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Solid Carbon Dioxide Based Cryosurgical Device
and Its Application for Stereotactic Brain Surgery

Pedepat: B nabopatopumn ctepeotakcuyeckux metogos MY PAH ckoHCTpyMpoBaH KpUOXMpypruydeckuid annapar, OCHOBaHHbIN
Ha OeNCTBUM TBEPAOW YrNEeKMUCNOoTbl B Ka4eCcTBe MCTOYHMKA XOonoda. AnnapaTt UCNONb30BaH B HEMPOXMPYPrMYECKON KIMHUKE Mpu
NpoBefieHNN CTepeoTakCUYeckux onepauuii Ha rofoBHOM MO3re: ToYeYHble AeCTPYKUMUM NOAKOPKOBBLIX CTPYKTYP MpU fevyeHun
anunencuu, NapkMHCOHW3Ma U ApYyrux xpoHudeckux 3abonesaHuit LIHC; MHOronosuumoHHble KpMoaecTPyKLUM BHYTPUMO3TOBbIX
onyxonew, noKanuaylLmxcst B rny6okux n gyHKLUMOHANBHO 3Ha4YMMbIX oTaenax mosra. KnuHuveckue pesynbraTbl AEMOHCTPUPYIOT
Takue npevmyliecTBa npubopa npu BO3AEWCTBUM HA TKaHW Mo3ra, kak 6e3onacHocTb, ynpaBnsieMocTb, MPOCTOTa MCMOMNb30BaHWSA
1 T.4. B pesynsrate npumeHeHns metofa KpUOAECTPYKLMMU CYLLECTBEHHO YyBENMUYMIICSH MOKa3aTenb BbPKMBAEMOCTM NaLUEHTOB C
rnyBVHHBIMM OMYXONSMW MO3ra, paHee CYMTaBLUMXCA UHoMepabenbHbIMU.

KnioueBble crnoBa: CTepeoTakCUC, HENPOXUPYPIUs, BHYTPUMO3TOBbIE OMYXOMNW, KPUOXUPYPIUs, KPMOOECTPYKLUUS, NapKuH-
COHU3M, anunencus, 06cecCMBHO-KOMMNYbCUBHOE PaCCTPONCTBO.

Pedbepat: Y nabopatopii ctepeotakcuyHmx metoais IMJT PAH ckoHcTpyioBaHO kpioxipypriyHuii anapar, wo 6a3yetbcs Ha Aaii
TBEPAOi ByrnewueBoi KMCNOTU B AKOCTI Axepena xonody. AnapaTt BUKOPMCTOBYBanu B HEMPOXIPYPriyHiN KMiHiLi Npyv nNpoBeAeHHi
CTepeoTakCMYHMX onepaLin Ha roffloBHOMY MO3KY: TOYKOBI AeCTPYKUii NigKOPKOBMX CTPYKTYP MpM NiKyBaHHI eninencii, NapkiHCOHi3aMy
Ta iHWNX XPOHiYHUX 3axBoptoBaHHAX LIHC; 6arato no3uuinHi kpio4ecTpyKLuii BHYTPILIHbOMO3KOBUX MYXIMWH, SKi NOKani3ylTbCcs B
rMUBoKMX i PyHKLiOHaNbHO BaxnMBUX Bigdinax Mo3ky. KniHiyHi pesynbTaTtu AeMOHCTpYOTb Taki nepesaru npunagy npu aii Ha
TKaHUHW MO3KY, sik Be3neka, KepoBaHiCTb, NMPOCTOTa BUKOPUCTAHHS TOWoO. Y pes3ynbTaTi 3acTocyBaHHA MeToAdy KpiodecTpykuii
CyTTEBO 30iMbLUMBCSA MOKa3HUK BUXKMBAHHS Naui€eHTiB 3 MUOMHHMMK NyxnuHamu MO3KY, SiKi paHille BBaxanucs iHonepabenbHUMU.

KnioyoBi cnoBa: cTepeoTakcuc, HeMpoxipyprisi, BHyTPILUHBOMO3KOBI NMYyXINHK, KPiOXipypris, KpiogecTpyKuis, MapKiHCOHI3M,
eninencisi, 06cecnBHO-KOMMNYNbCUBHUIA po3nag.

Abstract: In the laboratory of stereotactic methods of IHB RAS there has been designed the cryosurgical device based on solid
carbon dioxide as a cold source. This device was applied at neurosurgical clinic in stereotactic brain surgeries such as: punctate
destructions of subcortical structures in therapy of epilepsy, Parkinson's disease and other chronic CNS diseases; multiposition
cryodestructions of intracerebral tumours, localised in deep and functionally important brain compartments. Clinical results demonstrate
the advantages of the device when exposed to brain tissue such as: the safety, controllability, easy handling, etc. As a result of
cryodestruction application there was a significant increase in survival rate of patients with deep brain tumours previously considered
as inoperable.

Key words: stereotaxis, neurosurgery, intracerebral tumors, cryosurgery, cryodestruction, Parkinson's disease, epilepsy,
obsessive-compulsive disorder.

CrepeoTakcuc mpeacTaBisieT coO0H pasmen Majo-
HMHBAa3UBHON HEUPOXUPYPIHUH, BKIIFOYAOLIUMI ITOATOTOB-
Ky IIPHULENBHBIX ONepaluii Ha pa3IMYHbIX (B 4aCTHO-
CTH, NTyOMHHBIX ) OT/IETIaX TOJIOBHOTO MO3Ta, HEAOCTYII-
HBIX IIPU OOBIYHBIX HEUPO-XUPYPIrHUECKUX ONIEpaIHIX
[1, 3]. CrepeoTakcuuecKkue Oonepaluy BBITOIHAIOTCA
C TIOMOIIBIO CIIEIUANBHBIX HHCTPYMEHTOB, HMEIOIINX
(hopMy KaHIONIHU, KOTOPBIE MTOTPY’KAIOTCS B TOJOBHON
MO3T ManueHTa yepe3 (ppe3eBoe OTBEPCTHE TUAMET-

JlabopaTtopus ctepeoTakcuyeckux metono, denepanbHoe rocy-
[apcTBeHHOe GlKeTHoe y4ypexaeHue Haykm VMHCTUTYT moa3ra
yenoseka uM. H.M. Bextepesoit Poccuiickon akagemumn Hayk (MMY
PAH), r. CaHxkT-lNeTepbypr, Poccus
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Stereotaxis is a minimally invasive neurosurgery
technique, including the preparation of targeted
surgeries in different parts (deep ones, in particular)
of'the brain inaccessible in conventional neurosurgeries
[1, 6]. The stereotactic surgeries are performed using
special cannula-shaped instruments, which are im-
mersed into a patient’s brain through the burr hole of
5-10 mm diameter. The essence of such interventions
consists in punctate effects in strictly defined brain
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poMm 5-10 mMm. CyTh Takux BMEIIATEIbCTB 3aKIIIO-
4aeTcsl B TOYEYHBIX BO3ACHCTBHUIX B CTPOTO ONpee-
JISHHBIX 30HaX rOJ0BHOTO Mo3ra. [IpunensHoe norpy-
KEHHE CTEPEOTAKCUIECKHUX KaHIOJb B LIEJICBBIC 30HBI
(cTepeoTakcuyeckoe HaBEJEHUE) OCYIIECTBIACTCS
CTEPEOTAKCUYECKIUMH MaHUIYISTOPAMH C y4ETOM
pe3yabTara npeBapUTeNLHO POBENICHHOH B IpeoIIe-
PaIMOHHOM IIepPHOJie TOMOrpaduu TOJIOBHOTO MO3Tra
MaIMEeHTA.

Cpeau pa3nMYHbIX BHJIOB ATOJIOTUH IIEHTPaTbHOM
HEPBHOHN CUCTEMBI BBIJICIISIOT JIBE TPYIIITHI TOKA3aHUH
K CTepeoTakcu4eckuM oneparusam. [lepsas rpymnma —
Pa3IUYHBIC TATOJIOTHYECKUE BHY TPUMO3TOBBIE 00pa-
30BaHUs TITyOWHHOM JIOKATU3AIUH, TP KOTOPHIX BhI-
MOJIHSAIOTCA JiedeOHble WIIM TUArHOCTHYECKHE BO3-
neicTBUs (HEQYHKIIMOHAIBHBIN CTEPEOTAKCHUC); BTO-
pasi — XpOHHWYECKHE IPOTpecCHpyromne 3a001eBaHns
HEBPOJIOTHYECKOTO UK TICUXHATPHUECKOTO PO,
MIPH KOTOPBIX TOYEYHBIC BO3ACHUCTBHSI Ha MOPQOIIO-
FHYECKH HEMOPaXCHHBIC MOAKOPKOBBIE CTPYKTYPBI
MO3BOJISIOT U3MEHUTH ()YHKIIMOHATIBHOE COCTOSHUE
TOJIOBHOTO MO3Ta U TEM CaMbIM CKOPPEKTHPOBATH I1a-
TOJOTHYECKYI0 CUMITOMATUKY ((PYHKIIMOHATBHBIN
CTEPEOTAKCHC).

OaHUM U3 BapHAHTOB JIOKAJBHBIX BO3JACHCTBUN B
CTEPEOTAKCHCE SBISCTCA BBIMOJHCHUE TOYCUHBIX
JECTPYKLUH B IIETIEBBIX 30HaX FOJIOBHOT'O MO3Ta C TO0-
MOIIBIO Pa3InYHBIX (PU3UIECKUX METOAOB BO3JEHCT-
BHA Ha OMOIOrHYecKyto TKaHb. K oCHOBHBIM TpeOoBa-
HUSAM JJIsI TAKUX METOJO0B MOXXHO OTHECTH: 1)
BO3MOXKHOCTh TOJYYEHHSI CTPOTO OTIPaHUYECHHOTO
ouara JIECTPYKIIMH MO3TOBOHM TKaHH, KaK MPaBHIIO,
HEOOJIBIIIOTO pa3Mepa (COMOCTaBUMOTO C pa3MepamMu
LETIEBOIM CTPYKTYpPHI); 2) CTaOMIBHOCTH T€OMETPH-
YEeCKHX MapaMeTpoB ovara, GOpMHPYEMOTO CTEpEO-
TaKCUYECKUM UHCTPYMEHTOM B MO3TOBOH TKaHU, TIPU
CTaHJIAPTHBIX MapaMeTpax BO3JCHCTBUN C LIENBIO
n30exkaHus HEKENaTeIbHOr0 PacupOCTPaHEHUS
JECTPYKLUHU Ha COCETHHE CTPYKTYPBI M0O3ra; 3) BO3-
MOXHOCTH TIPOBEICHUS TIPOOHBIX (0OPAaTHMBIX) BO3-
JEHCTBUH B IIEJICBOM TOUKE M0O3Ta; 4) YIIPaBIIEMOCTh
METOIUKH U BO3MOXKHOCTH OBICTPOTO TpPEKpaIIeHus
IporLecca AeCTPYKIHMH IIPH MOSBICHIH HHTpaoIepa-
[IMOHHBIX OCIIOKHEHUH; 5) BO3MOKHOCTh MHOKECTBEH-
HBIX JIOKAJIbHBIX BO3/IEHCTBII (B HECKOIBKHX IIETEBBIX
30HaxX BHYTPUMO3TOBOH OITyXOJIH, COCEHUX CTPYKTY-
pax Mo3ra WM pa3HbIX NOJYIIapHUsX); 6) OTCyTCTBHE
00X ¥ MUHMMAaJIbHAasl BBIPAXXEHHOCTh MECTHBIX
TKAHEBBIX PEaKIUil Ha ovar aectpykuuu [1].

B pasHbie roapl cTepeoTakCHUecKue ASCTPYKIUH
MIPOBOMIINCH XUMUYCCKUM, MEXaHUYECKUM, TEPMHU-
YECKUM, PaJHallIOHHBIM U APYTUMHU METOJAMHU TIPE-
CTaBJIAIOIINMH, KaK IIPaBUIIO, JIUIIb HUCCIIEeI0BATENb-
ckmii uHTepec [3]. B HacTosImee BpeMs Jare BCero
MIPUMEHSIETCA AUATePMOKOATYISIIIUSA PaAHOYacTOT-
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regions. Controlled immersion of stereotactic cannulas
into the target areas (stercotactic guidance) is per-
formed by stereotactic manipulators based on the
results of preliminary preoperative tomography of a
patient’s brain.

Among different pathologies of central nervous
system one distinguishes two groups of indications for
stereotactic surgeries. The first group comprises
various pathological intracerebral formations of a deep
localization, where there are implemented therapeutic
or diagnostic interventions (non-functional stereotaxis);
the second one includes chronic progressive neurolo-
gical or psychiatric diseases, where the punctate
impacts on morphologically unaffected subcortical
structures allow changing a functional state of brain
and thereby adjusting pathological symptoms (functional
stereotaxis).

One of'the options of local influences in stereotaxis
is the implementation of punctate destructions in
targeted areas of brain using various physical methods
of the effect on biological tissue. The basic require-
ments for such methods include as follows: 1) the
possibility of obtaining a strictly delimited focus of brain
tissue destruction, usually of small size (comparable to
the target structure size); 2) the stability of geometric
parameters of the focus formed by stereotactic instru-
ment in brain tissue under the standard exposure para-
meters in order to avoid undesirable spread of destruc-
tion to neighboring brain structures; 3) the possibility
to perform test (reversible) manipulations in a target
point of brain; 4) the controllability of the technique
and the possibility to stop rapidly the destruction
process when the intraoperative complications occur-
red; 5) the possibility of multiple local impacts (in
several target areas of intracerebral tumor, neighboring
brain structures or different hemispheres); 6) no com-
mon tissue responses and the minimum manifestation
rate of local ones to destruction focus [1].

Within different years the stereotactic destructions
were implemented by chemical, mechanical, thermal,
radiation and other techniques, being usually of only
research interest [6]. The diathermocoagulation with
radio-frequency alternate current is now the most often
applied [10], however even it does not fully correspond
to the mentioned above requirements.

The first attempts to use cryotechniques in stereo-
tactic neurosurgery are referred to the 60—70 years of
previous century. The cryodestruction technique with
applying liquid nitrogen was proposed by Cooper L.S.
and Lee A.S. in 1960 [3], subsequently improved by
Kandel E.I. and Shalnikov A.I. [6]. Similar equipment
was applied during surgeries carried out at A.P. Romo-
danov Institute of Neurosurgery in Kiev, Ukraine, but
for stereotactic neurosurgery it occurred to be hardly
suitable, in spite of quite widespread use of liquid nitro-
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HBIM TIEpEMEHHBIM TOKOM [4], OTHAKO U OHA HE B TOJ-
HOW Mepe COOTBETCTBYET BBIIIENEPEUNCICHHBIM
TpeOOBaHUSIM.

[lepBble MOMBITKH MCTIONB30BaHNS KPUOMETOA B
CTepEOTaKCHUYECKON HEHPOXUPYPruu oTHOCATCS K 60—
70 TT. mpommioro crojeTud. MeToauka KpUOAecT-
PYKLNH C IPUMEHEHUEM KHUIKOTO a30Ta NpeAioKeHa
L.S. Cooper u A.S. Lee B 1960 1. [12], B nanpHeleMm
oHa ObuTa ycopepineHcTBoBana J.M. Kangenem u
A.N. HlanpankoBeM [3]. C MOMOIIBIO aHAIOTUYHON
anmnapaTypsl OAOOHBIE ONEpaluy MPOBOAMIUCH B
kuesckoMm HUWM Hellpoxupyprum nm. akageMuka
A.Il. PomomaHOBa, OHAKO JJIS CTEPEOTAKCHUIECKOM
HEWUpOXHUPYPTUH OHA OKa3ajach MAaJOMPHUTOTHOM,
HECMOTps Ha JOCTATOYHO PACIPOCTPAHEHHOE TPUMeE-
HEHHUE KPUOXUPYPTrHYECKOH anmaparypsl, padoTaromei
Ha XUJKOM a30Te, B JPYTHUX OOJACTSIX XUPYPTHUU U
OHKOJIOTHH. DTO CBA3aHO C HEJOCTATOYHO HaJIAXKEH-
HOW METOIMKOM, CII0KHOCTBIO TIOJIEPKAHUS CTaOWIIb-
HBIX [TAPaMETPOB KPUOBO3IECHCTBUS, BHICOKMM PUCKOM
«JIEITHBIX IEPETIOMOB) 3aMOPOKEHHONM HEPBHOW TKAHU
MIpH OXJNaXAeHUH 10 TemnepaTypsl —100°C u HIXKeE,
a TakKe MOBPEXKICHUEM KPYIHBIX COCYJI0B U BO3HHK-
HOBEHHEM KpOBOTEUEHHS 1OCie oTTanBanusd. Kpome
TOTO, 115l CTEPEOTAKCUIECKOTO HaBEACHNUS HAa BHYTPH-
MO3TOBBIE MHIIIEHU HCTIONB30BaJIaCh PEHTIeHOTrpads,
KoTopasi He obecreunBaja JAOCTATOYHYIO TOYHOCTD
MOTNaJaHusl B MUILIEHb. JTO SIBUJIOCH HPUYMHON YaCTBIX
OTIEPAITHOHHBIX OCTIOKHEHUH 1 OCHOBaHUEM JIS TIPaK-
THYECKOTO OTKa3a OT MPUMEHEHHUS KPHOMETONIa B
CTEpEOTAKCUUECKOW HEHPOXUPYPTHH.

BwmecTte ¢ TeM KpruoXupyprudeckoe BO3IEHCTBUE
HUMEET U PSiJI IPEUMYIIECTB Tepe]l IPyTUMH BHIAMH
JIOKAJTbHBIX BMEIIATENbCTB B CTEPEOTAKCHCE, 2 UMEH-
HO: YeTKas JeMapKaius (oKyca KpHOJECTPYKLIUH OT
OKpY’Karollleil TKaHu; MCKIIOYeHHE OOLIMX M MUHH-
MaJTbHast BRIPRKEHHOCTh MECTHBIX TKAHEBBIX PEaKIIUit
Ha ovyar KpHOHEKPO03a; OTCYTCTBHE ra3000pa30BaHus
B TIpolecce ASCTPYKLIUH; BO3MOXHOCTb 00PaTUMBIX
BO3JIEHCTBUI B nHTEpBane Temnepatyp 10 —20°C; re-
MocTaTH4ecKuil 3((PeKT; HUBENUPOBAHUE MTOBPEXK-
JAFOIIETO ISHCTBHS HAa CTEHKH KPYITHBIX KPOBEHOCHBIX
cocynoB (bnmaromapsi oTorpeBampIieMy AeHCTBUIO
KPOBOTOKA) ¥ aKTUBALHS KJIIETOYHOTO POTHBOOITYXO-
JIEBOTO UMMYHHOTO OTBETa NMPHU KPHUOAECTPYKIIUU
HOBOOOpa30BaHUN MO3ra BCJIEIACTBHE OTCYTCTBUS
JCHATypaLuH OIYXOJIEBBIX aHTUTCHOB MPH KPHOHEK-
pose [13, 14].

Taxum oOpa3om, pazpaboTKa ¥ KITMHIHYECKOE BHEI-
peHue CIenuaIn3upOBAHHOTO JJISi HEUPOXUPYPTHH
npubopa, 0061anaomero BCeMl NpeHuMyIIeCTBaMH
KPHOXHPYPTrHYECKOT0 BO3ICHCTBHS Ha OHOJIOTHUECKYTO
TKaHb U JINIIIEHHOTO YKa3aHHBIX BBIIIE HEAOCTATKOB,
SBIIAETCS AKTyaJlbHOM 3ajadei.
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gen cryosurgical equipment in other fields of surgery
and oncology. This proceeds from the poorly mastered
technique, the complexity to maintain stable parameters
of cryoexposure, a high risk of ‘ice fractures’ in frozen
neural tissue under cooling down to —100°C and lower,
as well as a damage of large vessels and bleeding
occurred after thawing. In addition, one used radiogra-
phy for stereotactic guidance onto the intracerebral
targets, which did not provide a sufficient accuracy in
guiding the target. This was the cause of frequent sur-
gical complications and the reason for practical refusal
to apply a cryotechnique in stereotactic neurosurgery.

At the same time a cryosurgical exposure has some
advantages over the other types of local interventions
in stereotaxis, namely a distinct demarcation of cryo-
destruction focus from the surrounding tissue; the
exclusion of common tissue responses and minimum
manifestation rate of local ones to the cryonecrosis
focus; no gas formation during destruction; the possi-
bility of reversible exposures within temperature range
down to —20°C; hemostatic effect; leveling of a damag-
ing action on large blood vessel walls (through a
warmed effect of blood flow) and the activation of
cellular anti-tumor immune response under cryodest-
ruction of brain tumors due to the absence of dena-
turation of tumor antigens in cryonecrosis [4, 9].

Thus, the design and clinical implementation of
specialized instrument for neurosurgery possessing all
the advantages of cryosurgical exposure on biological
tissue and deprived of the mentioned above deficien-
cies is an urgent task.

Materials and methods

Cryosurgical device for local destructive exposures
onto brain tissues has been designed in the laboratory
of stereotactic methods of N.P. Bekhtereva Institute
of Human Brain (IHB RAS, St. Petersburg, Russia)
[13]. Solid carbon dioxide (dry ice) with temperature
of —79°C is a cold source (cooling agent) in this device.
Reported data analysis shows this temperature to be
the optimal for destruction of brain tissues, providing a
good adhesion with tissues and at the same time
eliminating occurrence of ice fractures in a frozen
tissue. Moreover, dry ice is easily available, relatively
safe and easy to use.

Acetone was selected as a coolant (the substance
that provides cooling of an active tip of cryosurgical
cannula). It does not solidify and retains fluidity at dry
ice temperature and does not begin to boil when contac-
ting with the walls of cooling chamber having the
temperature of tissue. This resulted in a good tempe-
rature contact of a coolant with cooling chamber of
probe and then with a brain tissue in exposure area,
that, in its turn, greatly accelerated freezing process.

I'IpO6J'IeMbI KpI/I06I/IO.I10FI/II/| N KpnomeaununHbl

problems of cryobiology and cryomedicine
Tom/volume 24, Ne/issue 4, 2014



MarepuaJjbl 1 MeTOABI

B nabGoparopuu crepeoTakcnieckux MeToaoB MH-
cTuTyTa Mo3ra dyenoBeka uM. H.II. bexrepesoit
(MMU PAH, Cankr-IlerepOypr) co3nan KpHOXUpyp-
rHYECKUi IPHOOD, peTHA3HAYECHHBIN JJIS1 TIOKATBHBIX
JeCTPYKTUBHBIX Bo3eiicTBAN Ha TKaHK Mo3ra [10]. Hc-
TOYHHUKOM XOJIOJIA (XJIaar€HTOM) B TOM IPHOOpE SIB-
JIIeTCS TBEpAAs yriekucioTra (Cyxoil jiem) ¢ Temre-
parypoit —79°C. Kak moka3sIBaeT aHalu3 JaHHBIX
JUTEepaTyphl, Takas TeMIepaTypa ONTUMalbHA IS
JEeCTPYKINHU TKaHEeH MO3ra, 00ecIeunBacT XOPOIIYIO
a/Ire3HI0 C TKAHSAMHM U B TO JK€ BPeMs HCKIIIOUAeT BO3-
HUKHOBEHHE JICASHBIX MEPEIOMOB 3aMOPOKEHHOI
TKaHU. [Ipn 3TOM cyxol e AOCTYyIIEH, OTHOCUTENBHO
Oe3omnaceH u ynoOeH B padoTe.

B xadecTtBe xmamoHocuTens (BemecTsa, obecre-
YUBAIOIIETO OXJIAKICHINE aKTUBHOTO KOHI]A KPHOXH-
pyprudeckoil KaHtoau) ObUT BEIOpaH arieToH. ALIETOH
HE 3aTBEPJIEBAET, COXpaHIET TeKy4eCTh MPU TeMIIe-
paTtype cyXoro JbAa U HE 3aKUIAeT IIPH KOHTAKTE CO
CTEHKaMHM OXJIQXJIAI0IIe KaMephl, UMEIOIIeH TeMIie-
parypy TkaHu. B pesynsrare obecnednBaeTcs Xopo-
UH TeMIepaTypHbI KOHTAaKT XJAJOHOCHUTENS C
OXJIaKJAroIeld KaMepoi 30HAa U 3aTeM C TKaHBIO
MO3Ta B 30HE BO3JEWCTBHS, YTO, B CBOIO OYEPE.b,
3HAUYUTENHFHO YCKOPSIET MPOLIECC 3aMOPaKUBAHHUSL.

OCHOBHBIMH JIEMEHTaMHU IPUOOPA SIBISIOTCS XO-
nomxooOMeHHUK (1) W KpUO30HI IS
BBEJICHHUS B II€JICBBIC TOYKH Mo3ra (3)
(puc. 1). B Habop BXOASAT HECKOIBKO
KPUO30H/IOB, UMEIOIINX (HOpMY KaHIONN
JuTrHOM 10 200 MM 1 HapyKHBIM THAMET-
pom ot 1,5 10 4 Mmm. BHyTpH KpHOKaHIOIH
pacroyio’keHa IByXIPOCBETHAsI TpyOKa,
10 KOTOPOH K aKTUBHOMY KOHILYy KaHIOJIN
1 B 00paTHOM HaIlpaBICHHH HUPKYIHPYET
xJ1lagoHocuTenb. KprokaHtomns TepMon3o-
JUpPOBaHA Ha BCEM MPOTSHKCHHUU 3a HUC-
KJIFOYEHHEM aKTHBHOTO KOHIIA, HA KOTOPOM
pacnonaraercs OxJaxKAaromas Kamepa.
Oxnaxxgarormme KaMmepsl (4) IMEIOT TaKoH
e IUaMeTp, YTO M KOPITyC KaHIOIH, HO
Pa3HyIO ATUHY B 3aBUCHMOCTH OT Ha3Ha-
YEeHHsI KaHIOJH.

X0101000MEHHHK TPEICTABISAET CO-
0011 TepMOCTaTUPOBAaHHBIN pe3epByap
IUIsL CyXOro JbJa (5) ¢ AByMS HUIMHAPH-
YEeCKHMMH €MKOCTAMH (2) JUIsl aleToHa.
KpuoxkaHntons coeguHeHa ¢ eMKOCTSAMHU
yepe3 KOHYCHBIE pa3beMsbl (8) ¢ momo-
bE0 TOHKHX 1UTaHTOB (7). [Ipu moaroTos-
Ke mpubopa K paboTe oJlHA €MKOCTh
3aIlOJTHSAETCS alleTOHOM, IPYyTasi — OCTaeT-
cs ImycToi. B ¢cBOOOMIHOE TTPOCTPAHCTBO
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The main elements of the device are cold exchanger
(1) and cryoprobe for introduction into the target points
of brain (3) (Fig. 1). The set includes several cannula-
shaped cryoprobes with 200 mm length and an outer
diameter from 1.5 to 4 mm. Inside cryocannula there
is located a double-lumen tube, along which a coolant
circulates to an active tip of cannula and back. Cryo-
cannula is thermally isolated along the whole its length,
excepting an active tip with cooling chamber. The
cooling chambers (4) have the same diameter as the
body of cannula, but different length depending on
intended purpose of cannula.

Cold exchanger is a thermostated container for dry
ice (5), with two cylindrical containers (2) for acetone.
Cryocannula is connected to containers through cone
connectors (8) using thin tubes (7). During pre-starting
procedure one container is acetone filled, and the other
one remains empty. A free space of cold exchanger is
filled with alcohol, then with a crushed dry ice. This
mixture improves a thermal exchange between cooling
agent and coolant.

Cryocannula is introduced into the precalculated
target points of brain, where a sequential cryoexposure
is performed in each of them using a stereotactic mani-
pulator. For this purpose the air is pumped by compres-
sor (10) into acetone-filled container. In this case a
cooled acetone comes from container of cold exchanger
to cooling chamber through a central tube of cryocan-

—

10 7

Puc. 1. Cxema ycTponcTBa Kpuoxmupyprudeckoro npmbopa: 1 — xono-
O00OMEHHUK; 2 — UMNNMHOPUYECKME eMKOCTU; 3 — KpUo3oHA Angd
BBEAEHMWS B LIENeBble TOYKM MO3ra; 4 — oxnaxgawlmne kamepsbl; 5 —
TepMOCTaTMpPOBaHHbIV pe3epByap A1 CyXoro nbaa; 6 — 6eckopnycHebIn
TepMope3ncTop; 7 — TOHKUE LNaHrn; 8 — KOHYCHble pa3bemsbl; 9 —
npsiMonokasbliBatowme npudopsl; 10 — komnpeccop; 11 — nepekntoyato-
LN KpaHUK.

Fig. 1. Design of cryosurgical device: 1 — cold exchanger; 2 — cylindrical
containers; 3 — cryoprobe for introduction into the target brain points;
4 — cooling chambers; 5 — thermostated container for dry ice; 6 —frame-
less thermistor; 7 — thin tubes; 8 — cone connectors; 9 — direct reading
instruments; 10 — compressor; 11 — switching faucet.
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XOJIOIOOOMEHHUKA 3aJTUBAIOT 3TUJIOBEIH CITUPT, 3aTEM
€r0 3aMONHAIOT U3MEIFICHHBIM CYXHM JIbJI0M. Takas
CMECh yIIyuIllaeT TeMIepaTypHBIH OOMEH MEeXIy
XJIaJIaT€H-TOM ¥ XJIaJJOHOCUTEIIEM.

KprokaHiom0 ¢ moMoIsio0 CTepeoTakCHIecKoTro
MaHHUMYJISITOPAa BBOIAT B 3apaHee pacCUUTAHHBIC
1IeJIEBbIE TOYKU MO3Ta, B Ka)KJI0H U3 KOTOPOIl mocie-
JOBATEIBFHO OCYIIECTBIAIOT KPHOAKCIO3UIHIo. Jlis
ATOTO B €MKOCTh, 3aIIOJTHCHHYIO alleTOHOM, KOMITPEC-
copom Haraeraercs Bo3ayx (10). I[Ipu sTom oxmax-
JICHHBINA alleTOH U3 €MKOCTH XOJOA00OMEHHHUKA TI0
LIEHTPALHON TPyOKe KPHOKAHIONIU MOCTYIAET B OX-
JXAIOUIYI0 KaMepy U 3aTeM 110 BTOPOMY HPOCBETY
TpYOKH TOTaaeT B MyCTYI0 eMKOCTh. ki oxmaxke-
HUS 3aKaHYMBAETCS, KOTJa BECh alleTOH U3 OJJHOM eM-
KOCTH XOJIOZIOOOMEHHHKA IIePEeTeKaeT Yepe3 TPyOKu
KPHUOKAHIOIN B IPYTYIO EMKOCTb, OXJIAXKIas! IIPH ITOM
aKTUBHBIN KOHELI.

JIMATETEHOCTS KaXIO0TO ITUKIIA OXJIAXKICHUS aK-
THBHOTO KOHIA KPUOKAHIOIN B 3aBUCHMOCTH OT Pa3-
Mepa OXJIKIAOLIEH KaMepbl COCTABISIET OT 75 1O
150 c. Jlyis mOBTOpEHUS ITUKIIA OXJIKICHUS BO3IYX
MO/Ia€TCsl BO BTOPYIO €MKOCTh, U alleTOH, 3aHOBO OX-
JIAKICHHBIN B 3TOH €MKOCTH, TPOKAUYNBACTCS B 00paT-
HOM HampaBJIEeHUU. DTU LUKIBI MOXXHO TOBTOPSAT,
MEHsIs HallpaBlICHUE TOJa4YM alleTOHA B OXJIAXIar0-
LIYI0 KaMepy C MOMOIIBIO EPEKIII0YAIONIero KpaHuKa
(11). CymmapHO€e BpeMsl KPUOSKCIIO3UIUU OIpee-
JISTETCST KOJTMIECTBOM ITPOBEICHHBIX ITUKIIOB OXJIAXK]IC-
HUS KOHITa KPIOKAHIOJH, BBEJCHHOM B MO3T. Temmepa-
Typa ¥ AaBlieHHE BO3/TyXa, IIO/IAI0IIET0Cs KOMIIPECCco-
POM, KOHTPOJIUPYETCS MPSIMOTIOKA3BIBAIOIIIMMH ITPHOO-
pamu (9).

TeMmepaTypa Ha KOHIE OXJTaXJAOMIEH KaMephl
M3MEPSIETCS TEPMOJATIYMKOM. B KadecTBe maTdmka
TEMITepaTypbl HCIIOJIB30BaH OCCKOPITYCHBIA TEPMO-
pesuctop (6) ¢ conporusneruneM 3,6 kKOM U pazMepoM
0,3 MM, BCTPOCHHBIN B CTEHKY OXJIAXKJAIOIICH Kame-
peL. [lokazanust qaTyuka BHIBOASTCS Ha mPHOOP, OT-
rpaxyupoBaHHBINA B rpamycax Llemscus. C moMombio
TEPMOJATYNKOB MOXXHO KOHTPOJIHUPOBATH TeMIIepa-
Typy TKaHH, IpWIeKallel K oxXJaxarolleil kamepe,
Y TEJICHAIIPABICHHO YIIPABIATH €10, U3MEHAS JaBJie-
HHE OT KoMIpeccopa. MakcumaiibHasi ”HTEHCUBHOCTD
TEIUIOBOTO TIOTOKA JOCTHUTAETCS TP JaBJIeHNH | aTMm,
KOTOpOE€ 00ecreunBaeTcss KOMIPECCOPOM, B COCTaB-
asier okono 10 Br/cm?. OTTanBaHue 3aMOPOKCHHOM
30HBI IPOUCXOIUT CAMOIIPOU3BOJIBHO MOCIIE MPEKpa-
LIEHUs MOJIa4M ABJICHUSI KOMIIPECCOPOM B T€UCHHUE
6—8 muH. [Ipouiecc oTTauBaHUs KOHTPOIUPYETCS TEP-
MOJATYUKOM, 3aT€M KPHO30H] U3BJICKAIOT U3 MO3ra
TIaIUeHTA.

HcrpiTanmst KpHOKaHFOb MTPOBOIMIHA B MOJICTTHHBIX
YCIIOBUSIX Ha STUYHOM Oerke npu Temmepatype 37°C,
a TaKXKe Ha TOJIOBHOM MO3T€ IKCIIEPUMEHTATBHBIX KHU-
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nula and then enters an empty container via the second
lumen of tube. Cooling cycle is considered to be comp-
leted, when the whole acetone from one container of
cold exchanger overflows into another one through
cryocannula tubes, cooling thereby an active tip.

The duration of each cooling cycle for cryocannula’s
active end is from 75 to 150 sec depending on a cooling
chamber size. The air is supplied into the second con-
tainer, and re-cooled here acetone is pumped in opposi-
te direction to repeat cooling cycle. These cycles may
be repeated by changing direction of acetone supply
into cooling chamber using switching faucet (11). The
total time of cryoexposure is determined by a number
of cooling cycles for cryocannula end, introduced into
the brain. Temperature and pressure of the air supplied
by compressor is controlled by direct reading instru-
ments (9).

The temperature at the end of cooling chamber is
measured by thermal gauge. Frameless thermistor (6)
with 3.6 kOhm resistance and 0.3 mm size, incorporated
into the wall of cooling chamber was used as a thermal
gauge. The sensor readings are displayed on the device,
marked in Celsius degrees. Using thermal gauges one
may control the temperature of tissue adjacent to
cooling chamber, and purposefully manage it via the
change in a pressure from a compressor. Maximum
intensity of heat flow is achieved at 1 atm pressure,
provided by compressor, and is about 10 W/cm?. Frozen
area is spontaneously thawed after stopping supply of
pressure by compressor within 6—8 min. Thawing is
controlled by thermal gauge, then cryoprobe is removed
from a patient’s brain.

Cryocannulas were tested under simulated condi-
tions in egg white at 37°C, as well as in brain of expe-
rimental animals (dogs) with subsequent histological
examination. We measured the size of formed ice
ellipsoid depending on time elapsed since cryoexposure
beginning, as well as the tissue temperature at different
distances from an active end of cryoprobe.

During stereotactic surgeries the following cryosur-
gical exposures were performed: 1) cryodestruction
of intracerebral target structures in functional stereo-
taxy in patients with epilepsy, Parkinson’s disease,
Gilles de la Tourette syndrome, obsessive-compulsive
syndrome, opiate addiction, spasmodic torticollis, tor-
sion dystonia, Huntington’s chorea, phantom-pain
syndrome (376 operated patients); 2) multi-position
cryodestructions of target points in brain glial tumors
of deep localization (performed in 131 patients). The
patients had surgeries in neurosurgical clinic of IHB
RAS, as well as in neurosurgery clinic of Military Medi-
cal Academy (Russia). Brain MRI was done to all the
patients in postoperative period to control possible
complications, as well as to assess the foci after cryo-
destruction.
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BOTHBIX (c00aK) ¢ OCIEAYIOINM TUCTOJIOTHYECKUM
uccnenoBanueM. Mamepsiin pasmepsl GopMUpYIO-
LIETOCs JIEASHOTO JJUINIICOMA B 3aBUCHMOCTH OT
BpE€MEHH, MPOIIEANIEro C MOMEHTa Hadajila Kpuo-
9KCITO3UINH, a TAK)KE TEMIIEPATYPy TKAaHU Ha Pa3HOM
PAcCTOSTHUH OT aKTUBHOTO KOHIIA KPHO30HAA.

[Ipu crepeorakcuyeckux Onepanusx BHITOIHSAIN
CIeAyIONINEe KPUOXUPYPTUUECKUE BO3eUCTBUA: 1)
KpHOJECTPYKIIMH BHYTPUMO3TOBBIX CTPYKTYP-MHIIIE-
HEl B yHKIIMOHATILHOM CTEPEOTAKCHCE Y MAIEHTOB
C SMUJIETICHEN, TAPKMHCOHM3MOM, Ooe3Hbro JKuis ae
151 TyperTa, 00c€CCHBHO-KOMITYJILCHBHOM CHHIPOME,
ONUATHON HApKOMaHUEH, CIIAaCTUYECKON KPUBOILIEEH,
TOPCHOHHOM JMicTOHUEH, Xopeei [eTTHHrTOHA, (haH-
TOMHO-00JIEBOM CHHApOME (TTpooTIepupoBano 376 ma-
LIMEHTOB); 2) MHOTOIIO3UIINOHHBIE KPUOJAECTPYKIINU
LIEJIEBBIX TOYEK IIHAJIBLHBIX HOBOOOPA30BaHHIA TOJI0B-
HOTO MO3Ta TNIYOMHHBIX JIOKAJIH3aIiil (BBITIOIHEHO Y
131 6oabHOTO). IlanneHTH OBLIH TPOOTIEPUPOBAHEI B
Helpoxupypruueckor knnHuke UMY PAH, a taxke
B KIMHHUKE HEHpOXupypruu BoeHHO-MeauIMHCKON
akagemuu (Poccus). Becem manumentam B mocieomne-
panMoHHOM neproje BoinoaHsanacs MPT romosHoro
MO3Tra JJd KOHTPOJS BO3MOXHBIX OCIJIOXKHEHHH,
a TaxoKe JUISI OLEHKH 09aroB IOCIe KPUOAECTPYKIINH.

Pe3yabTarnl u o0cy:xkaeHue

Pacnpenenenue temmeparypsl, H3MEPEHHOW Ha
MOJIETPHON cpene uepe3 2 MHH C MOMEHTa Hadaja
KPHO3KCTIO3HUIINY HA Pa3IMIHOM PACCTOSHUH OT IIEHT-
pa oxJIaXXIaroIIeil KaMepsl, MpeACTaBIeHO Ha puC. 2.
OTnenpHO NaHbl PEe3YNBTATHI IS KAHIONb, HMEFOIINX
IUaMeTp oxJaxaaromei kameps 1,5 (1), 2,5 (2), 3,2
(4), 4 mm (3). I'padpuku 3aBUCUMOCTH MTOTIEPEIHOTO
JUaMeTpa JISASTHOTO JUIHIICOUIA JIJIS KaHKOJb C 0X-
JaXAAlIUMU Kamepamu pasmepoM 1,5 u 3,2 mm
n300pakeHsbl Ha prc. 3, A u B coorBercTBeHHO. KoHeu-
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Puc. 2. PacnpegeneHve temnepartypbl Ha pasfnnyHOM
paccTOsiHUM OT OXNaXAaloleln Kamepbl KpUoKaHNu ye-
pe3 2 MWH MOcfe Havyana 3amopaxwBaHus (Hymepauus
npeAcTaBneHa B TEKCTE CTaTby).

Fig. 2. Temperature distribution at different distances from
cooling chamber of cryocannula 2 min later the freezing
beginning. Numbering is presented in the text.

Results and discussion

Fig. 2 demonstrates the temperature distribution,
measured in a simulated medium 2 min later the
cryoexposure beginning at different distances from the
cooling chamber center. The results for cannulas with
1.5 (1), 2.5 (2) 3.2 (4), 4 mm (3) diameter of cooling
chamber are presented separately. Dependency diag-
rams of transverse diameter of ice ellipsoid for cannu-
las with 1.5 and 3.2 mm cooling chambers are shown
in Fig. 3A and B, respectively. Final size of destruction
(R, ) was achieved at the exposure equaled appro-
ximately 4 min.

Repeated sizes and shapes of ice ellipsoid for each
cannula were noted under these parameters of cryo-
exposure (1 atm compressor pressure, 4 min freezing
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Puc. 3. KpuBasi ckopocTu yBenuyeHusi pasamepa «JeastHoro 3nnuncovza» ¢ MOMEHTa Havana KpuoaKcrno3uumu ansi
KaHonu ¢ oxnaxagatoLen kamepown pasamepom 1,5 (A) n 3,2 mm (B).

Fig. 3. The curve of the ‘ice ellipsoid’ size increasing rate since the beginning of cryoexposure for the 1.5 (A) and 3.2 mm

(B) cooling chamber cannula.
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HBIA pasMep AeCTPYKuuu (R ) MOCTUTasCs MPH 9KC-
MTO3UIIMH, PABHON NPUOTU3UTEIBHO 4 MUH.

[pu >THX MapaMeTpax KPHOIKCIIO3HUIINH (JaBIICHUE
koMIipeccopa 1 atM, Bpemsi 3aMOpakuBaHUs 4 MUH)
OTMEUYCHAa MOBTOPSAEMOCTh pa3MepoB U (opMbI Jie-
JITHOT'O 3JUTHATICOMIA JUTS KaXK IO U3 KaHIOIb. Pasmepsl
kpuojecTpykiuu Ha MPT ronoBHoro mo3ra nanueHTa
B paHHEM IIOCJIEONEPALMOHHOM MEPHOAE COBIAIATN
¢ pasMepamu JiessHoro drumiconaa (puc. 4). O0ne-
MBI IECTPYKIIMH TKAaHW MO3Ta COCTABUJIIH JJIs1 KAHIOJIb
¢ IuaMeTpaMu oXJIaxaaromeh kamepsl 1,5; 2,5; 3,2;
4 MM coorBercTBeHHO 0,2; 1,5; 51 7 cm’.

[Ipu rucTonornyecKoM UCCIEA0BAHUN OTUYETIHBO
BBISIBJISIIACH OECCTPYKTYPHAS, C pa3pyLICHHBIMH KJle-
TOYHBIMH 3JIEMEHTaMH 30Ha KproHekpo3a. [Ipu pes-
KOM CHUXCHHH TEMIIEPaTypbl BO3HUKANA OKKIIFO3US
KanUJUISIPHBIX COCYAOB BCIEACTBHE KPUOTEHHOTO
TpoM0Oo03a. B Menkux cocynax mpekpamiaioch HHTpa-
OTIepaMOHHOE KaMMIIIPHOE KPOBOTEUEHNE, KOTOPOE
XapaKTepHO MPH ONMEPATUBHBIX BMEMIATEIbCTBAX.
30Ha KPHOTEHHOTO BO3/ICUCTBUS HA TKAaHh MO3Ta UMe-
Jla JOCTATOYHO YETKUE TPAHUIBI, epru(OoKaTbHBII
KJICTOYHBIA OTEK B OJmkaliiee BpeMs MOCJIE BO3-
neiicTBUS OBUT HE BBIPAKEH M PACIPOCTPAHSIICA Ha
1-2 MM.

[Ipu GhyHKIIMOHATBHBIX CTEPEOTAKCHYECKUX OTIe-
paIusaX UCIOL30BaIH KaHIOIH, (DOPMUPYIOIIUE OYar
nectpykuuu oobemom 0,2 u 1,5 cM® B 3aBHCHMOCTH
OT pa3Mepa BHYTPUMO3TOBOU CTPYKTYPHI-MHIIICHH.
KpuozaecTpykius nosiCHON H3BUITHHBI (OM1aTePaIbHO)
BbinonHeHa y 305 OonbHBIX: B 00-
JIACTH BEHTPOJIATEPATHHOTO SIpa
tanamyca (57), CpeAMHHOM LIEHTpE
Tanamyca (3), Z0pco-MeAUaNTbHOM
sape tanamyca (7), MeauaibHOM
yiieHHKe OneHoro mapa (12), me-
peaHemM Oelpe BHyTPEHHEH Karcy-
11 (OmmarepansHo) (11), 6e3pImMsTH-
HOH cyOcTaninu (OuaTepasbHO)
(5), kprouke maparunmoKaMIaIEHON
m3BWINHE (14), MUHIATIECBUITHOM
siape (19), runmmokamme (22).

Bpems kprosKCno3unmu B Kax-
JIOM M3 IIEJIEBBIX TOYEK COCTABIISLIIO
4 muH. Oniepaliiy BBIIONHSUIIA MO/
MECTHOW aHECTE3UEM, KpUOXUPYP-
TUYECKYIO KaHIOJIO BBOMIIN B IIC-
JIEBBIE TOYKHU C IMMOMOIIBIO CTEPEO-
TaKCUYECKOT0 MaHHUIYyJIsATOpa
«Opeom» paMHO# KOHCTPYKITHH [7].
Koopaunatsel BHyTPUMO3TOBBIX I1e-
JIEBBIX TOYEK /ISl BBEICHUS KPHO-
KaHIONM BBIYUCIISIIN 110 pe3ylbTa-
Tam MPT, BeITTOSTHSIEMON HaIMCH-
TaM B IIPEIOTIEPAIIMOHHOM MIEPUO/IC

JNTOBHOIo Moa3ra.

indicated.

time). Sizes of cryodestruction in brain MRI of patient
in early postoperative period coincided with ice ellipsoid
ones (Fig. 4). Destruction volumes of brain tissue for
cannulas with 1.5; 2.5; 3.2; 4 mm cooling chamber
diameter were 0.2; 1.5; 5 and 7 cm? respectively .

At ahistological study there was distinctly revealed
a structure-free cryonecrotic area with destroyed cell
elements. With a sharp decrease in temperature the
occlusion of capillary vessels occurred due to cryogenic
thrombosis. In small vessels an intraoperative capillary
bleeding, typical for surgical interventions was stopped.
The area of cryogenic exposure on brain tissue had
quite distinct boundaries, a perifocal cellular edema
early after exposure was not expressed and spread to
1-2 mm.

In functional stereotactic surgeries we used the
cannulas forming the destruction focus of 0.2 and
1.5 cm?® volume depending on size of intracerebral tar-
get structure. Cryodestruction of cingulate gyrus
(bilaterally) was done in 305 patients: in ventrolateral
nucleus of the thalamus (57), midline center of the
thalamus (3), dorsomedial nucleus of the thalamus (7)
medial segment of the globus pallidus (12), anterior
limb of the internal capsule (bilaterally) (11), substantia
innominata (bilaterally) (5), the uncus of parahip-
pocampal gyrus (14), the amygdala (19), the hippocam-
pus (22).

Cryoexposure time in each target point was 4 min.
The surgeries were carried-out under local anesthesia,
by introducing cryosurgical cannula into the target
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Puc. 4. CneBa — «negsiHON annunconay», nonyyYeHHbIn Ha MoaenbHON cpeae.
CnpaBa — nocneonepaumoHHad MPT ronoBHoro mosra nauueHTa (pexum
T1-B3BeLUEHHbIX n3opaxeHuin). OBo3HaYeHbl pa3mepbl o4ara KpUo4ecTpyk-
LUK, NONy4YeHHOro nocrne BO34eNCTBUS KPUOKAHIONEN Ha TKaHb OMyXonu ro-

Fig. 4. Left: ‘ice ellipsoid’ obtained in a model medium. Right: postoperative
brain MRI of patient (T1-weighted images mode). Sizes of cryodestruction
focus, obtained after exposure by cryocannula on brain tumor tissue are
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[9]. [locne BBeAEHN KPHOKAHIONH B LIEIEBYIO CTPYK-
Typy BHauaJse 0CyIlECTBISUIN OXJIaXKIEHHUE 10 TEMIIE-
parypsl —20°C (peXrUM THarHOCTUYECKOrO OXJIax/1e-
HUs 7151 00paTUMOTO «BBIKIIOUEHUS» CTPYKTYDHI-
MUIIEHN) TIpH AaBiIeHun Kommpeccopa 0,2 atm. lpu
OTCYTCTBUH HEBPOJIOTHUECKUX BBINIA/ICHUH Y TAllEHTa
OCYIIECTBIISIIN KPUOIKCIIO3UIIHIO B pa00YeM pekrMe.
Y 9acTu ManyueHTOB BBHIOIHSIIN HECKOIBKO IECT-
PYKIUil B OTHOM WJIA PA3HOM TOJYIIIAPUY TOJIOBHOTO
mosra. Hampumep, pu 6onesnn XKust ne s Typerra
MPOBOAMIIN JIByCTOPOHHIOK JECTPYKIUIO MOSICHBIX
W3BWIMH B COUYETAHUM C NMPABOCTOPOHHEHN AECTPyK-
LMEN BEHTPOJIATEPATIBHOIO U JOPCOMETUATIBHOTO SIIIEP
Tanamyca. Y 10 manueHToB ¢ IByCTOPOHHEN CUMIITO-
MaTHKOM MapKMHCOHHM3Ma, a TaKke Yy OOJIBHOIO €O
CIIAaCTHUYECKOM KpHBOIIeel olepanuy Ha Tajlamyce u
OJieTHOM IIape pa3HbIX MOMYIIapHUii MO3Tra BBITTOJIHS-
JIU B JIBA ATala ¢ MHTEPBAJIOM OT MecsIa 10 Tofa BO
n30eXaHue Pa3BUTHA TUCIIOKAIIMOHHBIX SIBICHUHN TPH
OJTHOMOMEHTHOM OTIEpaIiy Ha 3TUX CTpyKTypax [10].
ITpu BemonHernnn MPT B panHeM mocneonepanuoH-
HOM Tieprojie POKyChI IECTPYKITUI NMEITH HEOTHOPO/I-
HO TUIIEPUHTEHCUBHBIM cUrHall Ha T2-B3BEIIEHHBIX
n300paxeHusIX 1 yeTkue rpanuipl. I1o nepudepun ova-
TOB BU3yaJIM3UPOBAIUCH OTJIOXKEHHS T€MOCHIEPHUHA.
Ha T1-B3BemeHHBIX N300paXEHUAX OYard AECTPYyK-
LM IMETN TUTTOMHTEHCUBHBIN XapakTep, Py HATMYUH
Y4acTKOB FeMOPPAaruueCcKoro MponUThIBaHMS IECTPYK-
WA OTMEYaINCh TUIIEPUHTEHCHUBHBIE O4aru. Briss-
JISTICSL yMEpPEeHHBIN IeprQoKaIbHbI oTek (puc. 5). [Ipn
BbinoJiHeHUM MPT B nuHaMuke B 30HaX KPUOIECT-
PYKIIH oTMedeHO (pOpMHUPOBAaHNE TUKBOPHBIX KHCT.
Kpronectpykius mmanbHBIX HOBOOOpa3OBaHUI
MO3Tra IPOBOJIMJIACH Y MTALIMEHTOB C OITYXOJISIMHU, JIOKa-
JIU3YIOUIMMUCS B TaJlaMyce, HO’KKE MO3T'a, OCTPOBKE,
MO3O0JIMCTOM TeJie, 0a3aJIbHBIX TAHIIIHAX, TITyOUHHBIX
OTAeaaX BUCOYHOM, TOOHOM M 3aTBUIOYHOW HOJIEH,
00J1aCTH LEHTPAIbHBIX U3BWIMH. Y BCEX MAllMEHTOB
JIOKaJIM3alus HOBOOOPa30BaHUM SIBIISIACH TPOTHBO-
[IOKa3aHUEM K YIAJICHUIO OILyXOJHU TPaJULMOHHBIM
CIoco0OM M3-3a BBICOKOTO PUCKA HapacTaHHs HEB-
POJIOTHYECKOIO JE(QUIIUTA B [IOCIEOIEPALIUOHHOM I1e-
puoae. Benenctue 3Toro M Obuta mpeasioxeHa
CTEpEOTaKCHUECKass KPUOACCTPYKIMA Kak Ooiee
Oe3omacHas omneparus. OJHOBPEMEHHO C KPHOIECT-
PYKLIMEH MPOBOANIACH CTEPEOTaAKCHUECKasi OUOTICHS
HoBooOpa3zoBaHus. [lo pe3ynpraram rucTOJIOrHYEC-
KOTO HCCclleioBaHusl (pUOpMIIPHO-TIPOTOIIIa3MAaTH-
yecKkasl acTpOLIMTOMA BBIABJIEHA y 52 MallMEHTOB
(39,7%), anannactuueckas acrpouuroma — y 50
(38,2%), anaracTudeckasi OJIUTOCHIPOIINOMA — Y
2 (1,5%), rmuobnactoma —y 27 (20,6%).
VYV nanMeHToB CO CTEPEOTAKCUYECKOW KPUOAECT-
PpYKIIMEN BBINOIHSIUCH JIBa TUIIA oriepanuid. [Teppast —
TOTaJIbHAsl CTEPEOTAKCHUUYECKass KPHUOAECTPYKLHUS
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points using stereotactic manipulator Oreol of frame
construction [14]. Coordinates of intracerebral target
points to introduce cryocannula were calculated by the
results of preoperative MRI [8]. After introducing
cryocannula into the target structure it was initially
cooled down —20°C (diagnostic cooling regimen for
reversible ‘shutdown’ of target structure) at 0.2 atm
compressor pressure. If there were no neurological
losses in patient the cryoexposure was done by the
standard mode.

In some patients we did several destructions in one
or different brain hemispheres. For example, in case
of Gilles de la Tourette syndrome a bilateral destruction
of cingulate gyrus was carried-out in combination with
right-side destruction of ventrolateral and dorsomedial
thalamic nuclei. In 10 patients with bilateral symptoms
of Parkinson’s disease and in the one with spastic torti-
collis the surgeries in thalamus and globus pallidus of
different brain hemispheres were performed in two
stages with an interval from a month to an year to
avoid development of dislocation phenomena during
simultaneous surgery in these structures [10].

When performing MRI in early postoperative period
the destruction foci had inhomogeneously hyperintense
signal and distinct limits in T2-weighted images, the
hemosiderin sediments were visualized along the
periphery of foci. In the T1-weighted images the foci
of destruction had a hypointense character, we obser-
ved the hyperintensive foci, when hemorrhagic impreg-
nated sites of destructions were present. Moderate
perifocal edema was revealed (Fig. 5). When perfor-
ming MRI in dynamics we noted the formation of
cerebrospinal fluid cysts in cryodestruction areas.

Brain glial neoplasms were cryodestroyed in pati-
ents with tumors localized in thalamus, cerebral pedun-
cle, islet, corpus callosum, basal ganglia, deep parts of
temporal, frontal and occipital lobes, the area of central
convolutions. In all the patients the localization of
neoplasms was a contraindication to remove the tumor
traditionally because of a high risk of neurological
deficit rise in postoperative period. Therefore they
were offered a stereotactic cryosurgery as a less dan-
gerous surgery. Stereotactic biopsy of neoplasm was
done simultaneously with cryodestruction. Histological
studies revealed fibrillar-protoplasmic astrocytoma,
anaplastic astrocytoma, anaplastic oligodendroglioma
and glioblastoma in 52 (39.7), 50 (38.2) 2 (1.5) and 27
(20.6%) patients, respectively.

In patients with stereotactic cryodestruction we did
two types of surgery. The first one was a total stereo-
tactic cryodestruction of tumour. In this case the cryo-
necrotic foci completely overlaid the neoplasm volu-
me. Surgeries were carried out only if a tumor size
was not bigger than 3-3.5 cm. The second type: local
selective stereotactic cryosurgery was performed if
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omyxounu. [Ipy 3ToM odaru KpHOHEKPO3a MOTHOCTHIO
nepeKkpbIBain 00beM HOBOOOpazoBanusa. Onepanuu
MIPOBOMIINCH B TOM CIy4ae, €CIIU pa3Mephl OIyX0JIN
He npesblmanu 3-3,5 cM. Bropas — nokansHas
CEJIeKTUBHASI CTEPEOTaKCHYeCKass KPHOAECTPYKITUSI
OCYIIECTBIAIACH, €CIU pa3MepPhl OIyXOJHU Ipe-
BBIIIANH 3,5 CM, TIPH 3TOM TOTaJIbHAS JECTPYKIIHS OITy-
XOJIF MOTJIa ITPUBECTH K HAPACTAHHIO TUCTIOKAIIMOHHON
cuMNOTOMAaTUKHU. [103TOMY y 3THX HaIlIeHTOB BBIIIOJI-
HSUJTH N30MpaTeNbHYI0 IECTPYKITHIO yIaCcTKOB, paciie-
HUBAIOIIUXCS KaK «30HBI MAaKCUMaJIbHOM ponugepa-
LN ONyXOJIW». Y NPOONEPUPOBAHHBIX MALlMEHTOB
00BbEM KpUOJECTPYKIMH COCTaBUI B cpeaHeM 42%
OT 00111ero 00BeMa OIMyXO0JH.

Kak mpaBuino, y maieHToB ¢ HOBOOOPa30BaHUAMH
MO3Tra OCYILECTBIISIIM MHOTOITO3UIIMOHHYIO KPHOAECT-
PYKIIUIO, TO €CTh ITOCIIEIOBATENHHO pa3pylIaiu He-
CKOJIBKO 30H BHYTPH OITyXOJH B 3aBHCHMOCTH OT €€
pasMepa u hopMel. Mcrmonbp30Baiy KpHOKaHIOH, (Gop-
MHpPYIOIIHE OYaru AeCTpyKuuu odovemom 1,5, 5 u
7 cm?. B ka 101 11€71eBOii 30HE OCYIIECTBIISUTH KPUO-
9KCIIO3HUIHIO B T€UeHHEe 4 MUH, MOCJI€ OTTauBaHUS
JOTIOJTHATENBHO TPOBOAMIIN TOBTOPHYIO KPHOIKCIIO-
3ULMIO C LENbIO YBEIMUEHUS OHKOJIOTHYECKOHN paau-
KaibHOCTH [5, 11].

[To nanasiM MPT B ocneonepanioHHOM Neproie
B 30HaX KPUOAECTPYKLMHU (POPMHUPOBATIHCE INKBOPHBIE
KHCTBI, IOCTENIEHHO YBEINYHBAIOIUECS B pa3Mepe, a
TaKke HAOMIOIAIHNCh YeTKUH perpecc Macc-3ddexTa,
BBI3BAHHOTO BHYTPHUMO3TOBOH OITyXOJIBIO U TOCTEICH-
HOE pacrpasiieHHe CIaBJICHHBIX OMyXOJIbI0 OOKOBBIX
KeIyao4KoB. [ [oka3aresb BEKHBaEMOCTH ITallEHTOB
3HAYUMO TIPEBBIIIAT TAaKOBOW Y HEOMEPHPOBAHHBIX
OOJILHBIX C BHYTPHMO3TOBBIMH OITYXOJISIMH, TTIOJTyYHB-
LINX JIy9EBYIO U XUMUYECKYIO TEPAIHIO, U KOPPETUPO-
BaJI C IaHHBIMH IPU TOTATBHOM YJaJICHUH OITyXOJIeH,
COOTBETCTBYIOIIEH TMCTOIOTMYECKON CTPYKTYpHI [5].
[Ipu 3TOM y OGOJBHBIX, KOTOPHIM OBbLIA BBIIOJHEHA
TOJIbKO YacTH4YHasi n30upatenbHast 1eCTPyKIHS MPo-
nudepaTUBHO-aKTUBHBIX 30H, TaKXKe€ CYIIECTBEHHO
YIAYUIIAJICS MTOKA3aTellb BBKHBAEMOCTH.

BonbIIMHCTBO MaIieHTOB XOPOIIIO MTEPEHOCHIIH CTe-
PEOTaKCHYECKYI0 KPUOASCTPYKIINI0O M MOTJIH OBITH
AKTUBHU3MPOBAHBI HA CIIEAYIONINH IEHB MTOCIIE Onepa-
1uH (TIpY yCITOBUH OTCYTCTBHS OCIIOKHEHHH Ha KOHT-
ponbHOit MPT).

VY opHOrO MamueHTa B MOCIEONEPAlMOHHOM IIe-
pHoe OTMeueHO pa3BUTHE abcuecca Mosra. Hanbo-
Jiee ONIaCHBIM OCJIOKHEHHEM SBISIOCH (popMHUpOBaHUE
[IOCJIEOTIEPAIIIOHHOIN TeMaTOMBI B 30HE AE€CTPYKIIUU
(gactota okono 2%). [Ipu 3TOM He BBISBIICHO 3aBUCH-
MOCTH OMTaCHOCTH BO3HUKHOBEHHSI TEMOpPParndecKmx
OCJIO’KHEHHH OT KOJIMUECTBa KPUOJAECTPYKIINH, OJHO-
MOMEHTHO NMPOU3BEACHHBIX Y IMAIlieHTa BO BpeMs
omeparn. Hu B 0ZJHOM CiTydae He OTMEUEHO HeXKea-

362

Puc. 5. MPT ronoBHoOro mosra naumeHTa nocre onepauum
6unaTtepanbHOM cTepeoTakCMYecKon nepeaHen Kpuokan-
CynoToMuW, BBINOSIHEHHOW MO noBoay 06ceccMBHO-KOM-
nynbCUBHOIO paccTponcTa. CTpernku ykasbliBatoT Ha o4arm
KpuogecTpykumm B obnactu nepegHero 6eapa BHyT-
peHHew Kancyrnbl (B 060Mx NonyLIapusix rofloBHOro Mo3ara).

Fig. 5. Brain MRI of the patient after bilateral stereotactic
front cryocapsulotomy made because of obsessive-
compulsive disorder. The arrows indicate the cryodestruc-
tion foci in anterior limb of internal capsule (in both brain
hemispheres).

tumor size did not exceed 3.5 cm, when the total
destruction of brain tumor could lead to an increase in
dislocation symptoms. Therefore these patients had a
selective destruction of the sites, considered as the
‘areas of maximum tumor proliferation’. In the patients
who underwent surgeries the volume of cryodestruction
was in average 42% of the total tumor volume.

As a rule in the patients with brain neoplasms we
did a multi-position cryodestruction, i.e. several areas
inside tumor were sequentially destroyed depending
on its size and shape. We used the cryocannulas,
forming destruction foci of 1.5, 5 and 7 cm?® volume.
In each area we carried-out a 4-min cryoexposure,
and after thawing we additionally performed a repeated
cryoexposure to increase an oncological efficacy [5,
11].

According to postoperative MRI data the cerebro-
spinal fluid cysts, gradually increasing in size were
formed in cryodestruction areas, as well as a distinct
regression of mass effect caused by intracerebral tumor
and a gradual spreading of tumor-compressed lateral
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TEJIBHOT'O PaCIpOCTPaHEHU KpHOJAECTPYKIIUH 32 TIpe-
JeJIbl LieneBoi cTpykTypsl. [locneonepanuonnas je-
TabHOCTh cocTaBuia 0,9%.

PesynbraThl KIMHUYECKOTO HCIIOIB30BaHUS KPHO-
XHPYPTrUUECKOro MprOOpa BEISIBIIIN BEICOKYTO CTETIEHb
[TOBTOPSIEMOCTH T€OMETPHUYECKHX ITapaMeTPOB MOITy-
YaeMBIX OYaroB AECTPYKIHH, a TaKKe€ OTCYTCTBHE
001ell ¥ BRIpaXEHHON MECTHOU TKAHEBOW PEaKIIHH
Ha (popMHpOBaHHE 0YaroB, AaKe MPH HAIWYIUH He-
CKOJIBKMX OYaroB, B TOM YMCJI€ U B PA3HBIX MOJTyIIa-
pHUAX MO3ra. YCTpOICTBO MO3BOJIAET C BBICOKOH CTe-
MEHBIO HAJEKHOCTHU MOIYy4aTh 30Hy THOETH KIeTou-
HBIX 3JIEMEHTOB (KaK B CTPYKTypax 310pOBOT'0 MO3Ta,
TaK U B OITyXOJIEBBIX TKaHAX) B IUIAHUPYEMOM 00BEME.
OT0 ompenenseTcss mapameTpaMu padoThl MpUOopa,
o0ecTeYrBaOIIMMHU OBICTPOE 3aMOPAKHUBAHUE TKAHH
(cymIecTBeHHO MPEBHIIIAIOIIEEe KMUHUMAIBHYIO KPH-
TUYECKYI0 CKOPOCTH MPOABMXKEHUS (PpOHTA 3aMopa-
YKUBaHUS», COCTABISTIONTYT0 0,5 MM/MuH [2]) 1 mocTe-
MIeHHOE CaMOTIPOU3BOJIbHOE OTTanBaHue. Kpome toro,
OTMEYEH CPaBHUTEIHFHO HU3KHUI POIIEHT FreMOopparu-
YeCKNX U MH()EKIIMOHHBIX OCIIOKHEHHH, YTO TIO3BOJISIET
CUMTaTh JAaHHYI0O METOIUKY OTBedaroulei TpeboBa-
HUSIM, TIPEABSIBISIEMBIM K CTEPEOTAKCHUYECKUM BO3-
JEHCTBUAM Ha TOJIOBHOM MO3TE.

K npyrum npenmyniecTBaMu OIMUCHIBAEMOT0O IPH-
00pa OTHOCHUTCSI JIeTKasl YIPaBiIsieMOCTb — 00bEM 3a-
MOpaKUBaHHS B OOJIBIIOM JHaria30HE PEryIupyeTcs
C MOMOIIBI0 KPHOKAHIONG C PA3INYHBIMU 00beMaMu
OXJTXKTAIOIIIX KaMep, a y KPUOKAHIONb CO CTATHYHOMN
KaMepoil — M3MEHEHHEM JaBJICHHS OT KOMIIpeccopa
WJIM BPEMEHEM 3aMOPAKUBAHMS. YCTPOUCTBO UMEET
HEOOJIBIIOH pazMep, MOOUITBLHOE (pa3Mep XOJI0m000-
menHuka 200%200%300 MM, Macca B 3apsKEHHOM COC-
TOSTHUH OKOJIO 4 KT, 00bE€M €MKOCTEH AJIS alleTOHa —
300 cM?), ero MOYKHO MCIOJIB30BATh B YCIOBHUSX JIIO-
0011 onepatioHHOM. Pab0ourM HHCTPYMEHTOM SIBJISCT-
csl JIerKasi KpHOKaHIONs, KOTOPYI0 YOIOOHO AepKaTh B
11000M MPOU3BOJIBHOM IMOJOXKEHHH. YCTPOUCTBO
MpaKTHYeCKH 0e30IacHO Js MAlMeHTa W XHUPYpra.
[Ipu HEOOXOAMMOCTH BO3MOKHO SKCTPEHHO OCTaHO-
BHUTbH MPOIECC 3aMOPAKUBAHMS, TIPEKPATUB MOIATY
OXJIAKJEHHOTO alleTOHa B KPUOKAHIONIO, U OBICTPO
Pa3MOpO3UThH (OTTAsITh) OXJIAXKACHHYIO 30HY MyTEeM
[IOJIa4M B 30H/T TEIUIOTO arieToHa. Meros He obnamaer
KyMYJISITUBHBIM 3 QEKTOM, IO3TOMY MOXKET IIpHMe-
HATBHCSI HEOAHOKPATHO NMPHU MOBTOPHBIX BMeEIIATEINb-
CTBax y ogHoro 0onsHOro. [Ipn neueHnn naiueHToB
C HOBOOOPa30BaHUSIMH TOJIOBHOTO MO3Ta OH MOYKET
HCTIOJIb30BATHCS B KOMOMHALIUH C IPYTUMH METOIAMH
BO3JICHCTBUSI Ha OITyXO0JIb (HapUMep, PaAuOXUpypruei
WM XUMHOTEpaIueil).

[Ipubop c ycriexom anpodbupoBaH Kax B (yHKITHO-
HaJbHOM CTepeoTakcuce (aJbTepHaTHBa paarovac-
TOTHOW JUAaTePMOKOATYJISINU BHYTPUMO3TOBBIX
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ventricles were noted. The survival rate of patients
significantly exceeded the one in non-operated ones
with intracerebral tumors who received radio- and
chemotherapies, and correlated with the data of total
removal of tumors of corresponding histological struc-
ture [11]. In this case, in patients who had only a partial
selective destruction of proliferatively active areas the
survival rate was also significantly improved.

Most patients tolerated well a stereotactic cryo-
destruction and could be activated the next day after
surgery (if no complications were present in control
MRI).

Brain abscess development was noted in one patient
in post-operative period. The most dangerous comp-
lication was the postoperative hematoma formation in
destruction area (frequency of about 2%). In this case
no dependency of a risk of hemorrhagic complications
on a number of cryodestructions, simultaneously per-
formed in a patient during surgery, was revealed. No
uncontrolled cryodestruction spreading outside the
target structure was observed. Postoperative mortality
was 0.9%.

The results of the clinical application of cryosurgical
device revealed a high degree of repeatability of geo-
metric parameters of obtained destruction foci, as well
as no common and manifested local tissue responses
on foci formation, even there were several foci, inclu-
ding also in different brain hemispheres. This device
allows a reliable obtaining of an area of cell death (both
in intact brain structures and tumor tissues) in a
controlled volume. This is determined by the device
operating parameters, which provide a rapid freezing
of'tissue (significantly exceeding the ‘minimum critical
rate of the freezing front advance’ equaled to 0.5 mm/
min [2]) and a gradual spontaneous thawing. In addition,
we noted a relatively low percentage of hemorrhagic
and infectious complications, enabling to consider this
technique to match the requirements for stereotactic
exposures in brain.

Another advantage of the described device is its
simple control: the volume of freezing in a large range
is regulated by means of cryocannula with cooling
chambers of different volumes, and in cryocan-nulas
with static camera it proceeds by changing the pressure
from compressor or freezing time. This device is small-
sized, mobile (cold exchanger size is 200%x200x 300
mm, weight in charged state is about 4 kg, 300 cm?
volume of acetone containers), it may be applied under
conditions of any operating room. Operating tool is a
lightweight cryocannula, comfortable to handle in any
selectable position. This device is virtually safe for pa-
tients and surgeons. If necessary the freezing can be
urgently stopped by cutting off frozen acetone delivery
into cryocannula and a cooled area may be rapidly
thawed via supplying warm acetone into a probe. This
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CTPYKTyp-MHILEHEH), Tak U B He()yHKUNOHATBLHON
CTEpEOTaKCHUECKON Helpoxupyprud. Ilpuuem npu
HCIIONIb30BaHUH CTEPEOTAKCHUYECKON KPHOXUPYPruu
BO3MOKHO MIPOBOAUTH XUPYPTUYECKOE JIEUEHUE JaXKe
y HHOTIepaOeIbHBIX MAI[eHTOB, C TITYOMHHON JIOKaJIH-
3anuel onyxoJyield. B THIIMUYHBIX Cily4yasx OHM IOJIy-
YaroT TOJBKO JyYEBYI0 U XUMHOTEPAIHIO, KOTOPHIE
CYIIECTBEHHO CHM)KAIOT UX BBDKHBAEMOCTH I10 CPaB-
HEHUIO C OOIBHBIMH, [TOCJIE XUPYPTHYECKOTO JICICHHUS
[5, 15]. YcraHOBIEHO, UTO Ja)ke YaCTUIHAS KPHOAECT-
PYKIIHUS OIIyXOJIH TO3BOJISIET CYILIECTBEHHO MPOIUTH
CPOK JKM3HU MalMeHTa Onarojapsi NpHUIEIbHOMY
paspyeHHIo npoiudepaTuBHO-aKTUBHBIX 30H HOBO-
00pa3oBaHMs U aKTUBALIUH KIIETOYHOTO ITPOTUBOOITYXO-
JIEBOr0 UMMYHHOTO OTBeTa [5].

CrnenyeT OTMETHTH BaXXHYIO pOJIb CTEPEOTAKCH-
YECKOT'0 HaBEJEHUS U MPEeAoNepauOHHON HEUPOBU-
3yasM3annH JUIs OTIPEAeIICHUS TOJI0KEHHUS BHY TPHMO3-
TOBBIX MUIIIEHEH U IITAHNPOBAHMS O€301TaCHBIX TPACK-
TOPHIA BBEJICHHUS KPHOKAHIONH B MO3T. B OopImHCTBE
CIy4aeB HaWJydIIUM METOJOM BU3YyaJU3allUU SIB-
nsercs npenonepannonHas MPT, kotopas Haubonee
YETKO BBIABIISICT LIEJIEBbIE CTPYKTYPHI 1 HOBOOOPa3o0-
BaHHUA, MOAJIEXKAINE KPUOAECTPYKIIHH, a TAKXKE MPO-
BOJAIIME NMYTH U COCYJbI, HHTPAONEPALIHOHHOTO
MOBPEKACHUS KOTOPBIX cienyeT u3berars [9]. Homon-
HUTENBHY0 HHOOPMAIIUIO TS BEISIBIICHHS Ipoudepa-
TUBHOAKTHBHBIX 30H OMYXOJH AJSl W30MpaTesbHOM
JIECTPYKIIUU MOKET AaTh MO3UTPOHHO-IMUCCHOHHAS
ToMorpadust ¢ TyMOPOTPOITHEIM paguodapMITpena-
parom [6]. Kpome Toro, Ba)KHO MOTYEPKHYTH HE00X0-
JTUMOCTBD JKE€CTKOW (PUKCAIK MHCTPYMEHTA BO BpeMst
JUTATENHHON (4 MUH U OoJlee) KPUOIKCIIO3UIINN ISt
n30eKaHus HOBPEXKACHUH MO3TOBOM TKAHU U TeMOppa-
TMYECKUX OCIIOKHEHUH. B 3ToM oTHOIIEHNN Hanboee
MIOJIXO/ISA- 1IN anmaparypoi A onepanni siBasoTCs
paMHBIE CTEPEOTAKCUYECKHE CUCTEMBI, TO3BOJIAIOIINE
C BBICOKOH CTENIEHBIO TOUHOCTH I0OMBATHCS BBEICHUS
KPHUOKAHIONM B 3aIlJIJaHUPOBAHHBIE 1LI€JIEBBIE TOUKU
Mo3ra 1o Hanbosiee 6e301IacHBIM TPACKTOPHIM, a TaK-
K€ MCKJIIOYAIOIIKe CIIy4aiHOE CMELICHNE KaHIOJIU BO
BpeMs KprodKcro3unuu [ 1, 3, 7].

BoiBOaBI

1. ITpensoskeHHas KOHCTPYKLUSI KpUOXUPYpPrUyec-
KOT'0 arapara, padoTaromIero ¢ KCIoIb30BaHHEM TEM-
nepaTypsl TBEpAOU YITIEKUCIOTHI, UMEET PsJl CyIle-
CTBEHHBIX PEUMYIIECTB IIPU BO3ACHCTBUU HA T'OJIOB-
HOW MO3T 110 CPAaBHEHHUIO C MPUOOPaMU, OCHOBAHHBIMHU
Ha XHUJIKOM a30Te, U C YCIIEXOM MOXKET OBITh IIPUME-
HEHa KaK B (PyHKIIMOHAIIEHOM, TaK U HE()YHKIIMOHAIb-
HOM CTEpEOTaKCHCE.

2. IlpexacraBmsieTcst MEPCIEKTUBHBIM HCIIOIB30-
BaHUE KPHOXUPYPTUUECKOI METOVIKH JIJIs CTEPEOTAK-
CHYECKOM IECTPYKIUHU OITyXOJIEH, pacioiararoniuxcst
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method has no cumulative effect, therefore it may be
applied many times during repeated interventions in
one patient. When treating patients with brain
neoplasms it can be used together with other methods
of exposure on tumor (for example, radiosurgery or
chemotherapy).

The device is successfully tested both in functional
stereotaxis (alternative to RF diathermocoagulation of
intracerebral target structures) and in nonfunctional
stereotactic neurosurgery. Moreover, when using
stereotactic cryosurgery the surgical therapy is possible
even in inoperable patients with a deep tumor locali-
zation. In typical cases, they receive only radio- and
chemotherapy, which significantly reduce their survival
as compared to patients treated surgically [11, 15].
Even a partial cryodestruction of tumor was established
to enable a significant extension of a patient’s lifespan
due to a targeted destruction of proliferatively active
areas of neoplasm and activation of cellular anti-tumor
immune response [11].

Of note is an important role of stereotactic guidance
and preoperative neurovisualization to determine the
position of intracerebral targets and planning safe
trajectories for cryocannula introduction into brain. In
most cases, the best visualization method is preopera-
tive MRI, which most distinctly reveals the target
structures and neoplasms to be cryodestroyed, as well
as the pathways and vessels, which intraoperative
damage should be avoided [8]. Additional information
to reveal active proliferative areas for selective tumor
destruction may be provided by positron emission tomo-
graphy with a tumorotropic radiopharmaceutical drug
[12]. In addition, it is important to emphasize the need
in a rigid fixation of the instrument during long-term
(4 min and more) cryoexposure to avoid damages in
brain tissue and hemorrhagic complications. In this
respect, the most appropriate equipment for surgeries
are stereotactic frame system, allowing a high accuracy
in achieving the cryocannula introduction into planned
target points of brain via the most secure trajectories,
as well as preventing an accidental displacement of
cannula during cryoexposure [1, 6, 14].

Conclusions

1. The proposed design of solid carbon dioxide ba-
sed cryosurgical device has some strong advantages
during exposure on brain as compared to liquid nitrogen-
based devices, and may be successfully applied in both
functional and non-functional stereotaxis.

2. The application of cryosurgical technique for
stereotactic destruction of tumors, located in deep and
functionally important brain areas is seemed to be
perspective. As clinical experience has shown, this can
significantly increase the survival rates in patients
traditionally considered as inoperable.
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B FJ'IY6I/IHHI)IX nu (byHKLII/IOHaJ'ILHO 3HAYUMBIX 30Hax
roJIoBHOro Mo3ra. Kak nmoka3za KIMHHYECKUH OIIBIT,
OTO IMO3BOJIACT CYHICCTBCHHO MOBBLICUTH IMOKA3aTCIIN
BBDKMBACMOCTH Y MAIIUCHTOB, TPAAUITUOHHO CYUTAIO-
OIUXCs I/IHOHepa6CJIBHBIMI/I.
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