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Vacuum Cryo-Thermal Probe for Destruction of Malignant Tumors

Pecbepar: PaspaboTaHo, M3roTOBNEHO U UCMbITAHO HECKOMbKO KOHCTPYKLMIA BaKyyMHOrO KpMOTEPMO30HAA, NpefHa3HayeHHoro
ONs paspylleHns onyxonen NyTém ABYX- UNWN TPEXKPATHOrO 3aMOPaXuBaHUSA C MCMOMb30BaHNEM XUOKOrO a3oTa U MocneaytoLlero
akTuBHoro otorpesa Ao 40°C. Urna kpuotepmosoHaa umeet anvHy ot 100 go 200 MM 1 HapyXHbIi AnameTp oT 1,5 o 2 mm. BHyTpmn
UMbl KOaKCcManbHO pacnorioXeHbl ABe TPYOKM C 3a3opamum MEeXAy HUMW, a Takke NPOCTPaHCTBO AN BaKyyMHOW TepMOM30mnsumu,
KaHanbl AN nodayu XWOKoro asota B nepudepuyeckylo YacTb UrMbl U Bo3BpaTa ras3oobpasHoro asota. KoHueBas yacTb urmbl Ha
NpoTsHKEeHUN okono 20 MM nuLLeHa BaKyyMHOW TEPMOM3ONALMM U MOXET OXnaxaaTbCs XUAKAM a30TOM WM HarpeBaTbCs HarpeTbiMu
napamu asoTta, Npy 3TOM TeMmnepaTypa OCTarbHOW HapyXHOM YacTu UMbl OTNMYAeTCs OT TemnepaTypbl OKpyXallwen cpefbl
He3HaunTenbHO. [N nogaymn XuUAKoro U razoobpasHoro asota B KpMOTEPMO30HA, Ucnonb3yeTcs kpuoctat émkocTeio 10 n. bnaropaps
TOMY, YTO KpMOCTaT MOXET pasmeliarbcs Ha pacctosHun 0,5-1 M OT naumeHTa, rmapaBnMyeckoe COMNpoTUBIEHME TPyOONpoOBOAOB,
COeAMHSIOLLMX KpUOCTaT C KPMO3OHAOM, 3HAYMTENBHO CHUXKEHO, 1 AN 3 EKTMBHOIO OXNaxA4eHUs 30HA4a [OCTaTOUYHO NoaaepXKmBaTh
B KpuocTaTte faBrneHue 2—4 atm.

KnioueBble cnoBa: kpuomeauumHa, KPUOXMPYPrus, KpMOTEPMO3OHA, KPMOCTaT, KPMOAECTPYKLMSA, 3NoKa4yecTBEHHas OMnyXorb.

PecdepaTt: Po3pobneHo, BUroTOBNEHO Ta AOCHIAXEHO AeKinbKa KOHCTPYKLiA BaKyyMHOro KpioTepMO30HAa, NPUCTOCOBAHOIo
AN pyWHYBaHHA MyXMWH LUNSXOM ABO- abo TPUKPaTHOro 3aMOPOXYBaHHSI 3 BUKOPUCTaHHSIM PiAKOro a3oTy Ta HAcTYMHOro akTUBHOIO
BigirpisaHHs 0o 40°C. lNonka kpioTepmo3oHaa mae gosxuHy Big 100 go 200 MM i 30BHIWHIN giameTp Big 1,5 Ao 2 MM. BcepeawnHi ronkm
KoakcianbHO po3TalloBaHO ABi TPYOKM 3 NPOMiXKaMU MiX HMMK, a TakoX MPOCTip AN BaKyyMHOI Tepmoisonsauii, kaHanu ans
noctayaHHsi pigkoro asoty B nepudepiiiHy YacTuHYy TOnkK i NoBepHeHHs rasonoaibHoro asoty. KiHueBa 4acTvHa ronku Ha BiacTaHi
6ina 20 MM He Mae BaKyyMHOi Tepmoi3onsiuii i MOXe OXonomxyBaTucst pigkum asoTom abo HarpiBaTucsi HarpiTUMu napamu asoTy,
npv UbOMY TemnepaTtypa pelTu 30BHIWHbOI YaCTUHN FOfIKM BiAPI3HAETLCS Bid TeMnepaTypu OTOYYKYOro cepefoBuilla He3HaudHo.
[ns nocTayaHHsi piakoro Ta rasonofibHoOro asoTy B KPiOTEPMO30HA BUKOPUCTOBYETbCS KpiocTaT 06’emomM 10 n.3aBasiku Tomy, LIO
KpiocTaT Moxe 6yTu po3miuieHo Ha BiactaHi 0,5-1 M Big nauieHTa, rigpaBnivyHuUiA onip TpyGonpoBoAiB, siki 3'€AHYOTb KpiocTaT 3
KPIiO30HAOM, 3HAYHO 3HWXEHO, i AN eeKTUBHOro OXONOMKEHHS 30HAA AOCTaTHbO MIATPMMYBATM B KpiocTaTi TUCK 2—4 aTMm.

Knro4yoBi cnoBa: kpiomeguuunHa, Kpioxipyprisi, KpioTepM0O30HA, KpiocTaT, KpiogeCcTpyKLUis, 3rosiKicHa nyxnuHa.

Abstract: The authors have designed, manufactured and tested several constructions of vacuum cryo-thermal probe intended
for abalation of tumors by two- or three-fold freezing using liquid nitrogen and the following active heating up to 40°C. Needles of
cryo-thermal probes are of 100 to 200 mm and from 1.5 to 2 mm outer diameter. The needle has two tubes coaxially arranged inside
with the gaps in between, as well as the space for vacuum thermoisolation, channels for supply of liquid nitrogen into peripheral part
of needle and retrace of nitrogen vapors. The end of needle is deprived of vacuum thermoisolation over a length of 20 mm and may
be cooled by liquid nitrogen or heated by warmed nitrogen vapors, herewith the temperature of the remaining outer part of needle
differs insignificantly from the room temperature. Cryostat of 10 | is used to supply liquid and nitrogen vapors into cryo-thermal probe.
Due to the fact that cryostat may be placed in 0.5-1 m from a patient the hydraulic resistance of pipeline connecting the cryostat with
cryo-thermal probe is significantly decreased, and for effective cooling of probe it is sufficient to maintain the pressure of 2—4 Bar in
cryostat.

Key words: cryomedicine, cryosurgery, cryo-thermal probe, cryostat, cryodestruction, malignant tumor.
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MeTtoabl HU3KOTEMIEPATYPHOU AECTPYKUHUHU
(pa3pymieHus) MaToJOTHIECKUX TKAHEH C TIOMOIIBI0
CIIELUATbHBIX KPUO30HJIOB MPUMEHSAIOTCS B KIMHU-
yeckoit Mequnuue ¢ 1960 rona [1, 8]. CoBpemeHHas
TEXHOJIOTHSI IOKAJIbHOW KPHUOAECTPYKLIMH 3aKITFOUaET-
Csl B TOYHOM ¥ O€3011aCHOM BBEJICHUH B OITYXOITb CIIe-
LHUAJIBHOTO HHCTPYMEHTA MO/ KOHTPOJIEM YIbTPa3By-
KOBOT'0 IMarHOCTUYECKOTO ammapara, KOMIbIOTEPHOIO
WJIM MarHUTOpe30HaHCHOTO ToMorpada. [Tocie noctu-
JKEHHSI OIYXOJIH M BBIITOJIHEHUS OHOICUH (T.€. ToJy-
YyeHus 00pa3na TKaH! OMYXOJIH IS THCTONOTHIECKUX
HCCIIeIOBaHMI) KpHOTEPMO30H ] BBOAUTCS B OITyXOJIb,
Y B HETO nojaercs xyuagoaredT. [IponcxoauT oxmax-
JeHHNe TKaHeH OIMyXOiH ¢ (POPMHUPOBAHUEM JIEITHOTO
6nmoka B (opMe IIUINCONAA HAa XOJIOJHOM KOHIIE
uHcTpyMeHTa (puc. 1). [Iponiecc koHTpOIMpyeTcs J10-
KQJILHBIMU TEPMOJATINKAMH U TIEPEUNCIICHHBIMU BBI-
e cpeacTBaMu MoHUTOpUHTA. [loHOE pa3pyiienne
3JI0KQU€CTBEHHBIX KJIETOK IPOUCXOUT yKE IIPHU TEM-
nepatype Huxke —40°C u 5-MUHYTHOM SKCIIO3ULIMY B
IBYX ITUKJIax 3aMopaxxuBanus. [locie mepBoro nukia
KpHUOTEPMO30H] IEPEBOANTCA B PEXKUM HArPEBaHHUA,
B pE3yJIbTaTe 4ero akTUBU3HMPYETCs KU3HENEATENb-
HOCTB PaKOBBIX KJIETOK, HAXOSIIMXCSA BHYTPH JIEASHON
30HBI B YCJIIOBHAX OTCYTCTBHSI MECTHOTO KPOBOOOpa-
meHns. MimemMus oka3bIiBaeTCsl AOTOJHHUTEIbHBIM
(akTOpOM pa3pylIeHHUs NaTOJOTHUYECKUX KIETOK.
Crnenyomuil IUKI 3aMOpaXXMBaHUsl BHI3BIBACT He-
o0paTrnMble N3MEHEHUS CTPYKTYPHI KIETOK, KOTOpbIe
Iocye KpUOACCTPYKIIMK MOTHOAIOT B TEUCHUE OJH-
*Kalmx cyTok. B nmpornecce mocnemyromiero aytonusa
OMYXOJU B KPOBOTOK MOCTYNalOT OENKOBBIE cOe-
IUHEHUs, HECYIIlMe OIyXOJIeBble aHTHTEHBI. PaHee
65u10 MOKazaHo [6, 10], yTo mpu 3TOM B OpraHU3Me
MalMEHTOB BHIPA0ATHIBAIOTCS aHTUTENA K PAKOBBIM
AHTUTEHAM, TUTP KOTOPBIX BO3pAacTacT B COTHU pas,
YTO MPUBOIUT K CTAOMITM3AIINH U perpeccy 3aboeBa-
HUSL

Panee Hamu ObUIHM MPOBEAEHBI TEOPETHUYECKHE,
nabopaTopHbIe M SKCIIEPUMEHTAIbHBIC HCCIIEIOBAHUS
KyJIBTYP Pa3TUYHBIX 3I0Ka4ECTBEHHBIX KIETOK, B TOM
YHCIie N3BJICUEHHBIX HETIOCPEICTBEHHO U3 OITyXOJIeH
[5]. CBeneHus 0 KpUOPE3UCTCHTHOCTH KJIETOK B 3aBH-
CHUMOCTH OT UX THCTOJIOTMYECKON TPUHAUIEKHOCTH U
creniean U GepeHITMPOBKY MTPEICTABICHBI B OT/ICTh-
HO mmyOnmkanuu [9].

CoBpeMeHHBIE KPHUOXUPYPTrUUIEeCKHE CHCTEMBI, UC-
MOJIB3YIOIINE B KAUECTBE XJIaJ0arcHTa KUAKUH a30T,
MMEIOT 3HAUYUTENbHBIA HAapY>KHBIM IHaMETp KpUO-
30HJa — HE MeHee 3 MM, YTO CBA3aHO CO CI0KHOCTHIO
M3TOTOBIIEHUS HHCTPYMEHTOB C IPUEMIIEMON BEITHYH-
HOH THAPOTMHAMHYECKOTO cOnpoTuBieHus. s obec-
MeYeHust He0OXOUMOT0 TIOTOKA B KOHTYpe KPHO30H 1a
co3maeTcs pabodee napiieHne Ha ypoBHe 50 aT™., 9T
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Methods of low-temperature destruction of patho-
logical tissues using special cryoprobes have been app-
lied in clinical medicine since 1960 [1, 8]. Contem-
porary technology of local cryodestruction consists in
accurate and safe introduction of special tool into a
tumor under control of ultrasonic device, computer-
assisted or magnetic resonance tomography. After
reaching the tumor and biopsy performing the cryo-
thermal probe is inserted into the tumor and the coolant
is supplied. Cooling of tumor tissues occurs with
formation of ice ball of ellipsoid shape at cooled tip of
the tool (Fig. 1). The process is controlled by local
temperature sensors and monitoring tools mentioned
above. Complete destruction of malignant cells occurs
at the temperature below —40°C and exposure for 5 min
in 2 freezing cycles. After the first cycle, cryo-thermal
probe is switched to heating mode and this results in
activation of cancer cells function inside an ice ball in
the absence of local blood circulation. Thus, ischemia
is an additional factor of the destruction of abnormal
cells. The following freezing cycle causes irreversible
changes in the structure of cells that would die during
several days. After subsequent autolysis of tumor the
protein substances being tumor antigens enter the blood
flow. It was shown recently [6, 10] that this process is
accompanied with production of antibodies against
cancer antigens in patient’s organism, hundreds times

Puc. 1. CcopmumpoBaHHbIN negsHon 6nok Ha oxnax-
OEHHOM >KUOKMM a30TOM KOHLE Wbl KpMOTEPMO30HAA.
MacwitabHas nuHelka 1 cm.

Fig. 1. Ice ball formed on the cryo-thermal probe needle
tip cooled by liquid nitrogen. Bar 1 cm.
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B ClIyyae TIOBPEXKJCHHsI OMACHO JJIsl MalleHTa |
MEIMITUTHCKOTO MepcoHana. B wactHocTy, 310 Kacaer-
cs kpuocucteM, npou3BoauMbIx B CLIA u Uzpaure.
Pabora Takux cuctem ocHoBaHa Ha 3 exre Koyns-
TomIiCcOHA ¥ MCTIONB30BaHUH aPTOHA M TEITHS C pad0urM
JABIICHHEM BHYTPH OJIHOPA30BOTO MHCTPYMEHTA
300 atMm. HemamoBaxHO, 94TO c€OECTOMMOCTE TEXHHU-
4ecKoro obecreyeHus: onepauuu ¢ IPUMEHEHHEM
YKa3aHHBIX KPUOCHCTEM U TOJILKO OJTHOTO KPHO30H (2
MPEeBBIIIAET KBOTHI 00S13aT€THHOTO MEAUIINHCKOTO
ctpaxoBanus B Poccuiickoii denepaunu.

Lenbto npencTaBneHHOM pabOTHI ABJISIETCS CO3a-
HHUE HOBBIX KPHOMETUIIMHCKHUX alapaToB, KOTOPHIE HE
“MeH OBl ePEeYNCIIEHHBIX HEOCTAaTKOB M COOTBET-
CTBOBaJIM COBPEMEHHBIM TPEOOBaHUSAM MEAMLIUHBI:
MUHHMaJIbHasi TPaBMaTUYHOCTb, 0€30MaCHOCTD IS
ManyeHTa u mepcoHaia, BeIcokas 3G(HEeKTHBHOCTD,
MIPOCTOTa MPUMEHEHHUS U SKOHOMHYHOCTH 000pYyI0-
BaHUsI.

Ha puc. 2 nokasan yepTéx pa3paboTaHHOTO KPHO-
TepMO30HJa. B HUXKHEW YyacTu pucyHKa MpHUBeIcHa
WTJIa, SIBIISIONIASCS MTPOIOIDKEHIEM 30H 12 (B BEpXHEH
4acTH PUCYHKA).

KpuoTtepmo3oH cocTOUT U3 METHOU TPYOKH [ AJIst
OTKAYKH COJEPKUMOTO MPOCTPAHCTBA 2 BHYTPH
xopityca 3 10 naieHus 40 [1a u Hke ¢ moceayromeit
repMeTu3anuei «oTkycom». BHyTpu kopmyca 3 mu-
HOM 0KOJI0 65 MM U IUpUHOH 20 MM (IPSIMOYTOIBHOM
Y MWIAHIPUICCKON (OPMBI) pa3MemIéH cocya J, co-
JepKaImuii Karncyny 6 ¢ amcopOeHToM 7 (aKTHBHPO-
BaHHBIN yronps Tuna CKT), numeroniuii neperopojky
U3 TIOPUCTON MEAH 4, KallCylly &, KOTopasi CoeIMHEeHa
¢ BHyTpeHHeH TpyOkoit 9 uriel. Cocyn 5 coenuHEH ¢
MIPOMEKYTOUHOU TpyOKoit 10 urisl, a kopiryc 3 — ¢ e€
HapyxHoi TpyOko#t //. Ilomocts cocyna 5 mmeer
BXOJHBIC TPyOKH [2 u 14, a MOJOCTh KamlcCynsl & —
BXonHYI0 TpyOKy /3. TpyOkwu 12, 13, 14 cCOemUHATOTCS
C KOpmycoM 2 COOTBETCTBEHHO MarpyOkamu /3,
16, 17.

Ha puc. 3 moka3zaH KOHeL WUIMbI, KOTOPBIA BBOIST
HEIMOCPEACTBEHHO B OITYXOJTb.

Hapy>xnaas gactb TpyOKHu / JaHHOTO 30H/1a UMEET
auaMeTp 2 MM U TonmuHy cre’ku 0,1 M. 3aszop
MEXIy HapyXHOU TpyOKo# / W MpOMEKyTOUHOI
TpyOKoit 2 cocramisger 0,2 MM, a TOJIIMHA CTCHKH
poMexXyTodHo# TpyOku — 0,1 MM; 3a30p MEXIy
TpyOKo# 2 u BHyTpeHHeH TpyOkoit 3 — 0,15 mm, a
TOJIMHA cTeHKU TpyOku 3 coctasisier 0,05 mm, a eé
BHyTpeHHUH auametp — 0,8 MM. Mexnay TpyOkamu /
1 2 UMeeTCs KONbIIeBask BCTaBKa 4 W3 HeprKaBeromeit
CTaju muprHO# 3 MM U TonmuHou 0,15 MM, KOTOPYIO
ipy cOOpKe UIITB TEPMETHYHO IPUBAPUBAIOT T10 BCEMY
MEPUMETPY TOUEYHOMN CBAPKOM K HAPYKHOM MOBEPX-
HOCTH TpYyOKH 2, 3aTeM HapyXHYIO TpyOKy / Hane-
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increase of their titer, and as a result with stabilization
and regression of the disease.

We have previously carried out theoretical, labo-
ratory and experimental studies in cultures of various
malignant cells, including isolated immediately from
tumor tissues [7]. Information on cryoresistance of cells
depending on their histological specificity and diffe-
rentiation rate could be found elsewhere [9].

Contemporary cryosurgical systems which utilize
liquid nitrogen as a coolant have a significant outer
diameter of cryoprobe (not less than 3 mm), that is
associated with the complexities in manufacturing the
tools with a acceptable hydrodynamic resistance.
Required flow in the cryoprobe circuit could be provided
by a operating pressure of 50 Bar, which is undesirable
in terms of safety regulations for the patients and
medical personnel. It concerns in particular the cryo-
systems manufactured in USA and Israel based on
Joule-Thompson effect, which utilize argon and helium
with working pressure within a disposable tool up to
300 Bar. It is also important that the prime cost of
technical assistance using these cryosystems and
disposable cryoprobe exceeds the quota of compulsory
medical insurance in the Russian Federation.

The aim of performed studies was the creation of
new cryomedical devices considering these shortco-
mings and meeting the modern medical requirements:
minimum injury, safety for patient and staff, high
efficiency, easy utilization and affordability of equip-
ment.

Fig. 2 presents the scheme of the designed cryo-
probe. Lower part of the figure shows the needle of
cryo-thermal probe.

Cryo-thermal probe contains a copper pipe / to
pump out the content of space 2 inside casing 3 down
to a pressure of 40 Pa and lower, which is sealed after
that by ‘cut off’. Casing 3 which is 65 mm long and 20
mm wide (of rectangular or cylindrical shape) contains
vessel 5 and capsule 6 filled with adsorbent 7 (ac-
tivated carbon of ACT type), the division plate of the
porous copper 4 and capsule § connected to the inner
tube of needle 9. Vessel 5 is connected to the inter-
mediate tube /0 of the needle, and casing 3 is con-
nected to the outer tube //. Cavity of vessel 5 has
input tubes /2 and /4 and the cavity of the capsule &
has inlet tube /3. Tubes /2, 13, 14 are connected to
casing 2 with tubes 15, 16, 17, respectively.

Fig. 3 represents the tip of the needle that is directly
injected into the tumor.

The outer part of the tube / of the probe has a
diameter of 2 mm and a wall thickness of 0.1 mm.
The gap between the outer tube 1 and the intermediate
tube 2 is 0.2 mm, and the thickness of the first tube is
0.1 mm; the gap between tube 2 and inner tube 3 makes
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Puc. 2. KoHcTpykumnsa kpuoTepmosoHaa: 1 —
MegHas Tpybka Ans OTKayku BakyymMupyemoro
NpoCTpaHCTBa 30HAA; 2 — BaKyyMHbIi 06bEM; 3 —
Kopnyc 30HAa; 4 — neperopojka u3 nopucTon me-
an; 5 — BHYTPEeHHWU cocyn; 6 — kancyna ans ag-
copbeHTa; 7 — agcopbeHT; 8 — kancyna gns no-
[ayu XMOKOro asoTa B MOSIOCTb UMMbl; 9 — BHYT-
peHHsst Tpy6ka urnbl; 10 — npomexyTovHas Tpy6-
ka urnbl; 11 — HapyxHasa Tpybka urnbl; 12 —
BxoAHada Tpybka ansa «popcaxHon» nogadv xva-
Koro asoTta B MonocTb cocyda 5; 13 — BxogHas
Tpybka Ans nogayn XuAkoro asoTa B NOJOCTb
kancynbl 8; 14 — Tpybka ans BbIxoga asoTa M3
nonoctu cocyaa 5; 15, 16, 17 — naTpybku, coe-
avHsawowme Tpybkn 12,13,14 c kopnycom 2.
MacwTabHasa nuHenka 10 cm.

Fig. 2. Cryo-thermal probe: 1 — copper tube to va-
cuumize the probe space; 2 — vacuumizable
volume; 3 — casing of the probe; 4 — division plate
of porous copper; 5 — inner vessel; 6 — capsule
for absorbent; 7 — absorbent; 8 — capsule for
supplying liquid nitrogen into needle cavity; 9 —
inner tube of needle; 10 — intermediate tube of
needle; 11 — outer tube of needle; 12 — inlet tube
for 'forced' supply of liquid nitrogen into the vessel
5; 13 — inlet tube for supplying liquid nitrogen
into the capsule 8; 14 — tube for exit of nitrogen
from vessel 5; 15, 16, 17 — nipples connecting
tubes 12,13,14 with casing 2. Bar 10 cm.

BarOT Ha TPYOKY 2 , ¥ B MECTE PACITOJIOKECHHS BCTABKU
4 TpyOky I Taxke TOYEYHOH CBApKOW NPUBAPUBAIOT
K BcTaBke 4. Takum oOpazom, obecrieunBaeTcs rep-
METHYHOCTh BaKyyMHOTO ITPOCTPAHCTBA J OT 3a30pa
B IIPABOM OXJIAKJAEMOM 4acTH.

[Tocne BakyyMupoBaHus IpocTpaHcTBa 2 (CM.
puc. 2) u repMeTu3anuu Tpyoku / (BeimomHsercs 1—
2 pazaBron) TpyOku /2, /3w /4 1 COOTBETCTBYIOIINE
natpyoku /5, 16 u [7, repMETUYIHO CTHIKYIOIINE HX C
KOpITyCOM 3, COEAMHSIOT C KPHOCTAaTOM IIJIAHTaMH C
TETION30JIALUEN.

Janee cHadasna OXJIaXIar0T BHYTPEHHIOIO MOJIOCTh
5 30H[a, MPOIyCKas MO JaBJICHUEM OT 2 0 4 aTMm.
MAapOXXUAKOCTHYIO a3y a30Ta U3 KpUocTara yepes
«popcaxnyto» Tpyoky /2. Ilpu s3TOM 0TpaboTaHHbIE
Iapel a30Ta BBRIXOMAT Yepe3 TpyOky /4. IloTok a3oTa,
OMBIBas Karcyibl 8§ U 6 ¢ aicopOeHTOM 7, yiKe depes

Puc. 3. KoHeu vrnbl, BHegpsaeMbivi B onyxonb: 1 —

0.15 mm. The thickness of the tube 3 wall is 0.05 mm,
and the inner diameter is 0.8 mm. In between the tubes
I and 2 there is a ring insert 4 of 3 mm wide and
0.15 mm thick, made of stainless steel, which during
the needle assembling is hermetically spot welded to
the outer surface of the tube 2 along entire perimeter,
the outer tube / is then put onto the tube 2, and at the
site of insert 4 location the tube / is also spot welded
to the insert 4. In such a way we provide a hermetical
sealing of vacuum space 5 from gap in the cooled right
side.

After pumping-out the content of the space 2 (see
Fig. 2) and sealing of the tube 1 (to perform 1-2 times
per year) the tubes /2, 13 and /4 are hermetically
connected with the casing 3 by corresponding connec-
tion nipples /5, 16 and /7, thereafter connected to
the cryostat by thermoinsulated hoses.

Hapy>xHas TpyOka; 2 — npoMeXxyTodHasi Tpyoka; ; = by | | t

3 — BHyTpeHHsAs TpyOka; 4 — konbLeBas BcTaBka; | || | R r

5 — BaKyyMHoe npocTpaHcTBo. MacwTtabHas nu- !; I\ A A R A b

Helka 5 MM. ﬁm: ' \

Fig. 3. Tip of the needle to inject into tumor: 1 — 3 Clewe |7 [gos 20
outer tube, 2 — intermediate tube, 3 — inner tube, 5

4 — ring insert, 5 — vacuumiuzed space. Bar
5 mm.
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HEeCKoJbKO MUHYT oxJaxaaet ux g0 80—100 K. [Tocne
3TOrO J[aBJICHUE B MPOCTPAaHCTBE 2 CHU3UTCS 10 107—
10* TTa u HMXKe BCIEACTBHE COPOIUU OCTATOYHBIX
ra3oB OXJaKAEHHBIM agcopOeHToM. [lanee uriny 30H-
J1a BBOZIAT B OITyXOJIb MAIIMEHTA, a KOHTPOJIb HAJI XOJI0M
OTIEpaLMy OCYIIECTBIISIETCS C IOMOIIBIO TOMOrpada.
3arem mopauy a3oTa uepe3 (opcakHyro TpyOky 2
YaCTHYHO TMEePEKPHIBAIOT, © OCHOBHOM €ro MOTOK Ha-
npaBisoT B TpYOKy /3. TpyOka /4 mpu 3ToM ocTaeTcs
OTKPBITOH IS BEIXOJa OTpaboTaHHOTO a30Ta. B pe-
3yJbpTaTe MOTOK a30Ta MOJ AAaBIECHHEM 10 4 aTM.
ToTajaeT M3 Karcylbl 8 BO BHYTPEHHIOIO TPyOKy 9
WGl ¥ BO3BpAlIaeTcs M3 He€ 10 3a30py MEXIy
TpyOkamu 2 u 3 (cM. puc. 3). Takum oO6pa3om, 4acTb
Hapy>KHOW TOBEPXHOCTH HIJIBI, PACTIOIOKEHHOM JIeBee
BCTaBKH 4, MPAKTUUECKU HE OXJIaXKJaeTcs, a €€ 4acTb,
pacrono)keHHas ipaBee BCTaBKH 4 (puc.3), HalpOTHB,
OXJIaXAaeTCs.

Uepe3 HECKOJIBKO MUHYT OMYXOJdb MOJHOCTBIO
MPOMEP3AET, ITPU FTOM JIEJTHON MACCUB JI0JKEH BbI-
TH 3a €€ BUAMMYIO I'paHUIly HE MEHee 4eM Ha 1 cMm
(TIporiecc MOCTOAHHO KOHTPOJIUPYETCs TOMOrpadom),
rociie dero mo Tpyoke 13 (cMm. puc. 2) momarmT u3
KprocTaTa mapbl a30Ta, HarpeTble ¢ MOMOIIBI0 Ha-
rpeBaTels B IJIAHTe, IPUCOCTHHEHHOMY K TpyOKe /3.
Onyxonbs OTOrpeBalOT 10 HYXHOW TeMIeparypsl
(00braHO 310 OKOJIO 40...50°C), 3aTeM mporecc ox-
JaKIeHNs1 BO30OHOBIISIOT. JJaHHYIO0 ITpoLeypy HOBTO-
psroT 2-3 pasa.

Ha puc. 4 nokazan ueptéx KpuocTaTa Ui KHUI-
KOTO a30Ta, MUTAOIIET0 KPHO3OHI.

KpunocTtar coctouT u3 kopryca / 1 BHyTPEHHETO
cocyzia 2, KOTOpbI€ BBINIOIHEHBI U3 JIUCTOBOM HEpKa-
BEIOIICH CTaNIH TOMMUHON 1,5 MM ¢ 3epKaJbHOMU I10-
BEPXHOCTHI0. Ha BHYTPEHHIOI0 MOBEPXHOCTH KOPITyca
[ v Ha HapyXXHYIO MMOBEPXHOCTH cOCyaa 2 HAaHECEHO
MIOKPBITHE CO CTEMNEHbIO YEPHOTHI MPH KOMHATHOMN
Temmneparype €, = 0,015 v npu azotnoii €, = 0,010
[2—4]. B HmxHEl 9acT cocyna 2 HaXOIUTCS KOP3MHA
3 c axcopOeHTOM 4, OTACNEHHBIM MEPETOPOAKOHN 5
3 nopuctot menu. Kamepa ¢ agcopbeHToM coemu-
HEHa C BaKyyMHBIM 3a30pOM 6 MEXAy KOpPIyCOM U
cocynioM 2 ¢ moMonibio TpéX Tpyook 7. C moMoIbio
(dnanma 8 /y16 ¢ MeTaTMdecKuM YIDIOTHEHHUEM THIIA
«Kongnar» k HIKHEH YacTH KopIryca HOACOETUHEH
BaKyyMHBIY kiamnad lyl6 ¢ MeTajuinyecKkum yrioT-
HeHueM cenna. [locie 3anMBKU B KPHOCTAT KHUJIKOTO
a30Ta ¥ CHW)KEHHA TeMIepaTypsl agcopbenTa go 78 K
JaBlicHUE B 3a30pe yMenbiiaercs 10 10-107° Tla u
HUKE.

B cocyne o6pémMoM okoso 10 71 >KHOKUI a30T B
3aI0JTHEHHOM KPHOCTaTe B <CGKAYLIEM» PEXHUME CO-
XpaHseTCs B TeUEHHE HE MEHee 7 CyTOK M3-3a HU3KOU
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Thereafter the interior cavity of the probe 5 is
cooled, by passing under pressure from 2 to 4 atm the
liquid-vapor mixture of nitrogen from cryostat through
the so-called ‘forcing’ tube /2. Herewith the exhausted
nitrogen vapors are removed through a tube /4. Nitro-
gen flows around capsules 8 and 6 with adsorbent 7
and cools them rapidly. Afterthat the pressure in the
space 2 falls down to 103-10* Pa and even lower
due to sorption of residual gases by cooled adsorbent.
Thereafter the needle of the probe is inserted into a
patient’s tumor, and the process is monitored by the
tomography. Nitrogen supply through forcing tube 72
is partially stopped, and its main flow is directed into
the tube /3. Tube /4, however, remains open for the
release of exhausted nitrogen. Finally, the nitrogen flow
with pressure up to 4 atmospheres transits from the
capsule & into the inner tube 9 of the needle and returns
of it through the gap between the tubes 2 and 3 (Fig. 3).
Thus, the part of the needle outer surface located to
the left of insert 4 is virtually not cooled, and the other
part located to the right from insert 4 gets cooler.

A few minutes later the tumor is frozen to the pro-
per depth (the process is constantly monitored by
tomography), after that the tube 73 (Fig. 2) supply a
nitrogen vapor from the cryostat warmed by heater
located in the hose, connected to the tube /3. Tumor
is warmed up to the desired temperature (usually about
40...50°C), thereafter the cooling process is repea-
ted, and the procedure is repeated 2—3 times.

Fig. 4 shows a scheme of the cryostat supplying
the liquid nitrogen for the cryoprobe.

Cryostat comprises a casing / and the inner vessel
2, made of 1.5 mm steel with a mirror surface. The
inner surface of the casing / and the outer surface of
the vessel 2 has a layer with the reflection at room
temperature of €, = 0.015 and at the tempertature
of liquid nitrogen of €, = 0.010 [2-4]. At the bottom
the vessel 2 has a basket 3 with the adsorbent 4 isolated
by plate of porous copper 5. The cavity with the
adsorbent is connected to the vacuumized gap 6
between the casing / and vessel 2 by three tubes 7.
By means of the flanges § of NV16 possessing the
metal ‘Conflat’ seals the vacuum valve 9 NV16 with
metal sealing seat is connected to the bottom of the
casing /. After filling the cryostat with liquid nitrogen
and reducing the temperature of the adsorbent down
to 78 K, the pressure in the gap 6 is reduced down to
10“-10° Pa and lower.

Vessel 2 has a volume of about 10 liters and due to
low reflection of the heat-exchange surfaces of the
casing / and vessel 2, low pressure of the residual
gases in the gap 6 during operating, and low thermal
conductivity of thin-walled tubes, which fix the vessel
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Puc. 4. Kpuoctat gna xwugkoro asota: 1 — kopnyc; 2 —
BHYTPEHHUI cocynd; 3 — kop3unHa; 4 — agcopbeHT; 5 — no-
puctas meab; 6 — BaKyyMHbIN 3a3op; 7 — Tpybku, coeaun-
HSOLME NOMOCTb KOP3UHbI 3 C BaKyyMHbIM 3a30pOM 6;
8 — dnaHubl [y 16 «KoHdnaty»; 9 — BakyymHbIv knanaH Oy 16
C MeTannuMyeckum ynnoTtHeHvem ceana; 10 — natpy6ok;
11 — ynnoTHsAwWas ranka; 12 — konbLeBas npoknagka u3s
pesuHbl; 13 — BHYTPeHHAA TpybKa.

Fig. 4. Liquid nitrogen cryostat: 1 — casing; 2 — inner vessel;
3 — basket; 4 — absorbent; 5 — dividing plate of porous
copper; 6 — vacuumized gap; 7 — tubes connecting the
basket 3 with a vacuumized gap 6; 8 — flanges NV16
‘Conflat’; 9 — vacuumized valve NV16 with metal sealing
seat; 10 — nipple; 11 — sealing nut; 12 — round rubber
washer; 13 — inner tube.

CTENEeHN YEPHOTHI TEINIOOOMEHHBIX MOBEPXHOCTEH
Kopmyca / ¥ cocynia 2, HU3KOro AaBJIE€HHUS OCTaTOYHBIX
ra3oB B 3a30p€ 6 B paboueM pexnMe, a TakKe HU3KOH
TEIUIONPOBOJHOCTH TOHKOCTEHHBIX TPYOOK, Ha KOTO-
PBIX cocyn 2 3aKperi€H K KPBIIIKe Kopiryca /.

B BepxHneli yactu kpuocrata (puc. 4) UMerOTCA
yeTblpe narpyoka /0 ¢ yniaoTHSIOMWUME raiikamu /1
U KOJBIIEBEIMU TPOKIagKaMu /2 W3 CHIIMKOHOBOWM
pe3unbl. OOMH U3 3THX MaTPyOKOB, KOTOPHIH MMEET
BHYTPEHHIOIO TpyOKy /3 nuametpom 12 MM, CHaOXEH
HarpeBaTrelneM B BHJE TaJOTEHHON JIAMITbI MOIITHOC-
Th10 150 BT, KOTOpast coenrHeHa TMHABIME IIPOBOIa-
MH BO ()TOPOIIIIACTOBOW M30JISIIIMN 1 OTYIIIEHA 10 THA
cocyna 2. BepxHsis 4acTb 3TOro narpyoka coeuHeHa
C KOPOTKOM HepKaBeroleil TpyOKoH, YIIOTHEHHON
CHapy’K raifkot // u mpoxsragkout /2, a Takxe pe3u-
HOBOH TPyOKO# C INTOCKUM 3KHMOM JTISI TIPOBOJIOB.

Tpu npyrue marpyOka UMeEIOT BHYTPEHHHUH Iua-
METp UEHTpaIbHBIX TPYOOK 8 MM. Uepe3 oHY U3 HUX
B KPHOCTAT 3aJINBAIOT XKHUJIKUNA a30T, BO BTOPYIO TPYyO-
Ky BCTaBJISIOT y3eJl 0TOOpa KUIKOTO a30Ta U3 KPHO-
crara (puc. 5), HIKHUH KOHEL] KOTOPOTo JOXOAUT I0Y-
TH 10 AHa cocyaa 2. TpeTbs TpyOka coeguHeHa C
KOPOTKOM HeprkaBeroIel TpyOKo st oTOopa mapo-
00pa3HOro a30Ta, KOTOPBIN HATPEBAIOT M HAIIPABIISIOT
B KPHOTEPMO30H] Al OTOTPEBA UIJIBIL.
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2 to the lid of the casing /, liquid nitrogen is kept for 7
days in filled cryostat being in stand-by mode.

The top part of the cryostat (Fig. 4) is equipped
with four fitting nipples /0, sealing nuts // and silicone
rubber washers /2. One of these nipples with inner
tube /3 of 12 mm diameter is equipped with a heater
in a form of 150 W halogen lamp, which is powered
via long wires in PTFE insulation and is lowered down
to the bottom of the vessel 2. The upper part of this
nipple is connected with a short stainless tube, sealed
outside by nut /7 and washer /2, and with rubber tube
with a flat clamp for wires.

Other three nipples have the inner diameter of the
central tubes equal to 8 mm. One of them is used to fill
the cryostat with liquid nitrogen, the second one is
reserved for the liquid nitrogen pumping unit (Fig. 5),
the lower end of which almost reaches the bottom of
the vessel 2. The third nipple is connected to a short
stainless tube, which serves for extraction of nitrogen
vapors, which are warmed and transported to cryo-
thermal probe for warming the needle.

Lid of liquid nitrogen pumping unit (Fig. 5) has 2—5
nipples /, which are connected with hoses of forcing
tube and a tube for cooling needle of one or two probes.
A basket with adsorbent, similar to basket 3 (see Fig. 4)
is located at the bottom of the inner vessel. Vacuumi-
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Ha kpprmike y31a or6opa xua-
KOTO a30Ta U3 Kprocrara (puc. 5)
HaXOAMTCS OT JABYX /O MATH Ta-
TpyOKOB [, K KOTOPBIM IOJICOEIH-
HEHBI NUIAHTH «(OPCAKHOTON»
naTpyOKa v marpyOKa JUist OXJIax-
JCHUSI MBI OHOTO WM ABYX 30H-
noB. Ha nHe BHyTpeHHero cocyna
pacmosyoxeHa KOp3WHa C aJicop-
OCcHTOM, aHAJIOTHIHAS KOp3UHE 3,
MMOKa3aHHOM Ha puc. 4. Bakyymu-
PYEMBId 3a30p MEXIY BHYTpEH-
HUM COCYJIOM H KOPITYCOM 3arep-
METHU3HPYETCS Y3IIOM KOTKyCa» 3.
VY3en otbopa repmeTuzupyercsa B
KpHoOcTaTe raiikoi 4 ¢ pe3MHOBBIM
YIUIOTHUTEJIEM TI0CJIC BBEICHUS
TpyOKH 5.

Puc. 5. ¥Y3en otbopa xuakoro aso-
Ta n3 kpuoctarta: 1 — naATb TpybokK
anameTpoMm 5 MM; 2 — KOp3uHa ¢
ancopbeHToM; 3 — y3en «OTKycay;
4 — y3en repmeTM3aLmmM KpuocTaTta
(cM. puc. 4); 5 — Tpybka oTbopa
XMAKOro a3oTta M3 KpuocTara.
Fig. 5. Liquid nitrogen pumping unit
for cryostat: 1 — five tubes of 5 mm
diameter; 2 — basket with absor-
bent; 3 — 'cut off' unit, 4 — cryostat
sealing unit (see Fig. 4), 5 — liquid
nitrogen extraction tube.

Pabouee naBnenue B KpruocTa-
T€ MEIULUHCKON KpUOXUPYpPIHU-
yeckoit cuctemsl (MKC), nurato-
e 30H1 (cM. prc. 2), TOJUIePIKU-
Baercs oT 2 1o 4 atm. Hopmans-
Hasi paboTa KPpUOTEPMO30HAA
obecrieunBacTCs yxKe IpH JaBe-
guu 2 at™m. B cucreme MKC no-
ITyCKaeTCs MOBBIIICHNE JABICHUS
Ha BXOJI€ B 30H]I TOJIBKO 710 4 aTM. (ITpH MPEBBIIIIEHUN
JaBJieHUs cpadaTbiBaeT Kinamnad copoca). dpdexTus-
HOCTb 30HJia NIpH JaBIEHUM a30Ta 4 aTM. TOBBIIIAET-
Cs1, HO TIpHu pabodeM NaBJIeHUH 2 aT™M. 00eCIIeYBaCTCS
OoJiee TOYHOE YIpaBlieHUE TPOIIeCCOM (hOPMUPOBAHHUS
JeAsHOro (PPOoHTA.

Jlo Hayana oxJaXJeHUs 30H1 pabOTaeT B TCUEHHUE
1-2 muH B pexxume «lIpomyBKay, mpu KOTOPOM Harpe-
o1 10 60°C ra3000pa3HbIif a30T IIOACYIINBAET Ka-
HaJIbl TpyOOnpoBo0B U 30H1a. [Tpu 3ToM pacxon razo-
00pa3HOro a30Ta COCTABIIAET OKOJIO 3 JI. 3aTeM B Te-
yeHne 1-2 MuH ocymecTBisiercs pexuM «IIpoTsk-
Ka» — IPeIBapUTEIHHOE OXJIAKACHUE KaHAIOB MOa-
M KHUJIKOTO a30Ta (pacxox okono 50—-60 muir), u 3arem
anmapar HepeKiIovarT B pexxuMm «Pabora». B nan-
HOM PEXHUME OJIMH KPHO30H[ ¢ KPHOKAMEPOH JUIMHON
15 MM dopMupyET JIEATHON SIUTATICOU TUAMETPOM
1,7 MM 1 JutnHOM 25 MM ¢ Temnepatypoit okono 0°C B
TeueHue 5 MuH. Pexxum «IIpoTskka» mepruogudecKu
coBMerIaeTcs ¢ pexumoM «Paboray. s paboTel
KPHOTEPMO30H/Ia B 3TUX PEXKUMaX HEOOXOANMO OKOJIO
250 MII )KMAKOTO a30Ta B TEUEHUE OKOJIO 6 MUH MpHU
YOPaBIIeMOM ITYHTHUPOBAHUHM W JABICHUH TOJa4d
OKOJIO 2 aTM.

B TkaHAX manuenTa KproTepMo30H,1 paboraet 0o-
nee 3¢ PEKTUBHO, YeM B KOHTPOJILHOW BOAHOM cpene
¢ remmnepatypoii 0°C (Mconap30Baiach MpH UCIITA-
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zed gap between the inner vessel and the casing is
sealed by the ‘cut off” unit 3. Pumping unit is sealed in
a cryostat by nut 4 with rubber washer after insertion
of tube 5.

Operating pressure in cryostat of medical cryosur-
gical system ‘MKS’, ‘feeding’ the probe (Fig. 2) makes
from 2 to 4 atm. Normal operation of cryo-thermal
probe is provided already at 2 atm. An admissible pres-
sure in ‘MKS’ at the probe inlet is up to 4 atm (if the
pressure exceeds the limit the depressurization valve
operates). The effectiveness of probe operation increa-
ses at nitrogen pressure of 4 atm, but operating pressure
of 2 atm provides more precise control of the process
of'ice ball formation.

Prior to cooling mode the probe operates within 1—
2 minutes in ‘Blow’ regimen, when nitrogen vapors
warmed up to 60°C ‘dry’ the pipe and cryo-thermal
probe channels. Herewith the consumption of nitrogen
is about 3 1. Then ‘Draught’ regimen is performed for
1-2 minutes: pre-cooling of liquid nitrogen supply
channels (consumption of about 50-60 ml) and then
apparatus is switched to ‘Operating’ regimen. In this
regimen a cryo-thermal probe with cryochamber of
15 mm forms during 5 min an ice ellipsoid of 1.7 mm
diameter and 25 mm length and the temperature of
about 0°C. ‘Draught’ regimen is periodically alternated
by ‘Operating’ regimen and cryo-thermal probe

I'IpO6J'IeMbI KpVIOﬁVIOﬂOFI/II/I N KpnuomeaunuUunHbl

problems of cryobiology and cryomedicine
Tom/volume 23, Ne/issue 2, 2013



HUSIX ¥ TIPEJICTABIISLIa COO0H TUCTUILTMPOBAHHYIO BOIY
C IJIABAIOLINM B HEW JIBJJOM), UTO CBS3aHO C OTCYT-
CTBHEM KOHBEKITUH, TIPEKpPAIIEHIEM KPOBOOOpaIEeHH S,
My4eHHeM 3amep3arolux TkaHed. Ilo pesynsratam
YABTPa3ByKOBOTO HCCIIENOBAHUS Pa3MeEpHI JIEATHOTO
UIUIICONA BOKPYT UIVIBI OHOTO KPHO30HJA MOCIIe
BTOPOTO LMKJa KPHOJAECTPYKLUHU NOCTUTAIOT JHA-
MeTpa oxoiio 20 MM U AnuHEI 10 30 MM.

[Maps1 >kunKoro a30Ta CrIOCOOHBI OXJIaXATh KPHO-
30H] ¥ (JOPMHUPOBATH HA IIOBEPXHOCTH OXJIAKIAEMOI
YacTH WIVIBI JIEASHON MOKPOB TOJNIIMHOW He Oosee
2 MM. Pexxum ¢ BBeneHHEM B OITyXOJb ABYX U Oonee
30H/IOB MOKET IPUMEHSTHCS [T PUKCALIUU MIEPBOTO
KpHO30H/1a B TKaHAX nanuenTa. [Ipu ncrnonb3oBannn
HECKOJIBKHMX KPHO30H I0B ITOJHOLIEHHBIH JIEJITHOM AIUTUIT-
COM/JI BOKPYT MEPBOT0 30Ha MEIIAET BBEACHHUIO T0O-
CIIEIYIONINX KPUO30HIOB U SKPAHUPYET yINBTPa3BYKO-
BYIO KapTHHY.

O0BEM 3aMOpakuBaeMON TKaHH MOXET OBIThH
Pa3HBIM H 3aBUCHT OT pa3MepoB omyxoin. OOBIYHO
MIPOLIECC 3aMOPaKUBaHUs ATUTCS OT 3 10 15 MuH mmocne
MIEPEKITIOYEHNS MOJAaYH KUAKOTO a30Ta ¢ OpPCaskHOTO
pexkuma (Koraa >KUAKUHA a30T monaéres uepes3 BXOJ-
HYyI0 TpyOKy /2 amsa 3axonakMBaHHS Karcynisl 6 ¢
aZicopOeHTOM 7 W BBIXOOUT uepe3 TpyOky /4, cwm.
puC. 2) Ha peXUM OXJIaXACHUs UIIbI (cM. puc. 3). B
9TOM CITydae KUAKUH a30T HAIMpaBIIAE€TCA B 30HA IO
TpyOKe /3 (cM. puc. 2) 1 BBIXOAMT 4epe3 TpyOKy /4.

CooTHoIIeHHE pa3MePOB CEUCHUS TPYOOK U OKpY-
KAIOMMUX UX KaHAJIOB MMEET CTPOTrue OrpaHUYEHUS.
OTH 3Ha4YeHHUs ONpeesieHbl Ha OCHOBAHWN MaTreMa-
THYECKUX PACUETOB, ITOCTIETYIOIINX CTEHOBBIX UCTIbI-
TaHUM OTAETBHBIX Y3JI0B KpHoTepMO30Ha. [Ipu aToM
YYUTBIBAJIIOCH, YTO OJIMH M TOT K€ YYaCTOK HMEET
pa3HOE CONPOTUBJIEHHUE IBHKEHUIO ra30BOMY, Iapo-
KHUJIKOCTHOMY (PPaKIIMOHHOMY U )KHUIKOMY a30Ty U IPH
nepenanax TeMIepaTypsl IIHHA TPyOOK U3MEHseTCs,
[I03TOMY BCE CBAapHbIE COETMHEHNUS IOBEPTAIOTCS UH-
TEHCUBHOMY HampspkeHuro. Kpome Toro, mpu mepe-
X0JIe )KUIKOTO a30Ta B ra3000pa3HOe COCTOSHUE €T0
00BéM yBenmunBaercs B 700 pas, 9To meperpyskaer
KaHaJbl BO3BpATa U NPEMATCTBYET AajlbHENIIEMY TT0-
CTYIUICHHIO XHUAKOH (ha3sl B KpHOTEPMO30H.

KoHTponbpHBIE TEpMOMETpHUYECKHE HCTIBITAHUS
KpHUOTEPMO30H/I0B [TOKA3aJIH, YTO UX XJIaJOTPOU3BO-
TUTENBHOCTh O0ecleYnBaeT HeoOXOAUMbIE YPOBHU
TEMIIEpaTyphl, MPU KOTOPBIX POUCXOTUT KPHUOAECT-
PYKIIHS 3I0Ka4€CTBEHHBIX KIIETOK.

g cpaBHEHUs TPUBEAEM HEKOTOPBIE TAPAMETPHI
Kpuoxupypruueckoit cucrems! «Candela-LSC-3000»
[6], mpencTaBIeHHBIE B PYKOBOJICTBE IO IKCILTya-
Tauuu: pabouee AaBICHHE B CHCTEME COCTABISCT
50 aTM., MUHIMAJIBHBIA THaMETpP UIJIBI KPUO30H1a —
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requires at these regimens about 250 ml of liquid
nitrogen for about 6 minutes at a controlled shunting
and supply pressure of about 2 atm.

In the tissues of patient the cryo-thermal probe
works more efficiently than in the control aqueous
medium with temperature of 0°C (distilled water with
ice used when testing the device), due to the absence
of convection, interruption of circulation, swelling of
freezing tissues. According to the results of ultrasound
investigation the dimensions of ice ellipsoid around a
needle of one cryoprobe after repeated cycle of cryo-
destruction achieve a diameter of about 20 mm and a
length of 30 mm.

Liquid nitrogen vapors can cool cryoprobe and form
on surface of cooled part of the needle the ice cover
of 2 mm thick. This regimen can be used for fixing the
first cryoprobe in patient tissues. When using several
cryoprobes a significant ice ellipsoid around the first
cryoprobe prevents the introduction of the next cryo-
probe, and shields ultrasound pattern.

Volume of frozen tissue may be different and de-
pends on the tumor size. Freezing process usually lasts
from 3 to 15 minutes after switching the supply of liquid
nitrogen from forcing regimen (when the liquid nitrogen
is supplied through supply tube /2 to cool the capsule
6 with adsorbent 7 and exits through the tube /4, see
Fig. 2) to regimen of needle cooling (see Fig. 3). In
this case, liquid nitrogen is supplied to the probe through
the tube /3 (see Fig. 2) and exits through tube /4.

The ratio of the tubes’ cross section dimensions
and that of surrounding channels is strongly limited.
These values have been determined on the basis of
mathematical calculations, subsequent testing of
individual units of cryo-thermal probe. Herewith, there
was taken into account that the same site had a dif-
ferent resistance to transport of gases, vapor-liquid or
liquid nitrogen. In addition, the changes in the tempe-
rature result in variation of tubes’ length, and, thus, in
stressing all the welded junctions. Moreover, transition
of liquid nitrogen into vapor state is associated with
more than 700 time increase of its volume more, that
is overcharging the return channels and prevents fur-
ther supply of the liquid nitrogen into cryo-thermal
probe.

Control thermometric tests of cryo-thermal probes
have shown that their cooling capacity provided the
reaching of critical levels providing the cryoablation
of malignant cells.

For comparison, let us mention some parameters
of cryosurgical system Candela-L.CS-3000 [6], shown
in the operation manual: system operating pressure is
50 atm, minimum diameter of cryoprobe needle is
3.85 mm; probe has a high hydrodynamic resistance,
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Puc. 6. KpnoTepmo3oHabl C oxnaxgaeMon 4acTbio UMbl pasHblX pa3mMepos.
Fig. 6. Cryo-thermal probes with cooled needle tip of different size.

3,85 MM, 30HIT UMEET BHICOKOE THIIPABIMIECKOE CO-
MIPOTHBIICHHUE, 1 MEHBIIIVE BEIMINHBI JABICHHUS HE d(-
¢dextuHbl. Kpome Toro, cucrema «Candela-LCS-
3000» He cHaOkeHa ynpaBiIIeMol CUCTEMOH IpeBa-
PHUTENBHOTO OXJaXXKACHUS KOHTYpa MOJAuu >KHJKOTO
a30Ta, IIJIAHTH MOJIa4u JOCTATOYHO HE TEPMOU30IIH-
pOBaHbI, BHYTPEHHSS Pa3BOAKA KAaHAJIOB MOJAYU
KHJIKOTO a30Ta OCTPOEHA HE PALJMOHAIBHO (HEOIpaB-
JaHHOE yIJMHEHUE [UIAHTOB), BHYTPEHHHE IIUIAHTH
TaKXke€ HE UMEIOT HU BaKyyMHOM, HU Ipyroil TepMo-
n3ossiun. Takum 06pa3oM, OMCaHHAS BBIIIE CUCTE-
Ma UMEET psJ KOHCTPYKTUBHBIX M TEXHOIOTHMUYECKHUX
HeA0CTaTKoB 1o cpaBHeHUto ¢ MKC.

B mporiecce pa3paboTku, coO3gaHus, NCTIBITAHUS U
BHEJPEHHUA B MEAMIMHCKYIO MPAKTUKY KPHOTEPMO-
30H/1a OBLIM U3TOTOBJIEHBI METOIOM MPOTSHKKH Yepe3
(ubepsl TOHKOCTEHHBIE METaUIMYeCKue TpyOKH ¢
BHYTPEHHUM anaMeTpoM MeHee 0,4 MM ¥ TOJNIITHHON
crerok 0,04 MM, pazpaboTaHa cernragbHast TEXHOJIO-
T'Hsl OYUMCTKH U IOJIMPOBKU UX BHYTPEHHEN TOBEPXHOC-
TH, OCBOEHA aprOHOTyTOBas CBApKa TOHKOCTEHHBIX JIE-
Tajeu, oTpaboTaHa MpoBepKa Ha TeJIMEeBOM TEUEHCKa-
TeJe 1, HAKOHEII, B COOTBETCTBUY C PEIIaMEHTHPOBAH-
HOW ME&XTyHapOJHBIMH HOPMaMH ITPOLIE Ty pOi KIMHH-
YECKUX UCTIBITAaHUI HOBOTO 000PY/I0BAaHHS IPOBEICHBI
TIepBBIE OTIEPAIIIH TAIIEHTaM.

Ha xoHCTpyKIIMIO 30HAA, PEACTABICHHOTO Ha
puc. 2, odpopmiieH naTer [5].

Ha puc. 6 nokaszana ¢ororpadus Tpéx KpHoTepMO-
30HIOB C OXJIAXK/1aeMBIMU KOHIIAMH UIJIBI pa3HBIX pa3-
MepOB, a Ha pHc. 7 — (hoTorpadus MEAUITUTHCKON KpHO-
TeparneBTUYECKOW CUCTEMBI JUIsl IPOBEACHHUS OTepa-
LU KPUOTEPMO30HIAMU € JUaMeTpoM urisl 1,5; 2,0
u 4,0 Mmm.

3akJaouenne

TexHuueckue penieHus, UCMOIb30BaHHbIEC MPU
CO3JITaHUHU KPHOTEPMO30H1a, TI03BOJIIIIA N3TOTOBHUTH
MHHHUATIOPHBIA MEAULUHCKUN HHCTPYMEHT, OTBEYaI0-
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and lower pressures are not
effective. In addition, Candela-
LCS-3000 system has no cont-
rolled pre-cooling of liquid nitro-
gen supply circuit, supply hoses
do not have significant thermal
insulation, internal wiring of
liquid nitrogen supply channels
is built non-rationally (unreaso-
nable extension of hoses), inner
hoses also do not have any
vacuum or other thermal insu-
lation.

Finally we can conclude,
that in the process of develop-
ing, designing, testing and introduction into clinical
practice of cryo-thermal probe the thin-wall tubes with
internal diameters of less than 0.4 mm and wall thick-
ness of 0.04 mm were produced by pulling through
flunges. There was developed a special technology
for cleaning and polishing their inner surface, mastered
argon-arc welding of thin-walled parts, worked-out the
test with helium leak detector, and finally, the first sur-
geries were performed according to strict international
regulations of clinical trials for newly developed equip-
ment.

There is a patent of one of designs of the probe
shown in Figure 2 [5].

Fig. 6 shows three cryo-thermal probes with cooled
needle tips of different sizes, and Fig. 7 represents
medical cryosurgical system ‘MKS’ for performing
surgeries with cryo-thermal probe with needle diameter
of 1.5, 2.0 and 4.0 mm.

Puc. 7. MeaunuuHckas kpuoxmpyprudeckas cuctema (MKC).
Fig. 7. Medical cryosurgical system (‘MKS’).
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uit TpeOOBaHUSIM COBPEMEHHOM METUITMHBI OTHOCH-
TEJIbHO MUHUMAaJbHOU TpaBMaTU4HOCTH. [Ipu s3TOM
KpHUOTEPMO30HT 001a]aeT IOCTATOYHOH XJIaI0TIPOH3-
BOJIUTENBHOCTHIO, UTO MO3BOJUT MPUMEHSITh €r0 B
KJIMHUYECKOU IIpakTUKe. biaronaps UCHoOIb30BAHUIO
KpHOCTaTa IS )KUJKOTO a30Ta MaJbIX pa3MepOB U B
CBSI3U C 3TUM BO3MOKHOCTH €r'0 YCTAHOBKHU B HEIOC-
PEACTBEHHOM OJIM30CTH OT MAIEHTa, MOXKHO CHH3HUTh
JaBJICHUE B KPHOTEPMO30HIE 10 2—4 aTM, BMECTO
50 atm u Gosiee B KOHCTPYKLIMAX KPHO30HAOB, TIPH-
MEHSIEMBIX B Ipyrux cucremax. C MOMOUIBIO KPHUO-
cTaTa, KOTOPBIM UMEET COCY JUISl )KUJKOTO a30Ta eM-
kocThi0 10 J1, MOXKHO TIPOBECTH 6—8 OoTepanuii B Tede-
HHe 3—5 gHel 0e3 JONOIHUTEIHLHOI0 3aII0JIHEHHS €T0
JKHIKHM a30TOM.
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Conclusion

The outcomes of utilizing the developed device in
medical practice have shown a significant efficiency
of application of cryo-thermal probe with a fine needle
in the treatment of malignant tumors. Due to using
liquid nitrogen cryostat of small volume and moreover
the possibility of its installation in the immediate pro-
ximity of the patient one can significantly reduce the
pressure in cryo-thermal probe down to 2—4 atm instead
of 50 or more in the cryoprobes used in other systems.
Using a cryostat, which has a liquid nitrogen vessel of
10 liter it is possible to perform 6—8 surgeries for 3—5
days without refilling with nitrogen.
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