cnoBa: HM3bki TemnepaTypu, KpioxXipypris, eHA0CKOoNis, KpiogecTpyKuis, KpioiMyHonoris.

Abstract: This literature review discusses some issues concerning the use of cryosurgical method in experimental and clinical
endoscopic surgery. Considering the pathogenetic mechanisms of low temperature effect on biological structures we demonstrated
here the advantages and disadvantages of cryosurgical method application in medical practice. Underpinned by the clinical research
data a positive effect of cryosurgical approaches using endoscopic equipment was shown and the prospects for further endoscopic

cryosurgery development were determined.

Key words: low temperatures, cryosurgery, endoscopy, cryodestruction, cryoimmunology.

KomOnnupoBanHOe ncnoJib30BaHue jJe4ded-
HO-IMATHOCTHYECKUX CHCTEM B 3HI0CKONMUYECKOI
XUPYPIruu

[IIupokoe BHeApPEHHE BHUIAEONANAPOCKOIHNUECKOTO
METO/Ia B XUPYPrHUYECKYIO PAKTHKY ITO3BOJIMIIO 3HAUH-
TENTBHO YIYYIIUTH Ka9€CTBO IPOBOANMBIX OTIEparuii [3,
95]. brnarogapsi MOCTOSTHHOMY COBEpPIIIEHCTBOBAHHUIO
anmaparypsl, HHCTPYMEHTapHs ¥ MPAKTHIECKOMY OIThbI-
Ty Bpadeil MaJOMHBAa3MUBHBIE METOIWKH MPOBEACHHUS
OTIepaIyii MOCTETIEHHO BHITECHSIOT TPAAUIIMOHHBIE, B
HEKOTOPBIX CITy4yasiX OHU MPU3HAIOTCA «30JI0ThIM CTaH-
nmaptom» [13, 14, 47].

B coBpeMeHHOI XMpYypruu SHI0CKOIMHUYECKHE OT1e-
panuy MPOBOAATCS C MOMOIIBIO PA3IMYHBIX JUar-
HOCTHYECKUX YCTAHOBOK U JieueOHBIX anmnapaToB. Tax,
HHTPAOTIEPALMOHHYIO XOIaHTHOTPA(UIO IPUMEHSIOT
IIPH OMEPALMAX HA KEITIHOM ITy3BIpe M MPOTOKAX C
LENBI0 OIEHKH MPOXOAUMOCTH JKEMYHBIX MyTeH u
BBIOOpA JIeueOHOM TakTHKH |14, 46].

Kpome Toro, B Xupypruiyeckoil mpakTHKe HIUPOKO
WCTIONB3YIOT YABTPA3BYKOBYIO JUATHOCTHKY TIPH JIara-
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Combined use of diagnostic and therapeutic
systems in endoscopic surgery

A widespread implementation of videolaparoscopic
method in surgical practice has greatly improved the
quality of surgeries [5, 89]. Due to a continuous impro-
vement of the devices, tools and sharpening the skills
of surgeons the minimally invasive surgical procedu-
res are gradually replacing the standard ones, and in
some cases the former were recognized as the ‘gold
standard’ [21, 98, 93].

The current endoscopic surgeries are performed
using different diagnostic systems and therapeutic
devices. For example, an intraoperative cholangiogra-
phy is applied due to gallbladder and ducts surgeries to
assess the biliary tract patency and select the treatment
strategy [98, 92].

Moreover, the ultrasound diagnostics is widely used
in surgical practice for laparoscopic cholecystectomy,
combined therapy of the true non-parasitic liver cysts,
focal lesions of abdominal cavity parenchymal organs
[84-87].
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PPOCKOITUYECKOH XONELUCTIKTOMUH, KOMOWHUPOBAHHOM
JICYCHUU UCTUHHBIX HEMapa3UTAPHBIX KUCT MEUCHU,
OYaroBBIX MOPAKEHUAX MAPEHXUMATO3HBIX OPraHOB
OpromrHo# nonoctu [42—45].

B xnmmHM4eCcKoi NpaKkTUKE YCIEIIHO NPUMEHSETCS
9HJI0CKOTIMYECKHI YIBTPa3ByKOBOH JINCCEKTOP, 0bec-
MIEYNBAIOIINH IIAJAIIEe TPEeTTapupoBaHue, yIaleHne
TKaHEeH ¢ MUHIMAaIBHOU KpoBomoTepeit [35].

IIpu npoBeieHNnN JanapoCKONUYECKUX ONEPALMIA
CHETIMAJIMCTHI YaCTO MPUOETAI0T K KOArYIIAIIUN ONO0JI0-
TUYECKHUX TKaHEH BBICOKOUYACTOTHBIM IEKTPUUECKUM
MepeMEeHHBIM TOKOM [ 14, 21, 47] 1 apronoBoi ria3moi
[7, 8], a Takyke K KOaryssiyH KPYITHBIX COCYIO0B (10 7 MM)
ANEKTPOXUPYPTUIECKIUM UHCTPYMEHTOM (hupMbI «Liga
Sure» (CIIIA) [73, 90].

C mnosiBIeHNEM BBICOKOIHEPIeTHUECKHUX JIa3€pOB
OTKPBITHIE OTIEPAIIH C IPUMEHEHHEM Ja3epHON TEXHUKH
HauaJIi 3aMCHSITh BHIICODHI0 CKoTmIecKuMu [29]. ba-
rojiaps XapakKTepHCTHKaM COBPEMEHHBIX XUPYprHUec-
KHX JIa3epOB (KOMITAKTHOCTh, aBTOHOMHOCTB, OTCYTCT-
BHE CIMEIUaJbHBIX BHEITHUX CHUCTEM OXJIAKICHUS,
IIUPOKUH JMAa30H MOIIHOCTH ¥ JIJTMHBI BOJHBI) MX
MIPUMEHSIOT IPAKTHUECKHU BO BCEX 00IACTSIX IHA0XHU-
pyprum [51].

BaxxHo oTMeTUTh, UTO B OHKOXUPYPTUU UCTIOIb-
3yeTcst MeTo[] (POTOANHAMUYECKOM TepaIruy, KOTOPBIH
[T03BOJIAET BBI3BIBATh CEJIEKTUBHOE pPa3pyLIEHHUE OITy-
XOJIM ¢ MUHUMAaJIbHBIM MTOBPEXKACHUEM OKpYKaroIien
HOpMasTbHOM TKanwm [18, 51, 58].

Opnnako, HeCMOTpPsT Ha OOJBIION apceHa COBpe-
MEHHBIX XUPYPTHUECKUX METOJIOB U CTIEIHAILHOH ar-
napaTypbl IS pa3pyIIeHNs TaTOTOTHIECKIX 09aros,
B Ka)XJI0 KOHKPETHOW KJIMHUYECKOW CUTyaluu Jis
JOCTHXKEHHUSI MAKCUMATbHOH 3()()eKTUBHOCTH JICUCHUSI
Ba)KHO MX PallOHAJIEHOE U OTPaB/IaHHOE TPUMEHEHHE.

CrnenyeTr OTMETHUTD, YTO B TIOCJIEHEE BPEMSI B COB-
PEMEHHOM 3HA0CKOIMYECKOH XUPYPrUHY BCE Yallle pH-
MEHSIIOT HU3KHE TEMIEPaTyphl, MOCKOIbKY JAHHBIN
MeTon oOnagaer psiioM MPEUMYILIECTB, a B HEKOTO-
PBIX CIIy4asiX IPU pa3pyLICHUH NaTOJOTHYECKUX OYa-
TOB MOXKET OBITh PEKOMEHIOBaH B Ka4E€CTBE €IMHCTBEH-
HOT'O WJIK OCHOBHOTO.

Mexanu3Mbl NOBpeKAeHUs TKaHeil MpH KpHo-
aectpykuuu. KpuoumMmyHoa0rus

[IpuMeHeHHEe KPHOXUPYPTrUYESCKOTO METoIa 00yC-
JIOBJICHO PSZIOM IPEUMYIIECTB. Bo-TiepBbIX, OH 103B0-
JSIST TMOJTHOCTHIO Pa3pyIIaTh MATOJOTUYECKUE OYaru
KaK Ha TOBEPXHOCTH, TaK ¥ B TIIyOMHE OpraHa; BO-
BTOPBIX, 32)KUBJICHUE TKaHU MPOUCXOIUT Oe3 obOpa-
30BaHus rpydoro pyomna. Kpome toro, BozmoxHas
MTOBTOPSIEMOCTD PEKMUMOB KPHOBO3ICHCTBHS (TEMIIe-
paTtypa "W 3KCIIO3HUINs) MOBBIMIACT d(HPEKTHBHOCTH
KPUOXHUPYPrUYECKOro BMELIATENbCTBA. XapaKTepHOH
0COOCHHOCTBIO JAHHOTO METOMAA SBIISICTCS (POPMHU-
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Clinical practice successfully involves the endo-
scopic ultrasound dissector, providing mild prepa-
ring and tissue removal with the minimum blood
loss [74].

During laparoscopic surgeries the physicians often
coagulate biological tissues with a high-frequency
electric alternating current [98, 39, 93], argon plasma
[25, 26], and electrosurgical instrument of Liga Sure
company (USA) for large vessel (7 mm) as well [33,
68].

Appearance of high-energy lasers enabled to rep-
lace the open surgeries using the laser equipment
by the video endoscopic ones [61]. Due to the cha-
racteristics of modern surgical lasers (small size,
autonomy, needlessness of any special external coo-
ling systems, wide range of power and wave-length)
they are applied in virtually all the areas of endo-
surgery [13].

Of importance is the fact, that the photodyna-
mic therapeutic method, which enables a selective
destruction of tumor with the minimum injury of
surrounding normal tissues, is very useful in onco-
surgery [13, 38, 79].

However, despite a huge arsenal of current sur-
gical techniques and special devices for lesion foci
destruction, each specific situation needs their ratio-
nal and precise application to achieve the maximum
therapeutic efficiency.

It should be noted that recently the low tempera-
tures have been increasingly used in current endo-
scopic surgery because of this method advantages,
and in some cases this method may be even recom-
mended as the unique or principal one in lesion foci
destruction.

Mechanisms of tissue injury during cryodest-
ruction. Cryoimmunology

The application of cryosurgical method is stipulated
by numerous advantages. First, it enables a complete
destruction of lesion foci both on a surface and in an
organ depth; secondly, no rough scar is formed during
the tissue healing. In addition, an easy reproducibi-
lity of cryoeffect regimens (temperature and expo-
sure) increases the efficiency of cryosurgical inter-
vention. A special feature of this method is the forma-
tion of cryonecrotic boundary, i. e. a demarcation
line between the reversible and irreversible cryogenic
injures, separating an aggressive lesion from sur-
rounding tissues [17, 30, 35, 82, 99]. Fig. 1 demonstrates
the scheme of temperature zones, formed after local
cryoeffect on a tissue with cryoapplicator [82].

The cryodestruction method is the most efficient
in those cases when during surgery performance it
is difficult to choose the proper surgical approach be-
cause of a high probability of hollow organ perfora-
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pOBaHME IPaHUIIBI KPHOHEKPO3a — eMapKallMOHHON
JTUHUH MEXTy 00paTUMBIMHU U HEOOPATHMBIMHU KPHO-
TeHHBIMH IMOBPEXKICHUSIMU, OTIEIISIOIICH OYar JIecTpy-
KIIMH OT OKpYy>Karomux Tkanei [10, 15, 16,41, 54]. Ha
puc. 1 nmpencraBiicHa cxeMa TeMIlepaTyPHbIX 30H, 00-
pa30BaHHBIX MOCJIE JIOKAJILHOTO KPUOBO3ICHCTBHSI HA
TKaHb KpHoanTummKaTopom [41].

Haubonee 3ppexTrBeH METO KPHOAECTPYKITHH B
TEX CIIy4asix, KOTJia B X0JI€ OIepaliiy CJI0KHO BBIOpaTh
TAaKTUKY OIEPAaTHBHOTO BMEIIATEILCTBA U3-32 00JIb-
II0H BEPOSATHOCTH TIep(OpaIiK ITOJIOTO OpTaHa U/Win
KPOBOTEUEHUS M3 KPYITHBIX COCYI0B (TPYIHOAOCTYTI-
HBIE MECTa, PACIOI0KEHHIE MaTOJIOTMYECKUX 0YaroB
B 00acTH KpynHbIX cocynoB) [2, 97, 99]. [lox Bo3nelict-
BHEM HHU3KUX TEMIIeparyp MPOHCXOIUT THOeTh Kile-
TOYHBIX 3JIEMEHTOB COCY/Ia C COXPaHEHUEM KoJLIare-
HOBOTO KapKaca, 4TO MPEAYIPESKIACT PUCK KPOBO-
TEUYCHHS KaK BO BpEMs KPUOIECTPYKIIUHU, TAK U ITOCIIE
Hee [36, 53].

IIporecc kprOTOBPEKACHUS OMOTOTHIECKIX TKa-
HEeU o4eHb CIIOKHBIN U MHOTOTpaHHbIN. B HacTosee
BpEMsI MEXaHU3M KPUOACCTPYKIIUU PacCMaTPUBACTCS
Ha MOJICKYJISIPHOM, KIIETOYHOM, TKAHEBOM, OPTaHHOM
1 CUCTEMHOM YpPOBHSX [72].

OpnauM U3 (PaKTOPOB MOBPEXKIAIOMIETO JCHCTBHSI
HU3KHUX TEMIIepaTyp Ha KIETOYHOM YPOBHE SIBJISICTCS
BHE- M BHYTPHUKJIETOYHOE KPHCTAIIO00pa30BaHuUE.
O0e3BOKMBaHHUE KIETOK B pE3yJIbTaTe KPUCTAILTU3a-
LMY BOJIbI TPUBOJIUT K JICHATypaIuu 0ej1koB. Mi3meHe-
HHE OCMOTHUYECKOro AaBiieHus, pH u aeruaparaiiunio
CUMTAIOT JOMOJHUTCIBHBIMU (PAKTOPAMH JECTPYK-
LU, K KOTOPBIM OCOOECHHO YyBCTBHUTEJBHBI JHUIIO-
MIPOTEHIBI KIICTOTHBIX MeMOpaH [4, 33].

CrerneHb TIOBPEXKICHUS KIECTOK 3aBUCHT OT psija
YCIIOBHH, 0COOEHHO OT CKOPOCTH OXJIAXKISHHS ¥ OTOT -
peBa OmooOBekTa [23—25]. YcTaHOBIIGHO, YTO TpH
YCKOPEHHOM TIPOXOKJCHUU KJICTOYHOU CYCIICH3UU
30HBI (Da30BBIX MPEBPAIICHHUI CHUXKACTCS YPOBCHb
JIETUPATALUHY, IPU STOM YBEIUYHUBACTCS KOJTHYECTBO
BHYTPHKJIETOYHBIX KPHCTAJUIOB JbJa M BBI3BAHHBIX
MU TIOBPEXKACHUM [26, 32].

MennenHoe oTTanBaHue OMO0OBEKTa COTIPOBOXK-
JAaeTCAd PEeKPUCTAUIM3AlMel BHEKJIETOYHOTO JIbIa,
HapymeHneM (pr3noIorHIecKuX KOHIIEHT AL pacT-
BOPOB COJIeH BHE M BHYTPH KJIETOK, YTO CIIOCOOCTBYET
HUX OCMOTHUYECKOMY JH3ucy [82].

MeyieHHOE 3aMOpakKMBaHUE KIICTOK MPUBOIUT K
3apOXKJICHHIO, (POPMUPOBAHUIO U POCTY BHEKIIETOYHBIX
KPHUCTAILIOB JIbJ1a, KOTOPBIC SIBJISIFOTCS [JIABHBIMU MTOB-
pexnaromumMu (haKTOpaMHu MPU CAABIUBAHUH KICTOK
[25,31, 79]. Kpome Toro, Ha ruberb KIETOK OKa3bIBaCT
BIIUSHUE Ha M3MEHEHHE AIIEKTPOIUTHOTO OanmaHca u
pH [4, 32, 78]. [laHHbIC SIBICHHS IPOUCXOIAT HA (POHE
Jerpaganuy KIeTogyHo memOpanbl. [lokazano, 9To
B JIMIIUIHON JacTH OMOMEMOpaHBI MPU MEIICHHOM
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1] Il 30HbI / Zones

!’ """" AnnnMKéTop
! Applicator
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Puc. 1. TemnepaTypHble 30HbI, 06pa3oBaHHbIE nocne
1IoKanbHOro KPMOBO3AEeWCTBMSA Ha TKaHb Kpuoannnuka-
TOpoMm: | — 30Ha 3amopaxnBaHus, KOTopas COOTBETCTBYET
nepBOHayanbHOM 30HE OnedeHeHWs, BO3HMUKatoLWwen nocne
KOHTaKTa TKaHW c Kpuoannnukatopom; |l — 3oHa oxnax-
OEHVs1, B KOTOPOW TemnepaTypa cHmkaeTca go 0°C nocne
nepepacnpegenexus tenna; lll — 3oHa runorepmumn, Bo3-
HMKaloLWasa nNpu KpMOBO3AENCTBUWN Ha TKaHb, MUHUMarb-
Hasi TemnepaTypa KOTOPOW He BbIXOAMWT 3a Npeaenbl Nosno-
XXUTEIbHbIX 3HAYEHUN.

Fig. 1. Temperature zones, formed after local cryoeffect on
tissue with cryoapplicator: | — freezing zone, corresponding
to a primary zone of glaciation appearing after the contact

of tissue with cryoapplicator; Il — cooling zone, whereat
the temperature reduces down to 0°C after heat re-dist-
ribution; Il — hypothermia zone, appearing following the

cryoexposure of the tissue, the minimal temperature of
which does not go beyond the limits of positive values.

tion and/or bleeding from large vessels (hard-to-reach
areas, location of lesions in large vessel areas)[2,95,97].
Low temperature effect is accompanied with the
death of cell vascular elements and preservation of
collagen skeleton, thereby preventing the risk of
bleeding both during cryodestruction and after it [16,
72].

The cryoinjury of biological tissues is a very compli-
cated and versatile process. The contemporary views
on mechanism of cryodestruction combines molecular,
cellular, tissue, organ and system levels [32].

One of the factors of low temperature acting at cel-
lular level is a formation of extra- and intracellular
crystals. Cell dehydration, resulting from water crys-
tallization leads to protein denaturation. A changed
osmotic pressure, pH and dehydration are conside-
red as additional destructive factors to those the cell
membrane lipoproteins seem to be especially sensi-
tive [7, 65].

The severity of cell damage depends on several
conditions, in particular, cooling and thawing rates of a
biological specimen [45—47]. If the phase transforma-
tion areas are passed by cell suspension with keeping
very high cooling rates, the dehydration level was esta-
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3aMOpaXMBaHUU AKTUBUPYIOTCS
MEePEKUCHBIC MPOLECCHI, TPUBO-
JSIUEe K MOTepe XOJECTEepUHa U
HapyIIeHUo (YHKIIMHA MUTOXOH/I-
puii [4, 32].

Ha TkaHu u oprassl, KOTOpbIE
MIPEACTABIISIIOT COOO0H CIIOKHOOP-
TaHU30BAaHHBIC CUCTEMBI KJICTOK U
MEXKJIETOYHOI'O BEIIEeCTBA, JCH-
CTBYIOT pa3HbBIC MMOBPEXKIAIOIITHE

Kpvososgeiictene
Cryoexposure

Tpomb0o3 cocynoB
MUKPOLPKYTISTOPHOIO
pycna
Microcirculatory vessel
wall destruction

Hekpo3s kneTok B 30He
KOHTaKTa C KproanmkaTopoMm
Cell necrosis in the
cryoapplicator
contact zone

¢axropsl. Tak, pasmep ouara KpHo-

Primary changes

JECTPYKIIUY B TKAHU 3aBUCHUT, BO-
MIEPBBIX, OT €€ TETUIOPUINIECKUX
CBOWCTB, CBSI3aHHBIX C MHKPO-
LHUPKYJISIIHEeH U TKAHEBBIM MeTa-
00JIN3MOM; BO-BTOPBIX, OT COCTOSI-
HUS BOZBI B TKaHIX. OcoOyI0 poib
B pactpoCTpaHeH!H JISISTHOTO (DPOH-
Ta MPH KPHOBO3JCHCTBUM HIPacT

[MepBUYHbIE N3MEHEHUS

¥

I3MeHeHMs1 peonornyeckmx CBOMCTB KPOBU
Changes in blood rheological properties

PpacrioioKeHHe CII0EB TKaHU OTHO-
CUTEJIbHO Kpuoarnriukaropa. Kpo-
Me 3TOTO, CITIO’KHBIE CHCTEMEI BHYT-
PUTKAHEBBIX U BHYTPUOPTAHHBIX
pPETyIATOPHBIX B3aUMOJACHCTBUIA

BTopuYHble M3MeHeHUs
Secondary changes

PaaBuTture nwemmnyeckoro

Development of tissue
ischemic necrosis

¥

BocnanutenbHas peakums
Inflammation

HEKpO3a TKaHn
b

o0ecrneunBalT €CTECTBEHHYIO
KPHOIPOTEKIINIO YKUBOW TKaHU, 4TO
OTPaHUYUBAET 30HY KPHOJIECTPYK-
1 [56, 99].

AHaIm3 3KCNIepIMEHTAIBHBIX U
KIIMHUYECKUX TaHHBIX TTO3BOJIUII
TOBOPHTH O HATMYUH TIEPBUIHOTO
1 BTOPUYHOI'O IOBPEXKAECHUS KIETOK M TKaHeil. B
CIIOSIX, HETIOCPEICTBEHHO TIPUJIETAIONTNX K 30HE JIeH-
CTBUS KPHOAMTUIUKATOPA, KIIETKU THOHYT BCIIEICTBUE
Hekpo3a. [Ipu 3TOM BO BceM oObeMe 3aMOpaKu-
BaeMOM TKaHU HaOJIOmaeTcs ASCTPYKLUHS KpOBe-
HOCHBIX COCYJJOB MUKPOLIMPKYJIATOPHOTO pycia, 4To
BBI3bIBAET BTOPUYHBIC U3MEHECHUS B BUJEC UIIEMU-
YEeCKOro HeKpo3a Onmu3nexanmx TkaHe# [9, 52, 55].
Ha puc. 2 onrcanbl mepBUYHBIE U BTOPUYHBIE H3Me-
HEHHUS B TKaHW MEYCHH MOCIe KPUOAECTPYKIHH (TI0
B.B. [llappanosy [55]).

KrneTku, pacnionokeHHbIE B O01ee ITyOOKHX CITOSIX
TKaHeH, B TIepBbIe Yachl IO CJIe HU3KOTEMITepaTypHOTO
BO3IEHCTBUA HAXOIATCSA B COCTOSSHIUY OEIIKOBOI IHCT-
podun nM HeKpoOM03a, 3aTeM B Pe3yJIbTaTe aronTo3a
MHOXECTBO TaKHX KJICTOK ITOTHOALT.

JlokanpHOE KpHOBO3/IEHCTBUE HA TKAHHU IIPUBOIUT
K crna3Mmy cocynoB. [locne oTTauBaHUs NPOUCXOAUT
pacIipeHre MeJIKUX COCY/IOB € OCIIETYIOLIEH penep-
(y3ueit, yTo cIoCOOCTBYET MUTPALIMH B 30HY KPHOIIOB-
peXIeHUs KIETOK BOCIIAJICHHS: JISHKOIIUTOB, TUM(O-
uuToB, MakpodaroB u Gudpodmactor [9]. 3amen-
JIEHHBI KPOBOTOK B MHUKPOLIMPKYJISTOPHOM pycCie B
MIPUCYTCTBUH MOBPEKACHHBIX YHIOTEITUOIUTOB MPH-
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Puc. 2. lNepBnYHbIE N BTOPUYHbLIE U3BMEHEHMS B TKaHW MeYeHu nocne
KpnoaecTpyKkumun.

Fig. 2. Primary and secondary changes in liver tissue after cryodestruction.

blished to reduce, and a number of intracellular ice
crystals and caused by them injuries to augment [52,
64].

Slow thawing of biological specimen is accompanied
by extracellular ice recrystallization, as well as by
disorder of physiological concentrations of salines
outside and inside the cells, thereby contributing to
their osmotic lysis [53].

Slow cell freezing results in nucleation, formation
and growth of extracellular ice crystals, being the
main damaging factor in terms of cell compression
[47, 49, 66]. Additionally, the cell death is affected
by a changed electrolyte balance and pH [7, 48, 64].
These phenomena occur on the background of cell
membrane degradation. The peroxidation proces-
ses in the biomembrane lipid bilayer were shown
as activated during slow freezing, resulting in cho-
lesterol loss and mitochondrial function disor-
der [7, 64].

The tissues and organs are the highly organi-
zed systems of cells and intercellular substance, and
the mentioned above damaging factors are comple-
mented by more complex ones. For example, the
cryodestruction focus size in tissue depends firstly
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BOJMT K arperauy TpOMOOLIMTOB U MOCIEAYIOMEMY
TPOMOO3Y, UTO SIBISIECTCS TOTOJIHUTEIBHBIM OBPEK-
narormm (akropom [28, 66, 67, 80].

Crenyer 0TMETHTb, YTO TPOMOO3 MUKPOCOCYAUCTO-
o pyciia 00ecreunBaeT HaieKHbIA remoctas [41, 52, 58].
B nentpanbHOii 30HE KPHOBO3/AEHCTBHUS THOEIH KIIETOK
MIPOMCXOIUT BCIIEAICTBHE HEKPO3a, a Ha mepudepud,
7€ TEMITEPATyPhI HE IOCTUTAIOT KPUTHYECKOTO YPOBHS
KpUCTaIII000pazoBanus, — aronro3a [80, 94].

Ha ocHoBaHuM pe3ynsTaroB MHOTOJIETHUX IKCIIEPH-
MEHTAJIBHBIX U KIIMHUYECKUX HCCIIEI0BaHUM KpHOe-
CTPYKIMH OMOJIOTHYECKON TKAaHHU OBLIM OTPE/IEICHBI
OCHOBHBIE IPUHIIMIIBI IPOBEAECHUS KPUOXUPYpPrudec-
KHX OIlepaliii 1 TEXHUYECKHE TPEOOBAHMUS K KPHOXH-
pYpPruveckoii anmaparype, oT cOOJIIOIEHHs] KOTOPBIX
3aBUCHT 3P(HEKTUBHOCTH MPOBOIUMOT'O JICUCHHSI.

OnTuMansHBIMU ITapaMeTPaMH JIJIs1 KPHOJECTPYK-
LMY TTATOJIOTUYECKUX 0YaroB ABJISIOTCS BHICOKAs CKO-
pocTh 3amMopakuBanus (Bbime 10 rpag/mMuH U CKO-
pPOCTh MPOJBMKEHNS (PPOHTA 3aMOpaKUBAHUS Ooee
0,5 Mmm/MuH) 1 MeanieHHas (CaMOCTOSATENbHASA) CKO-
pPOCTB OTTanBaHMUs TKaHEH A0 MOIHOTO NCYE3HOBEHHUS
JIeISTHOM 30HBI (30HA JIbJIa MTOJ1 aruIuKaTopoM) [28].
MaxkcuMasbHbIH MOBPEXIAI0MNN 3P PEKT HACTYIaeT
IpH TemnepaType Kpuoanminkaropa Huxke —50°C n
MIPOJIOJDKUTEIIBHOCTH KPUOBO3/ICHCTBUS HE MEHEE 3 MUH.
CreneHp NOBpEX/IEHUS TKAHEH MOCIIE KPUOJIECTPYK-
LMY TIOBBIIIAETCS C YBEIIMYEHNEM KOINYECTBA IUKIIOB
«3aMOpaKMBaHUA-OTTAaUBAHIS [28].

Huzkue TemmnepaTypsl, KpoMe MPSIMOTO JIECTPYK-
THUBHOTO JACWCTBUA Ha TKAHHU, MOTYT OKa3bIBaTh OITOC-
peaoBaHHOE BIMSHIE U HAa UMMYHHYIO cuctemy [49].
[IpoTuBoOMyX0JIEeBast aKTHBALIMS UMMYHHOH CHCTEMBI
10/1 BIUSIHUEM KPHUOJECTPYKIINH TTOTYYHIIa Ha3BaHHE
«KPUOMMMYHOJIOTHYECKHH oTBeT» [59, 92]. OgHaxo B
JUTEpaType CBEACHHS O JaHHOM (PeHOMEHE ITPOTHBO-
peunBsl. CylecTBYeT MHEHHUE, YTO CTETIEHb U HAIIPaB-
JICHHOCTh IMMYHHOTO OTBETa (aKTHUBALSI WU CyTIpec-
CHUsI) 3aBUCAT OT MCXOJHOI'O COCTOSIHUS MMMYHHOM
CHCTEMBI OPraHN3Ma, a UCII0JIb30BaHUE HU3KUX TeMIIe-
paTyp MOXKET CHOCOOCTBOBATh aKTUBALIMU KaK KJIETOU-
HOTO, TaK ¥ TYMOPaJILHOTO UMMYyHHUTETa [92].

WMMyHHBII OTBET OIpeaesIeTCss 00hEMOM TKa-
HHU, KOTOpasi MOJABEPraeTcsi BO3IEHCTBUIO HU3KUX
teMrrepatyp [92]. DkcrepuMeHTaIBHO MTOKa3aHO, 9TO
[IPY YaCTUYHON KPUOJAECTPYKILUH OITyXOJIEBOIO Oyara
B IIEYCHH [TOKa3aTeb BBDKUBAEMOCTH KpPbIC OB 3HA-
YUTEJIBHO BBIIIE, YEM MPU TOTAJIBHOM KPHUOHEKPO3e
omyxouu [71]. AHaNOrMYHBI UMMYHOCTHUMYJIUPYIO-
it 3 ekt mocie T0KaIbHOW KPUOAOIISIIAY NIEYCHU
OBbUT yCTaHOBJICH U ITPU DKCIIEPUMEHTAILHOM LIUPPO3€
megenu [11,41, 52].

W3BecTHO, YTO CTENIEHh HMMYHHOI'O OTBETA 3aBU-
CHUT OT YPOBHSI ¥ TIPOG U IIMTOKHHOB, KOTOPBIE 00pa-
3yI0TCS IpU KpuoaecTpykuuu. HekporusupoBaHuas

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 1, 2017

on its thermal properties, associated to microcir-
culation and tissue metabolism, and secondly on wa-
ter state in tissues. A special role in ice front propa-
gation under cryoeffect belongs to the tissue layer
location relative to a cryoapplicator. Moreover, the com-
plicated systems of intratissue and intraorgan regu-
latory relationships provide a natural cryoprotection
in living tissue, limiting thereby the cryodestruction
area [77, 97].

The experimental and clinical data analysis enabled
suggesting the presence of primary and secondary
cell and tissue damages. In the layers, being directly
adjacent to the cryoapplicator coverage area, the cells
die from necrosis. Herewith in the whole volume of
frozen tissue we observe the microvascular destruc-
tion, which causes secondary changes in the form of
ischemic necrosis of adjacent tissues [15, 29, 76]. The
primary and secondary changes in liver tissue after
cryodestruction are described in the Fig. 2 (according
to V.V. Shafranov [76]).

The cells, located in deeper layers of tissues suf-
fer from either protein dystrophy or necrobiosis in
the first hours after low temperature exposure, then
a significant amount of these cells die because of
apoptosis.

Local cryoexposure in tissues results in a vascular
spasm. After thawing the small vessel dilatation,
followed by reperfusion occurs, thereby promoting the
migration of inflammatory cells, i. e. leukocytes,
lymphocytes, macrophages and fibroblasts, towards
cryodamage zone [69]. Decelerated blood flow in mic-
rovasculature in the presence of damaged endothe-
lial cells leads to platelet aggregation and subsequent
thrombosis, and in a became an additional damaging
factor [22, 23, 50, 60].

Of note is the fact, that the microvascular throm-
bosis provides a proper hemostasis [15, 79, 82]. In the
central zone of cryoexposure the cell death results from
necrosis, but in the periphery, where temperatures do
not reach the critical level of crystal formation it occurs
because of apoptosis [50, 88].

The findings resulted from long-term experimen-
tal and clinical trials on cryodestruction of biologi-
cal tissues allowed to make the basic principles of
cryosurgery performance as well as to develop tech-
nical requirements for cryosurgical devices, the comp-
liance of which affects the efficiency of provided
therapy.

A high freezing rate (above 10 deg/min and the
rate of freezing front propagation more than 0.5 mm/
min) and a slow (non-controlled) rate of tissue tha-
wing until a complete ice zone disappearance (under
the applicator) are the optimal parameters for lesion
foci cryodestruction [60]. The maximum dama-
ging effect occurs at cryoapplicator temperature
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TKaHb OITyXOJIH ABJISETCA aJbIOBAHTOM I'yMOPAJIbHOTO
nMMyHHOT0 oTBeTa [89]. Ilocne kpruonecTpykIuu an-
TUTEHBI OIMyXOJIEBOM TKaHM Oojee JOCTYMHBI AJIS
AHTUTE€H-TIPE3EHTUPYIOINX KJIETOK. Kpome Toro, kpro-
BO3/ICHICTBUE CTUMYIUPYET MEepeMenieHne B odar
MTOBPEKIACHUSI UMMYHOKOMIIETEHTHBIX KJIETOK (Mak-
podaroB u IeHAPUTHBIX KIIETOK). Makpodaru, kKoTo-
pBI€ MUTPUPYIOT B 30HY KPUOJECTPYKITUH, MOTYT WHH-
LIMUPOBATh TYMOPAIbHBIN OTBET, a MPOHUKHOBEHNE
JIEHAPUTHBIX KJIETOK M WX CO3pEBaHHE 0 aHTUTEH-
MPE3CHTUPYIOMINX KIETOK yCHJIMBAET T-KIETOUHOE
3BEHO UMMYHHOTIO oTBeTa [59, 92].

Ha ceronusmnnmii 1eHb 10 KOHIIA HE YCTAHOBIIEHBI
BCE MEXaHM3MBbl U COCTABISAIONINE KPUOUMMYHOJIO-
TUYECKOT0 OTBETA, IOITOMY MCCIIEZI0BAHUE JAHHOTO
BOIPOCA BBI3BIBAET MOBHIIIEHHBIN HHTEPEC.

JHAOCKONMUYeCKass KPUOXUPYPIrUs B IH/0-
KPUHOJIOTUH

B skcnepumenTtansaOM uccienoBanun M.S. Ku-
riana [76] mokazana 3()()eKTUBHOCTH NCTIOIB30BAHUS
KPUOXUPYPTUYIECKUX METO/IOB B JICYCHUHN MTaTOJIOTUN
LIIUTOBUAHON U MapaIIUTOBUIHBIX KEJIe3 Ha MOJCIH
cBuHbU. [Ipu mpoBeneHUM OnepaTUBHBIX BMeIla-
TEJILCTB Ha I1ee ObIT yCHEITHO TPUMEHEH SH/10CKOIH-
yeckuil moaxoy. Ilo pe3ynpraraM rucToI0rn4ecKkoro
HCCIIEI0BaHNs yCTAHOBJIEHO, YTO JIOKAJIbHASL IECTPYK-
LU ATOBUIHON U MapalluTOBUIHBIX YKeJe3 IPUBO-
JUT K WX TOJIHOMY Pa3pyIICHHIO0 0e3 TOBPEXICHUS
okpy>karonux Tkanei. [loareepxaennem a3 pexTns-
HOCTH OTIEpPAIlNH CITYKWJIN JIaHHBIE, TIOJy4YeHHBIE Ha
40-e cyTKH TIOCJIe BMEIIATEIhCTBA, KOTOPHIE ITOKA3aIH
OTCYTCTBHE 3HAYUMBIX OTIIMYUI ypOBHst cBOOOIHOTO T,
Y KaJbLUs OT OOMNEPAIIMOHHBIX 3HAYeHUH [76].

B pabore B.U. Cunmroro [39] mokazaH moJioxu-
TENBHBIA A3PPEKT UCTIOTH30BAHUS KPUOXUPYPIUIECKIX
MOJIXO/I0B MPH TPAHCHA3AIBHO-TPaHCCHEHONAATBHON
KPHOXUPYPrUH alecHOM Tunoduza. YCTaHOBIEHO, 4TO
C TIOMOIIIBIO METO/1a HA0BUAECOMOHUTOPUHTA MOKHO
ONITUMHU3MPOBATH TAKTHKY OTIEPATHBHOTO BMEIIATEINb-
ctBa. [IpuMeHeHne 3HA0CKONIOB C YITIOBOM ONTHKON
MTO3BOJTMJIO 3HAYMTENBHO PACHIMPUTH 30HY OCMOTpa
[IPY XUPYPTUIECKOM BMEIIATEIHCTBE B YCIOBHUIX XO-
poI1IIei OCBEIIEHHOCTH, YBEIMIUTH 00bEM MaHUITYIISI-
WA B XHA3MaJIbHO-CEIUIApHOH obmactu [1]. Mertox
CTEPEOTAKCHUUECKONW CEJIEKTUBHOM KPHOAECTPYKIINH
aJieHOM rurnogu3a No3BoIsieT MUHIMUA3HPOBATh TPaB-
MAaTHUYHOCTb, MAaKCUMaJIbHO COXPAHUTh MHTAKTHBIC
TKaHU TUNOo(u3a, 3HAYUTESIILHO CHU3UTh PUCK MOCIIe-
OIepaIMOHHBIX MH(DEKITMOHHBIX OCIIOKHEHUM U JTMKBO-
peu, a TaKKe YIyYLIUTh KAYeCTBO KU3HU MAIUEHTOB
[48]. B pabote B.FO. YUepebmmmo [50] mokazano, 9To
TpaHcc()EeHONTATHHBIN MTOJIXO/] B XUPYPTHH OOIBIITIX
Y TUTAHTCKUX aJICHOM IO CPaBHEHHWIO C TPaHCKpa-
HUAITLHBIM [TO3BOJISIET CYIIIECTBEHHO YMEHBIIUTH YHCIIO
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below —50°C and cryoexposure duration for at least
3 min. The severity of tissue injury after cryodestruc-
tion increases with the rise in freeze-thawing cycle
number [60].

In addition to a direct destructive effect on tissues,
low temperatures may cause an indirect influence
on immune system as well [90]. Antitumor activity
of immune system under cryodestruction was de-
fined as ‘cryoimmunological response’ [1, 71]. Ho-
wever, the reports on this phenomenon are quite
contradictory. It is believed that the strength and
direction of immune response (activation or suppres-
sion) depend on initial state of immune system, and
the use of low temperatures may promote the activa-
tion of both cellular and humoral immunity [71].

An immune response is determined by the amount
of tissue affected by low temperatures [71]. The sur-
vival of rats exposed to an experimental partial cryo-
destruction of tumor focus in liver was shown to be
significantly higher than that after total tumor cryo-
necrosis [31]. A similar immunostimulating effect
after local liver cryoablation was established under
experimental liver cirrhosis too [15, 18, 82].

The rate of immune response is known to depend
on the profile and level of cytokines synthesized during
cryodestruction. The necrotized tumor tissue is an
adjuvant of humoral immune response [67]. After
cryodestruction the antigens of tumor tissue are more
accessible for antigen-presenting cells. In addition, the
cryoexposure stimulates the transfer of immuno-
competent cells (macrophages and dendritic cells) to
lesion focus. The macrophages, migrating towards the
cryodestruction zone may initiate a humoral respon-
se, and the penetration of dendritic cells and their
maturation up to antigen-presenting cells enhance T
cell immune response [1, 71].

Currently, all the mechanisms and components of
cryoimmunological response have not been fully establi-
shed yet, therefore these studies are of an increased
interest.

Endoscopic cryosurgery in endocrinology

The experimental study of Kuriana M.S. [43] de-
monstrated a successful use of cryosurgical tech-
niques in thyroid and parathyroid gland therapy in a
pig model. An endoscopic approach was success-
fully applied in neck surgeries. The local destruc-
tion of thyroid and parathyroid glands was establi-
shed using histological assessment to result in their
complete destruction without any injury of surroun-
ding tissues. The efficiency of the surgery was con-
firmed by the data, obtained to day 40 after interven-
tion, showing that the level of free T, and calcium did
not statistically and significantly differ from the pre-
surgery values [43].
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HHTpaomepauuoHHbIX (¢ 23,2 no 12%) u mocneore-
pammoHHBIX (¢ 27,9 no 13%) ocnoxxHeHUH, a TaKxke
MUHUMHU3HUPOBATH MMOKA3aTeIH TOCIeONePaliMOHHON
neraiabHOCTH (¢ 7 10 3%).

JHAOCKONMUYECKAsT KPUOXHUPYPIHUsl B 0TOJA-
PUHTOJOTUH

Kpuonectpykiius HeOHBIX MUHIAIUH — MaJIOHWH-
Ba3UBHBIA U 3(Q(OEKTUBHBIA METOJ XUPYPIUUECKOIO
JICYCHUST XPOHUYIECKOTO TOH3WJUINTA y B3POCIHBIX U
nereit [17], KOTOpBI MOXXKHO MPOBOIUTH B amOyra-
TOPHBIX YCJIOBUSX IO MECTHOM aHecTe3uei. Ilpeu-
MYLIECTBAMH JHJ0CKOMUYECKOr0 KPUOBO3ACUCTBUS
SIBJITFOTCSI OBICTPOE M OECKPOBHOE Pa3pyIICHHE MaTO-
JIOTUYECKOM TKAHU € aJIbHEHUIITUM BOCCTAHOBICHUEM
HOPMaJIbHOU CTPYKTYPhI U (DYHKIIMOHAILHOW aKTHB-
HOCTHU OCTaBILIEHCa HEOHOM MHMHIAIMHBI, a TaKKE C
rubenbio maroreHHoi Mukpodopsl. K Hemoctatkam
JAHHOTO METOJa MOXXHO OTHECTH HEOOXOAMMOCTH
MIPOBEACHUS KPUOASCTPYKIIMH B HECKOIBKO ITANOB
[40].

OOBeKTHBHBIM KpHuTepreM 3PPEeKTUBHOCTH KPHO-
XUPYPrUYECKOT0 METOAA SABJISCTCS HOPMATTU3AIMSI BCEX
MMMYHOJIOTHYECKUX ITOKa3aTeleil HeOHbIX MUHJIA-
JIUH. J{71s1 ICUE3HOBEHNUSI CUMIITOMOB XPOHUYECKOTO TOH-
3WJUIATA ¥ BOCCTAHOBJICHUS ()YHKIIMM HEOHBIX MUH-
JIAJIMH IpOBOAT 2—3 ceaHca kpuoaecTpykuuu. [Tonnas
SMUTENU3alUs HACTymaeT uepes mecsil [ 12, 40].

B pa6ote P.C. Capkucesn [37] moka3aH MOI0KH-
TENBHBIN 3((HEKT KPHOIHTOCKOTTNIECKUX OTIepaliiii Ha
Tpaxee M OpOHXaxX MPHU OMyXOJsIX W cTeHo3ax. [lpu
MaJUTHATHBHOM JICUCHHUH OOJIEHBIX PAKOM, TTAITHILIOMA-
TO30M TPaxeH HIIF OpOHXA YHIOCKOITUYECKOE Y/IaJIeHHe
BHYTPHUIIPOCBETHOM YACTH OITYXOJIU COYETAIOT C KPHO-
JecTpyKuuen ee ocHoBaHus. KpuoBoszaeiicTue mene-
CO00pa3HO MPUMEHSTH IS PAIUKAIBHOTO yAaJICHUS
MUKPOWHBA3WBHOTO PaKa ¥ HEANUTEIHAIBHBIX J00PO-
Ka4eCTBEHHBIX OITyXOJIeH (TeMaHTUOMBI, IEHOMHUOMBI,
JTUTIOMBI, (PUOPOMBI, XOHIPOMBI, TAMapTOMBI U JIp.).

ITo mamHBIM, IpUBENCHHBIM B pabore M.A. Py-
caxoBa [34], nanboiee 6e30MaCHBIM TIPH yAAICHUH
3JI0KaU4€CTBEHHBIX OITyXOJIeH Tpaxen (MEeXaHH4ecKoe
yIAJIEHUE, JIa3epHast KoaryJsius, SJEKTPOKOaryssus,
KPHOJIECTPYKITHS ) SIBIISIETCS KPHOXUPYPTHUECKUI Me-
TOJ BBUJY OTCYTCTBUSI MHTPAOIIEPALMOHHBIX OCIOXK-
HEHU.

JHAOCKONNYeCKass KPUOXUPYPIrusl TPYAHOI
MOJIOCTH

Pa3BuTHiO KIIMHUYECKON TOpaKaIbHOU KPUOXU-
Pypru# CriocoOCTBOBAIM IKCIIEPUMEHTAIIbHBIE Pa0o-
THI Ha XUBOTHBIX. [lepBoe MacmTaOHOE mccienoBa-
Hure B EBpore 1o jiedeHnto OpoHXuaIbHON KapIIMHOMBI
C TIOMOIIBIO CTHIEHAIFHO Pa3pab0TaHHOTO KECTKOTO
30H1a OBLTO TIpoBeneHO B 1986 T [84].
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V.I. Sipity [80] demonstrated a positive effect of
using cryosurgical approaches in transnasal-transsphe-
noidal cryosurgery of pituitary adenomas. The appli-
cation of endometric video-assisted monitoring was
established as capable to optimize the surgery tactics.
The use of endoscopes with angled optics enabled to
greatly extend the clearly visible area during surgery,
and to widen the possible manipulations in chias-
mosellar area [4]. The selective stereotactic cryodest-
ruction of pituitary adenomas enables to minimize the
injury rate, to maximally preserve the intact pituitary
tissues, and significantly reduce the risk of postope-
rative infectious complications and liquorrhea, as
well as to improve the life quality of patients [91].
V.Yu. Cherebillo [12] proposed a transsphenoidal ap-
proach vs. transcranial one in surgery of large and
giant adenomas as capable to significantly reduce a
number of intraoperative (from 23.2 to 12%) and
postoperative (from 27.9 to 13%) complications, as
well as to minimize the postoperative mortality indices
(from 7 to 3%).

Endoscopic cryosurgery in otolaryngology

Cryodestruction of tonsils is a minimally invasive
and efficient method for surgery of chronic tonsillitis
in adults and children [37], which may be performed
on outpatient basis under local anesthesia. Rapid and
bloodless destruction of pathological tissue with
further recovery of normal structure and functio-
nal activity of the remaining tonsil, providing the
elimination of pathogenic microflora death as well
are the advantages of endoscopic cryoeffect. The need
for several steps in cryodestruction may be referred
to this method disadvantages [81].

The objective criterion for cryosurgical method
efficiency is the normalization of all the immunological
indices of tonsils. In order to eliminate the chronic
tonsillitis symptoms and recover the tonsil functions
2-3 cryoablation sessions are performed. Complete
epithelialization occurs a month later [20, 81].

R.S. Sarkisyan [73] showed a positive effect of
cryoendoscopic surgeries in trachea and bronchi in
tumors and stenoses. An endoscopic removal of
intraluminal part of tumor is combined with cryo-
destruction of its base is performed during palliative
therapy in patients with tracheal/bronchial cancer or
papillomatosis. The cryoexposure is expedient for
radical removal of microinvasive cancer and non-
epithelial benign tumors (hemangioma, leiomyoma,
lipoma, fibroma, chondroma, hamartoma etc.).

As reported by Rusakov M.A. [70] a cryosurgical
method is the safest one when removing malignant
tracheal tumors (mechanical removal, laser coagu-
lation, electrocoagulation, cryoablation) due to no
intraoperative complications.
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Kpunoxupypruuecknii MeTol, OCHOBaHHBIH Ha pa3-
PYLICHUU TKaHEH C MOMOILBIO HU3KUX TEeMIIEparyp,
HAaIleJICH Ha JIeYeHHUEe MAEHTOB ¢ HeonepadeIbHbIM
LEHTPaJIbHBIM OOCTPYKTUBHBIM PAKOM JIETKUX. DHIO-
OpoHXHaNbHAas KPUOTEPATHs C IPUMEHEHHEM KECTKIX
Y TUOKUX KPUO30H/IOB MO CPABHEHUIO C JPYTHUMHU Me-
TOJIaMH JIeUeHUs HanOosee 3QPeKTHBHA, TTOCKOIBKY
MUHUMHU3HPYET OCIOKHEHHS ¥ XOPOIIIO IIEPEHOCUTCS
ranueHTamu [63, 96]. J1s redeHus MecTHOPacIpoCT-
PAHEHHOTO paka JIETKUX B HACTOSIIIEe BPEMS UCTIOb-
3yIOT YPECKOKHYIO Kproadmsiuio. KprnoBosaeiicteue
y OOJIBHBIX C HEPE3EKTA0CTBHOM Oy XOJIbIO IPHUBOIUT
K YMEHBIIIEHUIO MAaCChl OCTaBIIEHCS OIYyX0JIEBOM TKa-
HU U TEM CaMbIM CIIOCOOCTBYET BOCCTaHOBJICHHIO
JIETOYHOT'O M JBIXaTeNbHOro 00bema, obecreurnBaeT
YCIIOBHS IS TPOBEACHUS JIy4€BOM M XUMUOTEPAIINH,
a TaroKe MpoJyIeBacT pemuccuio [58, 74].

Kpuoxupyprudeckast aOnsys o3BOJISET yIyUIInTh
Ka4eCTBO KM3HU TMAIMEHTOB MPHU THKENBIX CTaIHIX
3aboneBanms. Kpome Toro, coctossHue OOJNBHBIX pa-
koM JieTkux (30%), Kak mpaBuIo, yCcyryOnsercs HeHT-
paTbHOM OOCTPYKITHEH ABIXATCIBHBIX MMyTEH — TsDKE-
JCHIITUM CHHAPOMOM, KOTOPBI MOXKET OBITh IPUYH-
HOW HETPYAOCMOCOOHOCTH M CMEPTHOCTH [ 74].

K HenocraTkaM JaHHOTO METOJ]a MOKHO OTHECTH
OTCYTCTBHE YHUBEPCAIBHBIX KPHO30HI0B JIsl OPOHXO-
CKOIIOB M OTCPOUEHHBIE PE3yJIbTaThl KPHOTEPAITHH, CBSI-
3aHHBIE C YJAJICHUEM HEKPOTUUECKUX TKaHEH, KOTOpbIe
TIPOSIBIISTFOTCSI IBIXaTEbHON HEZ0CTaTOYHOCTRIO BCIIE-
CTBUE OOCTPYKITHH bIXaTeILHBIX MyTeH [66, 68, 77].

Knuandeckn nokazana 3(pQpexTHBHOCTH HUCIOINb-
30BaHUA KPHUOAOISAINH TIPY HAPYIICHUN CEPIEIHOTO
puTtMa [62], 9TO TTO3BOIHIIO KapJUOXHPypraM MpuMe-
HATH TaHHBII METOJ] KaK B COYCTAaHUH C BMEIIATEIb-
CTBaMH Ha KJalaHax cepla MpH HIIeMHYECKOH 00-
JIC3HU CepIlia, TaK U caMocToATeNbHO [62]. [To nanHbIM
JUTEpaTypbl TOPAKOCKOMUYECKHE TEXHOIOTHH IT03BO-
JSFOT 6€30I1aCHO OCYLIECTBIISITh PE3EKIMIO YIIIKA JIEBO-
'O TIpENICEPAHNS, @ TAKIKE BBITIOIHATH a0JISIHIO KOJIJICK-
TOpa JITOYHBIX BEH Ha PabOTAIOIIEeM CEep/Ie MPH Je-
qeHUN (UOpWILIAUN mpenacepanii [S]. B Oymymem
MMOAO0HBIC OMEpaIlud MOKHO OyIeT MPOBOIUTH HE
TOJBKO PAJMOYaCTOTHBIM U yJABTPa3BYKOBBIM [5], HO
1 KPHOXUPYPTHIECKHUM CITOCOO0M.

DHI0CKOMUYECKAS KPHOXHPYPTHS B racTpo-
JHTEPOJIOTHH

B skcnepuMeHTaIbHON racTpO3HTEPOJIOTHH Ha
MOJIeTTH CBUHEH MPOIEMOHCTPUPOBAHA BO3MOKHOCTh
[IPUMEHEHUS HU3KUX TEMIIEPATYP B IUCTAIBHOMN YacTh
MHUIIEBOAA C MTOMOIIBI0 CHEIUATbHON KPUOTCHHON
CHUCTEMEI, cHaOeHHOM 330(]arockorom [75]. Uccme-
JOBaHMS TIOKA3aJIH, YTO KPUOXUPYPTUUECKUH METOT
T03BOJISIET MHAYIIUPOBATH KOHTPOIUPYEMBIi TOBEPX-
HOCTHBIF HEKPO3 CIU3UCTON 00OJIOYKH MHUIIEBOA C
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Endoscopic thoracic cryosurgery

Development of clinical thoracic cryosurgery was
promoted by experimental trials in animals. The first
large-scale research in Europe on bronchial carcinoma
therapy with a special rigid probe was implemented in
1986 [56].

Cryosurgical method, based on tissue destruction
by means of low temperatures, is aimed to treat patients
with unresectable central obstructive lung cancer.
Endobronchial cryotherapy with rigid and flexible
cryoprobes is the most efficient method among others
because of minimum complications and good tole-
rability in patients [10, 94]. A percutaneous cryoab-
lation is now used to treat the locally advanced lung
cancer. The cryoeffect in patients with unresectable
tumors results in the reduction of remained tumor
tissue mass, thereby contributing to the pulmonary
and tidal volume recovery and providing conditions
for radiation and chemotherapy treatment, and prolon-
ging remission as well [34, 79].

Cryosurgical ablation enables improving the life
quality of patients at severe stages of the disease. In
addition, the state of patients with lung cancer (30%),
as arule, is augmented by the central respiratory obstruc-
tion, a severe syndrome, which may result in disability
and mortality [34].

The disadvantages of the methods include the ab-
sence of standard cryoprobes for bronchoscopes, and
delayed results of cryotherapy, associated with necrotic
tissue removal, which are manifested in respiratory
failure due to airway obstruction [23, 24, 44].

The use of cryoablation in cardiac arrhythmias
was clinically proven [9]. The cardiac surgeons have
managed to apply this method either together with
interventions in heart valves in coronary heart di-
sease or as a single tratment [9]. As reported in li-
terature the thoracoscopic technologies enable a safe
resection of left atrial appendage, and ablation of
pulmonary veins collector on a beating heart in the
frames of atrial fibrillation therapy [8]. It is highly
possible, that future surgical interventions will be do-
ne not only with RF and ultrasound ways [8], but with
cryosurgery as well.

Endoscopic cryosurgery in gastroenterology

Gastroenterological experiments in pigs demonstra-
ted the possibility of low temperature treatments in
distal esophagus using the special esophagoscope-
supplied cryogenic system [36]. The studies demonst-
rated that cryosurgical method induced the controlled
superficial necrosis of esophageal mucosa, followed
by its complete healing [36], accompanied with the stric-
ture formation across entire esophagus in 3 of 20 patients.

P.J. Pasricha [58] presented the findings of experi-
mental and clinical cryotherapy application in esopha-
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MOCJICAYIOLIUM MOJTHBIM €€ 3aKUBJICHUEM [ 75], HO pu
9TOoM y 3-X u3 20 manueHToB MO BCEH OKPYKHOCTH
MUILEBOJIa OTMEYaeTcss 00pa3oBaHUE CTPUKTYP.

B pabore P.J. Pasricha [86] mpencraBiensl pe-
3YJIBTaThI KCIIEPUMEHTAIIBHOTO ¥ KIIMHUYECKOT'O ITPH-
MEHEHHs KpuoTepanuu Ha numieBoze. C TOMOIIbIo
KaTeTepa, TO3BOJISIFOIIETO TIOCTABIATh KUIKHHA a30T
Yyepe3 YHAO0CKOT, Ha MO COOaK MPOBOIMITH KPHO-
BO3/IEHICTBHE HA TUCTANBHYIO YacTh umieBoaa. [Ipu
aHaJM3€ THCTOJOTHYECKUX MpemnapaTroB 4epe3 Tpu
HEJENH Mocyie BO3ACHCTBUS OblIa yCTaHOBIICHA MOJI-
Hasl PEBNUTEIN3ALMS OUara KpHOAeCTPYKIUH.

B pa6ore B.U. Ilonomapesa [30] mpencraBieHbl
pe3ynbTaThl BO3ACHCTBUS HU3KUMH TeMIepaTypamMu
Ha pyOIBI IpU CTEHO3ax MuuIeBoAa y aeteil. Hemon-
BIKHBIM anriukatopom Ha anmapate KMT-2 (OAO
«Emameny, Poccust) mpoBoAIN KPHOBO3ICHCTBHE HA
MeMOpaHO3HbIe pyOIlbl MHUIEeBOAa U ropTanu. Mc-
10JI30BaHNE MOOMIIFHOTO KPHOATITUINKATOPA OMIPaB-
JIAHO B CIIyYasiX MPOTSDKESHHBIX PyOIIOB MHUIIEBOIA KaK
B Ka4eCTBE CaMOCTOSTENILHOTO METO/Ia JICUSHHS, TaK
1 B KOMIUTEKce ¢ Oy>kupoBanuem [30].

JlaHHbIE MHOTOIICHTPOBBIX HCCIIEIOBAaHHM TOJ-
TBEPXKIAIOT BO3MOKHOCTH MCIIOJB30BAaHUS yKa3aH-
HOTO CTI0C00a JIeUeHUsI KaK MPH MPEAPAKOBBIX COCTOS-
HUsX 3abosieBaHmii veBoa (nuiieBoa bappera u
JMCTIIa3usl ), TAK ¥ IIPY HA4aJIbHOU (hOpME OITyXOJIEBOTO
nporecca [93]. ITocne 3nao0cKonYeckoi KpHOTEpau
y 72—100% manneHToB HaOIIOAIOCH TIOJTHOE U3JIeye-
Hue rrmeBona bappera, ay 61-100% GombHBIX ¢ paHHEH
CTajmel paka IMUIIeBOoIa — ITOJTHOE BBI3oposieHue [ 70].

B pa6ote B. Greenwald [ 70] mokasaHo, 4T0 KpHOXH-
PypriyecKuii IoIxo 6e30TaceH U XOPOIo IEPEHOCHT-
csl MAIlMEHTaMU ¢ pakoM nuiieBoaa. Hanbomnbmas ero
3¢ PEeKTUBHOCTH B KA4E€CTBE MATMATUBHOTO METO/IA Jie-
YeHUsI OTMeUaeTCsl Ha OoJiee MO3JHUX CTaJusX 3a00e-
BaHMS, YTO CBSA3aHO C XOPOLINM JIOKaIbHBIM KOHTPOJIEM
KPHOBO3/ICHCTBHS1, OTCYTCTBHEM CEPHE3HBIX OOOUHBIX
3¢ (EeKTOB M HU3KUM NPOLIEHTOM ociokHeHui [ 70, 86)].

Cxema KpHOBO3ACHCTBHSI HA MTATOIOTUIECKU N3Me-
HEHHYIO TKaHb ITeYeHN 00y CIIOBICHA 0COOCHHOCTIMHU
CTPOEHHUS JaHHOTO OpraHa. Bo-miepBbIX, KpHOXHPYP-
rudeckas amnmapaTypa Jo/bKHa 001agaTh J0CTaTOYHO
OOJIBIION XJIAOTIPOU3BOIUTEIEHOCTHIO, TTOCKOIBKY
Me4eHb UMeeT OONBIIYI0 MAacCy M MOITHBIA KPOBO-
TOK [97]. BOo-BTOpBIX, 9KCIIEPUMEHTAIBHO YCTaHOB-
JICHO, YTO KPHOACCTPYKIHUS [TPU CBEPXHU3KUX TEMIIE-
paTypax OpuBOAUT K 00pa30BaHHIO B IICYCHH OYara
KpHUOHEKPO3a, pa3Mep KOTOPOro 3aBUCUT OT DKCIIO3H-
uuy. B Teuenune 4-8 Henenb nociae KPUOACCTPYKLIUH
[IPOHCXOJIUT 3aMEIIEHNE AaCENTUUECKOTO HEKPO3a COETH-
HHATETHLHOTKAHHBIM «HEXKHBIMY» pyoroMm [2, 27, 43].

B 1997 1. 8 Kanane Onia BriepBbIC IPOBEACHA JIara-
pOCKOITMYEeCcKasi KpUOXHPYpPrHYecKas Orepanus y ma-
IIMEHTOB C Oy XONKIO TiedeHH. B 1998 1. Bo DpaHIm MosiBu-
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gus. The cryoexposure was done in canine distal eso-
phagus using catheter, allowing the liquid nitrogen de-
livery through endoscope. Histological analysis three
weeks later exposure reveled a complete re-epithelia-
lization of cryoablation focus.

The outcomes of low temperature exposure on
corrosive strictures of esophagus in children were re-
ported by V.I. Ponomarev [62]. The cryoexposure was
performed onto membranous esophageal and la-
ryngeal strictures using a fixed applicator of KMT-2
device (JSC Elamed, Russia). The use of a mobile
cryoapplicator is justified in cases of extensive eso-
phageal scars, both as an independent therapeutic
method and jointly with bougienage [62].

The data of multicenter studies confirmed the
possibility of using this therapeutic method both in
precancerous states of esophageal diseases (Bar-
rett’s esophagus and dysplasia), and initial form of
tumor process [83]. After endoscopic cryotherapy a
complete recovery was observed in 72—-100% of pa-
tients with Barrett’s esophagus, and 61-100% of
patients with early-stage esophageal cancer were
completely cured [28].

B. Greenwald demonstrated a cryosurgical ap-
proach to be safe and well tolerated in patients with
esophageal cancer. Its highest efficiency as a palliative
therapeutic method was observed at the later disease
stages, and it was due to a good local control of cryo-
exposure, absence of severe side effects and low
complication rate [28, 58].

The procedure of cryoexposure on pathological-
ly changed liver tissue depends on structural featu-
res of this organ. Firstly, the cryosurgical devices
should have a sufficiently high cooling capacity, sin-
ce the liver has a large mass and powerful blood
circulation [95]. Secondly, the cryosurgery at ultra-
low temperatures was experimentally established
to result in formation of cryonecrotic focus in the li-
ver, the size of which depended on exposure. Follo-
wing 4—8 weeks after cryoablation the avascular nec-
rosis was replaced by ‘soft’ scar of connective tissue
[2,54, 85].

The first laparoscopic cryosurgery in the patients
with liver tumor was performed in 1997 in Canada.
In 1998, the therapy of unresectable liver tumor by
means of a percutaneous cryoablation was reported
in France.

The expediency to use low temperatures in lapa-
roscopic subtotal cholecystectomy was demonstra-
ted in experimental studies [11]. In particular, the
cryodestruction of mucous membrane of the remai-
ned part of gallbladder posterior wall extends the
possibilities for laparoscopic cholecystectomy in
acute calculous cholecystitis. The cryodestruction is
then carried out when the removal of posterior wall
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JIOCh COODIIIEHHUE O JICYCHNH HeorepadeTbHON OImyX0Jin
TMIEYCHHU C IPUMEHEHHEM YPECKOKHON KPHOJECTPYKIIUH.

B sxcnepuMeHTanbHBIX paboTax MmokaszaHa Lelie-
cO00Pa3HOCTh HCTIOIb30BaHMs HU3KUX TEMIIEPATyp IpH
JIarapoCKONMYECKON CyOTOTaIbHON XOIEIUCTIKTOMUH
[6]. B wactHOCTH, KpHOAECTPYKLUS CIM3UCTON 000-
JIOUKH OCTaBIIEHCSA YaCTH 3aJHEN CTEHKHU KEITIHOIO
My3bIpsl pacIIUpPsIET BO3MOKHOCTH JIaapoCKOmuyec-
KOH XOJIEIUCTIKTOMUH ITPY OCTPOM KAJTBKYJIE3HOM XOJIe-
nuctute. OHa BBITTOJHACTCSA B TOM CIIydae, Korja u3-3a
PYOIIOBBIX M3MEHEHNI BO3HUKAIOT TEXHIYECKHE TPY/I-
HOCTH OTJIEJICHHS 3a]JHEH CTEHKH KEITIYHOTO ITy3BIPsI OT
noxa [6, 57]. KpoMe Toro, KpHOBO3CHCTBHE B OTIIH-
YHe OT AJIEKTPOKOATYSAIUU HE MPHUBOANUT K THOENH
MapeHXHUMBI [IEYCHH, a, HATPOTUB, CTUMYJIUPYET MECT-
HbIE UMMYHOJIOTHYECKHE PEaKINH, CIIOCOOCTBYIOIUE
ycKkopeHuto pererepanuu [41, 52, 81].

Kpuonectpykuus nokasana OOJbIIMHCTBY MallEH-
TOB C PAKOM TIOKEITYJOYHOM JKeNe3bl, TOCKOJIBKY OHA
MOJKET 3aMEHHMTh CTaHAAPTHYIO onepauuto. Jlurepa-
TYpHBIE TaHHBIE IOATBEPKAAIOT BO3MOXKHOCTb IIPOBE-
JeHHUsT KPUOAECTPYKLUHU MAUeHTaM ¢ MECTHO-pac-
MIPOCTPAaHEHHBIM U HEOTIEpaOeTbHBIM PAKOM TTOJIKEITY-
JIOYHOH JKeJe3bl, a TAKKe KPUOAOIAIINH IPH JIOKATBHBIX
pennauBax 3aboneBanus [88, 98].

JHAOCKONMUYECKAA KPHOXUPYPIrUs B YPOJIOTUH

OHJIOCKOMUYECKUI METOJ TMO3BOJSIET BU3YaJTbHO
OLIEHUTb MECTO MaTOJIOTUYECKOro oOopa3oBaHus 3a0-
PIOLIMHHOTO POCTPAHCTBA U MHTPAOIIEPALIUOHHO pe-
LIUTH BOIPOC 00 00beMe U XapaKTepe OlepaTUBHOTO
BMemarenabcTBa. Kproabusaust noyek mo3uuoHu-
pyeTcsl KaK aJbTepHATHBA KIACCHYECKOMY CIIOCO0Y
ynanenus omyxoneil nmouek [85]. Ilo cpaBHeHUIo ¢
paznoyacToTHOM alisiuuell KpHoAecTpyKUus ooiia-
JaeT PSAJAOM MPEUMYIIECTB: BOBMOXHOCTH YETKOTO
KOHTPOJIS 32 KpasiMH| JIJITHOTO I1apa M HAJIMIHe MEHee
BBIpaKEHHBIX I3MEHEHNH BOKPYT 30HBI a0JIAIIUH [TOCITe
IepBUYHOTO Bo3aewcTBus [60, 65, 83].

B HacTosimiee BpeMs KpuoaOJSIIIUs MPOCTATHI
MPEACTABISICT COO0 MaJIOMHBA3UBHBIN U BEICOKOA (-
(eKTUBHBIN c110CO0 JeUeHHs paka MpeacTaTeIbHON
xene3bl. JledeHne conpoBokaaeTcsi HeOOIBIINM KO-
JIMYECTBOM OCJIO)KHEHHUH 1 IO3BOJISIET TOOUTHCS BBICO-
KOl OespenuuBHON BhDKHMBaemoctu [64]. IlepBas
KpHOAOJsIMs MpocTaThl OblIa mpoBeaeHa B 1966 T
M. Gonder ¢ ucnonb30BaHUEM OTHOHM TPaHCYPETPaIb-
HOW WTJIBI JIJIs JIeueHUs HHpaBe3uKaIbHOU 00CTPYK-
LY, BEI3BAHHOW yBEJIMYCHUEM TIPEICTATEIHHOM JKelte-
3bl. B KadecTBe XJlajareHTa MCHOIb30BAICH KHUJIKAN
a30T, a MPOoIIeCcC 3aMOPAKUBAHUS KOHTPOIHPOBAJICS
MaIbIaTOPHO per rectum [69].

KpnoaOmsinys npencraTensHON Kene3bl — JIOKalb-
HOE 3aMOpaKUBaHME U AeBUTANM3aLus TKaHel. lan-
HBIA METO[| ITO3BOJISIET CO3aTh 30HY HEKpO3a HeoO-
X0IUMOH (hopMBbl U pa3Mepa AJIsl AeCTPYKLUUHU Mopa-
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of gallbladder from the bed is technically compli-
cated [11, 78]. In addition, the cryoexposure does not
result in hepatic parenchyma destruction unlike ele-
ctrocoagulation, but rather stimulates local immu-
nological reactions, contributing to accelerated rege-
neration [15, 51, 82].

The cryodestruction is a proper choice for most
patients with pancreatic cancer, because it may repla-
ce the standard surgery. The reported data confirm
a possibility to perform cryodestruction in patients with
locally advanced and unresectable pancreatic can-
cer, as well as to do cryoablation in local recurrences
of the disease [63, 96].

Endoscopic cryosurgery in urology

The endoscopic method enables to visually assess
the retroperitoneal mass location and choose the
extent and type of the intervention directly during
surgery. Renal cryoablation is positioned as an alter-
native to the standard method for renal tumor remo-
val [57]. If compared to radiofrequency ablation the
cryodestruction has several advantages, i. e. a distinct
control for ice ball edges and the presence of less
pronounced changes around the ablation zone after
initial exposure [3, 19, 55].

Nowadays the prostate cryoablation is a less inva-
sive and highly efficient method for prostate cancer
therapy. The treatment is accompanied by a low num-
ber of complications and enables achieving a high
disease-free survival [14]. The first prostate cryoab-
lation was carried out in 1966 by M. Gonder using a
transurethral needle to treat the enlarged prostate-
caused infravesicular obstruction. Liquid nitrogen was
used as a cooling agent and freezing was controlled
by palpation per rectum [27].

The prostate cryoablation is a local freezing and
devitalization of tissues. This method allows ma-
king a necrotic zone of necessary shape and size for
destruction of diseased gland tissue and preserva-
tion of adjacent healthy tissue [6, 59]. The US and
the European Association of Urologists recognized
the cryoablation as a clinical method for localized
prostate cancer therapy.

Nowadays three types of prostate cryodestruc-
tion have been applied. The most efficient is the endo-
scopic cryotherapy, carried out through epicystoma
under endoscopic control with cold exposure twice
by 10 min with 5—7 min interval. The necrotic masses
are then washed out through epicystoma within 3—
4 weeks.

Endoscopic cryosurgery in gynecology

There are some findings on intrauterine cryosur-
gical intervention to treat endometrial pathology [30,
42, 98]. A.Ya. Senchuk [75] described in details the
technique of endoscopic cryosurgical treatment of
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’KEHHOM TKaHU >KeJIe3bl U MpUIIeXKAaIlen K HeH 310pOBOI
TKanu [61, 87]. Amepukanckas u EBponetickas accorma-
LSl YPOJIOTOB IPU3HAIN KPHOAOIISLIMIO KITHHUIECKUM
METOZIOM TEpaIuH JOKAIN30BaHHOTO paKa IpeicTa-
TEIBHOMN JKENE3bl.

Ha ceroansiinmii AeHb IPUMEHSIIOT TP BUAA KPUO-
JeCTPYKLIHH IpecTaTeNbHOM skene3bl. Hanbonee sdek-
THUBHA YH/I0CKOIMYECKasi KPUOJAECTPYKUHS, KOTOPYIO
MPOBOJISIT Yepe3 SMUIMCTOCTOMY TIOJT HIOCKOTHYEC-
KUM KOHTPOJIEM C XOJIOJOBOM 3KCIO3UIMEN ABa pas3a
o 10 MuH ¢ uaTepBasioM 5—7 MuH. [lanbHeilee oT-
MBIBaHUE HEKPOTHUECKUX MACC OCYIIECTBIISIIOT Yepe3
SMUIUCTOCTOMY B TedeHUE 3—4 HEnemb.

JHIOCKONMNYECKAsi KPUOXMPYPIUsl B THHEKO-
JIOTHH

B nuTepaTypHBIX HCTOYHMKAX MPENCTaBIEHBI pe-
3yNbTaThl BHYTPUMATOYHOTO KPHOXHPYPTHUECKOTO
BMEIIATENBCTBA C LIEJBI0 JICYEHHUS MaTOJIOIMH dHJIO0-
metpust [14, 22, 10]. B padore A.f. Cenuyka [38]
MOAPOOHO OIMCaHa METOIMKA SHIOCKOITMYECKOTO KPHO-
XUPYPrU4eCcKOro JICUCHHs MPEelOIMyX0IeBbIX 3a00-
JIEBaHWHM MaTKH (THIEPIIACTUYECKHE MPOILECCH U
MTOJIMTIO3 YHIOMETPHSI, aJleHOMHO3, aleHOMAaTO03) C
roMo1pio ycTanoBkH «Kpno-ITymsey (HIID «ITymbey,
YkpauHa), B KOTOPOil B Kau€CTBE XJIaJar€HTa UCTIOb-
3yeTcsl XKUAKUN a30T. B 3aBUCUMOCTH OT pa3MepoB
[TOJIOCTH MAaTKHU W BHJIA MTaTOJIOTUU OCYIIECTBIIAETCS
3—4 kpuOaNIUIMKAIMU BHYTPUMATOYHBIM 30HJOM,
oXJIaXJIeHHbIM 110 Temneparypsl —130, —170°C. Ilo
pe3yapTaTaM JIeYeHUsd yCTAHOBIEHO, YTO BHYTPH-
MaTOYHasi OpraHOCOXPaHsIoIas KPHOXUPYprudeckas
oriepanysi I03BOJISIET MOBBICUTH 3 PEKTUBHOCTS Jicue-
HUS TUIEPIUIACTUYECKUX 3a00JIeBaHUN YHI0- U MHO-
Metpus 10 94,0% u npenoTBpaTUTH TPOoMOOIMOO-
JMYecKue ocaoxkueHus [38].

JHAOCKONMYeCKass KPHOXHUPYPIHUsl CyCTABOB
B pa6ote E.B. KoxeBuukosa [19] mokazano, 94To
BO3JIEICTBHE apTPOCKONMMYECKUM KPHOAMTIINKATO-
pPOM Ha 00JIaCTh KOJIEHHOTO CyCTaBa, pa3pymIeHHOTO
BCJICJICTBHE TPaBM W/WIU JIET€HEPATUBHO-TUCTPO-
(hrueckux M3MEHEHUW, CTUMYJIHPYET XOHAPOTCHEe3
CYCTaBHOTO XpsIlla U MPUBOAUT K (POPMUPOBAHUIO
XpAEeBoro GuOPO3HO-THAIMHOBOTO pereHepara.
APTpPOCKONUYECKasi KPHOILIACTHKA, JOMIOHEHHAS IPU
HEOOXOIMMOCTH MapIUATLHON HITH TOTAITHHOM MEHHCKIK-
TOMHUEH, YaCTUYHON XEHIIKTOMHUEH, CHHOBIKTOMUEH,
MOKET OBITh OIepalliei BRIOOpa NPy XUPYPrudeckoM Jie-
YEHUH TIOCIIEICTBUI TPABM U OCTE0APTPO3a KOJIEHHOTO
cycraBa. Ee mpoBezieHre yMeHbIIaeT BBIPaKEHHOCTD CyC-
TaBHOT'O CHHJPOMA, YBEIIMIMBALT TTepro T pemuccur [20)].
Merton apTpOCKOIMYECKON KpUOAECTPYKIIUU XOPO-
110 ce0st 3apEKOMEHTOBAJT U JIJIS Y/IAIICHUS] CHHOBHATTb-
HOU 00OJIOYKH CYCTaBOB Ipu OypcUTax pa3indHON
JIOKaJIU3aluy U XpoHudeckoM aptpute [20].
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pre-cancerous uterine diseases (hyperplasia and po-
lyps of endometrium, adenomyosis, adenomatosis)
using Cryo-Pulse device (RPC Pulse, Ukraine), where
a liquid nitrogen was used as a cooling agent. De-
pending on size of uterine cavity and type of patholo-
gy there were performed 3 or 4 cryoapplications with
the intrauterine probe cooled down to —130 or—170°C.
The treatment outcome allowed to conclude that an
intrauterine organ-preserving cryosurgery could im-
prove the therapeutic efficiency of hyperplastic di-
seases of endo- and myometrium up to 94.0% and
prevent thromboembolic complications [75].

Endoscopic cryosurgery of joints

The exposure of arthroscopic cryoapplicator to a
knee area, destroyed due to traumas and/or dege-
nerative-dystrophic changes, was demonstrated by
E.V. Kozhevnikov [40] as a factor stimulating the
chondrogenesis of articular cartilage and causing
the regeneration of fibrous-hyaline cartilage.

The arthroscopic cryoplasty, performed together
with either partial or total meniscectomy, partial
cheilectomy, synovectomy, may be the surgery of
choice during surgical treatment of trauma conse-
quences and the knee osteoarthrosis. Its performance
reduces the articular syndrome severity, increases the
disease-free periods [41].

The arthroscopic cryodestruction showed good
results for joint synovial membrane removal in cases
of bursitis with different localization and chronic
arthritis as well [41].

When selecting the tactics of endoscopic inter-
vention of importance is to take into account the
extent and ease of destruction for specific lesion
focus by any way, the cost of purchase and main-
tenance of equipment, as well as training course for
endoscopist.

In this review we tried to emphasize the main
areas of application of low temperatures in endo-
scopic surgery, as well as to show the therapeutic
efficiency of this method when treating many disea-
ses due to its low rate of injuries and preservation of
life quality in patients. This fact determines the choi-
ce of using low temperatures as a soft way to per-
form surgical procedures for lesion destruction.

The cryodestruction enables extending the area
of operability and resectability of tumors, and the
constant improving of cryosurgical technologies, equip-
ment, and monitoring techniques makes cryosurgery
to be one of the most important components of com-
bined and integrated treatment of cancer patients.

The research in this field of surgery could be pro-
spective in terms of extending the applications of low
temperatures in endoscopic surgery, which will imp-
rove the outcome of patients treatment.
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[Ipu BbIOOpE TAKTUKHM SHIOCKOITMYECKOTO BMEIIIa-
TEJIHCTBA BAXKHO YUWTHIBATh Ha CKOJBKO JIETKO M B
KaKoi Mepe pa3pyliaeTcs KOHKPETHBIHN aToJoruiec-
KM 04ar TeM WM UHBIM ClI0ocO00M, CTOMMOCTD IPH-
oOpeTeHHst U 0OCTYy)KMBAaHUS alIaparypsl, a TaKxKe
MOJITOTOBKY Bpayda-3H/I0CKOIUCTA.

B HacrosmeM 0030pe MbI MOTBITAINCH aKIEH-
THPOBATh BHUMAaHUE HAa OCHOBHBIX OOJIACTSIX TPH-
MEHEHHUS HU3KHUX TeMIIepaTyp B IHIOCKOITHMYECKOM
XHUPYPTUH 1 TTIOKa3aTh A(p(HeKTHBHOCTH JIeUEHHS JaHHBIM
Croco00M MHOTHX 3a00JIeBaHM ¢ MUHUMAJIBHOM TpaB-
MaTHYHOCTHIO M COXPaHEHHEM KadecTBa JKM3HH Ta-
[IMEHTOB. DTUM OMPEACIIICTCS BHIOOP UCIOIH30BAHUS
HU3KUX TeMIIepaTyp B KauecTBe LIaSIIEro Crocoda
BBITNOJIHEHUS XUPYPTrHUECKUX MAHUITYISLUH U1 pa3py-
LICHUS TATOJIOTUYECKUX OYaroB.

Meton KpUOAECTPYKUUHU MO3BOJISIET PACIIUPUTD
pamMKu ornepaleIbHOCTH U Pe3eKTa0eIbHOCTH OITyX0-
JIeH, a COBEpLICHCTBOBAHUE TEXHOJIOT UM BBHITOTHEHUS
KPUOXUPYPTHIECKUX OTIEPAITHil, KPHOXUPYPTHIECKOTO
000pyI0BaHusl, METOANK MOHUTOPUHTA JIeTIaeT KPHO-
XUPYPTHUIO OHAM 13 Han00JIee BaKHBIX KOMITOHEHTOB
KOMOWHUPOBAHHOTO ¥ KOMIUIEKCHOTO JIEUEHHUSI OHKO-
JIOTHYECKHUX OOJIBHBIX.

ITepcniekTUBBI pa3BUTHUS UCCIIEIOBAHUIN B JJAaHHOM
00J1aCcTH XUPYPTUU COCTOAT B PACIIUPEHUN HCIIOIb-
30BaHMSI HU3KUX TEMIIEPATyP B SHIAOCKOMUYECKOU XU~
PYPTUH, 9TO MO3BOJIUT YIAYUIIUTh PE3YAbTaThl XUPYP-
TUYECKOTO JICUeHUs! OOJIbHBIX.
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