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Hutpaonepanmonnasn piyopecineHTHAs IHATHOCTHKA H JIa3epHAsS CIEKTPOCKOIHSA
B XMPYPI{H IIHAIbLHBIX ONYX0.I€li rOJIOBHOTO MO3Ta
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Intraoperative fluorescent visualization and laser spectrosopy in infrinsic brain tumor surgery

A Potapon’, AG. Gavrlow?, 5.A. Goriannon?, DAL Golbin?, PV, Zelenkow', G.L. Kobyakow', VA, Ohlopkow', V. Yo, Zhoke?, LY. Shishkina’,
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OAHOM M3 OCHOBHBIX NpofAem B XMPYPTMM FAMOM FOAOBHOTO MO3ra SBARETCA OTCYTCTEME YEeTKMX
FPaHML OMYXOAW C OKPYXAKOWHM MO3FOBLIM BEWECTBOM BBHAY HMHMABTPATHBHOID Xapakrepa Mx
pocta. B HacTofwee BpemMA B HEAPOOHKOAOIMM BECBMA aKTYaAbHbIM NPEACTaBARETCA BONPOC O pas-
AMYHBIX METOAAX MHTPaonepauMoHHOR HeApOBM3YaAM3aALIMH, OAHHMM W3 KOTOPLIX ABASETCA NpUMeHe-
HHe hAyopecUueHTHOA MeTaDoAMYeCKoR HAaBHTaLUMK C 5-aM MHOAEBYAMHOBOM KHCAOTOR (5-AAK), aonoa-
HEHHOR AazepHOM KoAMYeCcTBeHHOR cnekTpockonued. ABTopamMM Ha npumepe 99 nauMeHTOR C BHYTPH-
Moz2roBeiMm onyxonamu Grade |—IV ycTaHoBAeHO, 4TO BuaMMan (ayopecueHumns HabaoaaeTcs B 68%
CAYYAER, NMPH HCMOAB3IOBAHWH AA3EPHOA CNEKTPOCKONMHH YYBCTBUTEALHOCTE METOAA YBEAWYMBAETCH AD
74% 3a CHeT TOro, YTO HacTb BHAMMO HedhAYyOpEeCcUHpPYIOWMY ONyXoAeR NpH CNeKTPaABHOM aHaaM3e
obAasaeT onpesereHHbIM HakonAeHwem npotonopdgwmpuda [X. B pabote nokasaHo pasavyMs B KOAK-
YecTBeHHOH (AyOpecUeHUMH B Pa3AMYHBIX YYacTKax rAMODAACTOM, a TakKe MemAy pasAM4YHBIMH
THNaMK raom. Haw onelT Nnokasaa, 4To WHTpaonepauroHHan hAyopecueHTHAA AMarHOCTHKA M Aa3ep-
Haf CNeKTPOCKONHMA ABARIOTCA 3¢peKTHBHLIMM cnocobamu MHTpaonepaurMoHHoR HeApPOBW3YaAH3aUmMK
B XMPYPruM rAManbHbIX onyxoaed roroBHoro mosra Grade [—IV.

KAo4eBble CAOBA: FAMOMBI FOAOBHOMD MO3ra, MeTaboAMYecKas HaBMrauus, 5-amuHOAeBYAMHOBas
kncaota (5-AAK), ghayopecueHTHaA AMarHOCTHKE, Aa3epHan CNeKTPOCKOMMA.

Absence of well-defined borders of the glial tumor due to their infiltrative growth is one of the main
issues in neurosurgery. A number of methods for intraoperative visualization are available today. The
fluorescent metabolic navigation with 5-aminolevulinic acid (5-ALA) combined with quantitative laser
spectroscopy is one of the latest technique. In our series of 99 consecutive patients with brain gliomas
(WHO Grade |—IV) we found that visible fluorescence was observed in 68% of cases. Additional use
of the laser spectroscopy could increase method sensitivity up to 74% due to accumulation of the
protoporphyrine IX in nonfluorescense tumors. It was shown that there are some differences in
quantitative fluorescence not only within same tumor (glioblastoma) but also in-between low- and
high-grade gliomas. Intraoperative fluorescence and laser spectroscopy are effective and very helpful
methods of intraoperative imaging in of intrinsic brain tumor surgery.

Key words: glial brain tumors, metabolic navigation, 5-aminolevulinic acid (5-ALAJ, quantitative
fluorescence, laser spectroscopy.
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HeTopua pazsuTia MeToaa payopecueHTHOH IHATHOCTHEH

Brnepsrie dorogunamMmudeckuii addert onucan B pabore 0. Raab B 1900 1., B
KOTOPOH OBLIO MOKA3AHO, YTO B MIPHCYTCTBHH AKPHIHHOBOIO M HEKOTOPKIX ApY-
rHX KpacHUTeleH napaMelmi norudaioT NpH OCBELIEHHH COMTHEYHBIM CBETOM [23].
[Tozxe H. von Tappeiner (1904) npeanoxun tepMuH «OTOTMHAMNAYECKAS PEAK-
LM 1A ONHcaAHHA crienudpuiueckKoi (POTOXHMHYECKOH peakiiii, KOoTopas npH-
BOOWT K rH0EIH OHOIOrHYECKHX CHCTEM B IIPHCYTCTBHH KPacHTENS, MOTI0MAK-
MIErO CBETOBOE M3IYyUCHHE, H Kuciaopoaa [27].

[Mpumenenne doTonnHaMuyecKoro ahdekTa B OHKONOrHT DEPET CBOE HAYANO
¢ paboTta A. Policard B 1924 r., B KOTOpPOIi ORIJIQ VCTAHORIEHO, YTO NMPH 0BIyue-
HUH YD-creToM HEKOTOPHIE 3MOKAYECTBEHHLIE OMYXOIH YeI0BeKa (yopecim-
PYIOT B OpAHXEBO-KPACHOH obaacTd cnekrpa. Jannoe apieHue oObACHAIN HA-
JTHYHEM B ONVX0IAX 2HI0reHHEIX nopduprHoe [ 18], Kak nokazanu coBpeMe HHEIE
HCCIEN0BAHKA, HAKOIUIEHHE HI0TEHHBIX NOPQHUPUHOB B HEKOTOPBIX THITAX 3J10-
KAYECTBEHHBIX OMYXOIEH IEHCTBHTENBHO MOMET MPOHCXOANTE HA MO3IHUX CTa-
JHAX MX pa3BUTHA, pacnana v Metactaziporanua [25]. B 1966 1. R. Lipson nposen
(IYOPECLIEHTHOE IETEKTHPORAHHE U NePROE (hOTOAMHAMHUYECKOE eUEHHE NALIH-
EHTKH C paKOM MOMOYHOM XKeaesnl [14].

[leproe KNHMHHYECKOE HCCAeHOBaHUE (avopecUeHTHOro MpdeKTa NpH BHY-
TPHBEHHOM MCNOILI0OBAHHH (UIVOPECLEMHA BO BpeMH HEHpOXMpYPrHYECKHX
ONEpalMid IpH ONYXOIAX TOJ0BHOIO MO3ra BeinoiHeHo G. Moore u coast. [17].
ABRTOpPEL onucanu 3pHeKT HAKOILIEHH (DIVOPECUEHHA B ONYX0IEBOH TKAHH, UTO
10 MOABICHHA METOA0B HEHPOBHM3IYAIM3ALMK CIIOCOOCTBOBANID DOJIEE TOUHOMY
ONpPeaeIeHHID JTOKATHIAIHHA OMYX0AH BO BpeM4 ONEPATHBHONO BMELIATENLCTRA.
Hakonnenue dpayopecienna OLUIO CBA3aHO C HAPYHIEHHUEM NMPOHHUAEMOCTH Te-
MatoaHuedainueckoro Dapeepa Kak B ONYX0JIH, TAK M B MepH(OKAIBHON TKAHH,
[To paay npHUYHH ITOT METO/I, a4 TAKXKE MPUMEHEHHE IPYTHX KPaCHTENEH He nony-
YHJIH NIHPOKOIO PACHIpOCTpaHEHHA B Helipoxupypruu |1, 4a, 5, 13].

[lepBrie pabOTHI IO HCNOTB30BAHHIO J-AMHHMIEBYIHHOBOH KHCIOTH (3-AJIK)
B KAYECTRE Npenapara s hoToiHHAMHYSCKOMH THATHOCTHKY oTHOCATCH K 1979
r., koraa Z. Malik u coarr. [13] npuMennnu 5-AJ1K nng uccrenoBaHug apHTpO-
nelikeMudecknx kieTok. [penapar ncnonb3oBancs a8 JHATHOCTHKN OIyXoei
KOXH, CIIH3HCTRIX, KEeTUHBIX H MOUYEBLIX MIPOTOKOR, DpoHxos. B akcnepuMenTe
Ha rnuoMax 9L u C6 B KYALTYPE H B MO3T¢ KPHIC ORUIO MOKA3AHO HAKOIUIEHHE
OMYXOIEBEIMH KJIETKAMH M CHHTE3 B HHUX JHIOTEHHBIX NOPHHUPHHOB B IIPHUCYT-
creur S-AJIK [10]. B pansuefimemM Ob10 NONTBEPAIEHO, YTO BOICE HHTEHCHB-
Hoe HakoruieHue nporonopdupuHa IX (IMnlX) B onyxonH cBA3AHO HE TOJILKO C
VECITHYEHHEM TIPOHHIAEMOCTH TKAaHW s S-AJIK, HO H ¢ ycHIeHHeM 3axBaTa
5-AJIK ee knerkaMu, HIMECHEHHEM aKTHBHOCTH (DEPMEHTOB, KATAJIHINPYIOIIHX
TpaHcdopmaun [InlX g rem [11]. PesyaeTarsl NpOCHeKTHBHBIX MYJILTHIEHTPO-
BHIX MCCIEIOBAHWN MOKA3ZAIH, YTO NpUMEHEHHE (MIVOPECLEHTHOTO METOIA BO
BpEMS QNEPATHBHEIX BMEIUATEILCTE MO3BOMAET YBEJIHUYHTL YACTOTY PadHKANb-
HOH pe3eKlMH KOHTpAcTHPYEMOi Ha MP-ToMOrpaMme 4acTH 3/10KAYECTBEHHOMH



ITHOMEL IO CPARHEHHIO C TPATHIIHOHHON MHKpOXHpYprucii (65 u 36% cooTeeT-
CTBEHHO) NPH VBEJIWYEHHH 6-MeCAUHON Ge3peHaInBHON BeoKBaeMOCcTH (41,0%
npotus 21.1%) [26]. [Nozxke meTon duyopeclieHTHON HABUTALIMK ORLT 0100pEH
EspoxoMuccHER 114 MCNONb30BAHHA B Helipoxupypruu [16]. B 2008 r. 6uian
ONyOMHKOBAHE Pe3viIbTaThl HPHEKTHRHOIO HCIOIE30BAHHE HE TONBKO MHKPO-
CKOMNA, HO ¥ 3HI0CKOIA ¢ (payopecueHTHRIMK (DHIBTPAMH B XHPYPIHH OIYX0JIeil
roJ0BHOTO MO3TA pasnHuYHOoro reqdesa |22].

Onuako B auteparype (4, 19—21, 28] uMeioTca UL eTHHHYHEE Co00IeHns
0 KOJIHYECTBEHHONW W KAYECTBEHHOH OLCHKE (IVOPECLUEHTHOTO HPGEKTA B IKC-
NEPUMEHTE H KIIHHHKE.

Lens HacToaumed cTaTb — OLUEHKA PE3YILTATOR NIPHUMEHEHHS GUIVOPECLEHT-
HOM OTHATHOCTHKH W J1a3epHOH CHEKTPOCKONUH B XHPYPIHH TMTHOM IOJIORHOTO
MO3TA PA3HON CTENEHH ITOKAYECTREHHOCTH.

MaTtepuaa U METOAbLI

B uccaenoBanue BKIOUEHB Y9 nanueHToR (58 MyxuuH, 4] XKeHIIHHA) C IH-
OMaMH rOJI0BHOTO MO3ra, onepuposadHHbix ¢ 2010 no 2012 r. 8 HUHM nelipoxu-
pypriau uM. akaza. H.H. bypnenko PAMH ¢ ucnonsioBanuem dayopecieHTHOH
JHATHOCTHEHM M Na3epHoil crniekrpockonni. CpeaHuii Bo3pacT NalMEHTOR COCTA-
B 47+135,64 rona, MUHHMANBHEIH BO3pacT 17 ner, MaKCUMAanbHEIH — 74 roaa.
[1poTokon uccnenoranng Gs1 0n0OpeH AITHUECKHM KOMUTETOM MHCTHTYTA HEl-
POXHPYPTHH; MAIMEHTOBR BKIOYAIN B MUCCICIOBAHME MPH VCIOBHHM MONYUEHHS
HHMOPMHUPOBAHHOIO COTMACHA ¢ VYETOM MPOTHBOMOKA3AHHWI, MITOKEHHBIX B
paboTte W. Stummer 1 coarr. [26]. MeToa He NpUMEHATH NPH HAPpYIIEHHH DYHK-
MU MEYEHH W MOYEK ¢ U3MEHEHHMEM COOTBETCTBYIOMIMX DHOXMMHYECKUX (hep-
MEHTOR.

Kputepiu BKIIOUEHHS B HCCIEI0RAHKE: BO3pacT 16—73 ner, onyXolH rojioe-
HOTO MO3Ta, IHATHOCTHPOBAHHBIE 110 taHHBIM MPT u KT, unnexc KapHosckoro
He menee 70. Cpenn nanMedToB gaHHOH cepuH riaoMmel Grade | otMeuanucs v 2
nanuedToB;, Grade Il — v 11; Grade 11 — y 16; Grade IV — v 70). boasmuHcTBO
nanueHTOR (83) OBLTH ONEPUPOBRAHEI BIEPBBIE, |6 — NORTOPHO B CBATM C MPOIOI-
KEHHLIM POCTOM OTTYXOJIH.

B uccaenoBanuu GBI MCHONb30BaH ruapoxmopun 5-AJIK, BeINMycKacMBlil
MdI'YIl «THU «HUOIMuK» (Mockea, Poccus). [lpenapar 8 Buae Genoro kpu-
CTA/UTHYECKOTO MOpoIKa pactropsaau B 150—200 M1 BOAE TPH KOMHATHOI TEM-
neparype B pacuere 20 Mr va 1 kr Maccel Tena nanuenTta. [lonydennsiit pacTrop
MALHEHTE TPHHHUMATH BHYTPb 34 4 4 710 HAYAIA VIAJICHUS QIYXOH.

Bee GonbHbIE GBUIH ONEPHPOBAHEL ¢ HCTIOAb30BAHHEM MHKPOXHPYPIHYECKOi
TeXxHukKH. B 88 HabnioaeHuax npuMe HAICH OrnepaunoHHbIi Mukpockon Carl Zeiss
OPMI Pentero ¢ npuctaBkoil nna dnyopecueHTHON HapuTanuu; B 11 Habnwoae-
HuAx — Mukpockon OPMI NC, a taxxe snnockon Karl Storz co cienHalsHEIMHE
crReTOUIALTPAMHU 11 padOThl BO (MIYOPECLIEHTHOM PEXHME C HCTOUHMKOM CBETA
400 mm.



[ToMHUMO 3KCepTHOIT KadecTBE HHOI OLIEHKH CTENEHH (DIyopec IEHITHH TIPO-
BOAWICH KOMIBIOTEPHBIH aHanu3 cnekTpos duyopecteHimi. Haunxaa ¢ 2010
r., B PYTHHHOM TIOPAIKE HaMH TIPHMEHAICH Ja3epPHBIH CIEKTPOAHAIH3ATOPD
JI2CA-01-BHMOCIIEK (3A0 «<BEHMOCIIEK», Mocksa, Poccna). Jlaa so3Gys#-
nerHua AJNK-unnyuuposanHoro [InolX 6sin wenons3oBaH reTHi-HEOHOBBIH na-
3ep (mnmuHa BonHe! 632,8 HM). CnenmansHoe nporpaMMHoe obecnedyeHue aua
Moay4eHHA H 06paboTKH CIIEKTPAIbHBIX CHTHANOB MO3BOJAET B PEXKHME peab-
HOTO BpEMEHM OLIEHHEBaTh VPOBEHb HAKOMUIEHHA NpoTonopdHpHHA B TKAHAX.
[Tocne Bu3yanbHONH OLEHKH (DIIVOpECIIEHIIHH TTPOBOAWIACE TA3EPHAS CIIEKTPO-
CKOMHA ¢ BeUHcIeHHEeM nokasateneii nukos [InlX u senuumy doyopecuent-
HOTO KOHTPAacTa U KaXJII0To VUacTKa ¢ MapaiieIbHBIM B34 THEM MHOXECTBEH-
HBIX ODHONTATOB ¢ 1EIbI0 KONMHYSCTBEHHON 0leHKH (hiyopecleHIINN OImyXoie-
BOIi TKAHH, MEPEX0OIHOI 30HBI, 30HK HEKPO3a B COMOCTABIEHHH ¢ HHTAKTHBIM
MO3TOBBEIM BEIECTBOM.

CrexTpsl, moay4acMble TakumM oOpa3soM, HMEIOT IBa OCHOBHBIX MAKCHMYMA:
MakCHMYM paccefiHHOTO TKaHblO CBETA OT Ja3zepa ¢ LTHHOH BonmHHK 6328 HM H
MAaKCHMYM CIIEKTpa (pIyopecleHIIHH, COOTBETCTBYIOIIHIT THKY duiyopeciieHITHH
[TnIX B 6mckHeM uHppakpacHoM auana3zoHe (okomo 705 uMm). B kavyecTse nua-
THOCTHYECKOTO KPHTEPHA HCTOIB30BANACH BEMTHYHHA hITYOPECIIEHTHOTO KOHTpa-
cTa, MpeacTaRIAImAad coboil OTHOMEHHE HHTEHCHBHOCTH Iy OpeCIEHIIHH H3-
MEHEHHOI TKAHW K MHTEHCHBHOCTH (hJIyOpECIICHIIHH HOPMATbHOH TKAHH MO3TA.
Takum obpazoM, MOXKHO HHBESIHPOBATh RIHAHHE HHIHBHIYAIBHBEIX (H3HOIOTH-
YeCcKHX ocobeHHOCTel KOHKpeTHOrO narueHTa. [locie onepanuy BeneHHAE mai-
EHTOB OCYHIECTRIAJIOCH TI0 cTaHmapTHOH cxeMe. B teuenne 48 4 nocne onepanun
coDmonanca pekuM 3al0HTH OT MPAMEIX COTHEYHBIX Tyueii Bo n3bexanue doto-
CEHCHOMIM3aIIMH KOXH M ceTYaTKku. ¥ Bcex O0JIbHBIX BRIMONHAIM GHOXHMHYE-
CKHE HCCIIenOBaHMA (e PMEHTOR CHIBOPOTKH KPOBH 1A OLIEHKH COCTOAHHIA TIeHe-
HH | [M0YEK B MOCIE0NEPAITHOHHOM TIEPHOIE.

PesyabTatn

B cpenHem BuauMan duyopeclicHUMA W JOCTOBEPHOE TOBHIIIEHHE VPOBHA
CHEKTPOB cpend 99 MAIMEHTOB C OIMYXOIAMH TIHAILHOIO PAla OTMEYATHCh Y
68% (Tabm. 1).

Tonsko BuauMadg yopeclieHIIHA OTMEYalachk B cpemHeM v 68% nanueHTOB
¢ IITHOMaMM TOJOBHOTO MO3ra, IMpH HCMOAb30BAHMH Na3epHOM CIEKTPOCKO-
MHH YYBCTBUTEIBHOCTE METOIA BO3pacTaeT 0o /4% 3a cUeT IpyNIel onyxoneii
Grade I1I—IV (n=06), rae oTcyTcTBOBaNa BUAMMAA IVOPECUEHITNA, HO OTME-
Yajaoch NOCTOBEPHOE TMOBHINEHHE VPOBHA CHEKTPANBHBIX XapaKTepPHUCTHK.
YacTh mauMeHTOB M3 JaHHOI MOATPYINH COCTABIANN MAIIHEHTH C MIPOIOII-
*KeHHHM poctoM raHoM Grade III—IV nmocne nyueroii repanuu [2]. Bepoat-
HO, Ha (pOHE MOCTAYYEBOTO palHOHEKPO3a OTCYTCTBOBANO 3HAYHTENLHOE Ha-
KOIUIEHHE MperapaTa B ONYXONH, J0CTATOYHOE I HHAVKIIHH BHANMOH dury-
OpPECUEHITHH.



Puc. 1

Puc. 3

Obuiee BrIeYaTISHUE XHPYPIOB O HOBOM METOMHMKE OBINO MOMTOKHTENLHBIM, TI0-
CKOJBLKY duiyopeciieHTHAd HaBHTallld VBEEIHYHBAET TOYHOCTh ONPENe/icHHd rpa-
HHII OMYXO/IH, KOTOPHE HE BCErNa BUAHKEI B OEM0M CBETE, MOBHINAA paliKalb-
HOCTb YIAIEHHA, a MPHMEHEHHE Ja3epHOH CIEKTPOCKOITHH MO3BOMAET MOIYIATh
OBICTPRIA OTBET 0 METADOMIHYECKOM CTATYCE MCCIeaveMoH TKaHH, YTo oCoOEHHD
BaXHO MPH OTCYTCTBHH BHIHMOMH doyopecueHumu. besycnosHo, uMenIHCh H He-
MOCTATKH: VBEIHUYEHHE UMTETbHOCTH onepaiu Ha 10—60 MuH, npHMeHeHHE
NOMOMHUTENBHOTO XHPYPIHIECKOTo 000pynoBaHuA H HeoOXOIHMOCThE 3aTeMHE-
HHA OTEPAIIMOHHOI, YTO MOBLIIIAET 3PUTEIBHYID HATPY3KY Ha TiepcoHat. Kpome
TOTO, [ AIEKBaTHOTO OCMOTPa MOMOCTH B pexkuMe dutyopecticHinn TpeGopanca
VIOBIETBOPUTEILHEI TeMoCcTa3, MOCKONBKY KPOBB TIPEMATCTBYET BH3YaTHIAITHHT
Ty OpECITHPYIOIITHX 30H.

B Hamneii cepiu ocoXHEHHH, CBA3aHHLIX KaK ¢ TPUMEHEHHEM TIpenapara, Tak
M ¢ XHPYPrudecKHM BMEIIATENLCTBOM, 3adpKcHpoBaHo He 6uu10. Ha dhone cTpo-
roOro KOHTPOIA ARTeHME (hoToce HCHOWTH3AIMHE HI OJHOTO CIy4ad pasBHTHA JaH-
HOTO OCJTIOKHEHHMSA He OBII0 3aperHcTpUpoBaHo. ¥ 5 NallMEeHTOB OTMEYATOCE Gec-
CHMIITOMHOE TPaH3MTOPHOE TOBRIIICHHE B 2—3 pa3a ypoBHA epPMEHTOR MEUSHH,
perpeccHpoBaBIIce B TeueHHEe 2— 3 nHeii.

B Hameii cepMn oKasamHCh IBOE MAIIHEHTOR ¢ MHAOHIHBIMH ACTPOIIMTOMAaMH
(Grade 1), B 0Boux HabGmoneHHAX OTMEYaACh BHAMMAs IyopeclieHIIMA H MOBLI-
meHue ypopHA crnekTpoB oT [InlX. Ilo HammM TaHHBIM, OTCYTCTBHE BHAHMOII
thyopeclieHIIHK H IOCTOBEPHOTO IMOBLINICHUA VPOBHSA CIIEKTPATLHBIX XapaKTepH-
CTHK MPH JIa3epHoil CIEKTPOCKONMHH OTMEYANOCh V 5 13 1] manMeHTOB ¢ mHoMaMu
Grade 11 (kak npasmno, ipu audpy3HbX acTpormToMax). B To e BpeMa BUIUMas
cyopecueHna otMeyanachk y 6 13 11 maimmenros ¢ rmmomamu Grade 11 (B nanHyto
MOATPYTIIY BXOMMJIH MAllHEHTHI ¢ OMHTOASHAPOTTHOMAMH W CMEIIAHHBIMH TIIHO-
mamu — onuroactpoimroMami (Grade I1). Ha puc. 1, 2 npuBeneHB KIHHHYECKHE
MpPHMEPI NOTOXKHTETRHOTO HpidekTa doayopecteHHy npu rmmoMe Grade 11

Crenyiomnii KIMHHYECKHH NpUMEpP IEMOHCTPHPYET, YTO B HAYaJe ONEepallHu
OTMEYAETCA HHTEHCHBHAA BHIMMAA TOMOTEHHOTO THIIA UIyOopeCIeHITHA Oy XOIH
y malMeHTa ¢ onurogeHaporaioMoii Grade 11, Bexonameii Ha kopy nobHoit nonn
(pug, 3). Iocne ynaneHMA ONVXOIH B JIOXKE HE oTMedaeTed 3dperTa BHIHMOM
thyopecueHn. [1pu 1asepHoii CIEKTPOCKOITHH B IOXKE YIATAeMOI OIyXoJIM Ha
choHe OTCYTCTBUA BHANMOI IyOPECLIEHIIMH BHIABICHO HOCTOBEPHOE IOBBIIIE-
HHE YPOBHA cniekTpaibHoro curdaia ot [InlX (pue. 4). DTH gaHHHE TTO3BOTHIN
MPEaNoIaraTh, YT0 OMTHIOKOMITOHEHT TIHOMBI MTOBHIIAET ODIIYIO BEPOATHOCTH
HaKOIUIEHHA onmyXxoasio 5-AJIK, BoamoxHO, 3a caeT Hollee BRICOKOTO MeTaboIIH3-
Ma OIMTOAEHAPOLMTOB, YTO COOTBETCTBYET H PE3yILTaTaAM MO3HTPOHHO-3MHCCH-
oHHoii ToMorpacdgun ([13T) uccnenosannii ¢ ''C MetHoHuHOM [6].

B rpynne 13 86 nanmenToB ¢ riHoMaMu Grade HHT—IV suamman dovopecuen-
nua Habmonanacs y 39 (67,8%) mauMeHTOR, MpHYEM CHEKTPaAILHHIT aHATH3 T10-
Ka3aJ MOBHIICHHE 3HAYEHHH CIIEKTpalbHBIX XapakTepuceTk v 64 (73,5%). Or-
CYTCTBHE BUIMMOM quIVOPECHIEHIIMM U J0CTORBEPHOIO MOBHIIEHWSA VPOBHA CIIEK-



TpoB oTMeuanocsk v 28 (32,2% ) nammenTor ¢ rmuoMamMu Grade IT1—1V. Kak nipa-
BILIO, BUAMMAA (yopecUeHIIMG HOCHIIA HEOMHOPOIHEIH XapakTep — <«IMATHH-
CTOrO» THMA (OAMHOYHLIE WIH MHOXKECTBEHHHIE OYATH ), pEXe 0TMEYasIcAd roMo-
reHHHBI OIHOPOMHEI XapakTep cBeucHuA. BepoAaTHO, NpH HATHYHH «TTATHHCTO-
ros THNA (QayopecleHIIMH OYard CBEUYEHMA COOTBETCTBYIOT aHAILIACTHYECKHM
poKycaM OIMyXOJH, YTO COOTBETCTBYET JaHHRIM IpyrHx aBTopos [8]. MHTeHCHB-
HOCTh BHIHMOH UIVOPECLIEHLIMH ¥ pa3HBIX MallHEHTOB BapkHpOBaia oT cnabo-
PO30BOii 10 ApKO-KpacHOI (pue. 5, 6).

C 2010 r. ¢ uenpio oOBEKTHBH3AMH OLIEHKH (hIyopecleHIINKM MBI CTAJIH MPH-
MEHATE JIa3ePHEBII CIEKTPOAHATIH3ATOP, BO BCEX CIIVYasAX COMOCTABIAA CHCKTPHI
OTIYXOJIH M 3M0POBRIX TKAHEH 10 1 nocie yaaneHuda. [IpeMyiecTBo cneKrpoaHa-
JTH3a 3aKJTI0YACTCA B TOM, YTO OH MO3BOIAET BHABUTE Iy 0PECHEHITHIO TKaHH MPH
HaTHYHH YMEPEHHOTO KONHYECTBA KPOBH, a TAKXKE B OTCYTCTBHE BUIHMOI dryo-
pPECLIEHITHH OINpeIe/IfeT ee ypoBeHb. baarogapsa yemy 6su10 oOHapYKEHO, YTO Ja-
XKE BH3YANBHO «HedIyopecIiIHpYIOLUIHE» OIYXOAH Ha caMoM jeje obanaioT onpe-
NeNEHHHEM YpoBHEM chnyopecueHnyn. CyMMapHBIA aHanu3 cepud U3 70 onepa-
it y mampeHTOoB ¢ mHoMaMy Grade IV WHO, B xone kotopsix dayopeciieHTHas
HaBUralma OkLIa JOTIOTHEHA JIa3e PHOM CNEKTPOCKOIIHEH, MoKa3al HalHIHe YeT-
KOH cTpaTHdHUKAIIHH CIIEKTPOB 10 YPOBHAM B 3aBHCHMOCTH OT 00BEKTa (0myXo-
neBafd TKaHb, HEKPOTHYECKasd TKaHb, NepudgoKantbHag 30HA, 3M0POBLI MO3T), 4TO
COCTaB/ISIET KAPTHHY COOTBETCTBHS OIIPEAe/IEHHBIX YPOBHEH CIIEKTPOB KOHKPET-
HEIM BHIaM TKaHH (1abm. 2).

B MecTax BHIHMOI (hvopecLeHITHI BO BCEX CAVYAAX TIOIVYSHBI BRICOKHE CIIEK-
Tpel HakomneHua [InIX. Hukorna He orMedanocs BUaHMOi duiyopectieHIHE |
HakomneHua [InIX B 3oHe Hekposa. [To Mepe manbHelmero yianeHuda OMyXoaH
MHTEHCHBHOCThE BHAMMOMH UIyOpeCclIEHIIMM CHIDKASTCH, OJHAKO MTOKA3ATEIH Ja-
IEPHOI CNEKTPOCKOIIMH TI03BOMIAIOT BRIARIATE HakoreHue [InIX naxe B Bunm-
MO HedyIyopecLiHpYIOIIHX 30HAX OMYXO0JIH, YTO HHOTIA CIVKHIO OCHOBAHHEM A
NPOIOIKEHNA VIATEHUA MIPH YCIOBHH (DH3HONOTHYECKOI 103BOJIEHHOCTH. 3TO
CBHJETENLCTRYET O Gonblicii YyBCTBHTEABHOCTH BHIHMON (IyOpOCKONMHH, 10-
MMOTHEHHOI TasepHOoi GHOCIIEKTPOCKONHEH B XMPYPIHH INTHOM BEICOKOMH CTeNeHH
UI0OKAYECTRBEHHOCTH.

¥ Becex malnMeHTOB B MPOIIECCE BRIMOMHEHHMA Na3ePHON CNEKTPOCKOIIHH TIPO-
BOAWIHCH MHOXKECTBEHHBIE OMOTICHH H3 Pa3HBIX YYacTKOB OnyXoid (obmiee guc-
1o 6uoncuii 410). Ha ocHoBaHHM HecIenoBaHuA, IpoBeneHHoro y 70 manueH-
TOB C TiHoOIacToMamM#H, OBUIM BBIYMCICHBI CPEIHHUE 3HAYCHHUA MOKa3aTesIcH
CTHEKTPANBLHBIX XaPaKkTEPHCTHK PalTHYHBIX YIACTKOB OIYXOIH H HEM3MEHEHHOTO
Mo3ra (cM. Tabn. 2) 1 cTAaTHCTHYECKHE pasTHIHA MexIy HHMH (Tabmn. 3).

Takum obpazoM, B IpYNONEe MALKUEHTOR ¢ rMUOGIACTOMAMH ITOIYVYEHH 1OCTO-
BEPHHE payIMYMA NMOKa3aTenell CIeKTpaabHBIX XapaKTEPHCTHK MEAIY OITyXoJie-
BOH TKAHBID H HEM3MEHEHHOH MO3roBOH TKAHBID, ONYVXOIEBOH TKAHBIO M 30HOIM
HEKpO3a, MO3roBOH TKaHLIO W NepUpOKaATEHONH 30HOI, HEKpO3oM H nepudo-
KaTbHOH 30HOII.



OobcyxaeHune

[Mpununne duryopecieHTHOH THATHOCTHEH B XUPYPIrHH IITHOM OBUTH Oapo6-
Ho u3noxkeHsl J. Tonn u W. Stummer [29] & 2008 r. Mcnions3oBanie HHTpaonepa-
HHOHHOH (IyopecIEHTHON THATHOCTHKH B XMPYPIrUH ITTHOM HMEET PAI IMPeHMY-
MIECTB, CPEIH KOTOPEIX MOXKHO OTMETHTh CAEIVIOITHE:

1) B xupypriu raydMHHO pacnonoxeHHEIX rmHoM S-AllK dayopecucHuma muc-
MOIL3VETCA KAK BCIIOMOTATE/IRHAA HABMTanua [24];

2) Gonee MHTEHCHRBHAL BHAVAIM3ALMA AHATUTACTHUECKHX YIACTKOB rTHOM |8];

3) MHTPAONEPALIMOHHAHA BUIVATHIAIIMA MIPH NPOIOIKEHHOM POCTE IIMOM BEI-
COKOIl CTENEHH MOKAYECTEEHHOCTH MOCHE MPEIIIECTRYIOMIETD ATbIBAHTHOTIO
neuenuda [12];

4) mpu NOKATH3ALMK ONYXOIH BOIKIH KETYI0UKOBOH CUCTEMBI HCIIONBL30ORA-
HHE 3-AJIK No3rongeT BRIABHTH OIMYXONERBIE KIGTKH B CTEHKAX XKEAYIOUKOB 14-
HE MMPH OTCYTCTBHH BHIMMON MHRAZMH MX cTeHOK [9]. Ha ocHOBaHWM HAINKMX MC-
CAEOOBAHUH YCTAHORICHO, YTO HEM3IMEHEHHAA CTEHKA OOKOBOTO XEMyIouka B
HOpMe ¢aabo ayopecuupyeT B pexume BL 400, BepoaTHO, BCASICTBHE TOTO, 4YTO
cyfanenauMapHas 30Ha DOKORLIX XKEAYIOUKOR ARIEeTCd 00/1ACTRIO0 HeliporeHesa
B FOJIORHOM MO3TE YEJIOBEKA.

[TonyyeHHBIC JAHHEIE O TPHMEHEHWH (DIVOPECHEHTHOI THATHOCTHKH Y NallM-
EHTOR ¢ IMHOMAMH MOJI0BHONO MO3Ta JAI0T OCHOBAHMA [OJIATATh, YTO METOIHKA B
CHIIY BRICOKOI cnienudMYHOCTH W YYBCTBHTEIBHOCTH TIO3BOIACT MYYILE OLEHHUTh
IPAHMIIEL OIMYXOIH, 4 TAKKE, BOIMOXKHO, J0CTHYb DONBIIEA PATHKAIBHOCTH H H3-
DexaTh HITHINHEH Pe3eKIHH OKPVKAIOIINX TKAHEH, KOTOPAad MOXET 0DYCIORIH-
BAThH PUCK MOCIEONEPALIMOHHBIX OCIOXHEHHIT. MenonbioBaAHHE HHTPAONEPALTH-
OHHOTO JA3€PHON0 CHeKTPoaHaln3a 1aeT Goee NolIHYD HHHOPMALTHIO O CTENEHH
HAKOIUIEHHA (hOTOCEHCHOMITH3ATOPA B HCCIENYEMON TKAHH, YTO MOBKIIIAET YYR-
CTEHUTEIBHOCTE METOA. MeTon MoXeT OBITh MOJIE3EH Y NAIIHEHTOR KAK ¢ TIHOMA-
mMH Grade 1—11, tak u ¢ rmuomamu Grade HHI1—I1V, a Takke B XHpYPruy riimom
FOIOBHOIQ MO3TA ¢ NPOAO/EKEHHEM pocToM. TakumM ofpaszoM, METOI NPoJIeMOH-
CTPHPORAI ONPENeIeHHYID HPhEeKTHEBHOCTL B XUPYPruM rauoM. CoBpeMeHHAas
meTabonuueckas «HABHTALIHSA» TIPEIOCTABIAET XUPYPIY BOIMOXKHOCTh OBICTPOH
ONTHYECKOH nuppepeHIHALIMY TKAHEH B ONMEPALMOHHON paHe, BRIABIEHHS 30H
NOBLIIEHHOTO HakonaeHua [1nlX, uTo B cBOIO ouUepenh MO3BOIAET NIPH HEOBXO-
THMOCTH OBICTPO MEHATH OTIEPALIMOHHYIO TAKTHKY.

BesycnorHO, ¥ METOIHKM HMEIOTCS H HENOCTATKH, TAKHE KAK YVBEIHUEHUE UTH-
TENBHOCTH onepanuu Ha 10—60 MuH, NpUMEeHEHHE JONOITHHTEILHOIO 0D0pYI0-
BAHHA M HANHYHE KBANH(MHIIMPOBAHHOTO CHEIHANNCTA, BIAACIONIETO METOIOM.
KpoMme Toro, 114 a1eKBaTHOTO OCMOTPA OJ0CTH B peskiMe quivopecueHnK Tpe-
DOBANCA VIORIETROPHTEILHEL TeMOCTAT, NOCKONBKY KPORb MPENATCTEYET BH3IVA-
nuzauuu hayvopecumpyiomux 3o0H. [1pu pabore o (ayopecleHTHOM pEXKHME
BOIPACTAET BEPOATHOCThL MOBPEXIACHHA COCYIOR, BH3VAIMIAIINA KOTOPBIX YXVII-
MAETCA MO CPABHEHHIO ¢ 00BYHEIM pexXuMoM padoTtsl B benom ceere. Kpome To-
ro, HeoOXOOUMA ANANTAIIMSA CBETOBOCIPHATHA XMPYPra 4epe3 ONTHYECKHI MH-



Kpockorn K pabore BO (DAVOPECHEHTHOM PEXHME, 3aTEMHEHHE OMEPALIHOHHOIN,
UTO MOBLIMIAET IPUTEIBHYIO HATPYIKY HA COTPYAHHMKOB. HeoGX0nuMO YUUTHIBATh
HJIATEHTHOCTE CBETOBOCIIPHATHSA XHPYPIra Yepes ONTHYECKHA MHKPOCKOIT 118 pa-
GoTh B pexime BL 400 npu nepeknioueHHH CBETOBRIX PEXUMOB MHKpocKomna. C
TOUKH 3peHHd De30nacHOCTH, VIANeHHe OnyXo/ieHd rBOaM3H GVHKIIHOHAILHO 3HA-
YHMBIX 30H W KPYITHBIX MO3TOBBIX COCYI0B TpebyeT ocoboil NpeJocTOPOXKHOCTH.
HecmoTtpa Ha TO uTo onepatHoHHEI MEKpockon Carl Zeiss OPMI Pentero no-
IROMIAET HACTPOUTh APKOCTE M KOHTPACTHOCTh H300paXKEHHs TAK, YTOOR ObLUIO
VAODHO VIAMATL ONYX0Ab BO (IYOPECLHEHTHOM PEeXMME, JAHHBIC MAHHITYIALIHH
CJIEAVET NPOU3BOANUTE C OCTOPOXKHOCTBIO, OCODEHHO B OTHOIIEHHH KPYITHBIX CO-
CVIMCTBIX CTPYKTYP., KOTOPBIE C LEAbI0 NPOGHIAKTHKN TTOBPEXIEHHS KENaTeb-
HO BHSABIATH B pexuMe Denoro ceeta. MBI peKOMeHIYeEM HCIIONB30BATE HHTPAO-
MEPALMOHHBIA MEKTPOQHUINOIOTHYECKHH MOHHTOPHHT M HEHPOHABHTALIMIO B
KAYECTBE AOMOIHUTENbHEIX METOAUK, YMEHBIIAKIINAX PHCK BOZHHKHOBEHHS 110-
CACONEPALIHOHHOTO HEBPOIOTHYECKOTrO Ie(yHIIMTA.

MeToaHKa Ja3epHOi CNEKTPOCKONHH MOXET HCIIOIb30BATECA H B XHPYPrun
HedUIVOPECHIUPYIOUIHY ONYXOIEH FOIORHOTO MO3ra, NOMOrasd BEIABHTE TPAHMIIBI
HH(PHILTPATHBHOH PacTyUIEH [MTHOMEI, KOTJa CTAHOAPTHBIE MCETOABI (uIyopec-
ueHIHH HeaddhdekTHrHE [30]. PesyabTaThl HAMIMX HCCIEI0BAHWH H IAHHLIC IpYy-
I'HX aBTOPOB | 7| CBHAETEALCTRYIOT O TOM, YTO HCIIOIB30BAHKE 1a3€PHOH CIEKTPO-
CKOMHUH MO3BOIACT YMEHBIIUTE YACTOTY OINHOOK B XOI€ ONEpaALlMH NTPH HAEHTH-
(PUKAIIMH 3TOKAYCCTREHHBIX rMHanbHBIX onyxonei (Grade HHI—1V), a takxke He-
KOTOpBIX JoGpokauecTee HHEIX onmyxonei (Grade 1—I11), nakannueawoomx 5-AJK.
Ha nam s3rns, Hanboabiiei cnocobHOCThI0 K HakoweHuo 5-AJIK cpenn mn-
oM Grade 1—11 o6nanaoT MTHIOHIHEIE ACTPOIHTOMEL, OIHTOIEHIPOTTHOMEL, CME-
IMAHHBIE TTHOMEL H OITYXOIM ¢ KMCTO3HLIM KOMIIoHeHTOM. MeToauka nazepHoi
CIIEKTPOCKOIMHK TpeGyeT JalbHEHIIEro H3VUeHH H MOTU(PHKALIMH C LEILK 110-
BEIILICHHA €€ YYBCTBUTEIBHOCTH ITPH J0OpOKAYCCTREHHEIX rtHomMax [3, 16]. daa
OLEHKH BTUAHHA HHTPaonepaunoHHOH uivopecueHTHOW THATHOCTHKM Ha yiIvd-
[IEHHE PE3VILTATOB XHPYPrUM rMIHOM HEOOXOIHMMO NPOBEICHHE JallbHEHIIEro
KJIHHHYECKOTO HCCIEN0BAHHA.

BhiBOABI

|. DayopecleHTHYI) HARMTALIMIO CAEAVET HCIIONB30RATE NPH VIATEHHH TITHOM
C LENbK) KOHTPONA MPAHKML PACTIPOCTPAHEHHA ONMYXOIH U AuddepeHIIHpOBAHKA
ONYXOJIEBOH TKAHW OT MHTAKTHOH WIH HIIEMHU3MPOBAHHON MO3TFOBOH TKAHH.
YyBCTBUTENBHOCTE METOAA cocTaBnseT 61,5% cpeau ramom Grade [—11 u 67 8%
y manuenTor ¢ rmuomamu Grade HHT—1V.

2. Cpenu ramoM Grade | —I11 Haubonbimeii crnocofHOCTLI0 K HAKOTUIEHHIO TTpe-
napara 00naaalnT MHTOASHIPOTTHOMEL, CMENIAHHKIC TJIMOMBL H ONYXOIH C KH-
CTO3HBEIM KOMITOHEHTOM (TTHI0MIHLIE ACTPOLIHTOMEI ).

3. B xone oneparuBHOIO BMEIIATEILCTBA MPH YAAIEHUH [JIHOM I'OJIOBHOTO MO3-
ra MOXET HADMWIATHLCA MIMEHEHHE XapakTepa BHIHMMOI (ayopeclueHIIHN U e



4a.

10.

11.

MCUE3IHOBEHHE MPH COXpaHEHMH BRICOKOTD curHana ot [1nlX no nanusiM na3ep-
HOM CNEKTPOCKOITHHA,

4. Mcnonk3oBaHHe NAZCPHON CHEKTPOCKOINMH TMOBBIIIAET YYBCTBHTEILHOCTD
MeTona 1o 74% v nannenTos ¢ ranoMaMu Grade HHI—I1V, uto ocobenHo BaXHO B
XHPYPIHH FMHOM C MPOAOMIKEHHEIM POCTOM.

5. Meroa nazepHoi DHOCHEKTPOCKOIIHH TIO3BOJIAET MOJAYVYATE JOCTOBEPHLIE
pPasIH4YMA MEXIY YPOBHEM HakonaeHHud 5-AJIK B pasnuuHBIX y4acTKax riaiHo-
G1aCcTOM.

6. [lpumenenne 3-AJlIK DezonacHO U HE BRIIBIBAET HEXKENATENbBHBIX PEAKIIHIH
npH cobaoieHul KpUTepHes oThopa NALIHEHTOR, B 0COODEHHOCTH C CONYTCTBYIO-
[MIeH COMaTHYECKOH MATOJIOTHEH.
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MCUYE3HOBEHHE MPH COXpPAHEHHMH BEICOKOTO cHrHana ot [InlX mo nanueiM na3zep-
HOH CTIEKTPOCKOITHHA.

4. Mcnone3oBaHHEe JA3CPHON CHEKTPOCKONHH TMOBBIIAET YVBCTBHTEILHOCTh
MeTona 1o 74% v nannenTos ¢ ranoMaMu Grade HHI—I1V, uto ocobenHo BaXHO B
XHPYPIrHH FITHOM C ITPOAOTKEHHBIM POCTOM.

5. Meroa nazepHoi DHOCHEKTPOCKOIIHH TIO3BOJIAET MOJAYVYATE JOCTOBEPHLIE
PASMHYMA MEXKIY VPOBHEM HAKOMIeHHA 3-AJlK B paznuuHbIX yHaACTKAX TIHO-
G1aCcTOM.
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npH cobaoieHul KpUTepHes oThopa NALIHEHTOR, B 0COODEHHOCTH C CONYTCTBYIO-
[MIeH COMaTHYECKOH MATOJIOTHEH.

AUTEPATYPA

2011;109:Suppl: 103—106.

Moore G.E., Peyiton W.I., French L A. et al. The clinical use of fluorescein in neurosurgery. J Neuro-
surg 1948; 5: 392—398.

Policard A. Etudes sur les aspects offerts par des tumeur experimentales examinee a la lumiere de
woods. CR Soc Biol 1924, 91: 1423—1428.

Poon W.S., Schomacker K.T., Deutsch T.F,, Martuza R.L. Laser-induced fluorescence: experimental
intraoperative delineation of tumor resection margins. J Neurosurg 1992; 76: 4: 679—686.

Potapov A.A., Loshakov V.A., Usachev D.J. et al. Intraoperative multimodal navigation including laser
fluorescence spectroscopy in surgery of malignant brain tumors. Materials of 14th European Con-
gress of Neurosurgery. Rome (Italy) 2011.

Potapov A.A., Loshakov V.A., Usachev D.Yu. et al. Multimodal navigation including laser spectroscopy
in surgery of intracerebral tumors. Hefipoxup 1 Hespon Kazaxcrana 2011; 2: 23: 6.

Potapov A.A., Usachev D.J., Loshakov V.A. et al. First experience in 5-ALA fluorescence-guided and
endoscopically assisted microsurgery of brain tumors. Med Las App 2008, 23: 4: 202—208,

Raab 0. Uber die Wirkung fluorescierender Stoffe auf. Infusorien Biol 1900; 39: 524—529.
Ritz R., Feigl G.C., Schuhmann M.U., Ehrhardt A., Danz §., Noell §8., Bornemann A., Tatagiba M.S.

Use of 5-ALA fluorescence guided endoscopic biopsy of a deep-seated primary malignant brain tu-
mor. J Neurosurg 2011; 114: 5: 1410—1413.

Sroka R., Beyer W., Gossner L., Sassy 1., Stocker §., Baumgartner R. Pharmacokinetics of 5-aminolev-
ulinic-acid-induced porphyrins in tumour-bearing mice. J Photochem Photobiol B 1996; 34: 1: 13—
19.

Stummer W., Pilchmeier U., Meinel T. et al. Fluorescence-guided surgery with 5-aminolevulinic acid

for resection of malignant glioma: a randomized controlled multicentre phase 111 trial. Lancet Oncol
2007 7: 392—401.

Tappeiner H., Jodlbauer A. Die sensibilizierende wirkung fluorescierender substanzen. Leipzig: FCW
Vogel 1907.

Toms 5.A., Konrad PE., Lin W.C., Weil R.J. Neuro-oncological applications of optical spectroscopy.
Technol Cancer Res Treat 2006; 5: 3: 231—238.

Tonn J.C., Stummer W. Fluorescence-guided resection of malignant gliomas using 5-aminolevulinic
acid: practical use, risks, and pitfalls. Clin Neurosurg 2008; 55: 20—26.

Utsuki 8., Oka H., Sato 8., Suzuki 8., Shimizu §., Tanaka 8., Fujii K. Possibility of using laser spec-
troscopy for the intraoperative detection of nonfluorescing brain tumors and the boundaries of brain
tumor infiltrates. Technical note. J Neurosurg 2006; 104: 4: 618—620.



Tabanua 1. ®AyopecueHTHbIA 3¢peKT B XHPYPruv NEPBHYHBIX FAHAALHBIX ONYXOAEH rOAOBHOIO MO3ra

yyopeciieHTHRIA ekt
THI onyxonu MOJIOKHTETEHEIH OTPHIIATENLHEIH Bcero
adc. (%) abc. (%)
Imuomer Grade 1 2 (100) 0 2
Imuomur Grade 11 6(33) 5(45) 11
Imuomer Grade I11 7(43) 9(57) 16
[muomer Grade IV 52(73) 18 (27) 70

Hroro 67 (68) 32 (32) 99
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Puc. 1. Buanmas pAyOpeCUeHUHS H Aa3epHas CNEKTPOCKONHA Y NaluHeHTa C OAMroaeHaporanomoi Grade Il

a— npenonepaimodHas M PT-TtoMorpaMma; 6 —npenorne panHoHHAS TO3IHTPOHHO- IMHCCHOHHAA TOMOTpadia,
HHIEKC HakorneHna 1,5; B — ugTpaonepanmMonnad dotorpacdud B GelloM CReTe; ' — HHTpaoNeparHoHHAad
thoTorpadug B CHHEM CBETe; Il — HHTPAONEPAIIHOHHAA CIEKTPOTPAMMAL.
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Puc. 2. OAMroAeHAPOrAHOMa Npaeoi AODHOR AOAH ¥ NauMeHTKH 20 AeT.

a— npegonepanoddHas MPT; 6 — npeponepamuorHdas M P-tpakTorpadHa; B — HHTpaonepalHoHHad (poTo-
rpaHa B CHHeM CBeTe; I — HHTpaonepalHoHHas oTorpadrs B OelIoM CEeTe; 1 — HHTpaollepallHOHHAA ClIeK-
TpoOrpaMMa; e — mocineonepamuoHHas MPT.



Puc 3. lNpeaonepaumonnas MPT (a) y nauMenTa ¢ BHYTPHMOZrOBOH ONyXO0AB) — BH3YaAM3HpYeTCAa DOAL-
Was ONyXoAs ABOH A0OHOR A0AH (Grade Il); uuTpaonepaunoHHana dpoTorpadua e Deaom ceete (0) M B pe-
#nume Blue 400 Carl Zeiss Opmi Pentero (B), AGMOHCTPHPYIOWAA APKYH) BHAHMYID PAYOPECLIEHUHID Ha
NEpPEOM ITane ONepaLlMH.
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Puc. 4. MutpaonepaunonHan potorpamma e pexkume Blue 400 Carl Zeiss Opmi Pentero — pmanmasn cay-
OpeCueHUHa OTCYTCTRYET (a); Aa3epHas CnekTpockonua (0); cnektpu ot [nlX 208—209 (B), a Takke COOT-
BETCTEYHILME HM 3HAYEHHA HHACKCA (pAYOpECUCHUHH (I) H OKCHreHauMM (a).

Cnextp 208 — uHnexc duyopeceHIHHA 8,7, aMIITHTYIA paccessHHONO Hazan nazepHoro wanydeHus 800 Hm,
OKcHreHatma 53%; crextp 209 — vHuekc dyopecueHIHT 7,5, aMIUTHTYAa pacCesiHHOTO HA3a J1a3epHOTo H3-
aydeHds 210 HM, okcHreHaima 26%.



i
4
|

-
=
.
LT -
<1 1 || N N | e .
m——
- -
- - s
- o -
= - -
- P
L LN =
- & e
= iy i
. = i
: H e ——
e ErEmm
- L L=
- ‘- L ) £
1 e —
a i T mE . e s
Sk -
= At o
e e
i - - .
*
[
B
-
-

Puc. 5. Tamoma Grade IV WHO npaeoi AOOHOH AOAH, BLIXOARILIAA HA NOBEPXHOCTE KOPBLI TOAOBHOIO MO3ra.

a4 — BHIyATH3ALHA B DeJloM cBeTe; 0 — BHIYATH3ALHA B CHHeM cBeTe B pexkuMe Blue 400 Carl Zeiss Opmi
Pentero; B — CNeKTpOTpaMMa; I — JAHHEIE THCTOMOTHYECKOTO HCCTeOBAHHA.
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Puc. 6. TAnoDaacTOMma AeBOH AODHOR A0AH. MNMauneHT 69 Aer.

a — npenonepanuodHas KT-tomorpamMma; 6 — HHTpaolepallHOHHAsA CIIEKTPOrpaMMa; B — BH3YAIH3AAA KO-
pEL TOOHOH Doy B DelloM CBeTe; I' — TO Xe BO dUIyopeclieHTHOM pexXiMe; I — HWHTpaonepanHoHHas KT-
TOMOTpAMMA; € — MopdonorHYecKHil nmpenapar — rinuodnacroMma; X — MPT romosHoro moara yepea 8 Mec
Mociie oTnepaiHM.



Tabamua 2. NoKa2aTean CNEKTPOR B pa3AHYHLIX yHaCTKax ramobiacrom (n=71)

YyacToK HeeleoBaHus Epﬂﬂzlr[[T}c}rE:EEHL
Moar 1,3£1,2
HupunetparneHas 3oHa 3.841.8
Hexkpo3s 3,5+2.0

TKaHEL Oy X0JIH 9,31£3,6




Tabanua 3. PacyeTHbie NnOKa3aTeAH Yy pOBHA CTaTHCTHYECKOR 3HAYMMOCTH (P) MEKAY pa3AHYHLIMH yYacCTKa-
MH Y NAUHEHTOB C raMoDaacTomamu (n=70)

Trauu P
Onyxons,/Moar 0,01
Onyxons,/HeKpo3 0,001
Onyxone,/epHoKATEHAN 30HA 0,2
Moar/Hekpos 0,5
Moar/nepidokansHag 30Ha 0,01

Hexpoa/nepudrokansHad 30Ha 0,005
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