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Cryogenic Equipment in Minimally Invasive Surgery

Pecpepart: B npefcraBneHHom nutepaTypHoM 0630pe NpoBeAEH aHann3 TEXHOOrMYeckux METOA0B M annapaTos, NPUMEHSIEMbIX
npy MarnonHBa3UBHbLIX KPUOXMPYPruyeckux BMeLlatenbcTBax. OnmcaHbl cnocobbl OXNaxa4eHUsi, OCHOBHbIE CTPYKTYPHbIe COCTaBns-
IOLME COBPEMEHHbIX KPMOXMPYPrUYECKUX YCTAHOBOK U XNafareHTbl, UCNOMb3yeMble B 3TUX cuctemax. B ctatbe paccmaTpusatoTcst
BOMpOCSHI, KacatoLuecs TpeboBaHuii kK kKproreHHoMy obopyfoBaHuio Npu ero paspaboTke. MNpeacTaBneHbl KpaTkMe TEXHUYECKUE Xa-
paKTEpPUCTMKN Hanbonee N3BECTHLIX KPUOXMPYPTUYECKUX YCTAHOBOK U CBeAeHUst 06 aheKTUBHOCTM Tepanuu nocne mx npumeHe-
HUS.

KntoueBble crnoBa: kpuoreHHasi annapaTypa, KpMogecTpyKUmMsl, MariouHBa3vnBHas KPUOXMPYPIUS, XXUAKUIA a3oT.

Pecpepar: Y nogaHomy nitepaTypHOMy Ornsiii NpoBeAEHO aHani3 TEXHOMOrYHUX METOZIB | anaparTiB, siKi BUKOPUCTOBYHOTLCS Nif
Yac ManoiHBa3MBHUX KPiOXipypriyHnx BTpy4aHb. OnncaHo cnocobu OXOonoaKeHHs, OCHOBHI CTPYKTYPHI CKNadoBi Cy4acHMX Kpioxipyp-
rYHNX YCTAHOBOK i XONOAoareHTn, siki BUKOPUCTOBYIOTLCS B LIMX CUCTEMaxX. Y CTaTTi po3rnsagatoTbCs NMUTaHHS, siKi CTOCYHOTbCS BU-
MOr [0 KpioreHHoro obnagHaHHsa y npoueci horo po3pobku. MNpeactaBneHo CTUCHI TEXHIYHI XapakTepUCTUKM Hanbinbll BigoOMUX
KPiOXipypriYHMX yCTaHOBOK i BiGOMOCTiI Npo eeKTUBHICTb Tepanii nicns ix 3acToCyBaHHS.

Knio4yoBi cnoBa: kpioreHHa anaparypa, KpioAeCTpyKLis, ManoiHBa3vnBHa KpioXipypris, pigkui asor.

Abstract: This review represents the analysis of the technological methods and apparatuses, applied in minimally invasive
cryosurgeries. Here, the methods of cooling are presented, as well as, the main structural components of modern cryosurgical
units and coolants, used in these systems. The article covers the issues, related to the requirements for cryogenic equipment in
the process of its designing. Brief technical characteristics of the most known cryosurgical units and the information on the post-

application therapeutic efficiency were presented.
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JlocTrxeHuss HayuyHO-TEXHUYECKOTO Iporpecca
MO3BOJIMIIM Pa3padboTaTh U BHEAPUTH B MEAULIMHCKYIO
MPAaKTUKYy METOABI MAaJIOMHBAa3WBHOW XHUPYPTUH, B
TOM YHCJIE U KPHOXUPYPTHUH.

Ha ocHoBe pe3ynbTaroB mnpoBeAeHHBIX (yHIa-
MEHTAJIbHBIX, TEOPETHUCCKUX, IKCIIEPUMEHTAIBHBIX
U KJIMHUYECKUX HCCICAOBAaHUN B OOJIACTH KPUOXH-
PYPruu ¥ KpHOTE€HHOM TEXHMKM Oblja CO37aHa BbI-
COKOTOYHAs ammaparypa JUlsl [IPOBEIEHHs JIOKalb-
HOW KPUOJECTPYKLHUH IAaTOJIOTMYECKH M3MEHEHHBIX
y4aCTKOB TKaHHU W/WJIK OpraHoB [3, 8].

C mnosBIeHMEM CHEUHaJbHBIX KPHOYCTAHOBOK,
aJaNTUPOBAHHBIX K 3HJOCKOMHYECKHUM, YIBTPa3BY-
KOBBIM M TOMOTpa)UYeCKHM CHCTEMaM, IOSBUIACH
BO3MOYKHOCTH TPOBEJIEHUS] MaJOWHBA3HUBHBIX KPHO-
XUPYPrUUYECKUX OIepalid, YTO MMO3BOJIUIIO BBIBECTH
KPUOXUPYPIHIO U KPUOTEHHYIO TEXHOJIOTHIO Ha Ka-
YECTBEHHO HOBBIN ypoBeHb [31].

Haunbonee BbICOKMI TepareBTUYECKUI pe3yibTar
OTMEYaeTcsl IpPU HCIHOJIB30BaHUU KPHOYCTAHOBOK,
MIPUHOUI PadOThl KOTOPBIX OCHOBAH HA BBIAECICHUU
TEIIOTH (Da30BOrO Tepexoma (IMepexon XjaaarcH-
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The scientific and technical achievements have
enabled designing and introducing the methods of
minimally invasive surgery, as well as cryosurgical
ones among them, into medical practice.

On the bases of fundamental, theoretical, ex-
perimental and clinical findings in cryosurgery and
cryogenic equipment, there has been designed a
high-precision equipment for local cryodestruc-
tion of pathologically altered tissue and/or organ
sites [11, 18].

With the appearance of special cryounits, adapted
to endoscopic, ultrasound and tomographic systems,
it became possible to perform the minimally invas-
ive cryosurgeries, which allowed bringing cryosur-
gery and cryogenic technology to a qualitatively new
level [30].

The highest therapeutic outcome is noted when
using the cryounits, the operation principle of those
is based on the phase transition heat release (liquid
to gas phase transition of coolant) and the Joule-
Thompson effect (cooling or heating of coolant du-
ring throttling) [11, 20, 21]. In addition, there have
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Ta U3 KHUIKOW (a3el B ra3oByto) u sddekre xoy-
ns-TomricoHa (OXJIaX/IGHWE WIIM HarpeBaHUE rasa
XJIaJlareHTa B Tpoiecce apoccenupoBanusi) [3, 10,
11]. Kpome Toro, pa3paboTaHBbI anmaparsl, B KOTOPBIX
HU3KHE TeMITepaTyphl JTOCTUTAIOTCS 32 CUET TEPMO-
anekTpudeckoro (Peltier) m rampBaHOTEpPMOMArHUT-
voro (Ettingshausen) addexroB, a Takke KOMOWHU-
poBaHHOTO cIToc0o0a oxnakmeHus [3].

B ximmHWYeckoil mpakThke OBUTH ampoOupoBa-
HBI HECKOJIKO BHJIOB XJIAJIATCHTOB: XUJKUH a30T
(=196°C), apron (—87,3°C), renwii (—269°C), 1ByOKHCH
yroiepona (—78°C), ¢peon (—40,8°C), dusuueckue
CBOIMCTBa KOTOPBIX ONPEACISIOT 00JacTh MPUMEHE-
HUSl KPUOXUPYPrHUECKOro oOopymoBaHus. B amma-
parax, paboTa KOTOPbIX OCHOBaHa Ha BBIJICIICHUU Te-
IIOTHI (JAa30BOTO TMEpexoja, B Ka4eCTBE XJIaJlareHTa
HaubOoJee MUPOKO TPUMEHSETCS JKUIKUH a30T, 00a-
JAIONTUH ONTUMATBLHBIMH (PU3NISCKIMH CBOWCTBA-
mu. llpeBpamenue XuAKOTO a3oTa B Tra3oo0pasHOe
COCTOSIHME BBI3BIBAET OBICTpPOE TIOIVIOIICHHE OO0Ib-
Ioro Konm4vecTna Teria (39 Kkan/in) ¥ COOTBETCTBEH-
HO MPUBOJIUT K PE3KOMY CHUKCHHIO TEMIIEpaTyphbl Ha
TEMI00OMEHHUKE KPUOMHCTPYMEHTA, HAaXOJSIIEMCSI
B KOHTAKTEe C OMOJIOTHYECKON TKaHBIO.

JlocTynHbIe yCIIOBUSI XpaHEHUS W TPaHCIOPTH-
POBaHMsI, 5)KOHOMUYECKasl 11eJIeCO00pa3HOCTh, OTCYT-
CTBUE TOKCHYECKOTO JICWCTBHUS TIO3BOJISIFOT IIHPOKO
WCTIONB30BATh KUJAKHHA a30T B KIMHUYECKOH MpaK-
tuke. Kpome TOro, BBICOKAasl yrenbpHas TETIoTa HC-
MapeHus, HU3Kas TeMmIlepaTypa KUIEHUS JTaHHOTO
XJIaZareHTa 00ecTedYnBaeT BBICOKYIO IMPOU3BOIH-
TEJIHHOCTh pabOThI KPHOYCTAHOBKH.

Anmnaparhl JaHHOW KOHCTPYKIMH YaIlle HCIIOJIb3Y-
IOTCS TIPH IPOBEJICHUH JIAMIapOCKOMUYECKUX OIle-
paumii ¢ MCTOJNB30BaHUEM aNIUITMKaTOPHBIX M TICHE-
TpalMOHHBIX KPUOMHCTPYMEHTOB [10].

CosznaHue TOHKUX WM (KPHO30HIOB), UMEHOIINUX
muametp 1,7-3,8 MM, crocoOCTBOBA YCOBEPIICHCT-
BOBaHHUIO COBPEMEHHBIX KPHUOXHPYPTUUYECKUX CHC-
TeM, OCHOBaHHBIX Ha HCIIONIb30BaHUH P dexTa J[xoy-
ns1-ToMrcoHa.

[IpuHIHMT paboOTHl KPHO30HIOB 3aKITIOYAETCS B
TOM, YTO Ta3 MPH MPOXOXKICHUH Yepe3 CY>KEHHOE OT-
BEpCTUE B 30HY HU3KOTO JABJICHUSI M3MEHSIET CBOIO
Temreparypy. B cucreme juis oXJakaeHUs KPUOWH-
CTPYMEHTa IMPUMEHSIOT ra3000pa3HbIi aproH, a ajs
OTTaWBaHUsI — ra3o00pa3Hblil renwid. s Ge3omac-
HOI paboThl HEOOXOJMMBI JIOTIOJHUTEIBHBIE YCIIO-
BHSI, IIOCKOJIBKY apTOH U T'eJIH JTOJDKHBI XPaHUTCS B
OTACIBHBIX METAJUTMYSCKUAX OaIOHaX TMOJ IaBICHU-
em niopsinka 400 u 40 bar coorBercTBenHo [ 10, 13, 25].

[Ipu KOHTaKTE C OXJIAKIACHHBIM aproHOM (QOpMH-
pyeTcs SJUTHIICOBHUIHAS 30HA 3aMOPOKEHHOW TKaHH,
KOTOpasi pacrpocTpaHseTcst BOKpYT kpuo3oHaa. [lpu
9TOM CIIeIyeT YYUTHIBaTh, YTO TEMIIepaTypa 3aMmopa-
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been designed the units, where low temperatures
are achieved due to thermoelectric (Peltier) and
galvanothermomagnetic (Ettingshausen) effects, and
a combined cooling method as well [11].

In clinical practice tested several types of coolants
such as: liquid nitrogen (-196°C), argon (-87.3°C),
helium (-269°C), carbon dioxide (—78°C), freon
(—40.8°C), the physical properties of which determine
the application field for cryosurgical equipment.
In the units, where the operation is based on the
phase transition heat release, the mostly applied
coolant is liquid nitrogen, having the optimal phy-
sical properties. The transformation of liquid nitro-
gen into a gaseous state causes a rapid absorption of
a large amount of heat (39 kcal/l) and consequently
entails a sharp decrease in temperature on heat
exchanger of cryoinstrument, being in contact with
biological tissue.

Convenient transportation and storage conditions,
economic feasibility, and no toxic effect enable a wide
use of liquid nitrogen in clinical practice. In addi-
tion, a high vaporisation heat and low boiling point
of this coolant ensure a an efficient utilization of
cryounit capacity.

These units are more often used in laparoscopic
surgeries with cryoinstruments of applicator and pe-
netration type [21].

Designing of thin needles (cryoprobes) with 1.7—
3.8 mm diameter contributed to the improvement of
current cryosurgical systems, based on the Joule-
Thompson effect.

The principle of cryoprobe operation consists
in a change of gas temperature while passing
through a narrow hole towards the low-pressure
zone. In this system the gaseous argon is applied
for cooling, and helium gas is used for thawing.
It should be noted that for safe operation the
supplementary conditions are required, since ar-
gon and helium must be stored in separate metal
cylinders at a pressure of about 400 and 40 bar,
respectively [21, 22, 26].

Contacts with with cooled argon causes the
formation of an ellipsoidal zone of a frozen tis-
sue, extended around the cryoprobe. Herewith the
fact that the freezing temperature is significantly
reduced in a direction from cryoprobe to periphery
should be taken into account (Fig. 1).

Percutaneously administered cryoprobe may en-
sure both cryoablation of multiple tumors as well
asdestruction of large and asymmetric tumors due to
synchronous action of two or more probes.

In addition, in medical practice itolizes cryo-
surgical systems, where the needle cryoprobes
under open or transcutaneous access are cooled not
by inert gas throttling, but by nitrogen circula-
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KUBaHUS CYLUIECTBEHHO CHW)KACTCS B HAIPABICHUH
OT KpHo30Ha k nepudepun (puc. 1).

[Ipu Ypecko)KkHOM BBEACHHHM KpPHUO30HIA MOTYT
o0ecreunBaTbecsl Kak KpUOoaOsIysl MHOKECTBEHHBIX
OIlyXOJIeH, TaK M ACCTPYKLUSI OIYyXOJIH OOJIBIIOTO
pa3mepa U aCCUMETPUYHOIO CTPOEHUS IIPU CUHXPOH-
HOM JIeHICTBHU JIBYX WM OOJIee 30HII0B.

Kpome Toro, B MEIULIHMHCKON MPAKTUKE HCIOIb-
3YIOTCSl KPHOXUPYPTrUUECKUE CHUCTEMBI, B KOTOPBIX
UTOJNIBYAThIE KPUO30HBI TIPH OTKPBITOM WM TPaHC-
KyTaHHOM JOCTYTIe OXJaXKIAaloTcsl HE IyTeM JApoc-
CeNIMPOBAaHUS MHEPTHBIX Ta30B, a 33 CUET LUPKYII-
uun asora. [lo Takomy mpuHLMIY paboTaeT KpHO-
ycraHoBka «CRYO-6» («ERBE Elektromediziny,
lepmanust) [17] u «MKC» («MexayHaponHblidi UH-
CTUTYT KpUOMEIHUIIUHED, Poccus) [2, 28].

B 1997 r. 6vu10 mpOBENEHO CpPaBHUTEIbHOE
HCCJIeI0BAaHNE KPHUOXUPYPTrUUECKOW YCTaHOBKHU C
HCIOJIb30BAHUEM B KadeCTBE XJIAAAI€HTAa XXHIKOIO
azota «Cryotech LCS 3000» («Spembly», Bemmnxo-
Oputanus)u annapara «Cryocare» («Irvine», CILA),
OXJIXKJIEHHE KOTOPOT0 OCHOBaHO Ha J3(dekTe
xoynsa-TomricoHa. YCTaHOBIEHO, YTO B aprOHOBOI
cucreMe ObICTpee AOCTHraroTCs OTpULATeNIbHbIE pa-
Ooune Temmeparypsl, HO B OTJIMYHE OT CHCTEMbI Ha
KHUJIKOM a30Te Oombllasi 30Ha KpUcTaum3anuu (ice
ball) B Ternoii cpene ne popmupyercs [21, 27].

B MupoBoif MEIMUMHCKON MpPaKTHUKE «KpUOTEpa-
IIUI0» OTHOCST K MaJIOWHBa3HUBHBIM KPHOXUPYPTHU-
YECKMM METOJaM JIEYEHUs], IIOCKOJIbKY TpaBMa, Ha-
HOCHMasl MAalUeHTy BO BpeMsl TakoH IPOLEAYpHI
HE3HA4YNTENbHA, a caMa MaHUMYISALUS OECKPOBHA U
MIPaKTHYECKN HE BIUSET Ha OOIIee COCTOSHUE MallH-
enTa. OJIHaKO TAaHHBIN METOJ JIEYSHHUS BCE K€ MpeJi-
rojlaraeT OIepaTHMBHOE BMEIIATelIbCTBO, KOTOpOE
MOYXHO 0003HaYUTh TEPMUHOM «KPHOXUPYPTHUSI.

[Ipu mpoBeaeHNMN MaJOMHBA3UBHBIX IHJIOCKOIH-
YECKUX KPUOXMPYPTHUECKUX OINEpalid AeCTPYKIHS
TKaHEW OCYILIECTBISIETCS C IMOMOIIbIO KPHO30HIOB
yepe3 CIeLUalIbHBIA 3HIOCKOI MM IO KOHTPOJEeM
PEHTI€HOCKOINH, YIBTPa3BYKOBOTO HCCIICIOBAHUS
(Y3U), marautHO-pe3onancHoit (MPT) wimm kowm-
neroTepHoit Tomorpaduu (KT) [27, 20].

Omnpeznenennie mapaMeTpoOB KPHUOBO3IACHCTBHA |
TEXHUYECKUX TPeOOBaHMI K padoTe KPUOTEHHOH arl-
raparypsl OCHOBBIBaeTCS Ha Pe3ysbTarax HCCIeo-
BaHMsI MHOTO(aKTOPHOTO ICHCTBUSI HU3KUX U CBEPX-
HU3KHX TeMIIeparyp Ha Ouonornieckue oosextsI [10].

CxeMaTH4eckl KpPHOXHPYPrUueckKasi yCTaHOBKa
COCTOUT M3 OCHOBHBIX Pa00o4nX OJIOKOB: XpaHEHHS H
MOJa41 XJIaJareHTa, COeAJMHEHHOTO KPHOIPOBOIOM C
KPHUOMHCTPYMEHTOM; TEPMOMETPHH; BU3YyaIHU3aLUH;
yopasnenus [10].

TexHuueckue napaMmeTpsl Kpuoarmnapara J0JDKHBI
o0ecreunBaTh BHICOKYIO XJIaJOIPOU3BOIUTEIBHOCTD
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Puc. 1. PacnpegeneHne TemnepaTypHbIX 30H BOKPYr OX-
NaXKOeHHOro aproHoM KpuosoHga B rerie. 3oHa 3amopa-
XXMBaHUS NOKa3aHa B MUMNMMeETpaXx.

Fig. 1. Distribution of temperature zones around the
argon-cooled cryoprobe in gel. Freezing zone is shown in
millimeters.

tion. The cryounit CRYO-6 (ERBE Elektromedizin,
Germany) [6] and MKS (International Institute of
Cryomedicine, Russia) are working in the same way
[9, 25].

A study was conducted in 1997 to compare a
cryosurgical unit with liquid nitrogen as a coolant
Cryotech LCS 3000 (Spembly, UK), and Cryocare
unit (Irvine, USA), the cooling of which was based
on the Joule-Thomson effect. In argon system the ne-
gative working temperatures were reached more
quickly, but unlike the liquid nitrogen system, no
large ice ball was formed in warm medium [14, 24].

In world medical practice, the term cryotherapy
is referred to minimally invasive cryosurgical te-
chniques, since the trauma tization of a patient du-
ring such a procedure is insignificant, and the mani-
pulation itself is bloodless and almost not affecting
the general condition of a patient. However, this the-
rapeutic method still implies surgical intervention,
which may be denoted by a term of «cryosurgery».

When performing the minimally invasive endo-
scopic cryosurgeries the tissue is destroyed with the
cryoprobes through a special endoscope or under
supervision of fluoroscopy, ultrasound (US), mag-
netic resonance imaging (MRI) or computed tomo-
graphy (CT) [13, 24].

The determination of cryoexposure parameters
and technical requirements for operation of cryo-
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Y MUHUMAJBHYIO TeMIIeparypy pabodeil mOBEpXHO-
cTH Kpruoanmukaropos (—180°C u Huxe) mpu Teruio-
BOM KOHTAaKTE€ C OpraHOM, Ha KOTOPOM MpeAoIaraet-
Csl IPOBEJICHUE KPUOAECTPYKIIUH.

Kpome Toro, nist nmosydeHus BBICOKUX pe3yJibTa-
TOB KPHOXHUPYPTUIECKUX BO3AEHCTBHIA HEOOXOTUMO
00eCneunTh BBICOKYIO TOYHOCTh M3MEPEHHS peallb-
HOHM TeMIieparypsl pabodeii MOBEPXHOCTH KPHOWH-
CTPYMEHTa, KOHTPOJb 30HBI 3aMOPAKUBAHHS TKaHU
BO BpeMsI ITPOBEACHUS ONepaIiil 1 HHINKAINIO BCEX
apaMeTpoB KpUOBO3AeHCTBUA. IIpu 3TOM Ba)KHBI
JOCTHKEHHUE U yJep>KUBaHHE 33JaHHOM Temrepary-
pbI kpuoBozaeicTBus B auanazone 0...—180°C, a Tak-
JKE aBTOMAaTHUYECKOE yIpaBieHHe paboToll ammapara
M CaMUM TPOIECCOM KPUOBO3ICHCTBUS (3aMOpPaXKH-
BaHUS-OTTANBAHUA).

Hanwmuame mmupokoro Habopa KpHOMHCTPYMEHTOB
U KPUOAIIUIMKATOPOB, a TAK)KE€ YHUBEPCAIbHOCTb U
HaJIeKHOCTh Y3JIOB CTBIKOBKM 3JIEMEHTOB KPHOYCTa-
HOBKHM TO3BOJISIET TIPUMEHSTH €€ TMPAKTHYECKH BO
BceX 00JIaCTAX MEIUIMHEI.

Cucrema BuU3yanu3al¥, OCHOBAHHAs Ha Tpex-
MEPHON pPEKOHCTPYKIIMKM O00pa3oBaHUN B oOpraHax
o pesynsraram Y3U, MPT, KT, naet Bo3MOXXHOCTh
OTpenensaTh pazmep (HOPMHUPYEMOH 30HBI KpUCTaJ-
TU3AIUM ¥ BBIOMPATh ONTUMAIBHY) TaKTHKY OTIe-
paTUBHOTO BMEILIATENILCTBA.

brnaromapst SproHOMHYHOCTH, TIPOCTOTE M YIO0-
CTBY JKCILTyaTalllH, OBICTPOM TONTOTOBKE KPHOXH-
PYpPTAYEeCcKON YCTaHOBKH K paboTe, BRICOKOW HaJlexk-
HOCTH, 0€301TaCHOCTH ¥ SKOHOMHYHOCTH (a€KBaTHAS
CTOMMOCTh yCTaHOBKH, HHU3Kas MOTpedIsiemMast MOIIl-
HOCTh M ONTHMAaJILHBINA PACXOJl KPHOAT€HTa) KpHOoar-
raparypa IIMpPOKO BHEIpPSIETCS B MPAKTUKY OTedec-
TBEHHBIX ¥ 3apyOC)KHBIX KIUHHK M MEIUIIMHCKHX
uentpos [10].

B nauane 60-x ronos mponutoro cronetust B CIIA
ObLTa pa3paboTaHa TiepBas B MUPE KPUOTCHHAs CH-
cTeMa JUisl SHAO0CKOIUYECKUX ONEepaliii Ha TOJIOBHOM
MO3T€, KOTOpasi SIBISETCSI MPOTOTHIIOM COBPEMEH-
HOTO KPHOTEHHOTO O0OpYJOBaHHUS, OCHOBAaHHOTO Ha
MIPUMEHEHUH JKUIKOTO a3oTa [14]. B HacTosmee Bpe-
M3l 3HJIOCKOIIMYECKYH0 KPUOIECTPYKIHUIO C YCIIEXOM
MIPUMEHSIOT JJIsl JICYSHHs 3JI0Ka9YeCTBEHHBIX HOBO-
00pa3zoBaHuil Pa3IMUHON JToOKaIu3anuu [7].

B Vkpaune pa3paboran yHHBEpCaIbHbII aBTOMa-
TU3UPOBAHHBIM TMEPEABUKHON KPUOXUPYPrHUECKUI
komruieke «Kpuo-Ilymbe» (OO0 HIID «Ilysbcey). Dtot
KOMILIEKC COCTOUT M3 TPEX aBTOMATHU3MPOBAHHBIX
KPHOTEHHBIX CHCTEM (TIEPEABMKHOH, MEPEeHOCHOM
u craimoHapHoi ). Kaxxnas u3 cucrem cHaOxeHa yHU-
(bUIIUPOBAHHBIM Y3JIOM CTBHIKOBKH CO CMEHHBIMHU
KpPUOMHCTpYMEHTaMu U ammuiukaropamu [9]. Kom-
mwiekc «Kpwo-Ilynbe» paspaboran ¢ ydeTom moc-
JIETHAX HAYYHBIX M TEXHUYECKHUX JOCTHKEHNH B 00-
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genic equipment is based on the investigations of
versatile effect of low and ultralow temperatures on
biological objects [21].

General scheme of the cryosurgical unit contains
of the following main blocks: storage and supply of
coolant, connected by cryocable with a cryoinstru-
ment; thermometry; visualization; control [21].

Technical parameters of cryounit should provide
a high cooling capacity and the minimum tempera-
ture of working surface of cryoapplicators
(-180°C and below) at thermal exchange with an
organ, where cryodestruction is supposed to be car-
ried out.

In addition, to obtain the high outcomes of cryo-
surgical exposures, it is necessary to provide a high
accuracy in measuring the actual temperature of
working surface of cryoinstrument, monitoring of
freezing zone of tissue during surgeries, and the
indication of all the parameters of cryoexposure.
Herewith it is important to achieve and maintain a
fixed temperature of cryoexposure within the range
from 0 to —180°C, as well as to control automati-
cally the unit operation and the cryoexposure itself
(freeze-thawing).

The existence of a wide range of cryoinstru-
ments and cryoapplicators, as well as the versatility
and reliability of the cryounit element junction
enable its application in almost all the fields of
medicine.

The visualization system, based on 3D-recon-
struction of target objects in organs according to US,
MRI, CT makes possible to control the size of crys-
tallization zone formed and to select the optimal
tactics for surgery.

Ergonomics, user-friendly operation, rapid pre-
paration of cryosurgical unit for operation, high
reliability, safety and economy (adequate cost of
unit, low power and optimal cryogenic agent con-
sumption) promote a wide introduction of cryo-
equipment into the practice of clinics and medical
centers [20, 21].

In the early 60s of the last century, the world’s
first cryogenic system for endoscopic brain surgery,
being a prototype of contemporary liquid nitro-
genbased cryogenic equipment, was designed in
USA [1]. Nowadays an endoscopic cryodestruc-
tion is successfully applied to treat malignant tu-
mors of various locations [16].

The universal automated mobile cryosurgical
complex Cryo-Pulse (Pulse, Ukraine) has been de-
signed in Ukraine. This device consists of three
automated cryogenic systems (mobile, portable and
stationary). Each of systems is equipped with a
unified junction with replaceable cryoinstruments
and applicators [2]. The Cryo-Pulse assembly was
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JACTH HHU3KOTEMIIEpaTypHOro TEII0OOMeHa, KpHO-
TEHHOTO MAaTepHUajiOBEJCHHs, HU3KOTEMIIEpATypHOI
MIPEUU3UOHHON TEPMOMETPHUH, MUKPOIIPOLIECCOPHBIX
TEXHOJIOTUH U T. I, YTO COOTBETCTBYET BCEM Tpe-
0OBaHMSM, HPEABIBIAEMBIM K SKCIUTyaTallud KPHO-
TeHHOM armapatypsl (puc. 2).

K OCHOBHBIM TEXHMYECKHUM XapaKTEePUCTHKaM
«Kpno-Ilynsca» MokHO OTHECTH OBICTpEIi (HE Oonee
3 MUH) BBIXOJ] Ha paboUYUil pexkUM, 00bEM 30HBI 3a-
MopakuBaHus — oT 5 10 180 cM?, BpeMst 9KCTPEHHOTO
0TOTpeBa — 2 MUH.

YeranoBka «Kpuo-Ilynbe» mmpoko ucnons3yer-
Cs KaKk B KIMHUKaX YKPauWHBl, TaK U 3a PyOE:KOM.
Amnanornunast ycranoBka «Kpuo-MT» 3apeructpu-
posana B Poccun. OcHOBHBIMHU 00J1aCTsIMU IPUMCEHE-
HUSI KpHOXUpypruueckoir ycraHoBku «Kpuo-Ilynbe»
SIBISIFOTCS a0OMUHAJIbHASL XUPYPrHsi, THHEKOJIOT U,
IIPOKTOJIOTHSI, JI€PMATOoJIOIUsl, JIEYEHHE OIyXOJei
MOJIOYHOM KeJe3bl, ypPOJIOrusi, OpToNneaus, HeHpoxu-
PYpTHs, OTOPUHOJIAPUHTOJIOTHS, CTOMATONOTHS, O(-
TaJIbMOJIOTHSL.

OnbIT paboThl Ha KPUOXUPYPTHYECKOM KOMITICK-
ce «Kpuo-Ilynbe» B KueBckom 1ieHTpe XUpypruu 1e-
YEHH, TTOJKEITYT0UHOM JKeNe3bl U JKEITYHBIX IPOTOKOB
mokaszan 3(QQEeKTUBHOCTh HMCIONb30BaHUS KPUOTEX-
HOJIOTHH NPU JICYCHWH KaK PaHHUX, TaK U MECTHO-
pacrnpoCTpaHeHHBIX 1 METACTaTHYECKHUX OITyXOJICH B
a0JIOMUHAIBHON OHKOXHUPYPTHUH [5].

B Onecckom 061acTHOM LIEHTpE XUPYpruu mede-
HU ¥ TOIKEIYI0YHOM Kele3bl XUPYPruiecKkoe BO3-
JelicTBIE Ha METACTa3bl [1€UEHHU OCYLIECTBIIIETCS C
MTOMOIIEI0 yecTaHOBKH «Kpnoamekrponmka-4» (mpe-
neinymas Bepeust «Kpuo-Ilymeey) [6]. YctaHoBie-
HO, YTO KPHUOJECTPYKLHUS METaXpOHHBIX METacTa3oB
B TEYEHM MMEET HECOMHEHHBIE MpPEeUMYyIIecTBa IO
CPaBHEHUIO C TPAIUIIMOHHBIM XUPYPTrUYECKUM METO-
oM. Ee nenecoobpa3Ho MCnonb30BaTh B KOMILIEKC-
HOM JIEYEHUH KOJIOPEKTAIBHOTO paKa, a Py eANHNY-
HBIX METacTa3ax, KaKk MEeTOJ] BLIOOpa ¢ BBICOKOI1 cTe-
MIEHBIO PaJIUKAILHOCTH.

B 1970 . B ®U3HKO-TEXHUYECKOM HHCTUTYTE
HHU3KUX Temmeparyp (T. XapbKkoB, YKpawmHa) Ha OC-
HOBE MEIHMKO-TEXHUYCCKHX TpeOOBaHMH, pa3pado-
TaHHBIX Kadeapoil akymepcTBa U THHEKOJOTHUH
XapbKOBCKOTO TOCYIAPCTBEHHOTO MEITUIMHCKOTO YHH-
BEpPCUTETA, O]l PYKOBOJCTBOM akanemuka HAH VYk-
paunsl B.W. I'pumienko Obla co3naHa KpuoyCcTaHOB-
ka «AKI-01», xoTopass ucnomsp3yeTcst A Kpuoje-
CTPYKLUHU TAaTOJIOTMYECKH H3MEHEHHBIX YYacTKOB
TKAHU HapyXHBIX IOJIOBBIX OPraHoB, Biarajulla,
LIEWKW MaTKd M KPUOKOATYJSIIMK CIU3UCTON (9H-
noMetpus) nonoctu MaTku. KpuoycranoBka «AKI -
01» oGecnieunBaeT TeMnepaTypy OXJIaxICHHUS B 30HE
KoHTakTa ¢ TKaHbio (—50 g0 —60°C) 3a cuet ahpexra
Hoxoyns-TomIicoHa myTeM JApOCCETUPOBAHUS 3aKUCH
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Puc. 2. Kpnoxupypruyeckuii komnnekc «Kpno-ynbey.
Fig. 2. Cryosurgical multipurpose system Cryo-Pulse.

designed using the recent scientific and technical
achievements in the field of low temperature heat
transfer, cryogenic materials science, low tempera-
ture precision thermometry, microprocessor techno-
logies, efc., which met all operating requirements
for cryogenic equipment (Fig. 2).

Among the main technical characteristics of note
is a rapid (no longer than 3 min) rump-up time. The
volume of freezing zone is from 5 to 180 cm?, the
time of emergency heating is 2 min.

The Cryo-Pulse unit is widely used both in cli-
nics of Ukraine and abroad. It is registered as
Cryo-MT trademark in Russia. The main fields of
Cryo-Pulse application are as follows: abdominal
surgery, gynecology, proctology, dermatology, the-
rapy of breast tumors, urology, orthopedics, neu-
rosurgery, otorhinolaryngology, dentistry, ophthal-
mology.

The operating experience with cryosurgical sys-
tem Cryo-Pulse at Kiev Center for Liver, Pancreas
and Bile Ducts Surgery has shown the efficiency of
using cryotechnologies in therapy of both early and
locally advanced and metastatic tumors in abdo-
minal oncosurgery [3].

At Odessa Regional Center for Liver and Pan-
creas Surgery the liver metastases are surgically
treated by means of Cryoelectronics-4 unit (pre-
vious version of Cryo-Pulse) [31]. The cryodestruc-
tion of metachronous metastases in liver was
established to have undoubted advantages over the
standard surgical one, its use was expedient in a
combined therapy of colorectal cancer, and as the
method of choice with a higher survival rate at
single metastases.
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azoTa B OXJIaXKJarolieM HakoHeuHwke [1, 4]. Pabo-
YUM WHCTPYMEHTOM anmapara SBJISEeTCS MOPTaTHB-
HBI KPUO30H/I, KOHCTPYKIIHSI KOTOPOTO ITO3BOJISET
KOHTPOJIMPOBATh MMOJady XJagareHTa M o0ecredu-
BaTh OBICTPYIO CMEHY HAKOHEYHHKOB B IpoIIecce pa-
60T1sI [3].

C 2013 1. B UactutyTe Xupypruu uM. A.B. Bur-
HeBckoro (Poccust) mpuMeHsIeTCsl KpHOXUPYpTrHUe-
ckmii ammapar «KPUO-01» («Ematomckuii mpudop-
HBII 3aBOm», Poccust), CHAOKEHHBIM KPHO30HIAMHU
JUI JIAapOCKONMMUYECKUX OIepaluid ¢ HacaJkaMu
quameTpoM 11 MM ¢ MIIOCKOH MOSYKpYyIJION M CKo-
meHHod (mox 45 rpaa) pabouMMH MOBEPXHOCTSIMH
U TICHETPUPYIOEeH Hacaikol (¢ 3a0CTPEHHBIM KOH-
oM JumHON 15 mwm). IlpenmymectBamu JaHHOTO
npubopa sBisieTcss OBICTpasi MOATOTOBKA K paboTe u
HEOONBIION 00BEM TOTPEOIIIEMOTO JKUIKOTO a30Ta
10 CPaBHEHHIO C 3apyOeKHBIMHU aHaJoramMH [7].

B 2013 1. mosBHIMCH CBemeHUS O pa3pabOTKe
MeXyHapOIHBIM WHCTUTYTOM KpHoMemuiiHbl (Poc-
CHs) MAJIOWHBA3UBHON KPUOXUPYPTHUECKOHN CHCTE-
MBI «MKCy», 0CHOBaHHO Ha UCTIOIB30BAHUN TPAHC-
KyTaHHBIX 30HJ0B [2]. OHa mpenHazHadeHa s
BBITIOJIHCHUST MAJIOWHBA3UBHBIX KPHOTEpAICBTUYEC-
CKUX W KPUOXHPYPTUYECCKUX OINEpaIlii B TPYIHO-
JOCTYIHBIX MECTaX MYTEeM YPECKOKHOW MYHKIIMU
U JIOKaJhbHOTO HH3KOTEMIIEPATypHOTO BO3ICHUCTBUS
Ha IMaTOJIOTMYeCKHe TKaHW. MeTomoM Kpuoadiamuu
ycTpaHsieTcsi 00JeBOH, KOMITPECCHOHHBIN, 00Typa-
IMOHHBIA W BOCHAJUTENbHBIA CUHAPOM. Opuru-
HaJbHBIC pa3paboTaHHbIE KPU3OHIbI, KOTOPEIE 06ec-
MEYUBAIOT OBICTPHIN BBIXOA Ha PabOUYMil PEeXUM U
SKCTPEHHBIH OTOTPEB, MO3BOJISAIOT MPOBOANTH KPHO-
JNEeCTPYKIHIO MAaTOJOTNYECKOr0 oyara ¢ BRICOKOU
3¢ hexTUBHOCTHIO. VcTIOb30BaHHE MHOTOPA30BBIX
KPHO30H/IOB MTO3BOJISIET CHU3UTh CTOUMOCTh KPHOXH-
PYPTUYECKOMN ONEpaIUU U SBIISICTCS MIEPCIIEKTUBHBIM
JUTS IPUMEHEHUS B KIIMHUYECKOH MmpakTuke [2, 28].

Xopo1io 3apeKoMeH10Baja ceds BHICOKOIDDeEK-
tuBHas kpuoycranoBka «CRY O-6» («kERBE Elektro-
medizin», ['epManus), B KOTOPOH C TOMOIIBIO CIIEIH-
AITBHOTO TOTPY)KHOTO a30THOTO HAcOca B CHCTEME
co3zaeTcsi HeoOX0qUMOe ISl TEHEPaIlMy X0JIo/Ia pa-
6ouee napnerne. KOMIMakTHOCTh CHCTEMBI TO3BOJISET
MIPOBOJINTH OTIEPAaTHBHBIE BMEIIATEIHCTBA B TPYIHO-
JOCTYMHBIX yyacTkax [16].

K ammapary «CRYO-6» MOXHO MOIKIIOYUTH IO
LIECTH KPUO30HIOB M BHIOPATH ISl KaXK/IOTO U3 HUX
VH/IMBUJTyaIbHYIO TEMIIEpaTrypy 3amopaxuBanus. Ha-
JUYME HECKOJBKUX 30HJOB W BBICOKAsh MOIHOCTH
3aMOpaKUBaHMs 00ECIIEYNBAIOT MaKCUMAIBHYIO (-
(heKTUBHOCTH OTIEPATHBHOTO BMEIIATEIBCTBA M KOM-
(hoptHytO padoty kpuoxupypra. CoHorpaduyueckunit
MOHHTOPHWHT 30HBI 3aMOPaKUBaHUS MTOICP>KUBACTCS
Y YTOYHSIETCA B XOA€ OMEPAaTHBHOTO TONyYEHHUS He-
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The AKG-01 cryounit was created in 1970 at the
Institute for Low Temperature Physics and Enginee-
ring (Kharkiv, Ukraine) proceeding from the me-
dical and technical requirements, developed by the
Chair of Obstetrics and Gynecology of Kharkiv
State Medical University headed by Academician
of the National Academy of Sciences of Ukraine
V.. Grischenko, this device was used for cryo-
destruction of pathologically altered sites of tissue
of external genitalia, vagina, uterine neck and
cryocoagulation of mucosa (endometrium) of ute-
rine cavity. The AKG-01 cryounit provides the
cooling temperature in the contact zone with tis-
sue (-50 to —60°C) due to the Joule-Thompson
effect by throttling nitrous oxide in cooling tip [10,
12]. The working tool of the unit is a portable cryo-
probe, the design of which allows controlling the
coolant supply and ensuring a quick in-process chan-
ge of tips [11].

Since 2013 at A.V. Vishnevsky Institute of Sur-
gery (Russia) one applies a cryosurgical unit KRIO-
01 (Yelatma Instrument-Making Enterprise, Rus-
sia), equipped with cryoprobes for laparoscopic
surgeries with tips of 11 mm diameter with a flat
semicircular and sloped (under 45°) working sur-
faces and a penetrating tip (with a pointed end of
15 mm length). This unit advantages are a short
preparatory work for procedure performance and
a small volume of consumed liquid nitrogen in
comparison with analogues [16].

In 2013 there was a report about the transcu-
taneous probes-based minimally invasive cryosur-
gical system MKS, designed by International In-
stitute of Cryomedicine (Russia) [9]. It is designated
to perform the minimally invasive cryotherapies
and cryosurgeries in hard-to-reach sites via percu-
taneous puncture and local low temperature ex-
posure to pathological tissues. The cryoablation
eliminates pain, compression, obturation and inf-
lammatory syndromes. The original cryoprobes, pro-
viding a rapid rump-up time and emergency war-
ming, enable performing cryodestruction of patho-
logical focus with a high efficiency. The application
of reusable cryoprobes allow reducing the cryosur-
gery cost, being thereby promising to be used in
clinical practice [9, 25].

A highly efficient cryounit CRYO-6 (ERBE Elek-
tromedizin, Germany) showed good results. Using
a special immersed nitrogen pump the necessary
for cold generation working pressure is created in
the system. The small sizes of the system make
possible to implement surgeries in hard-to-reach si-
tes [S].

The CRYO-6 apparatus may be connected with
up to six cryoprobes with setting individual freezing

205



00XOIUMBIX TEeMIepaTypHbIX MapaMeTpoB, YTO IO-
3BOJISICT TOYHO OMNPEAETUTH MOMEHT ONTHUMAaJIbHOM
HEKPOTHU3ALUH OITyXOJIH.

B nepeune npoaykuun xkommanuu «Erbe Elektro-
medizin GmbH» (I'epmanwust) nmpencTaBieHsl TaKxke
kpuoanmnapatel KERBECRY O CA»,«ERBECRYO2y,
IIpeHa3HauYCHHbIEe 1JIs1 OMOIICHH, PEeKaHAIU3aluud U
JICBUTATH3AIUN TIPH OPOHXOCKOITUH, KPUOAECTPYK-
UM MATOJOrMYECKUX OYaroB B JIEPMATOJIOTUU U TH-
HEKOJIOTUH. ATIaparbl OCHAIEHBI KaK JKECTKUMH,
TaKk M TUOKMMH KpHO30HIaMH. [IpenmyiiecTBamu
JAHHBIX CUCTEM SIBJSIFOTCSl YIOOHAsl SKCIUTyaTanus B
pexxume «plug and play», aBToMaTHUeCKU KOHTPOIIb
TEMIIEPaTyPHBIX MapaMeTpOB KaXa0ro 30Ha. B ka-
YECTBE OXJIAXKIAMOIIET0 areHra ucnoib3yrorcs N,O
i CO, [17].

Pe3synbrars KpHOOHONICHY, BBINTIOTHEHHON € TIOMO-
mipio anmapara «Cryo 2», IMeIoT OOJBIIYIO THATrHO-
CTUYECKYIO LIEHHOCTb, ITIOCKOJIbKY JIF000H THII TKaHU
M3BIIEKaeTCs 0e3 MUMIIOB. JTO MO3BONISIET COXPAHHUTD
KIJIETOYHYIO CTPYKTYpy OHONTATa W HCKIFOUYUTD TPaB-
Marndeckne apredakThl U KpoBomsnusHusA. Kpowme
TOTO, TIPY NPOBEJCHUU JaHHOW MPOLEIYPHl pa3Mep
OuonTaToB B TpH pa3a OoJIbILEe, YeM PU TPAJAULHOH-
HoOl Owmoricuu. Pe3ynabrarbl mpoBEIEHHOTO THCTOJO-
THYECKOTO aHanu3a B 95% ciiyyaeB MOATBEPKIAIOT
[IOCTaBJICHHBIN TUAarHo3 B OTJIMYHUE OT KIACCHUECKUX
crioco0oB Ouorrcnu [12, 23].

Kpuoaaresuro MCHonb3yloT Ui peKaHAIM3aLUuU
9K30(DUTHBIX CTEHO30B B TPaxeOOPOHXHAIHLHOM Je-
peBe, IpU 3TOM BEPOATHOCTh 00Pa30BaHUsI CTPUKTYP
JIOCTATOYHO HU3KA. B KOoMOWHAINK ¢ OPOHXOCKOTIOM
YAAISIOT JOOPOKAYECTBEHHBIC W 3JI0KAYCCTBEHHBIC
OITyXOJIH, CIIM3UCTHIE CEKPETHl U JIAXKe TBEPJbIC TKa-
Hu. [lo maHHBIM JHUTEpaTyphl MPOBEICHUE KpPHOpe-
KaHaJu3aluy ycrenHo B 83% cilydaeB HE3aBUCHUMO
OT JIOKaJHM3alUU OMyXoiH (Tpaxes, IIaBHbBIE, J0-
JIeBble WJIM CerMEHTapHble Oponxu). B omimmune ot
JPYTHX CIIOCOOOB PEeKaHAIU3ALMK IPU OIYXOJEBBIX
CTEHO3aX JbIXaTeNbHBIX MyTEH, KpHOpeKaHaIu3a-
(U1 OTHOCUTCSI K HanOoJIee Je1eBbIM METOIaM Jieue-
Hus [12, 30]. Kpome TOro0, ¢ TOMOIIBIO KPHOXHPYP-
rudeckoi ycTaHOBKH «Cryo 2y ymamstoT HHOPOIHBIE
TeJa U3 JIbIXaTeIbHBIX ITyTeH.

dupmoii «Galil Medical» (M3pawuns, CILIA) pas-
paboTanbl crcTeMbl st kproadmnaiuu «Visual-ICEy,
«SeedNety,«SeedNet MRI» u «Presise», KoTopbie
NpeHa3HaueHbl ISl MaJOMHBA3UBHOTO JICYEHHS 3JI0-
KaueCTBEHHBIX M JOOPOKAYECTBEHHBIX OMyXOJel B
CTallMOHAPHBIX U aMOyJIaTOPHBIX YCIOBUsIX [19].

Cucrema «Visual-ICE» oGecrieueHa ceHCOpPHBIM
9KPaHOM C BBICOKOM YEeTKOCTBIO U300pakeHus u 0J10-
KOM YTIpaBJICHUS LUPKYIALUEH ra30B BHICOKOIO J1aB-
JeHus (aproH Ul 3aMOPAKUBaHUs, TeJIMH Ul OTTa-
MBAaHMs) YePe3 UT0JIbYAThIE allllIMKATOPBI.
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temperature for each probe. The presence of se-
veral probes and high freezing power provide the
maximum efficiency of surgery and is comfor-
table for cryosurgeon. Sonographic monitoring of
cryoapplication zone is supported and specified
during immediate obtaining of necessary tempe-
rature parameters, which allows to accurately deter-
mine the moment of optimal tumor necrotization.

Among the product schedule of Erbe Elektro-
medizin GmbH company (Germany) there are also
the ERBECRYO CA and ERBECRYO 2 cryoappa-
ratuses, designated for biopsy, recanalization and de-
vitalization in bronchoscopy, cryodestruction of pa-
thological foci in dermatology and gynecology. The-
se units are equipped with both rigid and flexible
cryoprobes. Advantages of these systems are a con-
venient operation in ‘plug and play’ mode, auto-
matic monitoring of temperature parameters of each
probe. N,O or CO, are used us cooling agent [6].

The cryobiopsy, carried out with Cryo 2 appa-
ratus is of great diagnostic value, since any type
of tissue can be extracted without forceps. This al-
lows preserving the biopsy material cell structure
and excluding traumatic artifacts and hemorrha-
ges. In addition, during this procedure the size of
biopsy specimens is three times larger than after
a conventional biopsy. The results of performed
histological analysis in 95% of cases confirm the
diagnosis in contrast to the standard biopsy techni-
que [27, 17].

Cryoadhesion is used in recanalization of exo-
phytic stenoses in tracheobronchial tree, herewith
the probability of structure formation is quite low.
In combination with bronchoscope one removes
benign and malignant tumors, mucous secrets and
even solid tissues. According to the reported data
the cryorecanalization was successful in 83% of
cases, regardless of tumor location (trachea, major,
lobar or segmental bronchi). In contrast to other
recanalization techniques in tumor stenoses of the
respiratory tract, the cryorecanalization is referred
to the cheapest therapy [27, 29]. Moreover Cryo 2
cryosurgical unit is used for removal of alien bodies
from respiratory tract.

The Galil Medical (Isracl, USA) designed the
following systems for cryoablation: Visual-ICE,
SeedNet, SeedNet MRI and Presise, designated for
minimally invasive therapy of malignant and benign
tumors in inpatient and outpatient settings [8].

The Visual-ICE system is equipped with a high-
resolution touch screen and a high-pressure gas cont-
rol unit (argon for freezing, helium for thawing)
through needle applicators.

Itis based on the patented i-Flow technology, being
a proprietary software algorithm, which optimizes
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PaboTa naHHOIl cucTeMBl OCHOBHA Ha 3amaTeH-
TOBaHHOU TexHonoruu «i-Flow», koTopas npeacras-
nsieT co0oll mponpueTapHbId NPOTPAaMMHBIN aj-
TOPUTM, KOTOPBI ONTHUMM3HUPYET DPadOTy KaxKmoil
WIJIBI, YTO TO3BOJISIET IPOrHO3UPOBATH OYar KpHOHe-
Kpo3a OHOJIOTHYECKOM TKaHM.

Cucrema «SeedNet MRI» mnpemnnasHauena mis
KpHO0aOIIaTHBHOTO pa3pyIIeHUs] TKaHW BOJM3H CKa-
Hepa MPT.

Cuctema «Presise» obecrieunBaeT akTHBHOE OTTa-
VBaHUE Jb/a 0e3 UCIOIb30BaHUs Tellisl C TTOMOIIBIO
uri «i-Flow». MOHUTOPUHT TeMIIepaTyphl B PEXKUME
pearbHOrO BPEMEHH OCYILECTBISICTCS C MOMOLIBIO
TEPMOAATYMKOB, MOAKIIOYEHHBIX K CHUCTEME, YTO
o0ecrieunBaeT KOHTPOJIb MPoLecca KPUOAECTPYKLIUH.

Pesynbrarsl 3KCIIEPUMEHTANBHBIX HCCIIEIOBAHUI
MTOKa3aJIi BBICOKYIO I(PPEKTHBHOCTH PadOTHI KpHO-
yctaHoBKH «Spembly Medical 130 Cryounit»
(«Spembly», BenmukoOpuTanus), KoTopas MpeaHa3Ha-
YeHa JUIS JIYCHHsI TMAaTOJOTMYSCKH HW3MEHEHHOTO
pUTMa ceplia IyTeM SIMUKapAUaIbHONW KpHoaos-
uuu [22, 24].

®upmoit «Endocare, Inc.» (CIIA), xoTopas B
2008 r. Bomuta B coctaB kommnanuu «HealthTronicsy,
pa3paboTaHa ¥ BBeICHA B MPOU3BOJCTBO CHUCTEMa
«Cryocare CS» [15]. Ona xopoI1o 3apekoMeH/10Baja
ceOst py NPOBEACHUH ONEpaLUil Ha IPEACTATEIbHOM
xKeJese, KpHoaOsuK JETKUX U MOYeK.

Cucrema «Cryocare CS» MO3BOJSIET MPOBOIUTH
KpHOAOIALHUIO 3I0Ka4€CTBEHHBIX OITyXOJIei ¢ IoMO-
LIbI0 BOCBMHU YPECKOKHBIX KPHO30HOB C U3MEHSIO-
IIMMHUCS TAAMETPOM W JITMHOM, 4TO 00ecrieunBacT
(dhopmupoBaHue 30HbI KpucTanuzamuu (ice ball) pas-
HOUM BenmnuuHBL. KaXKIplii 30HI MMEEeT YHUKAJIbHYIO
3aMaTeHTOBAHHYIO0 KOHCTPYKIIHIO, 00pa3yIomLyto Ipsi-
MO Yroj AJisi MaKCHMaJIbHOTO 9PTrOHOMHYHOIO YII-
paBiieHHS ¥ 00ECIEUUBAIONIYI0 BAaKyyMHYIO H30JIs-
LU0 KPUOANTUTUKATOPA.

Kpunoycranoska «Cryocare CS» cocTOUT U3 BCTPO-
€HHOTO MOAYJSl YIpaBlIEHHS W HMHTETPUPOBAHHOTO
YABTPA3ByKOBOI'O anmapara, pa3padoTaHHOTO /sl BU-
3yalln3alnu 30HbI KpuoaecTpyKiun. s o0paboTkn
MOJY4YEHHBIX JAHHBIX HCIIOJIb3YETCS] OPUIMHAIBHOE
nporpammuoe obecrnieueHne «Autofreeze» (CLLIA).

Kommanust «Candela» (CLHA) B 1970 r. Havyana
BBIITYCK JIA3€PHOTO U KPHOXHPYPTrUUECKOro 000py-
JoBaHus, a ¢ 1994 . — KpUOXUPYPrUUECKUX yCTaHO-
Bok «Candela LCS 2000» u «Candela LCS 3000».
[lepBasi mpenHasHaueHa Ui KPHOXUPYPTrHUECKUX
BMEILATEIbCTB TMPH METACTaTUYECKUX MOPaKCHU-
SX TIEYCHHU, a BTOpas — JUIsl KpUoaOsIMy IpezcTa-
TENBHOM jkeJe3bl u 001mel xupypruu [26]. B 1996 1.
rxomrianun «Cryotech» (CLLIA) m «Spembly» (Be-
JIMKOOPUTAHWS) HAYald COBMECTHOE IPOU3BOICTBO
kpuoyctaHoBku «CS-5». JIms qocTaBkm XiamareHTa

npo6nemu Kpiobionorii i KpiomeauLMHN

problems of cryobiology and cryomedicine
Tom/volume 28, Ne/issue 3, 2018

operation of each needle, thereby predicting the
cryonecrotic focus of biological tissue.

The SeedNet MRI system is designed for cryoab-
lative destruction of the tissue near the magnetic
resonance imaging scanner.

The Presise system provides an active ice thawing
with no helium use by means of i-Flow needles.
Temperature is monitored in real time using tem-
perature sensors connected to the system, provi-
ding thereby the control over the cryodestruction pro-
cess.

The experimental studies showed a high effi-
ciency of Spembly Medical 130 Cryounit (Spembly,
UK), designed to treat the pathologically altered
heart rhythm via epicardial cryoablation [15, 19].

The Endocare, Inc. (USA), which merged with
HealthTronics in 2008, developed and introduced
the Cryocare CS system [4]. It demonstrated good
results in performing surgeries in prostate gland,
cryoablation of lungs and kidneys.

The Cryocare CS system allows performing the
cryoablation of malignant tumors by means of eight
percutaneous cryoprobes with variable diameter
and length, that ensures the ice ball formation of
various sizes. Each probe has a unique patented
design, forming a right angle for maximum er-
gonomic control and ensuring a vacuum isolation
of cryoapplicator.

The Cryocare CS consists of the incorporated cont-
rol module and integrated ultrasonic unit, designed
to visualize the cryodestruction zone. To process
the data obtained, the original Autofreeze (USA) soft-
ware is used.

The Candela company (USA) in 1970 began to
produce the laser and cryosurgical equipment, and
since 1994 — cryosurgical units Candela LCS 2000
and Candela LCS 3000. The first one is intended
for cryosurgeries in liver metastases, and the second
one is for prostate cryoablation and general surgery
[23]. In 1996, Cryotech (USA) and Spembly (UK)
launched a joint production of CS-5 cryounit. The
coolant is delivered to target tissues by means of
cryoprobes and the temperatures in cryodestruction
focus and adjacent tissues are monitored with tem-
perature sensors.

The Cooper Surgical (USA) has designed the
Frigitronics Cryo-Plus system with a complete set
of tools for cryosurgeries. An internal thermocouple
of the unit provides a precise control of temperature
of the tip under each cryotreatment. The non-electric
portable system design, where nitrous oxide is used
as a coolant, is adapted to various configurations
of cryoprobes [7].

In addition, Cooper Surgical designed the system
for cryoablation of uterine cavity in inpatient and
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B TKaHU-MUILEHH HCTIONB3YIOTCS KPHO30HIbI, a JUIs
MOHHMTOpPUHIA TEMIIEpaTyp B oyare KpHOAECTPYK-
UM U OKPY’KaIOIIMX TKAaHAX — TeMIIepaTypHbIE Jar-
YHKH.

Kommanust «Cooper Surgical» (CILIA) pa3zpabo-
taja cucreMmy «Frigitronics Cryo-Plus» ¢ momHBIM
KOMIUIEKTOM MHCTPYMEHTOB AJISl IPOBENECHUS KPHO-
XUPYPruyecKux onepauuil. BHyTpeHHss Tepmomnapa
YCTaHOBKH 00ECIIEYNBACT TOYHBIA KOHTPOJIb TEMIIe-
parypbl HaKOHEYHHKa NMPH KKAO0H KprooOpaboTke.
Heanexrpuueckas mopTaTuBHas KOHCTPYKLUS CHC-
TEMBbI, B KOTOPOH B KayecTBE XJIaJareHTa HCIOJb3Yy-
eTCs 3aKUCh a30Ta, aJanTHPOBaHA K Pa3InUHbIM KOH-
¢urypanmsam Kpro3ouaos [18].

Kpowme toro, komnanueii «Cooper Surgical» Obu1a
paspaboTaHa cuctema IJsl MPOBEACHUS KpHoalis-
LUM TOJOCTH MAaTKU B CTAllMOHAPHBIX M aMOyJaTop-
HBIX ycJoBHsX. Bo Bpemst onepauuii BHyTpUBEHHAs
ceanys HE MPOBOAUTCS, IMOCKOJIBKY NPH NPUMEHE-
HUW YJIBTPATOHKOTO 30HJAa HCKIIOYaeTcs Heo0Xo-
JUMOCTh PACIIUPEHHs IMEHKH MAaTKU y MHOTHX Iia-
LIMEHTOK.

dupma «Wallach» (CILLA) pa3paborana cucremy
«WA1000B Cryo Console System», B KOTOpoOii B Ka-
YeCTBE XJIAJareHTa MCIOJb3yeTCsl 3aKHUCh a30Ta.
Bbrok ynpasienus 1aHHOHM cHCTeMO BKIIOYaeT uje-
QIBbHYI0 KOMOMHAIMIO 3JIEMEHTOB JJISI PEryIHUpPOBKH
apaMeTpoB KpuoBO3AeHCTBHA M (yHKUMH Oe30-
nacHocTH. KpuoycraHoBka cHaO)Xe€HAa MOIIHBIM OX-
JazuTeNeM OKcHIa a30Ta, KOTOPbIM obOecnednBaeT
OBICTPBIA BBIXOJ Ha HEOOXOIUMBIA TEMIIEPATypPHBIH
pexnM. OXJaXIeHWe W OTOTPeB Ta3a MPOUCXOAST
TOJIBKO TIPU aKTHUBAIMU KOHCOJBHOTO TMEepeKIIodaTe-
JIS1, ¥ TIO KOMaH/I€ TIPOLIECC MOYKET ObITh HEMEIJICHHO
ocraHoBJeH. HuKkarop Temmeparypbl odecrednBa-
€T TMOCTOSHHBIH KOHTPOJIb TEMIEpPaTypHOIO PEXH-
Ma, 4TO TOBBIMIAET 3PPEKTUBHOCTH ONEPATUBHOIO
BMEIIATENbCTBA. 3BYKOBOM TaliMep CUTHAJIM3UPYET O
JOCTIKCHUHM MHUHUMaJIbHOM TemmepaTtypsl (—89°C),
IIpU 3TOM (PUKCHPYETCSl TOUHOE BPEMs KPHOAECTPYK-
[IMM NaTOJIOTUYECKH U3MEHEHHON TKaHu [29].

Ha ocHoBanuu pe3ynabraroB aHainu3a (yHKIHO-
HaJIBHBIX BO3MO)XHOCTEH KpPUOXHPYPIHMUECKUX YC-
TaHOBOK MOJKHO 3aKJIFOUYNTh, YTO HA CETOIHSAIIHUN
JICHb MpOo0OJeMa OTPaHuYCHUS UCTIONIb30BAHUS KPHO-
anmaparypsl CBsi3aHa HE CTOJIBKO C HECOBEPIIEHCTBOM
ee MEIMKO-TeXHHYECKHX XapaKTEePHUCTHK, a CKOJIBKO
C HEJ0CTAaTOUYHBIM KOHTPOJIEM 3a MIPOBEACHUEM IIPO-
ueaypsl KpuoposnencTBus. s moBbIIeHHs -
(DEeKTMBHOCTH NPOBOAMUMBIX OIEpauuii HeoOXOAUMO
KOMIUIEKCHOE pelieHne mpoodneMsl. B 3T0il cBs3m
A.B. lllakypoB u coaBrt. [13] onpenenuin OCHOBHbIE
HalpaBiCHUsA B PELICHUM HAy4YHO-TEXHMYECKUX 3a-
nad. IlepBoe HampaBieHue — CO31aHUE METOAMK J0-
3UPOBaHUSl KPHUOBO3IECUCTBUS C MOBBIIIEHHONW TOY-
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outpatient settings. No intravenous sedation is done
during procedure, since the use of an ultrathin probe
eliminates the need to expand cervix in many pa-
tients.

The Wallach company (USA) has developed the
WA1000B Cryo Console System, where a nitrous
oxide is used as a coolant. The control unit of this
system includes an combination of the elements for
adjusting the parameters of cryoeffect and safety
functions. The cryounit uses a powerful nitro-
gen oxide cooler, which provides a quick approach
to the required temperature regimen. The gas cooling
and heating occur only when a console switch is
activated, and the process may be stopped imme-
diately upon command. The temperature indicator
ensures a constant monitoring of temperature regi-
men, increasing thereby the surgery efficiency. The
sound timer signals when the minimum tempera-
ture (—89°C) is reached, while an exact time of
cryodestruction of pathologically altered tissue is re-
corded [28].

Proceeding from the findings of functional pos-
sibilities of cryosurgical units we may conclude
that so far the problem of limited use of cryo-
equipment is not so much related to its imperfect
medical and technical characteristics, but to insuff-
icient monitoring the cryoexposure procedure. In
order to increase the efficiency of implemented
surgeries a combined solution of this task is needed.
In this connection AV Shakurov ef al. determined
the main directions in solving the scientific and
technical tasks [26]. The first direction is to design
the techniques for cryoexposure dosage with an
increased accuracy, based on the cryoprotocol,
which is an algorithm of the procedure, performed
with a cryosurgical apparatus. The second one is
to ensure the established cryonecrotic zone, because
the safety and efficiency of cryosurgeries depend
on the dose selection. The third direction is to study
thermophysical properties of tissues in a wide range
of temperatures, as well as their changes under the
effect of external factors to improve the cryoexpo-
sure results. The fourth direction is to master the
techniques for monitoring the cryoexposure pro-
cedure. This requires the automation for cryosur-
gical equipment elements and real-time monito-
ring of freezing zone during surgery, allowing a
surgeon to assess the situation more accurately. The
fifth direction is to include the robotics in cryosur-
gery for optimizing the procedures performed by
surgeons [26].

Thus, current medicine knows a variety of cryo-
genic equipment with different cooling capacity,
working surface temperature of applicator and a set
of tools. Of note is that a correct choice of cryogenic
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HOCTbI0, OCHOBBIBAIOIMXCSA HAa KPUOMPOTOKOJIE, KO-
TOPBII MpeACTaBIseT COOOH aJIrOpUTM IMPOLETYPHI,
BBIMOJTHSEMOM € TOMOIIBIO KPHOXUPYPIUYECKOTO all-
napara. Bropoe HampaBnenue — obecrieueHue ycra-
HOBJICHHOW 30HBI KPHOHEKPO3a, MOCKOJIbKY OT BbI-
Oopa D036l 3aBUCUT 0€301TacHOCTh U A((HEKTUBHOCTH
KPUOXUPYpPruiyeckux orepauuil. TpeThbe Harmpapie-
HUE — WCCIIEeOBaHNE TEIUIO(U3NIECKUX CBOWCTB
TKaHEel B IIMPOKOM JAMAINa30HE TEMIIEPaTyp, a TaKxKe
HX M3MEHEHUs I0J] BO3ICHCTBUEM BHEIIHUX (DAKTO-
POB ISl YAYUILIEHUS Pe3YyJIbTaTOB KPUOBO3IEHCTBUSI.
UeTBepToe HalpaBieHHE — COBEPILIEHCTBOBAHNUE Me-
TOJMK KOHTPOJIS 3a MPOLENypoil KpHOBO3AEHCTBHUS.
Jist 5TOr0 HEOOXOIUMBI aBTOMATH3aIMs PaOOTHI AJie-
MEHTOB KPHOXHPYPrHUECKOH ammaparypbl U MOHU-
TOPHHT 30HBI 3aMOPAKUBAHUS B PEXKHUME PEabHOTO
BpPEMEHH, TO3BOJISIOIINE XUPYPry Oosiee TOYHO olie-
HUBATh CUTYaLHUIO B Xoze onepauuu. Ilsaroe Hanpas-
JICHHE — CO3/1aHHE POOOTOTEXHUKHU B KPHOXUPYPTUU
JUTS OITUMU3ALINHN TpyAa Xupypros [13].

Taxum oOpa3om, Ha COBPEMEHHOM 3Tale pa3Bu-
TUSI MEAMIUHBI pa3padoTaHo OOJbIIOE KOIMYECTBO
pa3HooOpa3HOi KPUOTEHHON TEXHUKH C Pa3HOM XJia-
JONIPOM3BOAUTENLHOCTBIO, TEMIIEpaTypoil pabdoueit
MMOBEPXHOCTH aNTUTUKaTOPOB U HAOOPOM UHCTPYMEH-
TOB. [IpK 5TOM Ba’kHO OTMETHTH, UTO OT IPABHIBHOTO
BbIOOpaA THIIa KPUOTEHHOM armnaparypsbl, COOIIONCHHS
TpeOOBaHUH K MPOBEACHUIO KPUOIIPOLEAYP 3aBUCHUT
3¢ (HeKTUBHOCTD JICUCHHS.

BriBoabI

B HACTOAIICC BpEMSA B MUPE HCIIOJB3YIOTCS BbI-
COKOTEXHOJIOTHYECKUE KPUOXUPYPIrUYECKUE YCTa-
HOBKH, OCHOBAHHBIC Ha HUCIIOJb30BaHHH TCIIJIOTHI
(azoBoro nepexoza (Mepexo XIagareHTa 13 KUJAKon
¢a3el B ra3oBy1o), apdexre xoyns-Tommncona (0x-
JaXJICHUE WIN HarpeBaHHE ra3a-XJaJarcHTa B Mpo-
Lecce JpOCCeTUPOBAHMS).

[Tpu poM3BOACTBE KPUOTEHHON TEXHUKH OOJNBILOE
BHUMaHHE YIENISIeTCs MOBBIMICHUIO XJIaJ0TIPOH3BO-
JMTETBHOCTH YCTAHOBKH, OOECIICYCHUIO MOHHTO-
pHHTa TeMIeparyp pabounx IMOBEPXHOCTEH KpHoar-
IUTMKaTOPOB W TKaHEW, IOJBEPTarOLINXCs KPHOBO3-
JICUCTBHUIO, @ TAaK)Ke COBEPIICHCTBOBAHUE CHCTEMBI
BU3yaJIU3aIlNH.

ManonnBa3uBHBIE BMENIATEIbCTBA C IIpUMCHEC-
HHUEM COBPEMEHHBIX KPHUOXUPYPIHMUECKUX CHCTEM
MO3BOJIAIOT YBCIIMYUTL NPOAOJDKUTCIBHOCTD U YIIy4-
IIUTh KaYeCTBO JKU3HU OHKOJIOTHYECKHX ITAI[MEHTOB,
a Taxke CHU3MTH [TOKA3aTelb JICTaJbHOCTH.

JlanpHeiilee pa3BUTHE W COBEPIICHCTBOBAHHUE
COBPEMEHHBIX TEXHOJOTHI MEIUIMHCKOW BHU3yalH-
3aIiM, TEXHHYECKHX CPEICTB OOECIeueHHs] HH3KO-
TEeMIIepaTypPHOTO METO/A JICYCHHs IO3BOJIAT 3HAYM-
TEIIbHO PacHIMPUTH cepy MPUMEHEHHS KPHOXHPYP
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equipment and the compliance with the requirements
for cryoprocedure performance affect the therapy
efficiency.

Conclusions

The high-technology cryosurgical units, based on
phase transition heat (transfer of coolant from liquid
into gas phase), as well as the Joule-Thompson effect
(cooling or heating of gas coolant during throttling)
are used worldwide today.

Manufacturers of cryogenic equipment pay a
great attention to cooling capacity of the unit, mo-
nitoring of working surface temperatures of cryo-
applicators and tissues, exposed to cryoeffect, and
visualization system as well.

Minimally invasive interventions using the
modern cryosurgical systems allow to increase life
expectancy and improve the quality of life in cancer
patients, as well as to reduce mortality rate.

Further development of medical imaging tech-
nologies, and mastering of technical means for a
low temperature therapy will significantly expand in
future the scope of cryosurgical units in minimally
invasive surgery.
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