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BeegeHue

CO,-nazep ABNAETCH OAHUM n3 nepBsbIxX
Pa3paboTaHHbIX ra3oBbIX 1A3€POB 1 A0 HACTOSALLEro
BPEMEHW OCTaeTCsd Hanbonee LUNMPOKO UCMONb3yeMbIM
nazepom BO BceMm mupe. CO, nasepbl paboTaroT C
AnvHOM BONHbLI 10600 HM. OCHOBHOW MULLIEHBHO
AnnHbl BoNHBI CO, nasepa aBAseTCd BOAa, Npu 3TOM
nasep He BANGET Ha TMUIMEHTbl - Takue Kak
reMornobunH 1 MenaHumH. Mockonbky BOAA ABAAETCHA
OCHOBHbIM XPOMOGOPOM OUONOTNYECKON TKaHW, 3TO
NPYBOANT K ObICTPOMY MPeobpasOBaHNO CBETOBOW
SHepr1uy B Ternio B HeOOMbLUOM Obbeme TKaHu npwu
HM3KOW CTemneHn MPOHWKHOBeHWNSa u3nydeHua CO,
nazepa. bnarogapa atomy cBonctey CO, nazep
ABNAETCH OTNVYHBIM  VIHCTPYMEHTOM ANA  Pe3kn 1
abnsauUM, C MUHUMANbHBIM TEMI0BbIM MOBPEXAEHEM
npuaeraroWwmx  TKaHew, 1 Mo3ToMy  nAeanbHO
NOAXOANT ans nprIMeHeH s B obnactn
Herpoxupyprum. CoOKyCMPOBaHHbBIN B HEOONbLUMX
NATHaX, nepemeLLaembll ¢ MOMOLLBK CKaHWPYHOLLMX
cncTeM, UMnynbCHbIM nyy  CO, nasepa pexer C
MUHVMaNbHBIM TennoBbLIM NnoBpexXAeH/eM,
obecrneumBas Mpy 3TOM BbICOKYHO TOYHOCTb U
BOCMPOWN3BOAMMOCTb.

MepBbin nazep, wcnonb3yrouwnin CO, B KayecTse
Ccpefbl 1 TeHepVPYHLLUIA HenpepbiBHYHO BOHY (C
ANVIHOM BOMIHBI 10,6 MKM), 6bIn1 onucaH B 1964 roay
Matenem (Patel). Crennap (Stellar) n Campa (Samra)
BbIMOMHUAN  MEPBYI0  PE3eKUM0  MyIbTUGOPMHOM
rnMobnactoMsl € wncnonb3osaHnem CO, nasepa B
1969 roay. ['-31,

C T1ex mnop B TedeHve gecatunetnin CO, nasep
MCMONb30BaNCs ANS Pa3IUUHbBIX HENPOXUPYPTAYECKIX
npoueayp+l. OAaHako 3KCMNyaTalUMOHHbIe
OrpaHNYeHus, Takve Kak rPOMO3AKOCTb KOHCTPYKLLAWK,
0bbeMHas YCTaHOBKA W HI3KOe OMTUYeckoe KayecTBO
MVIKPOMaHWMyNATOPOB, npenaTcTBOBaNu ero
LUMPOKOMY pacnpocTpaHeH o 2,

Bcnea 3a atmm nocnegosano Hosoe nokoneHne CO,
Na3epoB  C  CYUeCTBEHHbIMW  TEXHONOTMYECKUMM
YCOBEPLEHCTBOBAHWAMM,  Y/yYlleHHOW  3proHo-
MVIKOV 1 KaUeCTBOM aKCecCyapos.
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JlazepHble  UCTOYHWKUM € RF-Hakaukon, MUKPO-
MaHWMYNATOPLl FeHepupyroLLmMe MUKPOMEeTprYeckre
NATHA, U BbICOKOTOYHbIE CKaHWPYHOLLME YCTPONCTBA
NO3BOMNAU YCTPAHUTL OOMBLUNHCTBO HeAOCTaTKOB
CTapbIX 1a3epHbIX cucteM. [logBuaoCb 6OoMblIoe

pasHoobpasne GopM  UMMNYNLCOB 1 CMOCOHOB
nepegayn  sHeprun.  CkaHepbl, B YaCTHOCTY,
YyAPOCTUAN 1 CAENANN XVPYPTUKO C MCNOAb30BaHNeM
CO, Nla3epoB bonee besonacHom n
BOCMPOV3BOAMOW.

Mukpoxupyprns ¢ QyHKUMEN  CKaHMPOBaHMS
ABNAETCA  O4YeHb  3QPEeKTUBHBLIM,  YAOOHBLIM U

6e30MacHbIM  METOAOM  JleyeHus. ITa  ObICTpas,
yAOOHas B MNpUMeHeHUM U HeckoHTaKTHas
TEeXHONOrNS MO3BONAET MONYUNUTb MAeaNbHbIN 0630p
onepaumoHHoro nons. bonee TOro, oTCyTCTBME
PACXOAHbIX aKceccyapoB Takxe ABnseTCcAa
3KOHOMUYECKU 3OGEKTUBHBIM.

Mbl Meny BO3MOXHOCTb .
NCMONBb30BaTh  /1a3epPHYH
cuctemy Smartxide? CO; ¢
OYHKUMEN CKaHVPOBaHN4,
Pa3pabOTaHHY  KOMMa-
Huen DEKA (KaneHuaHo,
VTtanns), ©»  HaCTOALLMM
CO0bUIaEM O MONYYEHHOM
XVIPYPryeckom orbiTe.

I
.'

OnucaHve nasepHomn
cucteMbl U akcec-
Cyapos

JlazepHad cicTemMa
SmartXide? (DEKA,

KaneHuaHo, Wtanusg) —
3TO CO,  nasep C
NCTOYHUKOM  131yYeHnd
C RF-Hakaukol, pgoctyn-
HbIA B ABYX PasNYHbIX

Bepcnax € MakcuMa-
NbHOW  MOLUHOCTBHO 60
BT nan 80BT.
(pnc. 1).

PucyHok 1. /lasepHad
crcTemMa Smartxide?

Ctp. 1
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DKCKNHO3MBHAsA TeXHOOrMA GOPMUPOBaHNA GOPMbI
numnynbca (PSD® Technology) oT kommaHum DEKA
obecneuynsaeT MHOroobpasne VMMyIbCOB, Mepexosd
OT HEMpepbiBHOrO W3NYYeHUS K WMMYIbCHOMY, C
MepemMeHHor  CTPYKTYpOW,  AJINTENBHOCTBIO 1
SHeprver B UMMyAbCe 1N BO3MOXHOCTBIO YNpPaBadATh
STVIMW NapameTpamu.

NcTouHnkm  CO, nasepa ¢ RF-Hakaukom  (Tak
Ha3blBaeMbli «YNbTPaUMMYNbCHbBI PEXNM»)
OT/INHAKOTCA  OT WCTOYHMKOB /1a3€pOB C  BO30OYX-
AeHNEM MOCTOAHHbBIM  TOKOM  («CynepumnynbCHbIN
PEXMM») TEM, UTO NepBble NepesatoT B TKaHb ropaszao
6ONbLLUEe SHEPrUK 3a OAMH UMMNYALC 3@ TO Xe Bpems,
YTO U UCTOYHVKM C BO3DYXAEHWEM MOCTOAHHbBIM
TOKOM, U,  CNefjoBaTeNbHO,  ABAAOTCA  bonee
3bPekTUBHBIMU ANd abNaLUMn TKaHen (PUCyHOK 2).

=
=

3N1EKTPONUTaHMUA
WUctounmk
3NeKTPONUTaHNA

WUctounuk

Mopor yaaneHus TKaHn

I
m

AnutenbHocTb UMNynbca Hs AnuTtenbHOCTb MMNyNbca s

PucyHok 2. A: CO, nasep C BO30YXAEHMEM MOCTOAHHbIM TOKOM
(CynepuMnyNbCHEBIZ  PeXNM  U3NlyYeHnd), paboTalolmin B pexume
OAVHOYHBIX MMMYyNbCoB M3nydenud. B: CO, nasep ¢ RF-Hakaukown
(yNIbTPaNMMYNbCHBIA  PEXUM  13NydYeHVs), paboTatolwmin B pexrme
OAVHOYHbIX UMMY/bCOB M3nydeHna. B nctouHmke CO, nasepa ¢ RF-
Hakaukou 3a OAHY W Ty Xe AUTENbHOCTb WMMYNbCa FeHepupyeTcs
6onble 3HepruM CBepx MOPOrOBOrO 3HAYEHWUA yAANeHVs TKaHW Mo
CPaBHEHWIO C 1a3epOoM C BO30YXAeHNEM MOCTOAHHbIM TOKOM.

Akceccyapbl A1 BbICOKOTOYHOM — MUKPOXVPYPriAN
COCTOAT M3 MUKpomaHunynaTopa (Easyspot Hybrid)
XUPYPrMYeckoro CKkaHmpyroLlero yctponcrea (HiScan
Surgical), koTopble cOeaHeHbl Apyr C ApYyroMm U
06beAMHEeHbl  C  XUPYPrMyeckMM  MUKPOCKOMOM
(PrcyHok 3).

PucyHok 3. CkaHep Hi-Scan Surgical BMecTe ¢ MUKPOMaHWUMYIATOPOM
Easyspot Hybrid.

Ctp. 2

ChokycmpoBaHHoe nsaTHO, CreHeprpoBaHHoOe
OMNTUYECKOW cCcTEMON MUKPOMAaHWNYAATOPA,
nepemMellaeTca C MOMOLLbIO  CKaHepa, KOTOpbIM
CrnocobeH CO34aBaThb PasNYHble dopMbl
CKaHMPOBAHWS, C  Pa3UYHBLIMK  pasMepamn U1
pexnuMamu  M3yYeHns, B 3aBUCUMOCTM  OT
noTpebHoCTen neveHns (PUcyHok 4).

/(OO @

PucyHok 4. HiScan Surgical MoxeT reHepupoBaTb Hanbonee
noaxoAsaLine GopMbl CKaHVPOBAHUS ANS MUKPOXMPYPrUW, B TOM
ymcne: TOUKM, JIVHWKM, KpVBble ¥ MOJHble OKPYXHOCTYW, Crvipany,
LIeCTUYroNbHKKM  (MPOrpeccrBHOE 1 CBA3AHHOE CKaHWpoBaHue),
ABOViHbIE HTEPMONSLMOHHbBIE SAAMNCHI.

Xpypr, WMCNonb3ys LKONCTUK MUKPOMaHUMYASTOPa,
nepemMeLlaeTt KapZaHHO noagelleHHoe
TePMMHaNbHOE 3epKano, YTobbl pasMecTTb Gurypsbl
abNAUMM U pe3Kn TaM, /e 3TO HeOHXOAMMO.

MUKPOBbBIKIOUaTENb, PACMNONOXEHHbI Ha BepxHeW
YacTy  DKONCTMKE MVIKPOMAaHWMYNSTOpa, MO3BONSEeT
Xpypry [AVCTAHLUMOHHO YrpaBnaTh BCEMY
OCHOBHbIMU  GYHKUMSIMIA CKaHPOBaHNA (TakMMu Kak
BpalleHue 1 onpeaeneHuve pasmepa ouryp abnaumu,
BLIOOD pPexXvMa BbIKIHYEHNSA/BKIKOYEHNS  CKAHNPO-
BaHVA WM TOHKOW LEHTPOBKM Jy4ya) (puc. 5), He
OTpbIBasA r1a3 OT OMNepaLyoOHHOro Mykpockona. Ans
aKTMBaLMV  Na3epHOro  M3NyyYeHns  WCMOo/b3yeTcs
HOXHas neaank.

PucyHok 5. bBnarogaps nynbTy  AUCTaHUMOHHOrO — yrpaBieHus,
PaCroNoXeHHOMY Ha JKOWCTUKe, BCe OCHOBHbIE YHKUMM HaxoAaTCs
nos HernocpeACTBEHHbIM  KOHTPOMEM  XMpypra, KOTOPbIA  MOXeT
BbINO/IHATE OMNEPaLMto, He OTPbIBAs 1133 0T MUKPOCKONa.
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PucyHok 6. OnepaLulioHHas.

MaTtepuanbl 1 MeToAbl

Ang  oueHkM  noteHUMana U NpenMmyLlecTs
YINEeKMCNOTHOW Na3epHoi  cncteMbl SmartXide? B
PA3/INYHBIX  HERPOXMPYPrUYecknx CLEeHapuax Mbl
NpoBenn JfevyeHne 6 MauuMeHToB, CTPajatoLLmX
Pa3NYHBIMU O4aroBbIMK nopaxeHuamMm (1
BECTMOYNAPHas LWBAHHOMa, 2 MeTacTasbl Mo3ra, 1
rnvoma, 1  MeHVHrMoma rosioBHOro Mosra, |1
CNHaNbHag HeMprHoOMma).

B HacTodwem AOKyMeHTe MpeacCTaBaeHbl Tpu 13
yKa3aHHbIX LWeCTn Cny4YaeB, YTOObl akLEHTMPOBAaTb
BH/MaHMe Ha MOKasaHuax U 3GGekTnBHOCTU
NpVIMeHeHNs CO,  nasepa  SmartXide? B
HEeMPOXNPYPrHeCcKX NpoLesypax.

MprMeHeHMo nasepa B onepaLoHHO
npeawecTBoBaiy  HeCKObKO — TPeHWHroB B
nabopatopuv Mo MCCNeAOBaHWIO  06pasLoB

XNBOTHbIX  (MO3r  CBUHEN) ex Vvivo C  Lenbto
TeCTMpoBaHNS n KO/IMYeCTBEHHOW OLLeHKM
B3aVIMOAENCTBUA Jla3epa C HepBHOW TKaHbK 1
onpegeneHus ONTUMabHbBIX napameTposB
npuMeHeHnd. Takxe BbINONHANACL 00paboTka U
MOArOTOBKa 00Pa3LoB TKaHen ANd MMCTONOMHYeCKOro
aHanM3a, B OCHOBHOM AN OLEHKM TepMU4eckoro
nospexaeHa (pnc. 7).

MprmeHsnacs nasepHaa cuctema DEKA Smartxide?
MOLLUHOCTBIO 60 BT, OCHalleHHaa BbICOKOTOYHbIM
MUKPOMaHUMNynaTopoM  (Bepcust  Easyspot  Hybrid),
COeAMHEHHbBIM C XUpYypruyeckymM ckaHepom (HiScan
Surgical) 1 NOAKMOYEHHBIM K HENPOXMPYPrYeCKoMy
Muykpockony Leica M720 OHS5 (Leica Microsystems
GmbH, Wetzlar, TepmaHuns) udepes cneuvanbHbI
apaanTep Smartxide?.

dokycHoe pacctogHue MUKPOCKOMa 610
yctaHoBneHo Ha 300 mm 2OP, a CO, nasep 6bl
chokycmpoBaH C  MOMOLWLBIO  3ymMa  MWKpOMa-
HUMNYNATOPa B MIOCKOCTU 3peHUd, YTODbl MONyYUTb
Hanayywmnin 3¢dekT Ha TkaHW. Ha 3Tom (OKyCHOM
PaCCTOAHUN MNKPOMaHUMYNATOP reHepurpyeT MaTHO
pasMepom 190 MKM, yTO obecneymBaeT
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BbICOKYH) TOYHOCTb W 3PGEKTMBHOCTb abnaunn
pesKun.

Bblv UCMoNL30BaHbl CnefyroLme napameTpbl 1a3epa
N CKaHMpoBaHK4. «LLlecTurpaHHVK» NCNoAb30Bau 414
abnaumn,  MpY NOBTOPHOM WM HEMpepbIBHOM
CKaHVpoBaHUK, CO BpemeHeM Bblaepxkn 0,1 MC ¥
MOLLHOCTBHO 15 BT; n3nyueHne nasepa BbINOAHANOCE B
pexnme CW («pexuM HernpepbIBHOIO  M31yYeHNs»).
Takoe  Henpofo/XUTENbHOE — BpemMsd  0by4YeHus
MNCMOMb30BaNOCh anqa npeaoTBpaLLeHns
TEPMNYECKOTO MOBPEXAEHNA  OKPYXatoLLVX TKaHeMw.
Mpy HEOOXOAMMOCTH, «IUHWA» UCMONb30Banack A1
paspesa, C MOLWHOCTBIO 6 BT, BpemeHem 0b6nyueHus
1,5 MC, pexmnmom vsnyderna UP 1 MHOTOKpaTHbIM UK
HernpepbIBHbIM - CKaHMPOBaHWEM. HakoHel, ¢urypa
CKaHMPOBaHVA B GopMe «Kpyra» Oblna MCNoAb30BaHa
ANA KOoarynaumm  TKaHeld  C  1CMOb30BaHMEM
Cy0abnaUMOHHOM  MAOTHOCTU  3HepruK, TO  eCTb
MowlHoCTbO 0,6 BT, pexumom  v3nydenna  CW,
BpemeHeM Bblgepxkn 0,1 MC, Mpy HENpepbIBHOM
CKaHMPOBaHWM B TeyeHVe BPEMEHW, HeOobXOAMMOro
AN19 KOArynaumm TKaHen U/nnm Menkmnx cocyzos.

PucyHok 7.
[IeMOHCTPUPYOLLIAIA O4YeHb
B3aVIMOZENCTBIE C HEPBHOWM TKaHbHO (MeHee 40 MKM) noc/ie NprYIMeHeHs
nasepa.

fuctonornyeckmin - obpasel,  nasepHolt  abnsaumn,
orpaHu4eHHoe TepMudeckoe

NnntocTpaTuBHbIA MaTepuan

Cny4ain 1: MeTacTtasbl FrO/JOBHOro Mo3ra

64-NeTHNIA MOXNION MYyXYMHA XanyeTcd rON0BHYHO
00Nb, M3MEHEHNe UYHOCTY, Pa3apaxnTeNbHOCTL U
HapylleHve namaTi, KOTopble OH OTMedaeT yxe B
Tedenve 4-x  wmecdues.  MarHMTHO-pe3oHaHCHad
TOMOrpaduns rofoBHOrO MO3ra BbiABWIA Hannyue
NOPaXeHna B JOOHOW foe CrpaBa C HEOAHOPOAHbIM
KOHTPACTHbIM YCUneHueM (puc. 8).

Ctp. 3
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B xoge npefonepauyMoOHHON  AMArHOCTUKM
MOMOLLBI  KOMMBIOTEPHOM  TOMOrpadun  rpyaHo
KNeTKn Takke 0OHapyXeHO 0bpa3oBaHyvie B Nerkmx.

C
n

bbina 3alflaHMPOBaHa ornepaulid, BelMoJ/IHeEHA NobHags
KpaHMOTOMKA CMNpaBa @ O6L|_LI/II\/I TOTa/IbHbIM
yAaneHneM Ornyxonny nauneHTa.

CO, nasep 1Cnonb30Banca BMecTe C TPaauLNOHHBIMN
HENPOXMPYPTUYECKAMY UHCTRPYMEHTAMM Ha KaXa0M
3Tane NpoLeaypbl, OT Ha4aNbHOro paspesa B 061acTu
yaleykn A0 abnauuu v yaaneHus nopaxeHus, a B
KOHUe npoLuesypbl — ANg reMocTa3a xmpypriyeckon
nonocT.  HUKakuUX  MOBPEXAEHWM  OKPYXaoLLMX
TKaHew roNoBHOIro MO3ra He Hab1t4anoch.

BbinosHeHHble cpasy nocie onepauny KT rosnoBHOro
Mo3ra 1 MPT nokasanu nojsHoe yaaneHme o4arosoro
NopaxeHVa 1 MOATBEPAVIN 3aMETHOe YMeHbLLeHVe
OKpyXatoLlero oTeka, 6e3 MpY3HaKoB YLUNOOB
FrONI0BHOMO  MO3ra.  [WCTOMOrNYeckUi  AMarHos:
MeTacTa3 Mo3ra OT MeNKOKNeTOYHOro paka J/erkux.
MocneonepaumMoHHoe TeyeHne 6e3  OCIOXHEHWN,
NauneHT npowen rMporpamMmMmy  BCMOMOraTe/bHOM
pagunoxmumMmmyeckon Tepanuu. MPT rofoBHOMO Mo3ra,
BbIMO/IHEHHAs 4epe3 3 ©M 6 MecdueB rnocse
ornepauny, He nokasana peunansos Oryxonei.

PuncyHok 8. CHumkn MPT ¢ oceBoit Harpyskor 4o (A) 1 nocne
onepauun (B). CHumkn [0 onepauun, WANCTPYPYHoLLImMe
obnacte  kopTtukotomMmn  (C) ¥ Mno3TanHoe  yaaneHue
nopaxerud (D).

Crp. 4

Cnyuvain 2: MeHUHrnoma danbkca

B Halle Helpoxmpypruyeckoe oTaeneHme nocTynmna
80-neTHAa NoXWNag XeHUWHa C 1eBOCTOPOHHM
bauUmo-bpaxno-kpypaabHbIM napesom. Mpw
HerpOXVPypPruyeckoMm 06CiefloBaHUM Obll BbISBEH
6-MeCaYUHbI aHaMHe3 NIerKoro HapyLleHVa namaTu 1
anatuyeckou aenpeccun.

KT ronoBHOro Mo3ra rmokasasa npaBoCTOPOHHee,
pasmepoMm 4,5 CM, OAHOPOAHO YyCUIMBarOLLEeCHd,
PacronoXeHHOe BHe BeLLecTBa MO3ra rnopaxeHve B
06/1aCTI cepnia Mo3ra (puvc. 9).

MposeaeHa Takxe npeaonepaunoHHas
KOMMbIOTEPHAdA aHrnorpadus, BbIABMBLUAA
06LIMPHOE KPOBOCHAbXEHKe OMyXOoau OT BHELLIHEN U
BHYTpPEeHHe COHHOWM apTepun, MayneHTke
BbINO/IHEHA (POHTOMNApVeTanbHas KpaHWOTOMUA C
yAaneHvem 06pa3oBaHuA C MOMOLLLHO
MEXMO/YLLaPHOrO MOAXOAA.

B naHHOM Cnydae odeHb mnonesHbiM okasanca CO,
Nasep, Mo3BONANOLNMA 0becneymTe TOUYHYH abaALmIo
MOpaxeHna C MUHVUMM3aUMen MHTPaonepaLioHHOro
KDOBOTEYEeHVA U3 MnUTaTeslbHbIX  COCYAOB,  MpW
3HAUNTENIBHOM  COKPALLeHUV  BpemMeHu  yaaneHus
OMyXo/Nn.

BeinonHeHHas cpasy nocne onepaumn
KOMMbOTEpHaa TOMOrpadua MOATBEPAMIa MOJHOE
yAaneHue  Onyxoaum 1 rokasana - 3aMeTHoe
YMeHbLUEHMe OKpYyXatoLlero oTeka 6e3 Mpr3HaKkoB
yLINOOB rON0BHOMO MO3ra.

MpoBeseHO MaTonornMyeckoe obcnefoBaHe B CBA3N
C MEHVIHTMOMOMNA.

CYMMATOMBI MAUMEHTKM 3HAUUTENBHO YYyYLLVAUCH, OHA
XOpOLLO Cebs 4yBCTBYeT yxe 6onee 2 neT rmocse
onepauuu.

PucyHok 9. CHumKkK KT € 0CeBOW Harpyskon o (A) v nocne
onepaumn  (B).  CHumok  ao  onepauun,  cHumok  (Q),
AEMOHCTPUIPYIOLLMIA NO3TanHyro abnaumio nopaxeHvs. benas
3alITPYXOBaHHanA obnacte: nopaxeHue; CNHAA
3alITPYXOBaHHaA 061acTb: 06/1aCTb MOPaxeHus, yaaneHHas
nasepom. (D) MNMpenonepaumoHHasa aHrnorpadus KT.
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Cnyuai 3: LLIBaHHOMa CMIMHHOrO Mo3ra

B Hale Herpoxupypriyeckoe OTAeNleHne MOCTynun
40-NeTHUA  MYyXUMHa, Y KOTOPOro B TeyeHue 6-Tu
MecaLeB HabnrAaTca 60M B CNVHE, OHEeMeHMVe U
CnabocTb (4/5 Kknacc) obeux HUKHUX KOHEeYHOCTeMN.
MNpumepHO 4 roAa Hasag emy Oblna npoBejeHa
namumskTomma  T11-T12 no  yaaneHntio  WwsBaHHOMbI
cneBa. MarHMTHO-pe3oHaHCHas ToMorpadus nokasana
VHTPaLypanbHyrO 3KCTpaMeaynapHyro onyxonb T11-
T12, CUNBHO CAABAMBAKLLYHO CMVHHOW MO3r (pyc. 10).
Mo 3ToW NMpUYMHE NaumeHTy bbiNa NpoBejeHa BTOpas
onepauus B TOM Xe MecTe.

Bo Bpema onepaunn 6bI1 OOHapyXeH OOLUVPHbIN
Gnbpo3. lMocne TWaTeNbHOro pacceyeHns pyoLOoBOWM
TKaHW, KoTopas Oblna npwxkeHa W pa3pesaHa CO,
NnasepoM, TBepAad o000/04Ka Oblna  ObHaxeHa =
BCKpbITa. ObHapyxeHO cepo-benoe obpasoBaHyve. C
MOMOLLBIH  MUKPOXUPYPrYEeCKOM  TeXHWKM  Oblan

onpeaeneHbl rPaHuLbl ONyXOau, 1 MNopaxeHue 6bi10
aKKypaTHO yganeHo ¢ nomolusto CO, nasepa.

Pucynok  10. Tlpeg- (A) m  nocieonepauyioHHsle  (B)
caruttansHble  cHuMkM  MPT. CHumok o onepauun  (C),
LEMOHCTPUPYIOLLMIA  MPOrPeCCHPYIOLLYIO  KOATyaUmMo 1
yAaNeHne nopaxeHus.

dukcauma NO3BOHOYHMKA He TpeboBanack, TBEPAAS
MO3roBag  000/7104Yka  Oblla  3aKpbiTa  MPAMbIM
NepBNYHbIM LUBOM 63 HeO0bXOAMMOCTY BbIMOIHEHNS
n1acTyeckor onepaumm Ha TBepAol MO3roBOW
oboniouke. [UCTONOTUYECKMIA  AMarHO3  LLBAaHHOMbI
CMWHHOTO  MO3ra  MOATBepXAeH. B TeueHwne
LWEeCTVMECAYHOro Kypca peabunmtaumm y naumeHTa
MOMIHOCTBKD  UCYE3NN BCe  AOOMepauVioHHble
HapyweHyda. Yepes 2 roga nocne onepauyn MPT
NOATBEPANIO obLLee TOTa/lbHOe yaaneHue
nopaxeHus 6e3 peuvanBa u  6e3  MNpU3HaKOB
HeCTabnIbHOCTU.
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3aKnoyeHue

[oNyYeHHBIN Hamy OMbIT CBUAETENbCTBYET O TOM, YTO
CO,  nazep SmartXide? B COoYeTaHuV C
MUKpOMaHuUnynatopomM Easyspot Hybrid v ckaHepom
Hiscan Surgical okasanucb noaxoAsLler C1UCTeMOoNm
409 pe3ekuMy  PasnnNYHbIX  MOpaxeHur Mo3ra w
MO3BOHOYHMKA. SmartXide? - 370 3pdeKkTUBHbIA U
TOYHBIN WHCTPYMEHT ANA BbINONHEHNS PAa3INYHbIX
HenpoxMpypruyeckx onepaunin 1 npoueayp. CO,
nasep Smartxide? 6bI1 O4eHb MoNe3eH B LENOM psiae
KIMHNYECKNX C/Ty4aeB, Kak He TObKO 3GeKTUBHbIN,
HO 1 ©e30MacHbIN XUPYpPrimvecknini UHCTpyMeHT. OH
pa3paboTaH C y4eTOM 3ProHOMUYECKUX TPEOOBAHNN
K XWPYPru4ecknMm nasepHbIM cucTemam, YyaobeH B
pabote M CMocCobeH  OAHOBPEMEHHO  pe3aTb/
nogsepratb abnauMM U KOaryampoBaTb TKaHW C
MUHUMaNbHBIM COMyTCTBYHOLLMM TepMUYECKM
ropaxeHuewm, He rnopaxas OKpyXatoLLe
HerpOoCoCyANCTbIe CTPYKTYPbI.

OduupmaneHoe  3asBfeHWe: ABTOPbl  BbIpaxaroT
6naroflapHocTb A-py Jlyka [xaHHoHK (Luca Giannoni)
N3 oTAena WCCIefoBaHWn 1 PasBUTUA  KOMMAHUM
«n.3H.» (ELEN.), KaneHuyaHo - MTanng) 3a okasaHHyr
MOMOLLb VI MOAAEPXKY.

3asiBfieHMe O pacKkpbiTUK MHPOpMaLUK
KOHGAMKT MHTEpecoB: ABTOpPbI He coobliany o

Hannydmm KOHq)}'II/IKTa NHTepecos, mMeroLero
OTHOLLEeHMe K JaHHOMY BOMPOCY.
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Application of a Novel Scanner-Assisted Carbon Dioxide Laser
System with PSD® Technology (SmartXide?) for Neurosurgery

Roberto Colasanti' M.D., Stefano Dallari? M.D., Maurizio lacoangeli’ M.D.

1. Department of Neurosurgery, Umberto | General Hospital, Universita Politecnica delle Marche, Ancona, Italy.
2: ENT Department, Ospedale “A. Murri”, Fermo, Italy.

Introduction

The CO, laser is one of the earliest gas lasers to be
developed, and still remains the most widely used
laser around the world. CO, lasers work at 10.600nm
of wavelength. The main target of the CO, laser
wavelength is water, while it is not influenced by
pigments (as hemoglobin and melanin). As water is
the main biologic tissue chromophore, this results in
rapid conversion of the light energy into heat within
a small volume of tissue, and a low penetration of
the CO, laser radiation. This property makes the
CO, laser an excellent cutting and ablation tool,
with minimal thermal damage to adjacent tissue,
and so perfect for neurosurgical purposes. Focused
in little spots, emitted in pulses and moved by
scanning systems, the CO, laser cuts with a minimal
thermal damage together with high precision and
reproducibility.

The first laser using CO, as the medium and
producing a continuous wave (at a wavelength of
10,6 pm), was described in 1964 by Patel. Stellar and
Samra performed the first resection of a glioblastoma
multiforme using a CO, laser in 196911,

Since then, over the decades, CO, laser was used for
different neurosurgical procedurest®®. Nonetheless,
operative limitations, such as its cumbersome
design, the bulky set-up and lower optical quality
of the micromanipulators, precluded its broad
diffusiont?,

New generation CO, lasers followed, with significant
technologic improvements and a better ergonomics
and quality of accessories.

DEKA

Innate Ability

RF-excited laser sources, micromanipulators
producing micrometric spots, and high precision
scanning devices allowed to overcome most of
the drawbacks of the older laser systems. A wide
versatility of pulse shapes and energy delivery
became available. The scanners, in particular, made
CO, laser surgery easier, safer and reproducible.

Scanning aided microsurgery is a very effective,
user friendly and safe method of treatment. It's
fast and very versatile, and being a non-contact
technique allows a perfect view of the operating
field. Moreover, having no consumable accessories
is also cost effective.

We had the opportunity
to utilize the laser i"
SmartXide? CO, scanning |
aided laser system, [
developed by DEKA |
(Calenzano, Italy), and n
hereby we report our
preliminary  surgical
experience.

Description of the
Laser System and
Accessories

SmartXide? laser system
(DEKA, Calenzano, Italy)
is a CO, laser with a RF
excited laser source
available in two different
versions with 60W or
80W of maximum power
(Figure 1). The exclusive

Figure 1. Smartxide? laser system.
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DEKA's Pulse Shape Design Technology (PSD®
Technology) enables a great versatility of the pulses,
passing from a continuous emission to a pulsed
emission, with variable structure, durations and
energy per pulse.

The RF-excited CO, laser sources (so called
Ultrapulsed) differ from the DC-excited ones
(Superpulsed), because the former deliver much
more energy per pulse to the tissue in the same
time of emission, being in this way more effective for

tissue ablation (Figure 2).

Power
Power

Ablation Threshold
w w

Impulse Length Hs Impulse Length Hs

Figure 2. A: DC (Direct Current)excited CO, laser single pulse
(Superpulsed emission). B: RF (Radiofrequency) excited CO,
laser single pulse (Ultrapulsed emission). In RF excited CO, laser
source the same pulse length produces more energy over the
ablation threshold, compared to the DC excited one.

The accessories for High Precision Microsurgery
consist of a micromanipulator (Easyspot Hybrid), and
a surgical scanning device (HiScan Surgical), which
are connected to each other and coupled with a

surgical microscope (Figure 3).

Figure 3. The Scanner Hi-Scan Surgical together with the
micromanipulator Easyspot Hybrid.

Page 2

Thefocused spot produced by the micromanipulator’s
optical zoom is moved by the scanner, that is able to
create different scanning shapes, with different sizes
and modes of emission, according to the treatment
needs (Figure 4).

/(OO @

Figure 4. HiScan Surgical can generate the most suitable
scanning shapes for microsurgery, including: points, lines,
curves and complete circles, spirals, hexagons (progressive and
intertwined scanning), double interpolated ellipses.

The surgeon, using the micromanipulator’s joystick,
moves a gimbaled terminal mirror to position the
ablation or cutting figures where needed.

A microswitch, located on the top of the
micromanipulator's joystick, allows the surgeon
to remote control all the main scanning functions
(such as the rotation and size of the ablation figures,
selecting the scan off/on mode, or fine centering
of the beam) (Figure 5) without taking eyes off the
operating microscope. A foot pedal is used to activate

the laser emission.

Figure 5. Thanks to the remote control located on the joystick,
all the main functions are under the surgeon’s direct control
without ever taking his eyes off the microscope.
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Figure 6. Operatory setup.

Materials and Methods

In order to evaluate the potential and benefits
of the SmartXide? CO, laser system in different
neurosurgical scenarios, we treated 6 patients
suffering from various lesions (1 vestibular
schwannoma, 2 brain metastases, 1 glioma, 1
cerebral meningioma, 1 spinal neurinoma).

Three of the whole six cases are hereby presented,
to highlight the indications and the utility of the
SmartXide? CO, laser in neurosurgical procedures.

The use of the laser in the operating room was
preceded by several training sessions in the
laboratory on ex vivo animal samples (swine brain),
in order to test and quantify the interactions of
the laser with the nervous tissue and to define
the optimal settings to be used. In addition, tissue
samples were processed for histological analysis,
mainly to assess the thermal injuri (Figure 7).

The laser system was a DEKA Smartxide? 60W,
equipped with the high precision micromanipulator
(Easyspot Hybrid version), coupled with a surgical
scanner (HiScan Surgical) and connected to a Leica
M720 OH5 (Leica Microsystems GmbH, Wetzlar,
Germany) neurosurgical microscope through a
dedicated adapter.

Thefocallength of the microscope was set on 300mm
EFL and the CO, laser was focused by means of the
micromanipulator's zoom on the plane of view, in
order to produce the best effect on tissue. At this
focal length the micromanipulator produces a spot
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of 190um, thus being highly precise and effective in
ablation and cut.

The following laser and scanning parameters were
utilized. The “hexagon figure” was used for ablation,
in repeated or continuous scanning, with a dwell
time of 0.1ms, and 15W of power; emission of the
laser was in CW mode. This short dwell time was used
to prevent a thermal damage of the surrounding
tissues. When needed, the “line” was employed for
incision, with a power of 6W, dwell time of 1.5 ms,
mode of emission UP and repeated or continuous
scanning. Finally, the “cue-ball” scanning shape was
employed for tissue coagulation, using sub-ablative
energy densities, that is power 0.6W, CW mode of
emission, 0.1ms dwell time, in continuous scanning
for the time needed to obtain the coagulation of
tissues and/or little vessels.

Sgare Y

Figure 7. Histologic sample of a laser ablation, showing the very
limited thermal interaction to the nervous tissue (less than 40 um)
after the application of laser.

lllustrative Cases

Case 1: Cerebral Metastasis

A 64-year-old gentleman complaining a 4-months
history of headache, personality changes, irritability,
and memory disturbance. A brain MRI revealed
the presence of a right frontal lesion with non-
homogeneous contrast- enhancement (Figure 8).
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During the pre-operative work-up, a lung mass was
also detected by a chest CT scan.

Surgery was planned and the patient underwent a
right frontal craniotomy with a gross total resection
of the tumor.

The CO, laser was used, together with the traditional
neurosurgical instruments, in every step of the
procedure, from the initial pial incision to the
ablation and removal of the lesion, and, at the end
of the procedure, for the hemostasis of the surgical
cavity. No injury to the surrounding cerebral tissue
was observed.

Immediate post-operative brain CT and MRI
confirmed the entirety of the lesion removal and
showed a marked reduction of the surrounding
edema, without evidence of cerebral contusions.
The histological diagnosis was brain metastasis from
small cell lung cancer. The patient had an uneventful
postoperative course and underwent an adjuvant
radiochemotherapy program. Brain MRI performed
at 3 and 6 months after surgery did not show tumor
recurrences.

Figure 8. Pre- (A) and post-operative (B) axial MRl images.
Intraoperative pictures illustrating the corticectomy area (C) and
the progressive removal of the lesion (D).
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Case 2: Falx Meningioma

A 80-year-old lady, presenting with a left-sided
facio-brachio-crural paresis, was admitted to our
neurosurgical department. A 6-months history of
mild memory disturbance and apathetic depression
was revealed at neurosurgical examination.

A cerebral CT scan showed a right-sided, 4.5 cm
sized, homogenously enhancing extra-axial falcine
lesion (Figure 9).

A preoperative CT angiography was also performed,
revealing an extensive tumor blood supply from
both the external and internal carotid artery. The
patient underwent a fronto-parietal craniotomy
with removal of the mass via an interhemispheric
approach.

The CO, laser was very useful, allowing to achieve
precise ablation of the lesion while minimizing
intraoperative bleeding from the feeding vessels, with
significant reduction of the time of tumor removal.

Immediate post-operative CT confirmed the
complete tumor removal, and showed a marked
reduction of the surrounding edema with no
evidence of brain contusions.

Pathology examination was consistent with

meningioma.

Patient's symptoms significantly improved and she
continues to do well more than 2 years after her surgery.

Figure 9. Pre- (A) and post-operative (B) axial CT images.
Intraoperative picture (C) showing the progressive ablation
of the lesion. White hatched area: lesion; blue hatched area:
area of the lesion ablated by the laser. (D) Pre operative CT

angiography.
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Case 3: Spinal Schwannoma

A40-year-old manwas admitted to our neurosurgical
department with a 6-months history of back pain,
numbness, and weakness (Grade 4/5) in both
his lower limbs. He had underwent a T11-T12 left
laminectomy for removal of a schwannoma about
4 years before. MRI showed a T11-T12 intradural
extramedullary mass, severely compressing the
spinal cord (Figure 10). Therefore, the patient
underwent a second surgery at the same site.

Intraoperatively, extensive fibrosis was encountered.
After a careful dissection of the scar tissue, that was
cauterized and cut with the CO, laser, the dural
sheath was exposed and opened. A greyish-white
mass was detected. Using microsurgical technique,
the limits of the tumor were identified and the lesion
was carefully excised with the aid of the CO, laser.

Figure 10. Pre- (A) and post-operative (B) sagittal MRl images.
Intraoperative view (C) showing the progressive coagulation
and removal of the lesion.

No spinal fixation was required, and the dura was
closed with direct primary suture without duraplasty.
The histological diagnosis of spinal schwannoma
was confirmed. At six months follow-up, the patient
had complete resolution of all preoperative deficits.
A 2 years follow-up MRI confirmed the gross total
resection of the lesion without recurrence or
evidence of instability.

DEKA

Innate Ability

Conclusion

In our experience, the SmartXide? CO, laser, coupled
with Easyspot Hybrid and Hiscan Surgical, turned
out to be a suitable system for the resection of
different cerebral and spinal lesions. It is an effective
and precise tool to perform different neurosurgical
steps and procedures. Therefore, the SmartXide?
CO, laser may represent, in selected cases, an useful
and safe surgical instrument. It addresses some of
the ergonomic limitations of the laser systems, and
is able to cut/ablate and coagulate the tissue at the
same time, with minimal lateral thermal spread,
thus preserving the surrounding neurovascular
structures.
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