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Pesiome

Helipoxupyprusa BHyTpuryepenHbIx onyxosei, 0CO6eHHO rMnanbHOro MPOVNCXOXKAEHUA, MPeCTaBNAeT HETPUBMANbHYIO 3afady B CUY UX UHOWIb-
TpaTUBHOrO pocTa. B nocnefHve rofbl B HEMPOXMPYPrN aKTUBHO UCMOMb3YIOTCA ONTUYECKME MeTObl IHTPaonepPaLOHHON HaBUraLuy, ofHaKo
OfiVH 13 Hanbosee LWMPOKO PacnpoCTpaHeHHbIX MOAXOA0B, OCHOBAHHbIN Ha CENIEKTVBHOM HAKOMJIEHVN OMYXOJIblo GpyOPEeCLIEHTHOTO KOHTPACTHO-
ro BewecTsa (5-AJIK uHayumpoBaHHoro npotonopdupurHa IX), He MoXeT ObITb NPYMEHEeH Al 3HaUYMMOI YacTU ONyXosiel BCIEACTBYE €ro HY3KOro
HakonneHnA. HanpoTue, CnekTpocKonua KOMOVHALMOHHOIO pacceaHls, NO3BONAOLAA MPOBOAUTL aHaNN3 MONEKYAPHOro CoCcTaBa TKaHel ¢ co-
XpaHEHVEM BCeX [JOCTOVHCTB MeToAa $plyopecLieHTHON CNeKTPOCKONUK, He TpebyeT Npy STOM BBefEHWA SK30TeHHOTO KpacuTessa 1 MOXeT ObiTb
BapraHTOM Bbl6Opa Npu NOCTPOEHUN CUCTEMbI MHTPaonepaLYiOHHON HaBUraLymn UM ONTUYEeCKOon Gruoncuu.

B HacTosAwleln paboTe npeacTasnieHbl NepBble pe3y/bTaTbl NCMONb30BaHNA METOAA MMaBHbIX KOMMOHEHT AnA KnaccudrkaLumm cnekTpos KOMOMHa-
LIVOHHOTO paccesHns rMmnobracToMbl YesloBeKa C MPOMEXYTOUYHOW 06paboTKOM CNEKTPOB ANA MAHMMIM3aLMM BO3MOXHBIX OLIMOOK OT dpryopec-
LieHLUU N Kak SHAOreHHbIX ¢nyopodopos, Tak 1 GOTOCEHCMOUNN3ATOPOB, NCMOSb3yeMbix Npu GyopecLeHTHOWM HaBuraumun. B pesynbrate 6binn
06HapyeHbl pa3nnuna B MPOCTPAHCTBE [1aBHbIX KOMMOHEHT, COOTBETCTBYOLME 0bpa3sLiamM TKaHel C MAKPOKUCTO3HbIMU KOMMOHeHTamu, 06Lwmnp-
HbIMM yYacTKamyi HeKpO30B, GOKyCaMu CBEXMX KPOBOM3NMAHMN. MOKa3aHo, YTO AaHHbIN MOAXOL MOXET MOCIYXXUTb OCHOBOW [/1A MNOCTPOEHNA
CUCTeMbl aBTOMATUYECKOI MHTPaomnepaLioHHON KnaccrdrkaLumm TKaHe Ha OCHOBe aHasiM3a CreKTPoB KOMOUHALIMOHHOTO pacceAHNA.

KnioueBble cnoBa: rn1obiacToma, ontuyeckas 61uoncus, CoHTaHHoe KOM6I/IHaL|,I/IOHHoe pacceAaHne, MeTop rmaBHbIX KOMNOHEHT.

Ansa untnposaHua: PomanuwkmH U.1., Bukmyxametosa J1.P, CaBenbesa T.A., lopainHos C.A., Kocbipbkosa A.B., Oxnonkos B.A., Tonb6uH [1.A., Mone-
TaeBa W.10., Motanos A.A., JloweHoB B.B. CnekTpockonusa CNOHTaHHOTO KOMOVHALIMIOHHOTO paccesHus ANA ex Vivo ANarHOCTUKM BHYTpUYepernHbIX
onyxonei // Biomedical Photonics. - 2020. - T. 9, N¢ 3. - C. 4-12 doi: 10.24931/2413-9432-2020-9-3-4-12.

KoHTakTbi: PomaHuwkuH U.[., e-mail: igor.romanishkin@gmail.com.

SPONTANEOUS RAMAN SPECTROSCOPY
FOR INTRACRANIAL TUMORS DIAGNOSTICS EX VIVO

Romanishkin I.D.", Bikmukhametova L.R.%, Savelieva T.A.'3, Goryaynov S.A.%,

Kosyrkova A.V.4, Okhlopkov V.A.4, Golbin D.A.4, Poletaeva |.Yu.?, Potapov A.A 4,

Loschenov V.B.! 23

"Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow, Russia
2000 “BIOSPEC”, Moscow, Russia

*National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow, Russia
*N.N. Burdenko National Medical Research Center of Neurosurgery, Moscow, Russia

Abstract

Neurosurgery of intracranial tumors, especially of glial origin, is a non-trivial task due to their infiltrative growth. In recent years, optical meth-
ods of intraoperative navigation have been actively used in neurosurgery. However, one of the most widely used approaches based on the
selective accumulation of fluorescent contrast medium (5-ALA-induced protoporphyrin IX) by the tumor cannot be applied to a significant
number of tumors due to its low accumulation. On the contrary, Raman spectroscopy, which allows analyzing the molecular composition of
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tissues while preserving all the advantages of the method of fluorescence spectroscopy, does not require the use of an exogenous dye and
may become a method of choice when composing a system for intraoperative navigation or optical biopsy.

This work presents the first results of using the principal component method to classify Raman spectra of human glioblastoma with inter-
mediate processing of spectra to minimize possible errors from the fluorescence of both endogenous fluorophores and photosensitizers
used in fluorescence navigation. As a result, differences were found in the principal component space, corresponding to tissue samples with
microcystic components, extensive areas of necrosis, and foci of fresh hemorrhages. It is shown that this approach can serve as the basis for
constructing a system for automatic intraoperative tissue classification based on the analysis of Raman spectra.

Keywords: glioblastoma, optical biopsy, spontaneous Raman scattering, principal component analysis.

For citations: Romanishkin I.D., Bikmukhametova L.R., Savelieva T.A., Goryaynov S.A., Kosyrkova A.V., Okhlopkov V.A., Golbin D.A., Poletaeva
I.Yu., Potapov A.A., Loschenov V.B. Spontaneous Raman spectroscopy for intracranial tumors diagnostics ex vivo, Biomedical Photonics, 2020,
vol. 9, no. 3, pp. 4-12 (in Russian). doi: 10.24931/2413-9432-2020-9-3-4-12.

Contacts: Romanishkin I.D., e-mail: igor.romanishkin@gmail.com

BBepeHue

OcCHOBHble MpPO6GNEMbl HEVPOXMPYPIrUM  BHYTpUYe-
perHbIX Onyxosien CBA3aHbl CO CIOKHOCTbIO AeMapKaLmmn
UX TPaHWL B CUJTy OCOBEHHOCTEN KX poCTa. [MuranbHble
OMyXO0J1, KaK U3BECTHO, MPOpPacTaloT B 340poBoe Henoe
BELLEeCTBO FO/IOBHOIO MO3ra Mpu MPOABUMKEHUUN OMyXO-
NEeBbIX KJIETOK BAOJSIb KPOBEHOCHbIX COCYAOB U HEPBHbIX
TpakToB 6n1arofaps ApyKECTBEHHOMY MUKPOOKPYKEHUIO,
cpOpMUPOBAHHOMY PEKPYTUPOBAHHBIMY OMyXOJIblo M-
MYHOKOMMETEHTHbIMU KNeTKaMu. MIHpunbTpaums onyxo-
NEeBbIX KNETOK B 340POBYI0 TKaHb [enaeT HEeBO3MOXHOM
pafviKanbHyl pe3ekumio 6e3 3HaunTenbHOro HEBPOJIO-
rmyeckoro gedvuuTa ansa naumeHTa. B ceasm ¢ atum B no-
cnefHve rodbl B HENPOXMPYPIn akTVBHO UCMONb3YTCA
pa3nnyHble MEeToAbl WHTPAOMEpPaALIOHHON HaBUrauuu,
No3BOJAIOLWME MAaKCUMAbHO TOYHO AndpepeHLMpoBaTh
OnyxoneBble 1 HOPMaJibHble TKaHW, Cpean KOTOPbIX 0CO-
6eHHO BbIIENAIOTCS ONTUYECKE TEXHONOMNN BCNIeACTBME
MX OMepaTMBHOCTV U HeMHBa3MBHOCTU. O6LIEN3BECTHO
NCNOSIb30BaHVEe [ANA WHTPAoMNepauroHHON HaBurauum
dnyopecueHuun npotonopdurpuHa IX, HAYLUPOBaHHO-
ro BBeieHMeM 5-aMUHONEBYIMHOBOW KUCNIOTbI, B XUPYP-
rm rmuo6nacTtomsl [1, 2]. B nocnenHee Bpems nccnegyert-
CA MHOXeCTBO APYr1ux MeTOAOB ANA OnpefeneHnsa Kpaes
OMNyXOnu, BKOYaA KOTMUYECTBEHHbIM aHANN3 3K30reHHOoM
dnyopecueHuun [3, 4], BU3yanm3aumio BPEMEHUN KN3HU
SHporeHHon ¢nyopecueHunmn [5-7], onTMYeCKyl Kore-
peHTHyto Tomorpaduio (OKT) [8], rmnepcnekTpanbHyto
BU3yanu3auuio [9] 1 CnekTPOCKONU KOMOMHALVIOHHOTO
pacceanus (CKP) [10, 11]. Kaxabln n3 3Tux MeTofoB ume-
eT CBOW npenmyLlectBa, ogHako CKP Bblaendertca cpeau
HUX TeM, YTO NO3BOJAET aHANN3MPOBaTb HEMOCPEACTBEH-
HO MONEKYNAPHbIA COCTaB McCnefyemblx TkaHel 6e3
BBELEHUA KaKMX-NMbO KpacuTenen, uyto obycnoBnmBaeT
[OMNOJTHUTENbHbBIN NHTEPEC K STOMY MeToAy KaK K AuarHo-
CTNYecKon npoueype, NO3BONAKLEN ONpeaenAaTb ony-
XONeBble TKaHW, XapaKTepusyowmeca HU3KMM YPOBHEM
HakornneHusi GnyopecLeHTHbIX MapKepoB, Hanpumep,
TKaHM JOOPOKaueCTBEHHbIX MMAbHbIX OMyXOsei.

MepBble pe3ynbTaTbl aHanM3a OMyXOJiM FOJIOBHOMO
MO3ra, ocHoBaHHble Ha CKP, 6o nonyueHbl K. Tashibu
[12]. ABTOp nccnenoBan OTHOCUTENbHYIO KOHLEHTPaLMIO
BOZbl B HOPMAJsibHbIX U OTEYHbIX TKaHAX MO3ra KpbIC My-
Tem aHanu3a rpynn CH n OH B 065acTv ¢ BbICOKUM BOJI-
HOBbIM unciioM. Takxe Obinn NCCefoBaHbl LUTOTOKCH-
yecKume 1 Ba3oreHHble Mofeny oTeka Mo3ra y Kpbic [13].
B pabotax A.Mizuno u coasT. [14, 15] ony6nnKoBaHbI
CNeKTPbl Pa3fINYHbIX OMYXOJiel FOI0OBHOIO MO3ra, cofep-
Xallyue NHTEHCMBHbIE MUKU, XapaKTepHble unuaam. ITu
paHHUe nccnefoBaHna Jany TONYOK A AasibHenwero
N3y4YeHUs Omnyxosel rosIoOBHOrO MO3ra YesioBeka.

OcCHOBHbIM TONYKOM, NpoaBuHyBLLMM CKP B nccnego-
BaHWA in vivo, cTana pa3paboTKa ONTOBOSIOKOHHbIX 30H-
noB [16]. S. Koljenovi¢ n coasr. [17] nccnenosanu TKaHm
FO/IOBHOIO MO3ra CBUHbBU C MOMOLL b BOJTOKOHHO-OMTY-
YyecKmx 30HAOB. B pesynbraTe NoKasaHo, UTO B NMpoaHa-
NN3POBAHHbIX CMEKTPaX KOMOVHALMOHHOIO paccesHns
ceporo BellecTBa MpeobnafalT Moochl, CBA3aHHble
¢ 6enkamu, JHK n docdatngmnxonnHom, B To Bpems Kak
B CMeKTpax 6esioro BelyecTsa Npeob1afatoT XonecTepuH
N COUHTOMUENUH.

OnNTOBOMOKOHHbIE 30HAbl TakXe CMNocoOCTBOBANM
3KCMEepPUMEHTAIbHBbIM ~ UCCIIeAOBaHUAM  MeTacTa3mpo-
BaHuA [18]. OnyxoneBble KNETKU MeaHOMbl BBOAWM
B COHHYIO apTepuio MbilLel, YTOObI BbI3BaTb MeTacTasu-
poBaHue B MO3r. CepuiiHble cpe3bl ObUIV NOATOTOBJIEHDI
13 Lenoro Mo3ra Mol Ansa aHanusa metogamu Qypbe-
cnektpockonuun n CKP. B To Bpems Kak KneTkn MeTacTa-
TUYECKOWN MeNaHOMbI He Obifii 06HAPYKeHbI C MOMOLLbIO
NK-Oypbe cnektpockonuu, CKP no3sonuna ux obHapy-
XKUTb NpY 06/TlyYeHUN Ha AJSIVHE BOJHbI 785 HM.

WccnepoBaHma TKaHen ex vivo fanu OCHOBHYIO VIH-
dbopmauuto o Nprpoae 1 CoCTaBe HOPMAJbHbBIX 1 OMYXO-
neBbIX TKaHel. B BbilweonncaHHom pabote [15] aBTOpbI
ncnonb3oanu CKP n Oypbe-cnekTpockonuio ansa nccne-
[OBaHMA Pa3fNYHbIX 00pPa3L0B TKaHW YEN0BEYECKOrO
MO3ra 1 NoKasasiu, YTo CMEKTPbl OT HOPMAJIbHOTO, HO OT-
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€4HOro, ceporo 1 6enoro BelecTBa ObIIN AHANOTUYHBI
CneKTpam oT 06bIYHOTO Ceporo 1 6enoro BeLLeCTBa Kpbl-
cbl. Habntoganocb, 4To CNeKkTpPbl OT TMOM, HEBPUHOM
1 HepPOLMTOM CXOLHbI CO CMEeKTPamMy Ceporo BellecTBa
Kpbicbl. B paboTe [19] nonyyeHbl 24 pamaHOBCKME KapTbl
N3 HEOKpALUEHHbIX U HEQUKCUPOBAHHbIX cpe3oB 20 06-
pa3LoB TKaHW rnobnactombl oT 20 NaLNEHTOB. B HeKpo-
TUYECKMX TKaHAX Obll OOHApyXeH MOBbILIEHHbI YPO-
BEHb XONIECTEPUHA U CJIOXKHOTO 3dupa XonectTepuHa.

C. Krafft n coasr. [20, 21] npoBogunun CKP TkaHeln ro-
NTOBHOIO MO3ra /1l KaUeCTBEHHOIO Y KONIMYECTBEHHOO
aHanu3a nunupos. CoobLyaeTca o 6onee BbICOKMX YPOB-
HAX UNUGOB B HOPMAJibHbIX TKaHAX 1 60nee BbICOKOM
cofiep»aHun remornoburHa, HoO MeHblUeM COOTHOLLEHMN
nMNUZOB K Geflkam Mpy BHYTPUYEPENHbIX OMyXOJsX.
Takum obpazom, CKP MoxHO ncnonb3oBatb ansa audde-
peHLMaLnmM HopMasbHbIX 1 OMYXOJIEBbIX TKAHEN, @ TaKXKe
L)1 OnpefeneHns TMna u CTeneHn 3/10KayeCTBEHHOCTY
OnyXonu.

B cBsi3M ¢ nosiBNeHnem HoBOW MHbOpPMaLUn 06 OTHO-
CUTESIbHOM COfiepKaHNM NINMUZAOB B OMYXOJIsiX FOJIOBHOrO
MO3ra, OblIvi MOMTyYeHbl CNEKTPbI KOMOVHALMOHHOTO pac-
CesHUA NMUMUAHBIX SKCTPAKTOB 13 ceMU 00Pa3LOB TKaHeN
yenoBeka [22]. TKaHU FMOMbI XapaKTepPU30BannCh NoBbI-
LUEHHbIM COZlePKaHMEM BOAbI U CHVXXEHHbIM COAepKaHu-
eM IMNUZOB, Pe3yNbTaTbl COMNACYTCA C AAHHBIMY, MOJy-
YEHHbIMW MPU UCCNe0BAHUN TKaHel CBUHbM.

C nomoublo KoMOMHauMoHHoro pacceaHus (KP) o6-
Hapy»KeHO, UTo cofleprkaHune pocdaTnannxonmHa nosbl-
LIEHO OTHOCUTESIbHO XOJIeCTEPUHA B FIMOMAX MO CpaBs-
HEHWI0 CO 3J0POBbIMM TKaHAMU. Mcrnonb3oBaHne CKP
nomorno anddepeHUMpPoBaTb HOBOOOPA30BaAHUSA rO-
JIOBHOTO MO3ray fAeTeln OT HOPMasibHOW MO3roBOW TKaH
N CXOfHbIE TUMbl onyxonen Apyr ot apyra [23].

B nocnepHee Bpema ny6nmkyloTca paboTbl, CBA3aH-
Hble C MHTPAoNepPaUVIOHHbIMI UCCIEAOBAHMAMM in Vivo
Onyxosen rofioBHOro mosra. Kak ynommHanocb paHee,
XVpypruyeckas pesekuusi B Cjlyyae BHYTPUYEPENHbIX
ornyxosiei ABNAETCA CNOXHON 3afayelt: nobble ocTaTou-
Hble OMyxonieBble KNETKM MOTrYyT NPUBECTU K PeLAuBY,
B TO BPeMsi KaK yfaneHue 30pOBOI TKaHN MOXET npu-
BECTU K KOTHUTUBHBIM HapylleHusam. Takum o6pasom,
paHHAA pe3eKums, a Takke coxpaHeHue GyHKLMOHamb-
HOro CTaTyca MauMeHTOB MMEIOT peluatollee 3HaueHue
L)1 QOCTUXKEHUS ONTMMAJIbHOTO pe3ysibTaTa.

B nccneposanun, Bkntovasem 10 naumeHToB [24], aB-
TOopamMu NonyyeHbl cnekTpbl KP 300poBbIX TKaHen MOo3ra,
OMyXOJSIN I HEKPOTMYECKMX TKAHEN B €CTECTBEHHbIX YC-
NOBUSAX B PEXMME peanbHOro BpemeHu. B npyroin pabote
[10] noka3zaHbl pa3nuuma B cnekTpax KP mexxgy Hopmanb-
HbIMY 1 OMYXONEBbIMU TKAHAMY B MOJIOXKEHN NMUKOB $HOoC-
bonunraoB, NPOTENHOB U HYKJTEVHOBbIX KMC/OT.

SddektuBHocTb CKP cpaBHunu ¢ MPT, koTtopas sB-
nAeTcA CTaHJAPTHbIM MeTOAOM Buayanusauum [25]. Mpu-
3HaHMe Toro gakTa, YTO COBPEMEHHbIE TEXHONOMY BU-

3yanusaumn, BKnoyaa ctaHgapTHyo MPT, He no3sonsioT
06HapyKMBaTb OTHANEHHbIE WHBA3VIBHble KNETKW [Mu-
anbHbIX OMyXOsiell FOIOBHOrO MO3ra, MMeeT peLlaioLlee
3HaueHune, MOCKOJbKY 3TO OrpaHuMyeHue CyLeCTBEHHO
CHUXKaeT 3PPeKTVBHOCTb XUPYPrUYeCcKoro feUeHuns rmu-
oMmbl. B pabote aBTOpbI AeMOHCTpUpYIoT, uto CKP moxeT
06Hapy»KMBaTb MHBA3MBHbIE OMyXOJeBble KNETKU fare-
KO 3a npefenamu onyxonuv, obHapy»keHHow npu MPT
y niofei Bo Bpems onepauuu. CKP obHapy»rBaeT nHBa-
3110 Ha paccToAHUM 80 ~ 3,7 cMm 1 ~ 2,4 CM 3a npegenamu
rPaHnL, KOHTPACTHOW 30HbI Ha MPT.

CymmMumpyA BbllleCKa3aHHOE, MOXXHO 3aKJIl0UUTb, YTO
CKP saBnseTca BapmnaHTOM BblGOpa AN UHTpaonepaLm-
OHHOW HaBurayum npu HempoXupyprum BHyTpuyepen-
HbIX OMyXonel, 0COBEHHO MMaNbHOrO NMPOUCXOXKAEHMS.
CKP obnapaet BbICOKMM MPOCTPAHCTBEHHBIM pa3peLle-
HMEM, BbICOKOW CKOPOCTbi0 COOpa AaHHbIX U BbICOKOM
YYBCTBUTE/IbHOCTbIO K U3MEHEHMAM MOJIEKYNAPHOro
cocCTaBa TKaHel. OHa MOXET BbIABNATb UHBA3MBHbIE OMy-
XOfneBble KMeTKU, He 3amefnAsa HenmpoxXupypruyeckumin
npoLecc, N MOXeT AOMOMHATb WM 3aMeHATb HelpoHa-
Buraumio nog ynpasneHnem MPT B KauecTBe metofa ans
onpegeneHus rpaHunL, Onyxonu.

MaTtepuanbi n metoabl

[lns permcTpaymm cnekTpoB KOMOUHALMOHHOIO pac-
CeAHNA NCMONb30BanM CNEKTPOCKOMMYECKYD CUCTEMY,
COCTOSALLYIO 13 CNIeKTPOMeTpa KOMOVHALMOHHOIO pacce-
aHna ceeta Raman-HR-TEC-785 (StellarNet, CLLUA), nctou-
HMKa Y3KOMOJIOCHOMO J1a3epHOro M3MyYyeHnsa C AMHON
BOJIHbI 785 HM (LWMPUHA Ha NONIOBUHE aMMAUTY bl Na3ep-
Horo nukKa 0,2 HM, MoLHOCTb Ao 500 MBT) Ramulaser™ 785
(StellarNet, CLLA), a Tak»ke BONTOKOHHO-OMTNYECKOTO KOH-
¢$boKanbHOro 30H4a A1A JOCTaBKU JIa3€PHOro M3JTyYeHUs
n curHana KP (puc. 1). icnonb3oBaHWe 30HA4a NO3BONANO
nosnyyaTb CUrHan ¢ naowann guametTpom meHee 0,5 Mm
Ha NOBEPXHOCTM 0bpasLia. YnpaBnieHre CrnekTpoMeTpoMm
OCYLLECTBNANIOCH C KOMMbIOTEPA C MOMOLLbI0 pa3pabo-
TaHHOrO HaMW NMPOrPamMMHOro obecneuyeHus, NO3BOJSA-
owero peructpupoBatb cepuio crnektposB KP. [laHHaA
cMcTema No3BOJAET PErmcTPUpPOBaTh CNEKTPbI B Auana-
30He 800-1000 HM, 4YTO COOTBETCTBYET ANANa30HY CTOK-
coBbIx caBuro 200-2750 cm™ CnekTpanbHoe paspeLlue-
HVe cucTemMbl COCTaBAsANo 4 cm™

WccnepoBaH matepuman, NOAyYeHHbIA NPy YAaneHnn
BHYTpUYepEnHbIX OMNyXOsnen yeioBeKa (4 naumneHTa C an-
arHo3oM MynbTUPOpMHasa rrobrnacTomMa), npenocTaB-
NEeHHbIN HaumMoHanbHbIM MeAVLMHCKM UCCNefoBaTe Nb-
CKMM LeHTPOM Henpoxmpyprum nm. ak. H.H. bypgeHko.
Matepuan 6b11 nccnefoBaH B iBYX YC/IOBUMSAX: B onepa-
LWOHHOW HernocpeACcTBEHHO Nocne ydaneHua ex Vivo
(2 naumeHTa, 7 06pasLOB TKaHW) 1 B brobaHKe yepes 2 y
nocne yganeHus (3 nauveHTa, 6 obpasuos). Mpu nepe-
HOCe 13 onepaLioOHHOW B 6106aHK MaTepuran XpaHuica
B $pM310ONOrMyeckom pacTBope.
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Puc. 1. Cxema pa6oyei yCTaHOBKMU:

1. NCTOYHUK Y3KONONOCHOIO 1Ta3€PHOro U3Jly4eHUs C AJIMHOM BOJIHbI 785 HM

2. BO/IOKOHHO-ONTUYECKUIN KOHGOKasbHbIV 30HA A1 LOCTABKMW Na3epHOro uanyyeHus u curHana KP
3. Uccnepyembiii o6pasel; GUMONOrM4ecKom TKaH!

4. CneKTpoMeTp KOMOMHALMOHHOIO paccesiHusa cBeTa

5. KomnbloTep co cneuunanbHbiM NPorpaMmMHbIM o6ecrneyeHuem

Fig. 1. Working setup diagram:

1. Source of 785 nm narrow-band laser radiation
2. Fiber optic confocal probe for delivery of laser radiation and Raman signal

3. Sample of biological tissue
4. Raman spectrometer
5. Computer with special software

Pernctpauuto cnektpoB KP Kaxpgoro obpasua npo-
M3BOAWIM Cepuen Mo 5 M3mMepeHuin C nocnegyowum
ycpenHeHneM. JKCNo3nUmaA Kaxaoro n3MepeHunsa cocTas-
nAana 30 cek (CymmMapHO 2,5 MVH Ha cepuio) BBUAY TEXHU-
YeCcKoro OrpaHUYeHMsa MCMNONb3yeMOro CrnekTpoMmeTpa.
Mepep kaxgon cepuein namepsanu GoHOBbIN crurHan (ce-
pus 13 5 cnekTpos no 30 cek), Npu KOTOPOM fiasep Obin
oTK/oueH. V3mepeHne ¢oHoBoro curHana u cnektpa KP
Npou3BOANIIV B 3aTEMHEHHOM MOMELLEHUM.

B xopne npenBaputenbHoON 06paboTKM CNEKTPOB CHa-
Yyania NPOU3BOANMN YCPeOHEHME CNEKTPOB BHYTPU Kax-
OV cepun AnA yMeHbLIeHUA BKNaga CJlyvyanHbIX LWYyMOB
B pesynbTupylowmun curHan. [lanee un3 ycpegHeHHbIX
cnekTpoB KP BblunTanyn COOTBETCTBYIOWUN UM yCpef-
HEHHbI GOHOBBIN CNEKTP A5 NCKIOYEHUs OLIMOOK, 06-
YCNOBNEHHbIX YCIIOBUAMY N3MEPEHNA.

MNonyyeHHble cneKTpbl XapakTeprn3oBannucb BbICOKOM
WHTEHCMBHOCTBIO priyopecueHumnn, KoTopas sBAsSeTCA
ana CKP wyMoBbIM CUTHaNom 1 yxygluaeT ee gewmdpo-
BOYHbIE CBOMCTBA. [INns UCKNOYEHNA KOMIMOHEHTbI ¢yo-
pecueHuUn 13 PerncTprpyemMoro curHana o1 Ncnosb-
30BaH aNropUTM, NPEeACTaBNEHHbIV B paboTe [26] (puc. 2).
MeTof mcrnonb3yeT HenpepbiBHOE BelBieT-Npeobpaso-
BaHMe AnAa onpepeneHnsa NnonoXeHusa ocTpbix Nnukos KP
1 BbIUUTaHUA rnagkoro GoHOBOro crrHana. MonyyeHHbin
cnekTp 6bin crnaxeH ¢unbtpom CaBuukoro-fones Tpe-
Tbero nopsagka.

OfHa 13 CNOXKHOCTElN XapaKTepusauuu obpasua
TKaHu no cnekTpy KP obycnoBneHa BbICOKOW pa3mep-

HOCTbIO MOJyYEHHbIX CMEKTPOB, TO eCTb 6ONMbWNM KO-
NINYECTBOM 3HauMMbIX NMKOB KP OT pasnnyHbiX opra-
Huuecknx coegmHeHnin. Cnektpol KP, B oTnnune oT, Ha-
npumep, cNekTpoB ¢ryopecLieHUNn, XapakTepusyTca
60/IbLINM KONMYECTBOM XapPaKTEPHbIX CreKTpasibHbIX
JIVHAWA, N NX BU3yalbHaA MHTepnpeTauma CTaHOBMUTCA
HeTpuUBMANbHOW 3afavei. Ana pelweHna 3Ton npobne-
Mbl B KQUeCTBe METOZA YMEHbLUEHMA Pa3MePHOCTM Obin
MCMOMb30BaH METOA [NaBHbIX KOMMOHeHT (principal
component analysis, PCA). B Hem Kaxpgbll Cnektp
npeacTaBiAeTCA Kak ToOUYKa Ha rmneprniockoCcTn C pas-
MEPHOCTbIO, COOTBETCTBYIOLIEN KOMNYECTBY 3HaYeHUN
B n3mepeHHom criektpe KP.Meton PCA 3aknouvaetca
B MOBOPOTE CUCTEMbI KOOPAMHAT TakM 00pa3om, uTo-
6bl OCY NeXanu BAOMb AaHHbIX B HAMPABIEHWMN UX Hau-
6onblwero pasbpoca. MNpu TakoM MOBOpPOTE KaxAas
rnaBHaA KOMMOHeHTa npefcTaBnAeT coboi NMHeNHyo
KOMOMHALUWNIO 3HAUeHWI MO M3HayanbHbIM ocsaM. [pu
3TOM Mbl MOXXEeM He NMPUHNMaTb B PaCCMOTPEHMe Te ocu,
Mo KOTOPbIM Pa3bpoc AaHHbIX NOC/e TaKoro NOBOpOoTa
6yneT MUHMManbHbIM. TakuM 00pa3oM OCyLLeCcTBAETCA
YMeHbLUEHNE pa3MepPHOCTHU.

Pe3ynb'ra'rb| n 06cy)Kp,e|-|V|e

Bbiv nonyueHbl cnekTpbl KP 06pa3uoB TKaHeln rno-
Mbl YenioBeka. Kaxabin ©3 obpasuos 6bin BepundurLmpo-
BaH Kak MynbtndopmHas rnmobnactoma WHO Grade V.
Bo Bcex o6pa3uax oOHapyXeHbl oUary HeKpo3a, Nponu-
bepauunm cocynos.
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Puc. 2. PaGota meTofa BbluMTaHUs dhnyopecLeHTHOro curHana u3 cnekrpa KP. Ceepxy —
n3mepeHHbii cnektp KP M noctpoeHHas metogom [26] mopenb rnagKoro crnekrtpa
¢dnyopecueHuuu. CHusy — cnektp KP 6e3 ¢pnyopecueHumnmn

Fig. 2. The work of the method of subtracting the fluorescent signal from the Raman
spectrum. Above are the measured Raman spectrum and the smooth fluorescence spec-
trum model constructed by the method [26]. Below is the Raman spectrum without fluo-
rescence
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Puc. 3. CnekTtpbl KP 06pa3uoB TKaHU nauueHta K. 3HayeHUss MUHTEHCMBHOCTU HOPMUPO-
BaHbl HA MAaKCUMyM U CMeLleHbl Ans yao6cTBa npeactaBieHusi. BepTukanbHbiMU nono-
camu 0603HauYeHbl NMUKKU, XapaKTepu3ylowme GUOMOJIEKY/bl, COgepKaHUe KOTOPbIX MOBbI-
LWEHO B ONyX0NeBbIX TKaHAX: 6enku (1236, 1239 cm?, KpacHblii), a30TUCTblE OCHOBAHUS
(1181, 1572 cm?, cunuin), aucaxapug (1461 cm?, kentbiit), ne3okcupubo3a (1430 cm?,
nypnypHbii), pochonunupg (1129 cm?, cepblit), xonectepu (1085, 1296, 1032, 1451,
1659 cm?, 3eneHbli)

Fig. 3. Raman spectra of patient K. tissue samples. Intensity values are normalized to
a maximum and shifted for ease of presentation. The vertical lines indicate the peaks
characterizing the biomolecules, the content of which is higher in tumor tissues: proteins
(1236, 1239 cm?, red), nitrogenous bases (1181, 1572 cm®, blue), disaccharide
(1461 cm?, yellow), deoxyribose (1430 cm?, magenta), and phospholipid (1129 cm?,
gray), cholesterol (1085, 1296, 1032, 1451, 1659 cm™*, green)
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Fig. 4. Eigenvalues of the principal components
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Puc. 5. CnekTpbl Harpy3ku ans nepebiX ABYX MaBHbIX KOMMOHEHT. LiBeTOM BblAeNneHbl
CABUIM, COOTBETCTBYIOLUE GUOMONEKynaMm, CoOfepXKaHue KOTOpbIX MNOBbILEHO
B ONyX0JieBbIX TKaHAX (CM. puc. 3)

Fig. 5. Loading score spectra for the first two principal components. Highlighted in color
are the shifts corresponding to biomolecules, the content of which is higher in tumor tis-

sues (see Fig. 3)

MonyyeHHble OT Kaxkgoro 13 obpasuos cnekTpbl KP
6bI1 06paboTaHbl B COOTBETCTBUU C MPUBEAEHHbIMM
BbllLIE MeTOAaMU. ITO NMO3BONUIIO MONTYUYUTb HAbOP Crek-
TPOB C MUHUMW3VPOBAHHBIMU OLIMOKAMU M3MepeHMs
1 cBOOOAHbBIX OT GpJIyOpPeCLIEHTHOIO CMrHana. B kauectee
npvMepa Ha puc. 3 npysegeHbl cnekTpbl KP ana nauneH-
Ta K ¢ BblgeneHnem OCHOBHbIX MKOB, XapaKTepur3yoLmnx
61OMOSIEeKYIbl, COAEPKaHVEe KOTOPbIX MOBLILIEHO B OMy-
XONeBbIX TKaHAX.

Y nauymeHTa K oTmMeueHo criegytolee pacnpegeneHme
MaTepuana no 6uontatam: 1 — onyxosnb, 20% HeKpo3a;
2 — onyxonb, MeHee 30% HeKpo3a, 3 — ONyXxoJsb, MeHee
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40% HeKpo3a, BblpaXeHHbIN aHrMomaTos; 4 — onyxorb,
0o 90% Hekpo3a (COCyaMCTOro reHesa — KOHrinomepar
TOJICTOCTEHHbIX COCYA0B W Mpunexallen onyxoneson
TKaHu). Pa3nnume coctaBa MmaTepuana nposABAsAeTcA
B pasnnuum MHTEHCUBHOCTeN NnkoB KP, ogHako, nuku,
XapaKTepusyoLyue rnvanbHbie OnyXoJsiv, OCTalTCA XOPO-
Wo BUAHbI (prc. 3). Ha pnc. 3 MOXHO BUAETb 3HAYMMbIN
BKJIa[l XOnecTepyriHa, 6enKkoB, Ancaxapuga 1 a3oTUCTbIX
OoCHoBaHWI. Kak 6b110 MokasaHo B pabotax [19, 22], xo-
NeCTEPUH MOXET ObITb aCCOLMMPOBAH C HEKPO3OM, UYTO
COOTBETCTBYET JaHHbIM MOPdONOrNMYecKoro nccieaoBa-
HUA NpenapaToB OMyXOJN.
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Puc. 6. AHanu3 rnaBHbIX KOMMNOHEHT cneKTpoB KP 06Gpa3LoB onyxo/ieBoi TKaHM YeTblpex NauuMeHToB, U3SMEPEHHbIX

B ONnepaLunoHHOM ex Vivo U B 6uo6aHKe

Fig. 6. PCA of the Raman spectra of tumor tissue samples from four patients, measured in the operating room ex vivo

and in the biobank

Bbin npon3BeneH aHanm3 rnaBHbIX KOMMOHEHT B CNeK-
TpanbHoM AnanasoHe 900-1700 cm™, NOCKONIbKY UMEHHO
B HEM MPeo6aatoT MKW, XapaKTepHble AN rnanbHbIX
onyxonei [27]. OCHOBHble CrMeKTpasibHble 0COOEHHOCTM
Habnoganucb ana 6enka (1236, 1239 cm™), a30TUCTbIX
ocHoBaHu (1181, 1572 cm™), aucaxapuga (1461 cm),
fe30Kkcpn6bosbl (1430 cm), xonectepuHa (1085, 1296,
1032, 1451, 1659 cm), aUUIbHbIX OCTATKOB NUMUAOB
(1086 cm™) n dpochonunmgos (1129 cm™).

Pesynbrat PCA nokasan, 4to oCHOBHble oTnunuma (71%
aucnepcnn) oOBbACHATCA MEPBLIMA ABYMA TNAaBHbIMY
KOMMoHeHTamu (puc. 4). Ecnn paccmoTpeTb CnekTpbl
Harpy3sok (HacKonbKo cunbHO curHan KP BnmaeT Ha 3Ha-
YyeHue rnaBHOM KOMMOHEHTbI) NMEePBbIX ABYX KOMMOHEHT
(pnc. 5), ToO MOXHO 3aMeTUTb NONOXKMTENbHbIN BKNAg, CUT-
Hana KP B gnanasone 1300-1450 cm' B 3HaueHue PC1,
BEPOATHO BbI3BAHHbIN BbICOKOW KPOBEHAMONIHEHHOCTbIO.
Mpw 3TOM 3HaueHne PC2 cHMKaeTcA Npu yBENNYEHUN CUT-
Hana oT 6e1KoB, a30TUCTbIX OCHOBaHWI, @ TaKXe xonecTte-
pVviHa (3HauyeHua npu casurax 1032 n 1085 cm™).

Bbinm nonyyeHbl pacnpegeneHna N3MepPEeHHbIX CNeK-
TPOB OT MepBbIX ABYX MMAaBHbIX KOMMOHEHT (puc. 5, cne-
Ba). MaTepwuan, U3MepeHHbIN B ONepaLMoHHON, 06pasyeT
nnoTHyto rpynny B |l veTBepTn KOOPAMHATHOM MNOCKOCTU
PC1/PC2. B 10 e Bpemsi Ha nnockoctn PC1/PC3 (puc. 5,
cnpaBa) He obpasyeTca rpynn U3MepeHHbIx 00pasLos.,
YTO NO3BOJIAET rOBOPUTH 06 M36bITOYHOCTU UCMOSb30Ba-
HUA 6ornee ABYX IMaBHbIX KOMIMOHEHT A4J1A PaCCMOTPEHNA
n3MepeHHoro Habopa paHHbix. Cnektpbl KP obpa3uos
MaTepuana oT nauueHTa b, xapaktepusyowuxca 6onb-
WM KPOBOU3NUAHUEM, TOXKE JiexaT B OTpuLaTEbHOM
AvanasoHe PC1. Matomopdonornyeckoe onncaHne Tka-
Hell onyxonu nauueHTa b, nposBuBlIero Hanbosnblwne

OT/INUYUA OT OCTasIbHbIX MPU aHaNM3e METOAOM FlaBHbIX
KOMMOHEHT, BKJIOYAET MOMMMO OCHOBHbIX YepT FIno-
651aCTOMbI Takie 0COBEHHOCTH, KaK y4yacTK/ FnomMe3o-
OePManbHOro py6bua, NpPUCYTCTBME B OMYXONW MUKPO-
KMNCTO3HOTO KOMMOHEHTA, OOLIMPHbBIE YUYACTKN HEKPO30B,
bOKYCbI CBEXUX KPOBOU3NUAHNIA. KapTHa COOTBETCTBY-
eT rnmnobnacTome ¢ TepaneBTUYECKN NMHAYLVPOBAHHbBIMY
N3MEHEHVAMN.

B natomopdonornyeckom onmcaHun TKaHen nauu-
eHTa C Takke Ha GOHEe OCHOBHbIX OCOBEHHOCTEN MyNbTU-
bopmHoI rnMobnacTombl OTMeueHbl GOKYCbl MUKPOKM-
CTO3HOIO CTPOEHNA 1 CBEXKUX KPOBOU3NUSAHUIA.

3aknioyeHune

B pabote npepfcTaBneHbl nepeble pe3ynbraTbl UCMOMb-
30BaHUA METOAA IMaBHbIX KOMMOHEHT 1A Knaccudrkaumm
CMEKTPOB KOMOVHALIMIOHHOTO paccesHrA 00pa3sLioB TKaHel
rMMO6IacTOM C MPOMEXYTOUHON 06pPaboTKOM CrekTpoB
N1 MAHUMM3ALMM BO3MOXKHBIX OLWMOOK OT ¢dryopecLieH-
LMV KaK HAOreHHbIX GriyopodopoB, Tak 1 GoToceHcmbunm-
3aTOPOB, NCMOJIb3yeMbIX NPY GITyOPECLIeHTHOW HaBUrALMN.
O6Hapy»KeHbl Pa3nUumA B NMPOCTPAHCTBE F1IaBHbIX KOMMO-
HEHT, COOTBETCTBYHOLLME 0Opa3Liam TKaHEeN C MUKPOKMCTO3-
HbIMU KOMMOHEHTaMM, OOLIMPHBIMUA YYaCTKaMn HEKPO30B,
bOKycammn CBEXUX KPOBOMNUAHWNA. [anbHenwmin Habop
[aHHbIX Pa3HbIX TUMOB MATONIOMIA FOJIOBHOTO MO3ra N03BO-
JINT NPOU3BOANTDL KacTepu3aLmio U aHanms CnexkTpos [28]
IJ1A MOCTPOEHNA CUCTEMbI MHTPAOMNEPALIMOHHON AMarHo-
CTUKW, OCHOBAHHOW Ha aBTOMATMYECKOM aHasn3e CNeKTPOB
KOMOVIHALIMOHHOIO paccesHus.

WccnedosaHue 8binosiHeHO npu pUHAHCOB0U NOOOEP -
ke POOU 8 pamkax Hay4Hozo npoekma N° 18-29-01062.
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C.A. Wwunkapee' 2, B.A. bopucos' ?, C.B. bongsipes’,

B.H. Nogonbckui', 3.1. A6aypawmngos', A.M. 3aragaes’?, O.H. Knbiuesa
Tuneukmit obnactHoM oHkonoruyeckuin aucnaxcep, Jinneuk, Poccus
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1

Peslome
ABTOpPbI paccMaTprBatOT BO3MOXXHOCTU 06e36onmnBaHma npu dotoanHammueckor Tepanum (GAT) onyxonein B1syanbHbIx JOKanm3aLuii Ha OCHOBe
aHanwv3a faHHbix 102 naumeHToB. Cpean NaumeHToB, BKITIOUYEHHDIX B BbIOOPKY, y 62 BepndunLMpoBaH 6a3anbHOKIETOUHbIN paK Koxu, y 10 — nnocko-
KNeTOUHbI pak Koxu, y 10 — pak CNn3ncTorn 0605104KM MONOCTU pTa U POTOINOTKY, Y 8 — nefKonnakma 1 ANCrnasmna CM3ncTon 060noUKM NonocTu
pTa, y 6 — paK HVPKHeW ry6bl, y 4 — pak MOSTOUHON »efne3bl, y 2 — HOBOOOPa30BaHWA NHbIX JIOKaNM3aLuii.
Y 15 nauvieHToB Ana 06e3601MBaHNA NMPVMEHANN HECTEPOVAHbIE MPOTNBOBOCNanuTenbHble npenapatbl (HMBC), y 69 — coueTanme HIMNBC co cnabbi-
MU onvonaamu (Tpamagosnom), y 14 — npoBoAHMKOBYO aHecTe3uto, y 4 OT npoBoawnv nog obwmm obesbonnsaHmem.
WHTEHCUBHOCTL 6ONEBOro CMHAPOMa OLeHMBaNach B NpoLecce NMPOBEAEHUA Na3epHOro 06yyYeHUs OMyxXonu Mo LwKane BepOanbHbIX OLEHOK
(LLIBO). OTcyTcTBME GONEBLIX OLYLIEHNI 3adpUKCPOBaHO B 9% HabnogeHuin. Cnabyto 6onb oTmevanu B 58% HabnofeHVn, yMepeHHyto 60b — B
20%, cunbHyto 6051b — B 10%, 04eHb CUIIbHYI0 6011b — B 3% HabloAeHWA.
CreneHb BblpaXKeHHOCTW 6oneBoro cmHapoma npu nposeaeHnn OAT 3aBUCUT OT PaCNPOCTPAHEHHOCTU MOPaXKEeHWsA, rMcTonornyeckon Gopmbl
onyxonu 1 cnocoba obes6onusanua. HMBC B camocToATENIbHOM BapuaHTe WIv B COYETaHMM C ONMMOUAHBIM aHaNIbreTUKOM No3BONAT 3GGEeKTUBHO
KOHTponupoBaTb 6onesoi cuHapom npu OAT 6a3anbHOKMNETOUHOrO paka KoxK B 89%, NNOCKOKNETOUHOIO paka KoXu — B 66% HabnogeHuii. Mpo-
BO/JJHMKOBaA aHeCTe3A NO3BOIAET KynupoBaTb 6onesoi cuHapom npu npoeefeHny OAT onyxonei opodapuHreanbHoM obnactu.

KnioueBble cnoBa: potogrHammyeckas Tepanuis, 60/b, aHECTE3S, PaK KOXW, PaK MOMOCTY PTa, IENKOMNIAKUA NONOCTY pTa.

Ona untnposanus: LnHkapes C.A., bopucos B.A., bongbipes C.B., Mogonbckuii B.H., Abaypawwnpos 3.W., 3aragaes A.M., Knbiuesa O.H. Boamox-
HoCTK 06e36onuBaHusA npu doToarHammyeckon Tepanun // Biomedical Photonics. — 2020. - T. 9, N2 3. - C. 13-20. doi: 10.24931/2413-9432-2020-
9-3-13-20.
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POSSIBILITIES OF PAIN MANAGEMENT DURING
PHOTODYNAMIC THERAPY

Shinkarev S.A."'2, Borisov V.A."2, Boldyrev S.N.’,

Podolsky V.N.!, Abdurashidov Z.l.", Zagadaev A.P.":2, Klycheva O.N.!

'Lipetsk State Oncology Clinic, Lipetsk, Russia

2Voronezh State Medical University named after N.N. Burdenko, Voronezh, Russia

Abstract

The authors consider the possibilities of pain management during photodynamic therapy (PDT) of visible tumors based on the observation of
102 patients. Of the total number of patients, 62 had verified basal cell skin cancer, 10 people - squamous cell skin cancer, another 10 - oral and
oropharynx mucosa cancer, 8 — oral leukoplakia and dysplasia, in 6 - lower lip cancer, in 4 - breast cancer, in 2 - other localizations of neoplasms.
In 15 patients, nonsteroidal anti-inflammatory drugs (NSAID) were used as pain management, in 69 - a combination of NSAID with tramadol,
in 14 - nerve block anesthesia, in 4 - PDT was performed under general anesthesia.

The intensity of pain syndrome during laser irradiation of the tumor was assessed on the verbal rating scale (VRS). The absence of pain was
recorded in 9% of cases. Mild pain was noted by 58% of patients, moderate pain - 20%, severe pain - 10%, very severe pain was noted by 3%
of patients.

The degree of expression of pain syndrome during PDT depends on the incidence of a lesion, histological form of tumor, and method of an-
esthesia. NSAID alone, or in combination with an opioid analgesic, allows effective control of pain syndrome in PDT of basal cell skin cancer
in 89%, in PDT of squamous cell skin cancer in 66% of observations. Nerve block anesthesia allows stoping pain syndrome during PDT of
oropharyngeal tumors.

Keywords: photodynamic therapy, pain, anesthesia, skin cancer, oral cancer, oral leukoplakia.
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BBepeHune

QotoanHamnyeckaa Tepanua (OAT) - AMHaAMUYHO
Pa3BMBAOLNNCA COBPEMEHHbIN METOL JieYeHusa 3J0-
KaueCTBEHHbIX HOBOOOPA30BaHWI U paga Mnpefonyxo-
neBbIX 3a00/1e€BaHNIN/COCTOAHUI (NenKkonnaknum u auc-
nnasnuy cIM3MCToN 06ONTOUKN MONIOCTU PTa, aKTUHUYe-
CKWI KepaTto3 KOXK, Kpaypos BynbBbl U ap.) [1]. OgHum
M3 BaXKHbIX MPAKTUUYECKNX acneKToB npumeHeHuns OOT
onyxonei B KIVHWNYECKOW NpaKTrKe ABNAeTCsA npobne-
Ma obe36onmBaHus. [ina obe3bonmBaHusa Npu nposese-
HuM OOT He pekoMeHAOBaHO NprberaTb K MECTHOWN WH-
bUNbTPaUMOHHOM aHecTe3un, No3ToMy Haubonee YacTo
NPVMEHAIOT HeCcTepouaHble MPOTUBOBOCMANUTENbHbIE
cpeactBa (HMBC), onvongHble aHanbreTkn (Tpamagon,
npomeaon), ceaaTBHble MeanKaMeHTbl (beHo3enam, ou-
MeZpor, penaHnym), BBOAMMbIe MapeHTepanbHo 3a 40—
60 MVH fo Havana npouenypsbl. [pn nokannsaymm onyxo-
nelt Ha KOXe U CIIM3NCTbIX 000/104Kax MOTYT MCMOJb30-
BaTbCA MECTHbIe aHeCTEeTMKIM B BUAE Ma3u (Ha KOXKy) nnu
OpPOLLEHUS CAIN3NCTON 060NTOUKMN PACTBOPOM NINAOKANHA
[2]. B HekoTOpbIX cnyyasax OAT npoBoAAT nof CnviHab-
HOW aHecTe3nen Unv Noj HapKO30M, TaKXe MPUMEHAIOT
OXNaxkAeHHbIN BO3AYyX, MPOBOAHUKOBYIO aHecTe3uto [3].

MHTeHCMBHOCTb 60NEBOro CUHAPOMA BO3pacTaeT
no mepe yBenn4yeHna MiIoTHOCT MOLLHOCTU J1a3epHOro
n3nyyeHnsa 1 npv 60nblUoN Niowaan Bo3genctauns [4, 51.
Kpome Toro, ans pana ¢oToceHCcMbunsaTopos — Npouns-
BOAHbIX ¢TanoumaHuHa, M-TeTparnapokcodeHun xo-
pviHa (MTHPC), oTMeueHa 60nbliasi BbIPaXXeHHOCTb 60-
NEBOroO CYHAPOMA BO BPEMsi jlazepHOro obnyueHus [6].
HepocTaTouHbi ypoBeHb 00€360/1MBaHMA MOXET Npu-
BECTM K OTKa3y NaLMeHTOB OT NPOAOKEHNA NeveHns [7].

3HauunTenbHyo Aonio 60sbHbIX, nonyyatowmx OAT, co-
CTaBAAT NNLUA NOXKMNOMO 1 CTapyeckoro Bo3pacta. Y Ta-
KMX MALMEHTOB, KaK NPaBusI0, UMEOTCA MHOFOUYNCTIEHHbIE
conyTcTBYyOWME 3aboneBaHUsA, OrpaHMuMBalOLe Mpu-
MeHeHne HIMBC 1 onvougHbiX aHanbreTukos. MNoxunbie
JII0AN YacTo He roTOBbl TEPNETb MUHUMAlbHbIe 6oneBble
olyLeHs, cBA3aHHble ¢ npoBefeHnem QOUT. Jlokanm3a-
LuA Onyxosen Ha CNM3ucTolr 060I0UKe NOOCTY PTa, PO-
TOINIOTKM, Ha H/XKHEN ry6e, MONoBbIX OpraHax o0ycnosnu-
BAET BbICOKYK MHTEHCMBHOCTb GONEBOrO CHAPOMa Npu
peanusauny GoToaNHAMNYECKON peakumm.

MaTtepuanbl n metoabl
B Hawe wnccnepoBaHue BKAoYeHO 102 maumeHTa,
nponeyeHHbix ¢ nomowbio OAT. JleueHne NpoBOAMNOCH

B Jluneukom 06/1aCTHOM OHKOJIOFMYECKOM AMCraHcepe
¢ AHBapA 2017 r. no ceHTAbpb 2019 r. Vicnonb3oBanu
$OTOCEHCMOMNN3ATOPbI XTOPMHOBOIO psAda: pPagaxso-
puH (OO0 «PALOA-OAPMA», Poccus, permctpaumoHHoe
ynoctoBepeHue NOJIC-001868 ot 16.12.2011) B pose
1,0-1,2 mr/kr maccol Tena, ¢potonoH (PYMN «benmeanpe-
napatbi», benapycb, perncTpaynoHHoe ygoctoBepeHme
M N015948/01 ot 30.11.2012) 3 pacueTa 2,0-2,5 mr/Kr
macchl Tena, potopar €6 (000 «Komnanua «IEKO», Poc-
cuA, pernctpaumoHHoe ygoctosepeHne NO JIM-004885,
ot 13.06.2018) B pgo3e 2,0-2,5 mr/kr maccbl Tena. Pac-
CUMTaHHYIO A03Yy nNpenapata pactsopanu B 200 mn 0,9%
pacTBOpa HaTpuA XN0pWAa, BBOQWIM BHYTPUBEHHO Ka-
nenbHo B TeveHue 30 MyH. JKkcno3uyua poToceHcnbu-
nu3aTtopa coctaBnsana 3 u. [ina obnyyeHus npuMeHsnu
nasep «MWUJTOH-TAXTA» (OO0 «MwunoH Jlaszep», Poccus)
C ANNHON BOJHbI 662 HM. O6nyyeHrie onyxosei NpoBo-
AVNNU C NTPUMEHEHNEM MAKPO- Y MUKPOJH3bI.

B nccneposaHvie 6binv BKAtoyeHbl 102 nayneHTa, 13 HuX
y 62 BepudrumpoBaH 6a3anbHOKNETOUHbIA pPaK KOXW,
y 10 — NAIOCKOKNETOUHbIN paK KoXK, y 10 — paKk cnnsncTon
060510UKI MONOCTV PTa 1 POTOMIOTKY, Y 8 — NelKoMaKms
1 QUCa3usa CM3nCTor 060M0YKM MOMOCTM PTa, Y 6 — pak
HIVPKHEN ryObl, y 4 — BHYTPUKOXKHbIE MeTacTasbl paka Mo-
JIOYHOW Xenesbl, Y 2 — Apyrue foKanmsauumn natonormnye-
cKkoro npouecca. B 40% HabnmogeHun OLAT npoBoamnachb
Mo nosozy peunansa HoBoobpasoBaHus. Bospact 69% na-
LIEHTOB Ha MOMEHT fieueHus 6bin 70 neT 1 cTaplue.

CpeoHuin grameTp NaTONOrMYeckoro ovara CocCTaB-
nan 34 + 27,8 MM, cpefHee 4yncsio O4aroB Ha OAHOro
nayuneHTa — 1,3. B 55% HabnogeHuin gnarHos sepundu-
UMpOBaH UUTONOrMYecKn, B 45% — rMCTONOrnMYecKu.
CpepnHee unco nosnein 06/yYeHNs Ha OQHOrO NaLumneHTa
COCTaBWO 2,7, CpefHUI AMaMeTp nonsa obnyvyeHus — 27
+ 12,5 mm. M110THOCTb MOLLHOCTM N1a3epPHOro MU3nyyYeHnsn
cooTBeTCTBOBaNa 469 + 261 MBT/CM?, MIOTHOCTb HO3bl
Ha OfHO nose — 258 + 99,7 x/cm>.

NHTEHCMBHOCTb 6ONEBOrO CMHAPOMA OLIeHMBaNachb
B NMpoLecce NpOBeAeHUs NTa3epPHOro 06/1yYeHUs onyxo-
N1 MO WKane BepbanbHbIX oueHok (LLBO): 0 — HeT 6onu,
1 6ann - cnabas, 2 - ymepeHHas, 3 — cuibHas, 4 — OYeHb
CUNbHaA UM HeBbIHOCUMas 6onb (puc. 1) [8].

Pe3ynbratbl n 06¢cyxaeHune

Mpn npoBeaeHWV nasepHOro obyyYeHWA OMyxonu
B npouecce O®AT Ha PpoHe NPUMEHEHMA TOTO UIU UHO-
ro cnocoba 06e36onnBaHNA OTCyTCTBME OONEBbIX OLLY-
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l | | j |

0 HeT 60nu/

1 cnabas 6onb/

QnoipHin mild pain

2 ymepeHHan 6onb/
2 moderate pain

3 cunbHaa 6onb/
3 severe pain

4 oyeHb cunbHaa 6onb/
4 very severe pain

Puc. 1. lLikana BepGanbHbIX OLLEHOK UHTEHCMBHOCTU 60J1IEBOr0 CUHAPOMA
Fig. 1. A verbal rating scale of pain syndrome intensity

60% 1
50% 1
40% A /
30% 1 /

20%

10%

20% - /_9 g 3%
s A
0% T 1
0 GamwioB 1 Gamn 2 danrna 3 damna 4 damna

(wer Gomu)/0  (cnaGas  (yMepeHHas  (CHIbHAA (oyeHp
points (no 6oi1p)/1 0071B)/2 0oib)/3 CHJIbHAA
pain) point (mild points points 601B)/4
pain) (moderate (severe points (very
pain) pain) severe pain)

Puc. 2. NHTeHCUBHOCTb 60/1€BOro CUHAPOMaA MO LWKane Bep6aibHbiX OLLEHOK Npu npoBeaeHun dotoguHammyeckon Tepanum (n=102)
Fig. 2. Pain syndrome intensity on the verbal rating scale during photodynamic therapy (n = 102)

WeHn 3adpukcupoBaHo B 9% cnydaes, cnabyto 6osb
oTMeYanu OGOMbLUMHCTBO MauMeHTOB — 58%, ymepen-
Hyto 6011 — 20%, cunbHyto 605b — 10%, OYeHb CUTbHYIO
601b — 3% 60MbHbIX (pUC. 2).

Y 15 nauneHToB AnA 06e360/MBaHNA NMPUMEHSANN
HIMBC, y 69 — coueTtaHne HIBC ¢ Tpamagonom, y 14 — Bbl-
nosiHANacb NPOBOAHMKOBaA aHecTesns, y 4 OOT npo-
BOAUNM nop obwum obesbonneaHmem. BapuaHTbl npu-
MEHEHHbIX TexHonoruin obesbonusanua npu OOT B 3a-
BMCMMOCT OT JIOKaNmM3auun 1 rmctonornyeckomn Gpopmbl
OnyXonu NpefcTaBeHbl Ha puc. 3.

Mpu aHanusze ¢aKToOpoOB, BAUAIOWMNX HAa WHTEHCUB-
HOCTb 60/1€BOr0 CMHAPOMA, ObINI0 YCTaHOBJIEHO, UTO HaW-
MeHee BblpakeHHbIn 6oneBon cuHapom (0-1 6ann) Ha-
6noganu npu neveHnn 6a3anbHOKIETOYHOTO paKa KOXU
(89%), paka cnM3nCTon 060N0UKM NMOSIOCTU PTa U MNOTKN
(100%), paka HUKHen rybbl (92%); Torga Kak npu neve-
HUW NJTOCKOKNETOYHOrO paka KOXW AaHHbI NoKasaTesb
coctaBun 66%, a npu OAT nerkonnakmm N gUcnaasnn
CNIN3KCTON 060JI0UKM NMONoCT pTa — 78% (Tabn.).

DaHHbI GakT 06yC/IOBIEH TeM, UTO NPV fleueHn 605b-
HbIX |PAKOM CJIN3UCTON 060NOUKM MONOCTY PTa U FNOTKHU,

pakom HIVXKHe ry6bl Mbl LIMPOKO MNPUIMEHSSI MPOBOLHU-
KOBYIO aHeCcTe3uo, KOTopasi NMo3BosisAfia JoOUTbCA XOpo-
Lero KoHTponA 6bonesoro cuHapoma. Mpu nenkonnakum
CIM3UCTON OOOMOYKM MOMIOCTV PTa YacTo Habnopaetcs
pacnpocTpaHeHHbI NPoLeCce, BOBMEKAOWMI pasfinyHblie
aHaTOMMYecKue oTaesbl Ha 3HAYMTENbHOWM NIOLWAAN, YTo
3aTpygHAEeT BbINOSHEHNE MNPOBOAHMKOBOW aHecTe3nu
1N 06YyCNOBNMBAET OTHOCKTENbHO BbICOKUI YpOoBeHb 60-
neBowi nMMynbcauumn. bonee BbICOKMI ypoBeHb 60neBoro
cmHapoma npu nposegeHun OAT no noBogy MOCKOKe-
TOYHOrO pPaKa KOXM CBfA3aH CO 3HAUUTENIbHO GOMbLUMMY
pa3MepamMm o4aroB MopakeHus 1 rnyobokon nHoUNbTpa-
Lren onyxonblo nognexalyx TKaHerW MO CPaBHEHWIO
C HabnogaembIMU NpY 6a3anbHOKIETOYHbIM PaKe (Tabn.).
Ncnonb3yemblii doTOCEHCMOMNN3ATOP HE OKa3biBas
B/UAAHUA HAa VHTEHCMBHOCTb GONIEBOrO CUHAPOMA, MO-
CKOMbKY B HallemM WCCNefOBaHUN BCe MpPUMEHAEMble
npenapaTbl OTHOCUSINCH K MPOU3BOAHbIM XJIOPUHa €6.
BblpakeHHbI 60N1€BOW CMHAPOM B MpoLecce npo-
BegeHnAa OAT yBenuumBaeT Bpems JNleUeHus, Tak Kak
BO3HMKaeT HEOOXOAUMOCTb [eNiaTb MepepbiBbl B MPO-
Liecce nasepHoro obnyyeHua onyxonu. Y 2 nauueHToB
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® Hapkoa/General anesthesia
Mpoeoanukosas aHecTesns/Nerve bloks
= HMBC/NSAID
B Tpamagon+HIMBC/Tramadol+NSAID
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Puc. 3. CooTHoLweHMe meToaoB 06e360nuBanus npu OAT pasnnyHbIX HO30JI0rMYecKUX Gopm onyxonein
Fig. 3. Percentage of anesthesia methods used during PDT of various nosological forms of tumors

C NMJIOCKOKJIETOUYHbBIM PakoM KO ronosbl |l ctagum Ham
He yAanocb 3aBepLUnTb CEaHC Sla3epPHOro obyyYeHus ns-
3a BblpaXKeHHOro 6ONEBOro CMHAPOMA M OTKasa OT Npo-
LOMXeHna npoueaypbl Ha poHe 06e360NMBaHNA Tpama-
nonom B couyetaHum ¢ HMBC.

HecmoTpa Ha OTCyTCTBME pekomMeHZauun no npu-
MEHEHMIO MECTHOW MHOUBTPALMOHHOWN aHecTe3nmn npu
O[T, oHa 6bin1a BbINOJIHEHA 4 NALMEHTaM, Y KOTOPbIX 60-
neBon cuHapom He Kynuposanca HIMNBC n onnongHbimun
aHanbreTnkamn. bosbHble OTHOCMAMCL K BO3PacTHOM
Kateropuu ctapiue 80 neT 1 neynnncob No NoBOAY 3/10Ka-
YeCTBEHHbIX HOBOOOPA30BaHMI KOXI FONIOBbI U TYS0-
Buwa | — Il ctagun. B KauecTBe aHeCTeTMKA NCNOb30BaNu
0,2% pacTBOp ponvBakavHa, KOTOpPbI BBOAWIW B NoA-
KOXHYIO XMPOBYIO KneTyaTKy nog onyxonb 6e3 obpaso-
BaHUA «JIMMOHHOW KOpKW». boneson cnHpapom ypanocb
KynnpoBaTb 1 NOABECTU 3anjlaHNPOBaHHYIO 103y fasep-
Horo n3nyyeHus. lNonHas pe3opbuma Onyxonm JOCTUMHY-
Ta y Bcex 4 60SbHbIX.

B 14 HabniogeHusix Hamu 6bina NpUMEHEHA MPOBO-
AHuKoBaA aHecTtesna npu QAT onyxonen opodapuHre-
anbHOM 0651aCTN, MOCKOJbKY leueHrie HOBOOOPA30BaHMI
JaHHOW NoKanm3auum ConpoBOXAaeTCA 3HAUUTENIbHbIM
60/1€BbIM CUHAPOMOM, KOTOPbIV MIOX0 KOHTPOUPYeT-
CA CUCTEMHbIM BBeeHNEM aHANIbreTUKOB 1 CefaTUBHbIX
npenapatoB. B kauecTBe aHecTeTMKa WMCMONb30Banu
0,2% pacTBOp ponvBakaunHa.

PonmnBakavH — MeCTHbI aHeCcTeTMK aMMAHOro Tmna
anutenbHoro peinctsus. O6paTMmo OGSIOKMpPYeT BOJb-
TaXK-3aBMCUMble HAaTPUEBbIe KaHasbl 1, TaKUM 06pa3om,
NpenATcTByeT reHepauuMv WMMYIbCOB B OKOHYaHUAX
YYBCTBUTENbHbIX HEPBOB W MPOBEAEHUIO VMMNYbCOB
No HepBHbIM BOJNIOKHaM. [NpOBOAHMKOBasA aHecTe3nA
He HapyLlaeT KPOBOCHAOXKEHVE N OKCUMTeHaL M0 OMnyXo-
NEeBOW TKaH, YTO ABMSAETCA HEOOXOAVMbIM YC/TOBMEM OIS
pa3Butusa GOTOAMHAMUYECKON peakumun. JnnTenbHOCTb
OencTBMA ponMBaKkarHa COCTaBNAET He MeHee 4-6 Y, UTo
MoO3BOJIAET NPEOAONETb Nepuos Hanbosee BbipaKeHHON
60neBoi MMNynbcauuu.

Mpu pake HWXHEN rybbl MPUMEHANN MaHanOynap-
Hyl0 aHecTe3nilo B KOMOMHaUMM C MNogoopoAoYHON
(MeHTanbHoOM). MaHANOYNAPHYO aHeCTe3nI0 BbIMOHS-
nm cnegyowum obpasom. MNManbnaTtopHo onpepenanu
yKasaTeflbHbIM NasbLem nepefHuNn Kpam BETBU HXKHEN
YenCTh, KHYTPM OT KOTOPOW HallynbiBanu no3agnmo-
NAPHYIO AMKY, @ 3@ Hell BUCOYHbIN rpebeHb, chyKalmi
OpPVEHTUPOM AnA MecCTa BKona urbl (puc. 4). Mubektop
pacnonaranu Ha ypoBHE NPEeMOJSIAPOB MPOTUBOMOJIONK-
HOW CTOPOHbI, BKaNbIBanu Uy KHYTPWU OT BMCOYHOIO
rpebewka Ha pacctoaHum 0,5-1 cm Bblle XeBaTesb-
HbIX MOBEPXHOCTEN HUXHUX MONAPOB, HaNpaBnAa urny
OT 2-ro npemonapa NPOTUBOMOSIOKHON CTOPOHbI KHa-
py>u 1 K3aan OO COMPUKOCHOBEHUA C KOCTbio. Cpasy
nocne npokona seoaunu 0,5 Mn aHecTeTMKa ans obe-
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Ta6auua

UcxopHble AQHHbIE NALUEHTOB € OTCYTCTBUEM U CAABOM BbipaXXEHHOCTLIO 60AEBOro CUHAPOMA NpU GOTOAMHAMUUECKOW Tepanuu

Table

Initial data for patients with absent or mild pain syndrome during photodynamic therapy

CpeaHee
yucno nonemn
obnyuyeHus
(abc.u.)

Bospacrt

Hosonoruueckas p
(ner)

dopma

Ba3anbHOKNETOUHbIN
paK Koxun (n=62)
Basal cell skin cancer
(n=62)

[1NOCKOKNETOUHbIN pak
Koxu (n=10)
Squamous cell skin
cancer (n=10)

Pak cnusucrton
060/104KM NONOCTY PTa
n rnotkn (n=10)

Oral and oropharynx
mucosa cancer (n = 10)

Pak HVXHel ry6bl
(n=6)

Lower lip cancer (n=6)
JNenkonnakusa

1 gucnnasua
CN3KCTON 0600UKM
nonoctu pta (n=8)
Oral leukoplakia and
dysplasia

(n=8)

74,5/78 2,6

76,7/79 4,5

61,3/64,5 3,0

76,1/79,4 2,7

64,8/67 54

lMpumeyaHue: * — cpepHee 3HaYeHNe/MeamnaHa
Note: * — average value/median

CpeaHun
pasmep
ovara (Mmm)

23,8

91,6

22,5

20,7

17,5

JAonsa nayneHToB
C OLleHKOM
6oneBoro
cuHApoma

0-1 6ann (%)

MnoTHOCTDL
MOLLHOCTHN
(MBT/cm?)*

MnoTHOCTbL
AO03bl
(Dk/cm?)*

293/300 524/509 89
356/350 280/194 66
282/290 401/380 100
280/300 477/440 92
108/70 528/477 78

360/1MBaHUsA A3bIYHOIO HepBa. [1poABMHYB KMy BryOb
elle Ha 2 CM 1 BOCTUTHYB KOCTHOTO *enobka, BBOAUIM
OCTaBLUYHCA YaCTb PaCcTBOPa aHECTETUKA AJ1A BbIKJIIOYe-
HUA HUXKHEro anbBeonspHoro Hepea [9, 10]. 3oHa obe-
360nMBaHNA MaHAMOYNAPHON aHecTe3un: CAM3NCTan
anbBeONAPHOIO OTPOCTKA HUWXKHEN YentocTn oT 6onb-
WX [0 ManblX KOPEHHbIX 3y60B COOTBETCTBYHOLLEN
CTOPOHDI, NepefHue 2/3 60KOBOV NMOBEPXHOCTU A3bIKa
1 NMOJIOBUHA HUXKHEN ryobl.

[lns BbINONHEHWA MeHTaNIbHOWM aHECTe31Y BKOJ UTTIbl
OCYLUeCTBNIANN B MEPEXOAHYI0 CKNaAKy HUXHel ryobi
MeXay 2-biM NPeMosIAPOM 1 1-biM MONIAPOM, MPOABUra-
nv nrny Ha 1-2 cM O COMPUKOCHOBEHNA C KOCTbIO U Bbl-
MycKanu aHecTeTuK. 30Ha 06e36051BaHuA: GPOHTaNb-
HbIi YYaCTOK MATKNX TKaHelN MOJIOBMHbI HVKHEN rybbl,
cnmsncTaa obonouka npepasepua pta ot 2-ro Npemo-
napa po 1-ro pesua NpPOTUBOMONOXKHOW CTOPOHBDI, CIK-
31cTan 060/10uKa aNbBEONIAPHOrO OTPOCTKA Ha CTOPOHE
aHecTesnu.

BIOMEDICAL PHOTONICS T.9, N23/2020

Ona o6e360n1MBaHNSA CNU3NCTON OOONMOUKN LEKN
LOMOSIHUTENbHO K MaHAUOYNAPHOI aHeCcTe3nn BbINos-
HAMM aHeCTe3MI0 LWEeYHOro HepBa NMbo TopycasbHYO
aHeCTe3uto, a NPY NIOKanM3aLum ONyxonamn B BEpXHe-3a-
OHUX OTAenax nonoctu pTa (3agHue oTaenbl asibBeo-
JIAPHOrO OTPOCTKA BEPXHEN YentoCTu, cnm3nctas obo-
JIOUKa NepexonHoNn CKMagKu 1 BepxXHe-3afHsAA 4YacTb
CNN3UCTOM 060JIOUKN LEKN) BINOMHANMN Ty6epanbHyio
aHecTesuto.

AHecTe3uio WeYHOro HepBa BbIMOJHANM MO Cllefyto-
Wwen meToauke. [lenanu BKOJ UMbl B 0611acTb NepegHero
Kpas BEHEYHOro OTPOCTKA Ha YPOBHE XeBaTeNlbHOW Mo-
BEPXHOCTV BEPXHUX MOJNIAPOB B CIM3UCTYID 00OSOUKY
LLEKW, HAaNPaBNAS WNPWUL C MPOTUBOMOJNIOXKHOW CTOPOHbI.
Mpopsuranu nrny Ha 1,0-1,5 cm fO nepegHero Kpas Be-
HEYHOro OTPOCTKA 1 BBOAMAN 1-2 M aHecTeTuKa. 30Ha
06e360n1BaHKA: CNN3UCTas 060/I0UKa 1 KOXKa LLIEKN.

Mpu npoBegeHUN TopycanbHOW aHecTe3un 0b6e360-
NIVIBaOLWNI PAcTBOP BBOAWM B 06MACTb HUMKHEUENIOCT-
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Puc. 4. BoinonHeHWe MaHAUGYNAPHOW aHeCcTe3nu
Fig. 4. Mandibular anesthesia procedure

Puc. 6. BoinonHeHue Ty6epanbHO aHecTe3nu
Fig. 6. Tuberal anesthesia procedure

Puc. 5. BoinonHeHue TopycanbHOi aHecTe3nu
Fig. 5. Torusal anesthesia procedure

Puc. 7. BoinonHeHWe nanaTtMHanbHOW aHecTe3uu
Fig. 7. Palatine anesthesia procedure

Horo Banuka. OH HaxoAuMTCA B MeCTe COeIHEHUA KOCT-
HbIX rpebeLIKOB, NAYLNX OT BEHEYHOMO 1 MbILLETIKOBOIO
OTPOCTKOB, BblllEe N KNepeamn OT KOCTHOMO A3blYKa HUXK-
Hel YyencTn. HyKe n KHYTpuY OT Banuka pacronaratot-
CA HVXKHUI anbBeOSNIAPHDIN, A3bIYHbIV U LLEYHbIe HEPBHDI,
OKpPY»KEHHbIe PbIXNoN KneTyaTkon. [pu BBeAeHUN aHe-
CTeTUKa B AaHHYIO 30HY 3TU HEpPBbl MOTYT ObITb BbIKJIIO-
YeHbl ofHOBpeMeHHo. LLinpuy pacnonaraloT Ha monapax
MPOTUBOMONOMXHOW CTOPOHbI. BKon wrnbl genatot B 60-
po3aKy, 06pa3oBaHHyl0 naTepasibHbIM CKAaTOM KpPblio-

BUAHO-HVXHEYENOCTHON CKNAAKM 1 WEKON, Ha paccTos-
HUKM 0,5 CM HUKXKe »KeBaTeNbHOWM MOBEPXHOCTU BEPXHETO
3-ro monsapa (pwuc. 5) [9, 10]. Virny npogBuraloT o KOCTH
Ha0,25-2 cmur BBOAAT 1,5-2 M/ aHecTeTUKa (BbIK/TIOUEHMEe
HWXXHEro afibBeOIAPHOro U LWeYyHoro HepBoB). BoiBogAaT
Uy Ha HECKOJNIbKO MWITIMMETPOB B OOpPAaTHOM Hamnpas-
neHnn v eeoasat 0,5-1,0 mn aHecteTuKka (BbIK/IOUEHME
A3bIYHOrO HepBa). 30Ha 06e360NMBaHKA: BCe 3yObl COOT-
BETCTBYIOLLEN MONOBMHbI, KOCTHAA TKaHb afibBEOJSIAPHO-
ro OTPOCTKA HUXKHEN YenioCTu, fiecHa ¢ BeCcTMOynapHon
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N A3bIYHOWN CTOPOH, CIM3MCTasi 000M0YKa NOAbA3bIYHON
obnactu, nepegHune 2/3 A3blka, KoXa U cnmsnctas obo-
NoYKa HUXKHeN ry6bl, Koxa nofbopoaKa COOTBETCTBYIO-
LLell CTOPOHBI, CIN3KCTas 060/10UKa 1 KOXKa LLEKN.

TybepasnbHyto aHeCcTe3uo BbINOJSIHAMN MO CleayoLLen
METOAMKE: NMPU MOJTYOTKPbITOM PTE LEKY KHapYy»K1 OTBO-
OAT wnaTtenem wunuv 3epkanom. Wrny pacnonaratot nog
yrnom 45° K rpe6HI0 anbBEONIAPHOrO OTPOCTKA, CKOC ee
[OJIKeH ObITb 0bpalleH K KoCcTu. Bkon urnbl nponssogsT
Ha YPOBHE KOPOHKI BTOPOro 60/bLIOro KOPEHHOro 3yba
UV MeXAay BTOPbIM U TPETbUM GOMbLUMMN KOPEHHBIMU
3y6aMun B C/IM3MCTYIO 06ONOUKY, OTCTynasa OT nepexop-
HOW cKnagkm Ha 0,5 cm KHapyu (puc. 6) [9, 10]. irny npo-
[BUrAlOT BBEPX, Ha3ag 1 BHYTPb Ha r1yOuHy 2,5 CM, OTBO-
[A WNpWL, KHAPYXWM, 4TOObI UrNa BCe Bpems pacrnonara-
Nacb Kak MOXHO 6nu»Ke K KOCTW. DTO B M3BECTHOWN Mepe
npenoTBPaLLAET NMOBPEXAEHVE apTEPUI, BEH KPbIOBMA-
HOrO BEHO3HOTO CMIETEHUS U KPOBOU3NIUSIHUE B OKPYXa-
e TKaHu. Mocne BBeaeHNs 2 ma 06e36011BatoLLErO
pacTBopa aHecTe3nA HacTynaeT yepes 7-10 MUH.

Mpu oTcyTCTBMM GONBbLINMX KOPEHHbIX 3yO60OB OpreH-
TUPYIOTCA MO CKYJ0aNbBEONIAPHOMY FpebHIo, uayliemy
OT CKY/JIOBOFO OTPOCTKA BEPXHEWN YeNtoCT! K Hapy»>KHOM
MOBEPXHOCTU aJIbBEOSIIPHOIO OTPOCTKA, PACMOIOXKeH-
HOrO Ha ypOBHe MepBOro 60MbLIOr0 KOPEHHOro 3yba.
Bkon nrnbl fenatoT no3aan CKynoanbBeOoNAPHOro rpebHs,
UTO COOTBETCTBYET CEPEANHE KOPOHKU OTCYTCTBYIOLLErO
BTOPOro 60/blIoro KopeHHoro 3yba. 3oHa o6e36onvBa-
HUA BKJIOYAEeT HALKOCTHULY afibBEONIAPHOrO OTPOCTKa
BEPXHEW YeNoCTV 1 MOKPbIBAOLLYIO ee CIM3NCTYI0 060-
NouKy B 061acTy 3TuX 3y60B C BECTUOYNAPHOI CTOPOHDI;
CIIN3UCTYI0 OBONIOUKY 1 KOCTHYIO TKaHb 3afJHEHAPYKHOM
CTEHKI/ BEPXHEUENOCTHON Na3yxu. 3afHsAA rpaHmLa 30Hbl
06e360/1MBaHNA NOCTOAHHA. NepenHssa rpaHnLa MOXeT
npoxoanTb MO cepefrHe KOPOHKM MepBOro 60sbLioro
KOpeHHOro 3yba uam foxXoaunTb A0 CepeauHbl NepBoro
MaJioro KOpeHHoro 3y6a.

Mpu onyxonsx nepegHNxX OTAENOB AHA MOMOCTM pTa
BbIMOJIHANN MaHAVOYNAPHYIO aHECTe3MI0 C ABYX CTOPOH
C [OOMOJSIHWTENIbHLIM BbIKJIIOUEHEM A3bIYHOTO HepBa
B 00/MacT! YeNCTHO-A3bIYHOMO enobka. Metoguka
NpOBeAEeHUss aHeCTe3nN A3bIYHOTO HepBa CredytoLas.
Llinatenem oTBOAAT A3blK B MPOTMBOMOJIOXKHYIO CTOPOHY
W OenaloT BKON UMbl B CIM3NCTYI0O 0OOMOUKY YentocT-
HO-A13bIUHOTO >KeflobKa Ha YPOBHE CepefuHbl KOPOHKMU
HXHero 3-ro MoniApa, rae HepB 3asieraeT OYeHb NOBEPX-
HOCTHO. BBOAAT 2 MN aHecTeTuKa. 30Ha 06e360NMBaHUA:
cnunsncTasa obonoyKa NogbaA3bIYHOM 06N1acTy, NepegHme
2/3 Aa3bIKa.

B cnyvae nokanusauum onyxonu B 061acTu MArKOro
Heba npoBOAMAN MaNaTUHANbHYIO (HEOHYI) aHecTe3uto.
Mpu gaHHOM aHecTe3uun B 06nacTy 60nbLIOro HebHOro
0oTBepCTMs 6NOKUPYIOT 6ONbLLON HEGHBIN HepB. AN 3To-
ro aHecTeTUK HaJo BBECTU B 06/1aCTb 6ONbLIOro HEGHOro
oTBepcTumsA. OHO pacnonaraeTcs Ha YpoBHe cepefiHbl KO-

POHKM 3-ro 60bLIOr0 KOPEHHOTO 3yba, NPy OTCYTCTBUU
NMocneaHero — K3agu v KHyTpu oT 2-ro 60J1bLIOoro Kopex-
Horo 3y6a unu Ha 0,5 cm Knepeau OT rpaHuLbl TBEPLOro
1 MArkoro Heba. [1na onpefeneHns Npoekumm 60bLoro
HeOGHOro OTBEepPCTMS Ha CIM3MCTYD 060N0UKy TBEpAo-
ro Heba Haflo MPOBeCTM [Be B3auMornepeceKatLmecs
NIMHUW: OfHY MApaNefibHO rPaHNnLEe TBEPLOro U MArKo-
ro Heba Ha ypoOBHe cepeauHbl KOPOHKU 3-ro GOMbLIOro
KOpeHHOro 3yba oT eCHeBOro Kpasi [0 CpegHen MHuu
BEpPXHel YentoCT COOTBETCTBYIOLEN CTOPOHbI (cneayet
MOMHUTb, YTO BEPXHAA YENIIOCTb — MapHasa KoCTb), ApY-
rylo — yepes cepefViHy MepBON 1 MeprneHAVKYIspHO
K Hel (cnepepu Haszag). Touka nepeceyeHUs 3TUX ABYX
NUHUA OypeT COOTBETCTBOBATb MPOeKUUU 6GOMbLIOro
HeBGHOro oTBEpPCTUA.

MeTtopgnka npoBefeHMA ManaTtUHANbHOW aHecTe3nn
cnegytowas. MNpwu WYPOKO OTKPLITOM pTe BKOJ UMbl MPO-
M3BOZAT HA paccToaHUM 1 CM Knepeay v KHYTpU OT nNpo-
eKkuMmn HebHOro OTBepCTMA Ha CNIM3UCTYI O0OO0JNOUKY,
TO eCTb OTCTynaa K cpegHen nuHum (puc. 7). Virny npo-
[BUraloT BBEPX, HECKOJIbKO K3aAW U KHapy»Ku 10 Conpu-
KOCHOBEHMA C KOCTbto. BBOAAT 0,5 mn aHecTeTuKa. Yepes
3-5 MWH HacTynaeT aHecte3ud. 30Ha obe3bonvBaHuA
npu HebHOI aHecTe3nn: CIM3nNCTasi 060NIOUKa TBEPAOro
N MATKOro Heba, afibBEONAPHOIO OTPOCTKA BEPXHEN ue-
JIIOCTW C HEGHOW CTOPOHbI OT 3-r0 6OJIbLIOIO KOPEHHOTO
3yb6a o cepeanHbl KOPOHKM KiibiKa [9, 10].

B rpynne nauueHTOB C MpPUYMEHeHWeM MPOBOAHU-
KOBOW aHecTe3nn MHTEHCUBHOCTb OONEBOro CMHApPOMA
BapbupoBana ot 0 go 1 6anna; y Bcex 60nbHbIX yAanocb
NMOABECTU 3arMIaHVPOBAHHYIO 03y J1a3epHOro usnyue-
HUA B MOSIHOM OObeMe.

MokasaHmamu gna nposegenna OOT nop Hapko3om
OblIV PELVANBHbBIE OMYXOU NOMOCTU PTa U POTOMOTKM
npyY HanMuuM Tpr3Ma XeBaTeNIbHOM MyCKYnaTypbl, Mo-
CrleonepauuoHHON pybuoBor fgedopmalum 30Hbl 0651y-
YeHuA N TPYAHOAOCTYMHOM aHAaTOMMYeCKOMN NoKanm3a-
LM NaATONOrMYECKOro npotecca.

3aknouyeHune

CreneHb BbIPaXKEHHOCTU OONIEBOrO CUHAPOMA Mpu
nposeaeHun OOT 3aBUCKT OT FMCTONOTMYECKON HOPMbI
OMNyXO/x, PacnpPOCTPAHEHHOCTN MOPAXeHnA 1 crnocoba
o06e36onvBaHuA. Hanbonee BbipaXKeHHbI 601EBON CUH-
apom Habniopaetca npu nposeferHun OAT nnockokne-
TOYHOrO paka KOoXu, IENKOMIAKUN U ANCMNAa3numM Clnsun-
cTo 060onouKKM nosioctu pta. HMBC B camocTonTeNnbHOM
BapuaHTe Unn B COYETaHUN C ONNOUAHbBIM aHANTbIeTUKOM
no3BoNnAoT 3PPeKTVBHO KOHTPONNPOBaTb OONEBON CUH-
apom npu OAT 6a3anbHOKNETOYHOrO paka Koxu B 89%
cnyyaes, npu OOT NNOCKOKNETOUYHOrO paka KOXWM —
B 66%. [IpOBOAHNKOBAA aHecTe3nA NO3BONAET Kynupo-
BaTb 6bonesol cuHgpom npu nposegeHun OAT onyxonen
opodapuHreanbHoi obnactu. O6esbonusanHue npu OOT
onyxonen BuU3yaNbHbIX JIOKanuM3auMi y naumeHToB no-

OPUTUHAJIBHBIE CTATHW
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XKUNOro Bo3pacTa AO/MKHO MPOBOAUTHCA C YYETOM Jio-
KanuM3auum 1 pacnpoCTPaHEHHOCTV MaTONOrMYecKoro
MpoLiecca, a TakxKe COMyTCTBYIOLLEN NaTONOrM 1 YPOBHSA
KOMMeHcaLMm romeocTasa.

Mpobnema ob6e3bonusaHus npu nposegeHun OOT
Hy»KOaeTcs B fanbHelweln paspaboTke. C Lenblo yHUpu-
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EVALUATION OF STRONTIUM ALUMINATE
PHOSPHORESCENT EFFECT ON BLOOD AS POTENTIAL LIGHT
SOURCE FOR PHOTOTHERAPY

Heng Jie Choong, Nursakinah Suardi, Naser M. Ahmed
Universiti Sains Malaysia, School of Physics, 11800, Penang, Malaysia

Abstract

Phototherapy has shown its effect on cell stimulation and inhibition based on Arndt-Schulz model. Even though this therapeutic method has
apparent effect, but it has limitations for epithelial application due to limitations on light penetration. Hence, with the ideology of fully overcom-
ing this limitation, phosphorescent powder (strontium aluminate) is proposed as the potential light source that emitting photon from inside the
body for phototherapy purposes. The strontium aluminate powder used in the experiment has the highest peak absorption at wavelength around
650 nm and lowest at around 350 nm. According to FESEM images, the powder has the particle size varies from 10 to 50 pm at cubic phase. The
assessment is done by studying the effect on erythrocyte after blood plasma is irradiated by strontium aluminate powder’s photon. The powder
luminesces with a maximum at 491.5 nm when pumped with 473 nm laser at 100 mW in fixed amount of 0.005+0.001 g. Later, it is mixed with
centrifuged blood plasma for a predetermined time period (5, 10, 15, and 20 minutes). From this study, it shows that 5 minutes irradiation is the op-
timum period for erythrocyte in term of morphology enhancement and increase of UV-visible absorption spectrum with at least 21% in comparing
with control blood. While the significant increment located at wavelengths 340 nm and 414 nm with both increased by 54% and 41%, respectively.
However, for 10 minutes and beyond, the irradiation leads to morphology deterioration while the UV-visible spectrum decrement starts at 15
minutes and beyond. In conjunction, a comparison between blood plasma that either interacted with powder emitting photon or powder with no
emission shows that photon emission plays a role in the phototherapy effect.

Keywords: phototherapy, phosphorescent, red blood cells, UV-visible spectroscopy, self-illuminated, laser.
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OLIEHKA AJTOMMNHATA CTPOHUMUA

KAK MOTEHUUAJIBHOTO MCTOYHMKA CBETA

nng ®OTOTEPANUU NO EFTO POCPOPECLUEHTHOMY
AENCTBUIO HA KPOBb

Heng Jie Choong, Nursakinah Suardi, Naser M. Ahmed
Hayunbii yHnsepcuter Manansmu, Manaisus

Pesiome

HecmoTpA Ha fokasaHHy 3$pdeKTUBHOCTL GpoTOTEPANUY, Y STOFO METOAA €CTb OrPaHUYEHUA ANA SNUTENNaNbHOTO NMPUMEHEHNA 13-3a He-
3HaYMTENbHOrO NPOHMKHOBEHUA CBeTa. ABTOpaMu NpeanoxeH ¢pochopecumpyoLmin MOPOLLOK (antoMUHAT CTPOHLMA) B KayecTBe NOTEeHL-
albHOro NCTOYHMKa CBeTa, N3JlyyatoLlero GoTOHbI M3HY TPV Tena Ana Lenen pototepanuu. [opoLlok antoMmHaTa CTPOHLA, MCNOMb30BaHHbI
B 3KCMEPUMEHTE, MMeeT CaMoe BbICOKOE MUKOBOE MOTJIOLeHE NPY ASIVHE BOJIHbI OKO0 650 HM 1 camoe HU3KOe Npu AJIVHE BOJSTHbI OKOO
350 HM. CornacHo 1306paXeHNsIM aBTO3NTEKTPOHHOW CKaHMPYIOLLEe MUKPOCKONUY, MOPOLLOK MMeeT pa3mep Yactul ot 10 1o 50 MKM B Ky6u-
yeckon dase. OueHka 3GpPeKTNBHOCTY GOTOTEPaNMM C NPEANOXKEHHBIM COeIMHEHVEM MPOBEAeHa NyTeM 13y4YeHNA BO3AENCTBIA Ha SpUTPO-
LTl 06/1yYEHHO NOPOLUKOM Mnia3mbl Kposu. DocdopecrieHLmsA NopoLLKa ¢ prKcmpoBaHHbI Maccor 0,005 + 0,001 r UMeeT MakcUMyM Ha
LnviHe BOMHbI 491,5 HM Npy HaKauKe f1a3epoMm C JJIHOW BOJHbI 473 HM C MOLLHOCTbIO 100 MBT. 3aTem ero cmeLmBalioT ¢ LeHTpUdyrnpoBaHHO
nnasmoii KpoBM B TeYeHWe onpeaeneHHoro nepuoga spemenu (5, 10, 15 1 20 muH). MonyyeHHble pe3ynbTaTbl AEMOHCTPUPYIOT, YTO 5-MUHYT-
Hoe 06nyyeHvie ABNAETCA ONTUMAJIbHBIM MEPUOAOM AN SPUTPOLIMTOB C TOUKU 3PEHMA YyULIEHVA MOPGOSIOrMI 1 YBENMYEHWA CNIEKTPa MNo-
rnoweHna YO-BraMmoin o6nactu no KpanHen mepe Ha 21% no cpaBHEHMIO C KOHTPOJIbHOW KPOBbHo. [py 3TOM 3HaUUTENbHbIV MPYUPOCT NpU-
XOLMTCA Ha ANUHbBI BOSIH 340 HM 11 414 HM, KOTOpble YBEeNMUMBaloTCA Ha 54% 1 41% cootBeTcTBEHHO. OfHaKo, AnA 10 MvH 1 6onee obnyyeHne
BbI3bIBaET yXyALIEHVIE MOPdONOTNY, B TO BPeMsA Kak YD-BUANMDI CMEKTP YMEHbLIAETCA HaumHas ¢ 15 MUH 1 no3xe. B cBA3U ¢ 3Tum nsyvaeTca
CpaBHeHVe Ma3mbl KpOBM, KOTOpas B3avMOAeNncTBoBana ¢ dochopecumpyowim NOPOLLKOM, € HedpochopecLmpyoLmM NOPOLIKOM, YTOObI
nokasaTb, YTO 131yYeHNe nrpaeT posb B co3AaHUM dppeKTa poToTepanmu.
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Introduction

Phototherapy utilized light to conduct treatment
with different light source and variation of parameters
such as wavelength, irradiance, pulse structure, coher-
ence, and polarization [1-3]. Initially, laser is widely used
as it is thought that the monochromatic and coherence
of laser would give extra benefit for treatment. This
thought was no longer hold as similar effect is observed
by using monochromatic light source like Light Emitting
Diodes (LEDs) [4]. The respond of cells, either stimulation
or inhibition, is depended on the output power of light
which can be described through Arndt-Schulz curve and
Arndt-Schulz model. The cells would be stimulated at
certain threshold and inhibition is promoted beyond the
threshold. From Arndt-Schulz model the parameters for
the threshold are wavelength of light, irradiance of light,
and the period of irradiation. The absolute Arndt-Schulz
model is associated with parameters like wavelengths,
tissue types, redox states, and different pulse parameters
[3,5-71.

Several experiments were conducted to observe
the phototherapy effect by using different light sources
while wavelength of light, irradiance, and exposure time
remains the same. The results showed that similar effects
can be observed even though different light sources
were used [1, 2, 8]. Among the phototherapy treatment,
phototherapy towards blood able to show significant ef-
fect. A study conducted by Siti Sakinah Mohd Fuad et al.
showed that the RBCs of human blood would denature
and forming echinocytes after irradiated by 589 nm yel-
low laser. The formation of echinocytes was caused by
the loss of water and potassium, which decreases the
generation of Adenosine Triphosphate (ATP). Concur-
rently, the RBCs' light absorption showed increment after
irradiation for 10 minutes till 40 minutes. The decrement
of absorbance was observed after the irradiation extend-
ed to 50 minutes and beyond. This corresponds to bipha-
sic response of having two, either good or bad, reaction
oxygen species (ROS). Mitochondrial would be stimulat-
ed on electron transport, which increases ATP produc-
tion for good ROS. At the same time, the cell would signal
and activate redox-sensitive transcription factors. On the
contrary, bad ROS occur as the dose increases and lead
to the damaging of mitochondria and apoptosis [9]. An-
other study conducted by Kujawa et al. demonstrated a

visible effect on RBCs’ ATPase activities and membrane
structure after irradiated with near infrared (810 nm) la-
ser. The irradiation-induced modulation of RBCs mem-
brane which could change the activity of membrane ion
pumps and ion flows [10]. The effect towards RBCs can
be induced through blood plasma. Mustafa et al. con-
ducted a study on erythrocyte sedimentation rate (EST)
after irradiated with low-level laser. The study showed
that effective reduction of ESR appeared after the irra-
diation of laser with a dose of 72 J/cm? at wavelength of
405 nm. Besides, their study showed that whole blood
ESR reduction is greatly reduced to less than 51% (from
15£3.7 mm/h to 7.6+2.3 mm/h) in comparison between
separated RBCs resuspended in irradiated plasma and
separated RBCs resuspended in non-irradiated plasma.
Hence, this study suggested that the whole blood ESR
effect is mainly induced by the plasma composition [11].

Due to the limitation of light penetration towards the
region of interest within the body, phototherapy has been
limited for epithelial application. Attempts have been
taken by introducing penetrating light in the red or near
infrared range, for brain photobiomodulation to relieve
brain disorders [12-16]. However, the penetration is still
limited to a certain depth depending on the anatomical
region. For instance, 808 nm light source has penetration
to depth about 40 mm to 50 mm [14, 17, 18]. Alternatively,
intracranial method is an approach to overcome the limi-
tation by directly deliver light to the brain with light-opti-
cal fiber device. However, this method is associated with
risk as minimal surgical stereotactic procedure is needed
to insert light-optical device within the brain [12].

Hence, in conjunction to overcome the limitation,
it is proposed to use light source, like phosphorescent
powder, that could emit light after traveling to the re-
gion of interest within the body itself. This paper is as-
sessing phosphorescent powder (strontium aluminate)
as the potential light source for phototherapy through
in vitro blood phototherapy by irradiating blood plasma
with RBCs morphology and absorbance spectrum being
studied.

Materials and Methods

Characterization of strontium aluminate powder

The absorption of strontium aluminate was eval-
uated using UV-Visible spectrophotometer at the
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range of 200 nm to 800 nm. Emission spectroscopy
was used to evaluate the emission of strontium alu-
minate at the range of 380 nm to 780 nm. XRD was
performed in comparison with database compounds.
Particle size and crystal structure was observed via
FESEM images at 500, 5000, and 10,000 times of mag-
nification.

Preparation of strontium aluminate powder

Strontium aluminate powder used for this study
emitted greenish-blue light at the dominant wave-
length of 491.5 nm. The powder was transferred to two
plain test tubes with each at the weight of 0.005+0.001
g. One of the tubes placed in a dark room to ensure no/
minimum exposure of light to prevent charging pow-
der. The second tube was irradiated with 473 nm single
longitudinal mode beam blue laser at a constant out-
put of 100 mW for ~15 minutes. Laser was placed at fo-
cus distance (~16 cm) when irradiating the powder. The
irradiation was done with laser to ensure the powder
charged at known constant power, light energy, and
period of charging.

Preparation of blood samples

Blood samples of 3 ml were collected randomly from
a wide range of patients with unknown information on
blood counts and patients’ gender. The patients were
generally declared fit outpatients at the age group of 20
years old to 70 years old. The EDTA blood sample was
partitioned to three aliquots with 1 ml on each tube. One
of the aliquots served as control (untreated). The other
two were centrifuged to separate blood plasma and
RBCs which the plasma later mixed with strontium alu-
minate powder for interaction.

Irradiation to blood plasma

The centrifuged blood plasmas were mixed with two
tubed strontium aluminate powders, respectively. One
of the tubed powders emitted photons when interacting
with blood plasma. At the same time, the second pow-
ders emitted no/minimum light when interacting with
blood plasma. Both blood plasmas with powder content
interacted for 5, 10, 15, and 20 minutes. Later, the plas-
mas were mixed back to their respective RBCs for inter-
action at ~22 minutes.

Observation of RBCs morphology and absorbance spec-
trum

The morphology of RBCs was observed via an optical
microscope at 40 times magnification after blood smear-
ing with a thin film of streaked blood. Blood smearing
was done by having a portion of blood dropped near the
frosted end of a clean glass slide and second glass slide
as a spreader. The absorbance of washed RBCs was mea-
sured using a UV-Visible spectrophotometer at the range
of 300 nm to 800 nm.

Ethical consideration

This study is ethically approved by Universiti Sains
Malaysia Research Ethics Committee under the study
code of USM/JEPeM/16060208.

Results and discussion

Optical and structural properties of strontium alumi-
nate powder

The absorbance spectrum for strontium aluminate
powder in Fig. 1 shows that it is able to absorb a wide
range of spectrum from 200 nm to 800 nm. The absorp-
tion appears to be highest at the peak at around 650 nm.

2.0

1.8

1.6

1.4+

1.2 4

absorbance

1.0

0.8 1

200 360 460 5E'|D 6[;0 760 800
wavelenath, nm

600 4

intensity, a.u.

100

400 450 500 550 600 650 700 750
wavelength, nm

Fig. 1. Absorbance spectrum of strontium aluminate at wave-
length of 200 nm to 800 nm. The highest absorption located at
around 650 nm and lowest at around 350 nm

Puc. 1. CneKTp NornoweHns antoMmMHaTa CTPOHLMSA B UHTepBane
ANYH BosiH oT 200 HM a0 800 HM

Fig. 2. Emission spectrum of strontium aluminate at wavelength
of 380 nm to 780 nm after being irradiated with 473 nm laser. The
dominant peak located at 491.5 nm

Puc. 2. CneKTp U3ny4eHus aJtoMMHaTa CTPOHLUSA B UHTEPBAJe AJIMH
BOJIH oT 380 HM go 780 HM nocne 06y4eHUst 1a3epom Npu anauHe
BOJIHbI 473 HM

OPUTUHAJIBHBIE CTATHW
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Fig. 3. XRD of strontium aluminate powder
Puc. 3. PeHTreHOCTPYKTYpHbIA aHanu3 MopollKa anoMuUHaTa
CTpoHUMSA

At the same time, the minimum absorption appears at
wavelength around 350 nm, which is represented with
a trough. With the presence of the trough, it caused an-
other appearance of a peak at a wavelength of around
250 nm. Notice that the 250 nm peak’s absorption is still
not as high as other wavelengths ranging from 400 nm
to 800 nm.

Simultaneously, the emission spectrum of strontium
aluminate powder has a dominant peak at 491.5 nm, as
shown in Fig. 2. Hence, with this known information,
473 nm laser was selected as the light source to charge
strontium aluminate. This is due to higher light energy is
required to allow strontium aluminate powder emitting
491.5 nm cyan (greenish-blue) light [19].

The XRD pattern of the powder is shown in Fig. 3. After
comparing with database’s (reference code: 00-052-1876)
intensity peaks, it shows that the powder is potentially
containing strontium, aluminum, and oxygen. In this pat-
tern, the peaks can be indexed based on space group of
PMMA with the number of 51 and orthorhombic crystal
system. The orthorhombic system can be viewed at the
FESEM images shown in Fig. 4a with 10,000 times of mag-
nification. The crystal appears in pack with the size of ap-
proximately 4 um. Fig. 4b and 4c suggested that the par-
ticle size varies from 10 um to 50 um at cubic phase.

Reaction of blood towards strontium aluminate

Within the absorbance spectrum of RBCs, there are
four obvious peaks along the spectrum at wavelength
ranging from 300 nm to 800 nm as shown in Fig. 5. The
first peak appears at 340 nm, which indicates the maxi-
mum carbohydrate metabolism of blood caused by the
structural changes of Nicotinamide Adenine Dinucleo-
tide (NAD) into NADH and Nicotinamide Adenine Dinu-
cleotide Phosphate (NADP) into NADPH through the re-
duction process. The other three peaks are visible at 414,
542, and 576 nm due to d-f transition of CO-oxyhemo-
globin. Theintensity of absorbance is linearly dependent
by the concentration of solutes within blood samples af-
ter irradiation [9, 20, 21].

As shown in Fig. 5, after the blood plasma interacted
with the strontium aluminate powder, there is an obvi-
ous increment of absorbance intensity with respect to
control blood, especially at 340 nm. However, the inten-
sity decrements when photons are emitted from powder,
which acts as a light source. This has depicted a biphasic
response (hormesis) given off by RBCs as the solely addi-

Fig. 4. FESEM images of strontium aluminate with difference magnification:

a - 10,000 times magnification;
b - 5,000 times maghnification;
¢ — 500 times magnification

Puc. 4. CHUMKHM afiloMUHaTa CTPOHLMSA, NOJIyYEHHbIE Ha CKaHUPYIOLWEM 3/IEKTPOHHOM MUKPOCKONE MPU Pa3/IM4HOM YBESIMYEHUN:

a - 10,000-kpaTHOE yBEeNM4YEeHUe;
b - 5,000-kpaTHOE yBENUYEHUE;
¢ — 500-KpaTHOe yBennyeHme
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Fig. 5. Absorbance spectrum of RBCs at three conditions (con-
trol blood sample, blood sample with plasma interacted with no
emission from strontium aluminate powder, and blood sample
with plasma interacted with photon emission from powder) at the
range of 300 to 800 nm

Puc. 5. CnekTp nornoweH1s 3puTpoLUTOB B TpPex YCNOBUAX
(KOHTpoNibHass npo6a KpoBM, Npo6a KpPOBU C MJIa3MOMH,
B3aMMOAENCTBYIOLWEN C HEU3NyYaloLWMM MOPOLLKOM anioMUHaTa
CTPOHUMSA, U Npob6a KpPOBM C Nia3moi, B3aMMOAENCTBYIOLWEN C
docdopecumpyowmnm nopoLukom) B guanasoHe ot 300 go 800 UM

tion of powder, either photon emitting or not, changes
the environment factor of blood [5-7]. The changes in in-
tensity are associated with the variability of coenzyme in
conjunction with echinocytes [22].

Shown in Fig. 6 is the morphology of RBCs with the
presence of echinocytes labeled. The number of echi-
nocytes increases along with the present powder and
further increased as powder emitting photon. This sug-
gested that the increment at 340 nm is due to the pro-
duction of NADPH in preventing globin from denaturing
[22]. Concurrently, a further increase of echinocytes de-

5 mins

10 mins
15 mins
20 mins

*mro

absorbance

wavelength, nm

Fig. 7. Absorbance spectrum of RBCs after interacted with pho-
ton emitting strontium aluminate powder for 5, 10, 15, and 20
minutes

Puc. 7. CneKTp NornoweHu1s apuTpoLUnTOB Nocsie B3aMMoaencTBuUs
¢ dochopecumpyolwMMM MOPOLIKOM antoMUHaTa CTPOHUUS B
TeyeHue 5,10, 15 u 20 muH

c

Fig. 6. RBCs morphology for control blood samples and blood
samples that the blood plasma interacted with strontium
aluminate powder (photon emitting and no photon emitting) for
5 minutes. Some presence of echinocytes are indicated with
circles:

a — control blood samples;

b - blood plasma interacted with photon emitting

strontium aluminate powder;

¢ — blood plasma interacted with no photon emitting

strontium aluminate powder
Puc. 6. Mopdonorus aputpoLUToB AN KOHTPObHbIX 06pa3LoB
KPOBU U 06Gpa3LOB KPOBM MNocsie B3auMOAEeNCTBUSA Nia3mbl C
MOPOLLKOM aJiloMUHaTa CTPOHLUSA:

a — KOHTPO/bHble 0Gpa3Lbl KPOBH;

b — nocne B3aumogencTeus niasmbl KpoBu ¢ pocdopec-

LMPYIOLUM NOPOLIKOM aJiloMUHATa CTPOHLMUS;

C — nocne B3auMOAENCTBUS NAa3Mbl KPOBU C HEU3nyva-

IO MM NOPOLLKOM ajloMUHaTa CTPOHLMUSA
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Period, Control Blood Irradiated Blood
minutes KoHTposnbHbie 06pasLbl KpoBU 0O6ny4eHHas KpoBb
5
a(i): Before irradiation some echinocytes are presented. a(ii): After irradiation no echinocyte is observed.
a(i): Jo obnyyeHna o6HapyKMBaOTCA SXUHOLUTDI a(ii): Mocne obnyyeHVA SXMHOLUNTbI OTCYTCTBYIOT
10
b(i): Before irradiation no echinocyte is observed. b(ii): After irradiation echinocytes are observed.
b(i): lo 06nyyeHns 3XMHOLUTbI OTCYTCTBYIOT b(ii): Mocne 06nyyeHnsa 06HaPYKMBaOTCA SXUHOLUTDI
15
c(i): Before irradiation small number of echinocytes are | c(ii): After irradiation increase number of echinocytes
observed. are observed.
c(i): o obnyueHna o6Hapy}MBaeTCA He3HaUUTeNIbHOE c(ii): Mocne 06nyyeHnA KONMYECTBO IXNHOLIMTOB yBe-
KOJMMYECTBO IXUHOLNTOB NNYeHo
20

d(i): Before irradiation small number of echinocytes are
observed.

d(i): Jo obnyyeHna obHapyKmnBaeTcA He3HaunTelbHoe
KOIMYEeCTBO SXVMHOLMTOB

d(ii): After irradiation increase number of echinocytes
are observed.

d(ii): Mocne obnyyeHnA KONMYECTBO SXNHOLUTOB yBe-
NinYeHo

Fig. 8. RBCs morphology for control blood and blood, which has its plasma interact with photon emitting strontium aluminate. The
interaction (irradiation) period is shown in the “Period” column with values of 5, 10, 15, and 20 minutes. Some echinocytes are
indicated with circles
Puc. 8. Mopdonorusa aputpoLUTOB AN KOHTPOJIA KDOBU U KPOBM, B N1a3Me KOTOPOI NPOMCXOAUT B3aUMOeCTBUE C UCTTYLLEHHbIMU
anloMUHaATOM CTPOoHUMS doToHamu. NMepuoa B3anmoaencTBus (061y4eHnst) noKasaH B cTon6ue “nepmoa”, KOTOpbI BKAOYaeT B ce6s

5,10, 15 1 20 MUHYT. HEKOTOpbie 3XUHOLUTbI 0603HA4Y€HbI KPYXK04YKamu
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@ control
A4 strontium aluminate with emissien

absorbance

300 400 500 600 700 800
wavelength, nm

(a): Blood plasma irradiated for 5 minutes. Absorbance for
irradiated blood has increased compare to the control blood.
(a): Mna3my KpoBU 06nyyanu B TeueHne 5 mumH. Mornouye-
Hue 061yYeHHOI KPOBM YBEIMYMIIOCh MO CPABHEHWIO C KOH-
TPONbHOW KPOBbIO

e control
24 4 strontium aluminate with emission

absorbance

300 460 50‘0 600 700 800
wavelength, nm

(c): Blood plasma irradiated for 15 minutes. Absorbance

for irradiated blood has decreased compare to the control
blood.

(c): Mna3my Kposw 06nyyanu B TeyeHme 15 muH. Mornoule-
HYie ANA 061yYeHHOW KPOBU YMEHbBLUMIIOCH MO CPAaBHEHNIO C
KOHTPOJIbHOW KPOBbIO.

2.4 @ control
A strontium aluminate with emission

absorbance

300 400 500 600 700 200
wavelength, nm

(b): Blood plasma irradiated for 10 minutes. Absorbance
for irradiated blood has slightly increased compare to the
control blood.

(b): Mna3my kposu obnyyanu B TeueHne 10 muH. Mornouye-
Hue AnA 06NyYeHHON KPOBW HECKOMbKO YBEMUYMIOCH MO
CPaBHEHUIO C KOHTPOJIbHOW KPOBbIO.

® control
2.2 A  strontium aluminate with emission

absorbance
a

=
=

500 600
wavelength, nm

(d): Blood plasma irradiated for 20 minutes. Absorbance

for irradiated blood has decreased compare to the control
blood.

(d): Mna3my Kposu obnyyanu B TeyeHne 20 muH. Mornolye-
HVie ANnA 061yYeHHOW KPOBU YMEHbBLUMIOCH MO CPABHEHUIO C
KOHTPOJIbHOW KPOBbIO.

Fig. 9. Absorbance spectrum of RBCs for irradiated blood samples and control blood samples. The period of irradiation is stated

at each Fig.

Puc. 9. CneKTp nornoweHns aputTpoLmUToB Ana 061y4eHHbIX 06pa3L0B KPOBM U KOHTPOJIbHbIX 06pa3uoB KpoBu. Mepuoa o6nyye-

HUS YKa3aH Ha Kaxaom rpaduke

creases the production of ATP [23]. Notice that the effect
is observable even though only blood plasma is irradi-
ated. This phenomenon is known as the bystander ef-
fect, in which the effect towards RBCs is induced by the
changes of blood plasma (medium) after interaction with
the powder [24].

Analyzation of absorbance and morphology of RBCs
Shown in Fig. 7 is the absorbance after the blood
plasma has been irradiated by photon emitted from

strontium aluminate powder for 5, 10, 15, and 20 minutes.
The irradiance of powder is kept at constant by having
a constant amount in terms of weight and laser power
when irradiated. The absorbance appears to be highest
after 5 minutes of irradiation and starts to decrease be-
yond that. This relationship coincides with Arndt-Schulz
model, which suggests 5 minutes irradiation is the opti-
mum for stimulation, with the inhibition after 5 minutes.

Based on the RBCs morphology between control
blood and irradiated blood, the chemical changes can
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be studied. From the morphologies shown in Fig. 8, the
morphology has enhanced with the restoration of disco-
cyte state from echinocyte. This restoration can normally
be done by in vitro suspending normal plasma, albumin,
glucose, gelatin, polyvinyl-pyrrolidine and fixatives such
as glutaraldehyde, osmic acid, etc. [25]. This enhance-
ment is observed after 5 minutes of irradiation. However,
denaturing occurs after 10 minutes irradiation and be-
yond.

The presence of echinocytes suggested the decrease
of ATP caused by loss of water and potassium in RBCs.
Hence, with the improvement of morphology (decrease
number of echinocytes) the ATP would be increased [22,
23]. However, at 10 minutes irradiation the denaturing
may have underwent the production of NADPH to re-
duce oxidized glutathione into glutathione with the aim
of preventing the denaturing of globin within RBCs [22].
The variation of solutes is shown in conjunction with the
absorbance spectrum, as displayed in Fig. 7 [21-23]. The
absorbance spectrum in Fig. 7 is obtained by having the
subtraction between the irradiated blood’s absorbance
spectrum (abs,) with control blood’s absorbance spec-
trum (absmml). This is done to examine the sole effect of
photon towards blood by eliminating the possible inher-
entillness from the patients [26]. The equation representa-
tion is as followed: abs, - abs_ . Individual absorbance
spectrums are shown in Fig. 9 for further reference. Notice
that the decrease in abs, with abs__ as a reference that
results in a negative absorbance shown in Fig. 7.
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Conclusion

There is an obvious effect on blood using solely phos-
phorescent powder as light source for phototherapy. Even
though the presence of phosphorescent powder changes
the environment factor of blood, which induces the blood
to respond with a process known as hormesis; photons have
also played a role in changing the environment factor, as
shown in section 3.2 Reaction of blood towards strontium
aluminate. The results show that the optimum period of ir-
radiation is 5 minutes with the improvement in RBCs mor-
phology and increment in RBCs absorbance. Irradiation of
10 minutes and beyond induces inhibition of RBCs with a
deterioration of morphology and decrement of absorbance.
Bystander effect is observed in this study as RBCs are af-
fected, although only blood plasma is irradiated. For future
improvement, it is recommended to introduce magnetic-or-
ganic phosphorescent material with manipulatable photon
emission for in-vivo usage. With this ideology, the material
can be magnetically localized at the region of interest within
the body, and can later carry out phototherapy. The control-
lable photon emission is integrated to avoid any unneces-
sary irradiation at the unintended area during treatment.
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NA3EPHbBIE TEXHONOT MU B JIEYEHUU LIEPBUKAJIBHOM
UHTPASTIUTEJSTUATIBHOMN HEOINA3SUA
(OB3OP JIUTEPATYPbI)

O.A. Uepkosckuit', B.B. lyHaesckas?

"PecnyBnmkaHCckuit HayYHO-MPAKTUYECKMI LEHTP OHKOSOMMU U MEAMLMHCKON PAAMONOMMH
mm. H.H. Anekcarppoea, JlecHoi, Pecnybnmka benapyce

2HaumoHanbHbiit mHcTTyT paka, Knes, YkpauHa

Pesiome

B npepncTaBneHHoO 0630pHOI CTaTbe PAacCMOTPEHbI KIloUeBble acneKTbl NPUMEHEHWA Nla3ePHbIX TEXHOOMIA, a UMEHHO fla3epHOI Banopu3a-
uun (J1B) n dotoarnHammueckon Tepanum (OLT), B neyeHUr NauMEeHTOK C LiepBUKanbHbIMU MHTpasnuTenuanbHbiMu Heonnasuamu (CIN). ABTopbl
NpPOoaHanu3npPOoBany 1 CMCTEMATV3NPOBASN 3apYOEXHbIN OMbIT JaHHbIX METOLOB fIeUeHNs, MOKa3aHUA U NPOTNBOMOKA3aHUA K X MPUMEHEHNIO U
npenmyLLecTsa No CPaBHEHNIO C TPAJNLMOHHBIMI NOAXOAaMU K NleyeHnio 3Toin natonorun. OCHOBHbIMK NpenmyLlecTBammn metoaa J1B asnatotca
BO3MOXXHOCTb MOJIHOTO MCMAPEHNA MaTONIOrMYeCKoro ovara, Br3yasibHblili KOHTPOJIb 3a rMyOUHON JeCTPYKLUMN TKaHEel, OTCYTCTBME ANIUTENIbHOTO
oTeKa 1 py6LoBbix AedopmaLniA, YTO NO3BONAET COXPaHWTb LIeMIOCTHOCTb LWENKM MaTKN 1 ee penpofyKTUBHY0 GyHKUU0. HecMoTpa Ha Manyio
TPaBMaTMYHOCTb 1 HEBBICOKYIO YaCTOTY HeXenaTenbHbIX peakuuii, faHHble uTepaTypbl 06 3¢pdekTBHOCTM JIB AOCTaTOUHO NPOTMBOPEUNBDI U
BapbypyeT oT 50% A0 98%. B HacToALlee BpemaA B MUPe HaKoM/eH 3HauMTeNbHbIV onbIT npumeHeHua OAT ¢ pasnnyHbIMU GOTOCEHCUOUNN3NPYIO-
WMMK areHTamu (5-aMmuHoneBynMHoBasA KucnoTa (5-AJ1K), rematonopdrpuH, XNopuH 1 X Npon3BogHble) B neyeHun naumeHTok ¢ CIN. OcHOBHbIMU
npevmyiecteamun metofa OAT ABNAIOTCA MUHMMAaIbHAA TOKCUYHOCTD [/1A OKPYKatoLLVX HOPManbHbIX TKaHel B CBA3M C M36MpaTenbHbIM Hakomne-
Huem poToceHcnbrnmsatopa (OC) B NaTONOrMUECKrX TKaHAX, HEBbICOKUI PUCK BO3HMKHOBEHUS BbIPaXXeHHOTo 60NeBOro CUHAPOMa, OTCYTCTBUE
MeXaHN3MOB MePBUYHOW 1 NPUOOPETEHHON PE3NCTEHTHOCTN, BO3MOXHOCTb aMOyiaTOPHOIO MPOBeLEHUA CeaHca JieYeHs, BO3MOXHOCTb KOM-
6UHaLMK C APYrumn MeTofamu neyebHOro Bo3feNCTBUA, OTCYTCTBUE TIMMUTUPYIOLWMX KYMYNATUBHbIX 03 OC 1 CBETOBOro BO3AENCTBYA, BO3MOX-
HOCTb MHOTOKPATHOIO MOBTOPEHMA CeaHca, XOpOoLLMe KOCMEeTMYeCKMe pe3ynbTaTbl M BO3MOXHOCTb peanv3auny OpraHoCoOXpaHALEero Metoaa
neyeHus. MNonyyeHHble pe3ynbTaTbl CBUAETENIbCTBYIOT O XOPOLUE NePEeHOCUMOCTY fIeYeHNA 1 AOCTaTOYHO BbICOKOW 3GPEKTUBHOCTY MPUMEHEHNA
OJT: yacToTa NONHbIX perpeccuii Bapbrpyet oT 30 0 67% Npr UCNONb30BaHMM annanKaLMoHHbIX dopm 5-AJ1K, ot 90 go 98,1% — npw ncnonb3osa-
HUKY rematonopudmrpuHa n xnopuHosbix OC. Takum o6pasom, JIB n OAT MmoryT paccmaTpriBaTbCs Kak 6e3onacHble 1 3dhdeKTUBHbIE ONLMK leueHus
nauneHTok c CIN.

KnioueBble cnoBa: LepBrKaibHaA MHTPasnuTennanbHaAa HeoniasnA, nasepHasa Banopusayna, CI)OTOﬂI/IHaMI/NECKaﬂ Tepanus.

[Ana untuposanua: Liepkosckuii [1.A., [lyHaeBckas B.B. JlazepHble TeXHONOrMK B leUeHn LiepBUKanbHON MHTPasNUTeNnanbHON Heonnasum (06-
30p nuTepatypbl) // Biomedical Photonics. — 2020. - T. 9, Ne 3. — C. 30-39. doi: 10.24931/2413-9432-2020-9-3-30-39.
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LASER TECHNOLOGIES IN TREATMENT
OF CERVICAL INTRAEPYTELIAL NEOPLASIA (REVIEW)

Tzerkovsky D.A.', Dunaevskaya V.V.2
'N.N. Alexandrov National Cancer Centre of Belarus, Lesnoy, Republic of Belarus
’National Cancer Institute, Kiev, Ukraine

Abstract

This review article discusses the key aspects of the use of laser technologies, namely, laser vaporization (LV) and photodynamic therapy (PDT),
in the treatment of patients with cervical intraepithelial neoplasia (CIN). The authors analyzed and systematized the foreign experience of
these methods of treatment, their indications and contraindications, as well as the advantages over traditional approaches to the treatment
of this pathology. The main advantages of the LV are the possibility of complete evaporation of the pathological focus, visual control over the
depth of tissue destruction, the absence of prolonged edema and cicatricial deformities, which allows maintaining the integrity of the cervix
and its reproductive function. Despite the low trauma and low frequency of adverse reactions, the data on the effectiveness of LV are quite
contradictory and, according to various authors, vary from 50% to 98%. To date, there is a significant amount of accumulated experience
in the use of PDT with various photosensitizing agents (5-aminolevulinic acid (5-ALA), hematoporphyrin and chlorin and their derivatives)
in the treatment of patients with CIN. The main advantages of the PDT are minimal toxicity to the surrounding normal tissues due to the
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selective accumulation of photosensitizer in pathological tissues, a low risk of severe pain syndrome, the absence of mechanisms of primary
and acquired resistance, the possibility of an outpatient treatment session, the possibility of combining with other methods of therapeutic
action, the absence of limiting cumulative doses of photosensitizers and light exposure, the possibility of multiple repetitions of the session,
good cosmetic results and the possibility of implementing an organ-preserving method of treatment. The obtained results indicate good
tolerability of the method (no severe adverse reactions) and a fairly high efficiency of PDT: the frequency of complete regressions varies from
30% to 67% - for application forms of 5-ALA and from 90% to 98.1% - for hematoporifirin and chlorin photosensitizers. Thus, LV and PDT can
be considered safe and effective treatment options for patients with CIN.

Key words: cervical intraepithelial neoplasia, laser vaporization, photodynamic therapy.

For citations: Tzerkovsky D.A., Dunaevskaya V.V. Laser technologies in treatment of cervical intraepithelial neoplasia (review), Biomedical
Photonics, 2020, vol. 9, no. 3, pp. 30-39 (In Russian). doi: 10.24931/2413-9432-2020-9-3-30-39
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BBepeHne

[dncnnasma Wwerkn MaTkn Uav LepBuKanbHasa UHTPa-
snuTenuanbHasa Heonnasua (CIN) npeacraBnsaer cobon
cepbe3Hoe 3aboneBaHune, BbI3BAHHOE HanUuMeM BUPY-
coB nanwunnombl yenoseka (BIMY) BbicOKOro oHKOreH-
Horo pucka [1]. CIN yalye Bcero BCTpeYaeTca y »KeHLWNH
Mosioforo Bo3pacTta (25-35 neT). 970 CBA3aHO C TEM, YTO
B JAaHHOM BO3pacTe npouecchl snnmuHaummn BrY yxe
3aBepLIAKTCA, 1 €C/ZIM OHM HE MPOM30LLIN, TO MOXET Ha-
6nofaTbCs NPOLECC akTMBaLUM HEraTMBHOIO AeNcTBrA
BMPYCOB.

PasnuualoT Tpu cTteneHn amcnnas’vm LWENKN MaTKu:
nerkas (CIN 1), cpegnsaa (CIN 1) n taxxenas (CIN 1lI). Bce
OHV NpPeacTaBnAlT cOO0N 3BEHbsI OQHOW Lienu, Npruyem
cuntaetcs, uto CIN I n CIN Il aBnsatoTcs 06paTUMbIMK NPO-
ueccamu, a CIN lll - npeppakoBbiM 3a6oneBaHnem. Ha oc-
HOBaHUW 3Tronoruyeckon ponu BIMNY B yepBukanbHOM
KaHLeporeHese HayasibHble 3Tanbl Pa3BUTMA paKa Lel-
KN MaTKu pacueHurBatoTca Kak BlY-accoummpoBaHHble
3abonesaHua: JHK BMY onpepensetca B 25% cnyyaes
CIN 1, B8 80% npwu CIN 1l n go 96% npwu CIN Ill. Puck ma-
JINTHM3aLMKM CBA3aH C MPUCYTCTBMEM HECKONbKUX FEeHO-
TnoB BIMY BbICOKOro OHKOreHHOro pucka: 16, 18, 31, 33,
35 un 45. YcTaHOBNEHO, YTO HaNIMUMe OHKOre€HHbIX F’eHOTN-
no. BMY cny>kut nporHocTuueckmm GakTopom pasButus
CIN. BINY npenmyectseHHO 16 1 18 reHOTUNOB BbIABNA-
t0T B 50-80% 06pa3LoB YMEPEHHOW U TSXKENOon gucnna-
31K NIOCKOrO 3NUTENUA WenKkn MaTkm 1 B 90% cnyyaes
WHBa3UBHOTO paka [2].

CBOEBpEMEHHasA AMarHoCTMKa u 3bdeKTnBHOE ne-
yeHue CIN ABNATCA BTOPUUYHON NPOPUNIAKTUKON pas-
BUTUA paka wenkn maTtku [3]. CywecTByowme Metoabl
NeyeHna MOXKHO MOAPA3[eNNTb Ha XMPYPruveckue n ae-
CTPYKTVBHbIe. K NepBOr KaTeropmm OTHOCAT HOXEBYIO,
Na3epHy0 1M PaiOBOSIHOBYIO 3KCLM3UKM, KO BTOPON —
nasepHyto Banopwusauuio (J1B), gmatepmokoarynaumio
N KpropecTpyKkumio. Bce npeacrtaBneHHble MeToAbl fne-
YeHUA HanpaBieHbl Ha HENOCPeACTBEHHOE BO3ENCTBIE
Ha NaToONMOrMYecKMi oyar M He OKa3blBalT BAUAHMA

Ha MexaH13Mbl Pa3BUTUs 3abonesaHns. OfHAKO VX Npu-
MEHEHNe COMPAXKEHO C pa3BUTMEM pAda HexenaTesb-
HbIX PeaKUnii, TaKUX Kak 6011eBo CUHAPOM, KpoBOTEUE-
Hue, nMMdopes 1 TpaBMaTM3aLUs TKaHeW, MPrBOAsALLan
K 06pa3oBaHMio rpy6bix pyoOLIOB Ha Lielke MaTKy 1 CTe-
HO30B LiepBUKaNIbHOr0 KaHasa, ConpoBOXAAIOLLMNXCA U3-
MEHEHUAMYN aHaTOMUYECKON CTPYKTYPbl LIENKN MaTKu,
UTO, KaK C/1efiCTBME, MPUBOANUT K CHVKEHWNIO BEPOATHO-
CTW 3a4aTus, MOBbILIEHMIO PUCKA BbIKAAbILIEN 1 NpenAT-
cTBYeT GM3NONOTrMYECKOMY pofopa3speLueHuio [3].

JlasepHasa Banopusauus

AKTyanbHbIM ABRAeTCA npuMeHeHue B neveHnn CIN
nasepHbIX TEXHONMOIWI, WUCMONb30BaHME KOTOPbIX MO-
Ka3aHo MauMeHTKam MOJIOfOoro Bo3pacTta C Bepuduum-
poBaHHbIM gnarHozom CIN | - 1lI, a Takke npu Hanuuum
NPOTMBOMOKa3aHUN K MPUMEHEHWIO TPAANLIMOHHbIX Me-
TOZOB JIeYeHUsA 1 OTKa3e NaLMeHTOK OT UX MPYMEHEHMA.

OpHuM 13 Taknx meTofoB siBnAeTcs JIB — meTtop neve-
HUSA, OCHOBAHHBIN HA NPUMeHeHUY CPOKYCMPOBAHHOIO
nasepHoro ny4yka gmameTpom Ao 1 MM C MOMOLLbIO Bbl-
COKO3HEepPreTMYeCcKoro nasepa ¢ MOLHOCTbBIO U3JTyYeHnA
0o 20 BT. JIB noka3aHa HepO»KaBLUVIM »KEHLUMHAM B BO3-
pacte go 40 net C NaToNOrMYeCcKMMM W3MEHEHUAMM
snuTtenua wenkm matku, cootsetcteytowmmn CIN II. Oc-
HOBHbIMY/ NPenMyLLecTBaMM MeTOAa ABMAOTCA BO3MOX-
HOCTb MOJIHOTO MCNapeHns NaToNIorMYeCcKoro oyara, Bu-
3yalibHbIl KOHTPOJIb 3a FyOVHON AeCTPYKUUN TKaHewn,
OTCYTCTBUE [ANUTENIbHOIO OTeKa U pybLoBbIX Aedop-
MaLWii, YTO NMO3BONAET COXPAHUTb LIeNIOCTHOCTb LWENKN
MaTKV1 1 ee penpoayKTuBHyio GyHKLuio [4].

HecmoTpa Ha manyilo TPaBMaTMUYHOCTb W HEBbICO-
KYI0 4YacTOTy HeXenaTeNibHblX peakumn, 3ddekTus-
HocTb JIB, MO gaHHbIM pa3nunyHbIX aBTOPOB, BapbupyeT
o150 10 98% [5, 6,7, 8, 9].

J.A. Jordan npepctaBun onbIT neyeHuns 711 naumex-
TOB C nomoubto Metofa CO, JIB. B TeyeHue cpoka Habno-
neHuna (20 mec) yactoTta nonHown perpeccum (MNP) cocta-
Buna 95% [5].
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Mo paHHbIM Fallani M.G. n coaBt. (Department of
Gynecology, University of Florence, itanusa) npumeHeHune
JIB nossonuno pocturHyts 97,5% [P y 157 nauymeHToK
c CIN 1 - 1ll [6]. CornacHO pe3ynbTaTam neyeHnsa 94 naumeH-
ToK ¢ CIN Il meTogom JIB M. Fambini  coasr. (Department of
Gynecology, University of Florence, Vitanus) Habnoganu P
B 91,5% cnyuaes. [py [OCTUNKEHWN YAaCTUYHOW perpeccumn
WK CTabunmsaumy naTosiormyeckoro npouecca MpoBo-
LV MOBTOPHbIE CeaHCbl ledeHns. B 32,7% HabnogeHuin
OTMeUeHa HeXkenaTesibHasi PeakLus B BUAe YMEPEHHO Bbl-
[paXeHHOro KpOBOTEUEHWA BO BPeMs ceaHca nedeHus [7].

Mo paHHbIM E. Saah-Briffaut (Clinique de Gynécologie,
Hopital Jeanne-de-Flandre, ®paHuus), npumeHeHne J1B
y 52 naumenTtok c CIN II - lll no3Bonuno pocturHytb MNP
TONbKO B 67,3% [8].

B.S.Yoon n coaBT. (Department of Obstetrics and
Gynecology, CHA Gangnam Medical Center, lOxHas Kopes)
nponeunnu ¢ nomoupbio J1B 141 naumeHTky ¢ CIN II. ABTOpbI
COO6LMN, YTO OCHOBHBIM (AKTOPOM, BIVSIIOLLMM Ha 3¢-
beKTMBHOCTL METOZa, ABNAETCA My6uHa abnauuy naTono-
rmyeckux ovaros. Yactota MNP coctaBmna 90,1% [9].

BmecTe ¢ Tem, n3 HexenaTtenbHbIX peakuun, pas3su-
BalOLMXCA Ha GOHe npoBeneHus neveHns metogom J1B,
MOXXHO OTMETUTb BEPOATHOCTb U3bA3BJIEHUSA, KPOBOTE-
YyeHUs 1 BTOpUYHoe nHoMLUMpoBaHMe. Eule ogHMM Hepo-
CTaTKOM SIBMISIETCA €ro HeCnocobHOCTb BO3AeNCTBOBaTb
Ha BINY, Bbi3biBatowmin passutme CIN.

QdotognHaMmunyeckan Tepanus

B cBA3M CO BCeM BbillieCKa3aHHbIM, BO3HUKAET HEOb-
XOAMMOCTb MOWCKA HOBbIX OPraHOCOXPaHALWMUX MeTo-
noB neyeHunsa CIN. OgHUM 13 Taknx MeTodoB ABnAeTcA $o-
ToanHammnyeckas tepanua (OAT) — meTod, OCHOBAHHbIN
Ha MPUMEHEeHMN CreunanbHbIX BelecTB poToCceHCnou-
nuzaTtopoB (OC), cNOCOBHbIX CENEKTUBHO HaKanMBaTb-
CA B NATONOrMYecKn n3MeHeHHon TKaHwu. lNocnegyiowee
BO3[EeNCTBME Na3epHbIM U3flyyeHrem onpenesieHHoN
LJIVHbI BOJIHbI MPVBOAUT K 3aMyCKy Kackafa poToxmmu-
YecKMX peakuuin, CneicTBMeM KOTOPbIX ABNSETCS obpa-
30BaHME 3HAUUTENIbHOIO KONM4YecTBa CBOOOAHbBIX pagu-
KaNioB 1 MHMLMALMA OKUCTTUTENBHOMO CTPeCcC-CUHAPOMA
B MATONOMMYECKMX TKaHsX, NMPMBOAALEro K UX rmbenb
B pe3ynbTaTte anonTto3a u/mnv Hekposa [10, 11,12, 13, 14,
15, 16].

BaxkHbiMn npeumywectBamn OLAT no cpaBHEHUIO
C TpaanUMnoHHbIMK MeTogamm nevenuna CIN aBnAoTca ns-
6UpaTeNbHOCTb BO3[ENCTBUS, BO3MOXHOCTb COBMELLE-
HUA fieyebHbIX 1 AMArHOCTMYECKNX OMLUMIA, OTCYTCTBME
pViCKa BO3HUKHOBEHUSA CEPbE3HbIX HEXeNaTeNlbHbIX pe-
aKUMI, XapaKTepHbIX ANA XUPYPruyeckoro BmeluaTesb-
CTBa, OTHOCUTENbHAA AeLleBU3HA NPUMEHEHNs MeToAa
1 BO3MOXXHOCTb €ro0 MHOFOKPATHOIO NOBTOPEHMUS.

Bbl6Op LWaAALWeEro U OpPraHOCOXPAHSIIOWEro MeTo-
fa OOT y monoppix »keHwwmH ¢ CIN pa3nnyHon cteneHn
BbIpaXKeHHOCTN 06YyCnoBNeH CcTpemneHeM obecrneuntb

HafeXXHoe M3neyeHre NaLMeHTOK C COXPaHEHNEM MeH-
CTPYanbHON U PenpoayKTUBHOW (GYHKLMI, UTO BaKHO
LN XKEHLVH, NNaHnpyoLwmx 6epemeHHOCTb [17, 18].

MpumeHeHne OOT no3BonseT He TONbKO dbdeKTuBs-
HO BO34ENCTBOBATb Ha NATONOMMYECKUI oYar, HO 1 Nnpu-
BOAWT K 3pagukauum BIY, npenAtctBya Tem cambiM
BO3HUKHOBEHUIO peunanBa 3aboneBaHus. Ha gaHHbIN
MOMEHT B MMPe HaKOMMEH 3HAUNTENIbHBIN OMbIT NpUMe-
HeHua QAT ¢ pa3nMyHbIMU GOTOCEHCMOUNN3NPYIOLLUMI
areHTamu (5-ammHoneBynuHoBas KncnoTa (5-AJIK), rema-
TonopdupuH, potodppuH Il, XNOPUH 1 ero NPor3BoOAHbIE)
B neyeHun naumeHTok ¢ CIN.

(doTtoanHaMunyecKkas Tepanus C UCMNosib3oBaHNEM
5-amMnHONEBYNNHOBON KNCOTbI

OgHum 13 nepsbix OAT ¢ annavMKauMOHHOW ¢op-
Mo 5-AJIK npumeHun P Hillemanns (Department
of Obstetrics and Gynecology, Ludwig-Maximilians-
University, TepmaHuna) npu neveHnn 10 nauMeHTOK
¢ CIN Il = 1ll. ObnyyeHne NaToONOrMyecKrx o4aros npo-
13BOAUNIM Yepe3 3-5 U nocsie NTOKanbHOro NPUMEHEHMS
10 mn 20% pactBopa 5-AJ1K, fo3a CBeTOBOW 3Hepruu
100 [Ox/cm? nnOTHOCTb MOLYHOCTU uM3nydyeHus 100-
150 MBT/cm? (A=635 HM). Cepbe3HbIX HeXenaTesbHbIX
peaKkumMin Nocsie NPOBeAeHHOro JIeYeHUs 3apPerncTprpo-
BAHO He 6b110. Y HECKONbKMX NaLMEeHTOK OTMeYancs yme-
PEHHO BbIPaXXeHHbIN 0ONEBON CMHAPOM U BblaeneHus
13 Bnaranuvia. ABTop CooOLWMI1, YTO NPU KOHTPOSIbHOM
HabnogeHun yepes 3 mec vactota P coctaBuna 30%
(n=3), ocTanbHbIM NaLMEHTKaM B CBA3U C HEJOCTAaTOUYHOM
3bdEeKTUBHOCTBIO JleueHnsa Oblla BbIMOJIHEHA HOXeBas
KOHM3aUmA Wwenkn matku [19].

A. Barnett n coast. (School of Biomedical Sciences,
University of Leeds, BenvkobputaHus) coobwmnm o Hu3-
kon adpdekTnBHocTr OAT ¢ ncnonb3oBaHuem 3% rens
5-AJIK (Intrasite Gel’, Smith & Nephew Healthcare Ltd.,
Hull, UK) y 12 naumerTok ¢ CIN | - Il, BKNtoueHHbIX B 4BOI-
Hoe cnienoe nauebo-KOHTPONMpyeMoe pPaHAOMU3M-
pOBaHHOEe nccnegoBaHume. 13 NauMeHTOK KOHTPObHOM
rpynnbl MOJyYanu JeyeHWe refieM, He COAepXKalym
5-AJIK. ObnyyeHre MaToNOrMYyeckMx OYaroB LUENKK
MaTK/ MPOBOAUIOCH Yepes 4 U noce JIOKaJIbHOro npu-
meHeHuAa 3% rena 5-AJIK, go3a cBeTOBOW 3Heprum Co-
otBetcTBOoBana 100 [1»/cM?, NAOTHOCTb MOLIHOCTU W3-
nyyeHna — 100 mB1/cm? (A=635 HM). Cepbe3HbIX Hexe-
naTenbHbIX Peakunii MPOBeAEeHHOrO IeYeHNA OTMEeUYEHO
He Obifo, NMMLWb 3 NaLUEeHTKM U3 OCHOBHOW FPyMbl Xa-
NOBANNCb Ha AUCKOMGOPT M YMEPEHHO BblPaXKEHHbIN
6oneBon cMHAPOM BO Bpems ceaHca OAT. Yactora P
B OCHOBHOW rpynne cocTtasuna 33%, B KOHTPONbHOWN —
31%. ABTOpbl He MOMAYYUN CTAaTUCTUYECKM 3HAaUYUMbIX
pasnuuuin B pesynbTaTtax jeuyeHns GOMbHbIX B rpynnax
cpaBHeHuA (p>0,05) [20].

K.A. Keefe n coasr. (Division of Gynecologic Oncology,
Chao Family Compressive Cancer Center, CLLA) coobwum-
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nun o pesynbratax | u Il ¢asbl KNMHUYECKOTO UccnenoBa-
HUA nepeHocumoct u 3pdekTrBHocT OAT ¢ npume-
HeHVeM anmnuMkaunoHHon ¢opmbl 5-AJTIK (200 mr/mn)
y 40 nauymeHTok ¢ CIN Il (n=16) n CIN lll (n=24). ABTOpPbI
MCMNONb30BaNM 3CKanauuilo [03bl CBETOBOW 3SHepruu
o1 50 go 150 Ix/cm? (A=630 HM), 0651yUYeHne ocyLLecT-
BnAnu yepes 1,5 y nocne okoHuyaHmMA HaHeceHna 5-AJIK
Ha MaToONOrMYeCKN MW3MeHEeHHble TKaHW. Cepbe3Hblx
HeXenaTeNbHbIX peakuui MPOBEeAEHHOro JleyeHun
He Habnaanoch, TEM He MEHee, Y HECKOJIbKUX BOJIbHbIX
OTMEYEH AUCKOMbOPT 1 YMEPEHHO BbIPa)KeHHbIN Gone-
BOW CUMHAPOM Mpu obnydyeHun. Mpu LMTONOrMYecKom
M KOJIbMOCKOMMYECKOM KOHTpone uactota [P uepes
4 Mec nocse fieveHna otMeyeHa B 51% HabnogeHnn, ye-
pe3 8 mec — B 46%, yepe3 12 mec — B 31%. ABTOpbI NpuLL-
NN K BbIBOAY, UTO fleYebHbI SPPeKT He umen 3aBUCMO-
CTW OT [,03bl CBETOBOW 3Heprum [21].

P.Soergel n coast. (Department of Obstetrics and
Gynecology, Hannover Medical School, lepmaHus) co-
obwmnu o co6ctBeHHOM onbiTe nNpumeHeHna OAT ¢ re-
neBon (GHOPMOW reKCaMVHOJMEBYNIMHATA (Tepmoresb)
y 24 naumentok c CIN | — Ill. ObnyyeHune wWenkn mMaTku
M UepBMKaNbHOrO KaHana (A=633 HM) ocyulecTBasm
yepes 3-5 y nocne HaHeceHusA rend. Cepbe3HbIX Hexe-
naTenbHbIx peakuun OAT oTMeuyeHo He 6b110. MpY KOH-
TPONbHOM HabnogeHun yepes 6 mec yactoTa NP cocTa-
Buna 63%. Y nauneHToK OTMeHa AnnTesibHaA 6-mecAYHasn
BMY-pemumccusa: npm CIN | = 71%, CIN 1l - 50% n CIN Il -
71% [22]. B o6uwei rpynne 6onbHbIx (CIN | - 1ll) yactoTa
[P cocTtaBuna 67% [23].

B nutepatypHOm 0630pe, BK/OYABLLUEM aHANU3 pe-
3yNbTaTOB 14 KNMHWYECKMX MCcnepoBaHuii (472 nauu-
eHTkn ¢ CIN | = Ill), X.H.Tao cucrematnsmposan onbiT
npumeHenna QAT ¢ 5-AJIK n nopduprHosbiMu OC [24].
ABTOp coobLun, uto yacTtoTa [P B cpaBHMBAEMbIX NCCe-
ZoBaHuAX BapbrpoBana ot 0 4o 100%, a 3¢deKTUBHOCTbL
spagmkaumm BMNY - ot 53,4 o 80% [25].

E.T. HoBukoBa n coast. (DI6Y MHUOW wum. 1. A. Tep-
ueHa Munsgpaa PO, Poccuiickas Oegepauus) coobwm-
nun 06 onbiTe NnpumeHeHus OAT ¢ ncnonb3oBaHmem 20%
Ma3sn 5-AJ1IK y 40 naumeHTOK C HayasabHbIM PAKOM LIen-
K/ MaTKM MocC/e paHee NpoBeAEeHHOro XNpyprmyeckoro
nevyeHuss B opraHocbeperaioliem obbeme (BbicOKasa Ko-
HYCOBVAHasA amMnyTauua Wennku MaTtkn). O6nydyeHue npo-
BOAMAN 4Yepe3 6 Y nocne anmnavkauunm Masu OVOAHbLIM
nasepom, AIMHA BOJIHbI COOTBETCTBOBAsNa 635 HM, A03a
CBETOBOW 3Heprun — 150 [x/cM?2, MNOTHOCTb MOLHOCTY
n3nyyennsa — 150-250 mBt/cm? OAT uepBUKaNbHOMO Ka-
Hafa OCyLlecTBAAAN TMOKMM MOHOBOJIOKOHHBIM KBap-
LeBbIM CBETOBOAOM C UMAnHApuyeckum anddysopom,
Jawmm maTpuuy ceeta Ha 360°, n gnuHon 1 cm, cooT-
BETCTBYIOLLEN NPOTAXKEHHOCTU SHAouUepBuKca. Obnyye-
HUe BnaraauHON NOPLUUN KyNbTW LUENKN MATKX MpPO-
BOAUAN AWCTAaHUMOHHO C MCMOJSb30BaHMEM CBETOBOAA
C NINH30M, NepneHANKYNAPHO MOABEdEeHHON K Oprasy,

1 gruameTpom nAatHa oT 1,5 fo 2,0 cMm. Cepbe3HbiX Hexe-
naTeNbHbIX peakunii NPOBeAEHHOIO NeYeHNs OTMEYEHO
He 6bino. MonHana spagukauus BMY nocne ogHoro Kypca
OOT KynbTY WeNKn MaTKn AOCTUIHYTa B 95% Habnoge-
HUR, a B 5% - nocne 2-x kypcos OAT [2].

(doTognHaMmmnyecKkan Tepanus C NCNOJNIb30BaHNEM
rematonop¢upriHa 1 ero NPon3BOAHbIX

Pesynbtatel ®AT ¢ ncnonb3oBaHuem 3dupa nonure-
MatonopdupuHa (PHE) B neueHun 31 naumneHTkn c CIN Il -
[l ony6nmkoBaHbl H. Ichimura u coast. (Department of
Obstetrics and Gynecology, Hyogo Medical Center for
Adults, AnoHus). O6bnyyeHne ocywecTBnAnM yepes 60 y
nocne BHyTpuBeHHON MHGY3UmM OC B fo3e 2 Mr/Kr mMac-
Cbl Tena, NCNosnb3yaA ANMHY BOSHbI 630 HM, JO3Y CBETO-
Bol 3Heprum 100 [Ox/cm?* Cepbe3HblX HeXenaTenbHbIX
peakunii NPOBEAEHHOTO JleUeHNA OTMEYEHO He Obisio.
YacToTa MNP, 3adprKCMpOoBaHHbIX NPU MOPGONOrMYeckom
nccnepgoBaHuy Yepes 3 mec nocne OAT, coctaBmna 90%,
yactoTta BlNY-HeratmBHbIX naumeHToB — 76%. [Mpn KOH-
TponbHOM HabntogeHnn yepes 12 mec yactoTa NP goctu-
rana 100% [26].

Cniycta 2 roga Yamaguchi S. n coasr. (Departments of
Gynecology and Pathology, Osaka City General Hospital,
ANoHuA) NpeacTaBUNM JaHHble 06 YCMEWHOM JieUeHnm
meTtogom QAT ¢ poTodprHOM, BBOAUMBIM BHYTPUBEHHO
B 403e 2 Mr/Kr maccbl Tena, 105 naumeHTok ¢ CIN 1 =111, O6-
NyyeHme, Kak 1 B npefbiayliem nccnefoBaHnn, nposo-
Aunun annHon BonHbl 630 HM, JO3a CBETOBOW SHEpPruu
100 Oxx/cm* YacToTa MNP yepe3 3 mec nocsie npoBeaeH-
HOro neyeHuna coctasmna 90%. Yactorta BlNY-HeraTnBHbIX
NaumneHTOK Mpu KOHTpone yepes 3, 6 n 12 mec nocne
NPOBeAEHHOro neyveHna coctasuna 75%, 74% wn 72%,
COOTBETCTBEHHO. BmecTe ¢ Tem, CTOUT OTMETUTb BblCO-
KYI0 YUaCTOTYy HeXenaTesbHbIX Peakuuii: yMepeHHO Bblpa-
eHHas GOTOTOKCUYHOCTL Oblna 3adUKCUPOBaHHBIX y 50
(48%) 13 105 nayuneHTokK [27].

M.C. Choi n coaBt. (Department of Obstetrics and
Gynecology, Comprehensive Gynecologic Cancer Center,
IOxHas Kopes) nccnepoBany 3¢GEKTMBHOCTb MpuMe-
HeHusa OOT B KOMOMHaUUU C SNEKTPOXMPYPruyecKom
SKCUMU3MEN 1N KOHM3aUMen LenKkn maTku y 73 naumeH-
ToK ¢ CIN Il - 1l [28]. O6nyyeHue nposogmnu Yepes 48 u
nocne BHyTpuBeHHoro BeegeHus OC nopoupuHoBoro
psapa (poTodpuH) B fo3e 2 Mr/Kr Maccbl Tena, UCnosb3ys
nasep ¢ annHon BosHbl 630 HM. YacToTa [P B TeueHme
12-MecAYHOro cpoka HabnogeHua cocTtaBuna 98,1%.
Dpagnkauma BMY B cpoKn KOHTPOSbHbIX HAabNoAeHWI
yepe3 3 mec 1 12 mec nocne OAT 6bina focTUrHyTa
B 89,8 n 87%, cOOTBETCTBEHHO. YacTOTa HEXenaTesbHbIX
peakumii B BUE KOXHOW (pOTOTOKCMYHOCTU M CTEHO3a
LepBUKanbHOro KaHana coctasuna 13,6%.

C.H.Jeong B CpaBHWTENIbHOM acneKkTe u3yumn 3¢-
dektuBHoCcTb AT ¢ doTOreMom, BBOANMOM BHYTPVIBEH-
HO B J03e 2 MI/KI MaccCbl Tefa, U ANaTePMO3NEKTPOKO-
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Ta6nuua

OnbIT npumeHeHus OAT ¢ pasanuHbivu OC B AeueHun nauueHTok ¢ CIN
Table

Experience of using PDT with various PS in the treatment of patients with CIN

ABTOp, roa OuarHos,
nccnefoBaHUA | YNCNO NALMIEHTOB

YacroTa anumu-
Hauwvnm BIMY

YacToTa nonHom
perpeccum (MP)

MapameTpbl
obnyueHunsa

5-AJIK u ee npou380o0Hble (annuKayuoHHas gopma)
5-ALA and its derivatives (application form)

Ob3OPHI JIMTEPATYPHI

Hillemanns P,
1999 [19]

Barnett A,
2003 [20]

Keefe KA.,
2002 [21]

Soergel P,
2008 [22]

Ichimura H.,
2003 [26]

Yamaguchi
S, 2005 [27]

Choi M.C,,
2013 [28]

CIN lI-lll, n=10

CINII-Il, n=10

CIN -1,
n=25
12-cOOT
13 - 6e3 OOT

CIN I-ll, n=25
12 — with PDT
13 - without PDT
CIN Il (n=16)
CIN Il (n=24)

CIN Il (n=16)
CIN Il (n=24)

CIN I (n=7)
CIN Il (n=10)
CIN Il (n=7)

CIN I (n=7)
CIN I (n=10)
CIN Il (n=7)

20% pacTBop 5-AJIK

20% solution 5-ALA

3% pacteop 5-AJIK
(B Intrasite Gel")

3% solution 5-ALA
(in Intrasite Gel")

20% pacTBop 5-AJIK

20% solution 5-ALA

reKCcamyiHO-JIeByIMHaT
Tepmoresib
10 mM

hexamino-levulinate
thermogel
10 mM

100 O>x/cm?
100-150 MBT/cm?
A=635 HM

100 J/cm?
100-150 mW/cm?
A=635 nm

100 Ox/cm?
100 mBT1/cm?
A=635 HMm

100 J/cm?
100 mW/cm?
A=635 nm

50-150 Dx/cm?
0,8 Bt/cm?
A=630 HM

50-150 J/cm?
0,8 W/cm?
A=630 nm

A=633 HM

A=633 nm

30%

30%

cOOT - 33%
6e3 OOT - 31%

with PDT - 33%

without PDT - 31%

yacToTa [P:
u/3 4 mec - 51%;
u/3 8 mec - 46%);
u/312mec-31%

CRrate:
thr.4 mon. - 51%;
thr. 8 mon. — 46%;

thr. 12 mon. - 31%;

63%

63%

lemamonopgupuH u e20 Npou3800HbIe (UHBEKYUOHHASA (hopMa)

CIN Il (n=2)
CIN Il (n=29)

CIN Il (n=2)
CIN Il (n=29)

CIN I-111,
n=105

CIN I-111,
n=105

CIN 1111,
n=73

CIN 1I-11,
n=73

nonureMaTo-
nopdupuH adpup,
2mg/kg

polyhemato-
porphyrin ether,
2 mg/kg
doTodpuH,
2 Mr/Kr

photofrin,
2 mg/kg

doTodpuH,
2 Mr/kr

photofrin,
2 mg/kg

Hematoporphyrin and its derivatives (injectable form)

71%;
50%;
71%

71%;
50%;
71%

76%

76%

3-12 mec-72-
75%

thr.3-12 mon -
72-75%
4/3 3 mec - 89,8%;
u/3 12 mec - 87%

thr. 3 mon. — 89,8%;
thr. 12 mon.-87%

100 Ox/cm? 4/3 3 mec - 90%;
A=630 HM u/3 12 mec - 100%.
100 J/cm? thr. 3 mon. - 90%;
A=630 nm thr. 12 mon -
100%
100 Ox/cm? 90%.
A=630 HMm
100 J/cm? 90%
A=630 nm
100 Ox/cm? 98,1%.
A=630 HM
100 J/cm? 98,1%
A=630 nm
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ABTOp, rog AwnarHos, MapameTpbli Yacrora nonHon | Yacrora anumu-
nccneaoBaHNA | YUCIIO NaLNEHTOB o6nyyeHuna perpeccum (MP) Hauum BNY
0
o
>
|_
CIN 11-111, doTorem, >200 [x/cm? CIN I -93% CIN Il - 84% é
n=48 2 mr/Kr A=630 Hm CIN Il - 95% CIN Il - 82% L
Jeong CH,, —
2015 [29] CIN [I-I1l, photogem, >200 J/cm? CIN Il - 93% CIN Il - 84% <
n=48 2 mg/kg A=630 nm CIN I - 95% CIN Il - 82% Iy
CIN II-11I, doTorem 240 [x/cm? ifa)
n=23 2 mr/kr (n=2), 0,4 Br, 91% o
doTodpuH, \,=632 Hm, O
Park YK, 2 mMr/kr \,=630 Hm (:8
2016 [30] CIN I, photogem 240 J/cm? ®
n=23 2 mg/kg (n=2), 0,4 W, 91%
photofrin \,=632 nm,
2 mg/kg A,=630 nm
X/10puUH U e20 Npou3800Hble (UHBEeKYUOHHAsA hopMa)
Chlorin and its derivatives (injectable form)
CIN 11111, $OTONOH, 100-150 Ox/cm? 92,8% 53,4%
n=112 2-2,5 mr/Kr 0,5-0,6 BT, (y 47 n3 88)
. A=660£5 HM
Istomin Yu.P,
2010[31] CIN 1111, photolon 100-150 J/cm? 92.8% 53.4%
n=112 2-2,5 mg/kg 0,5-0,6 W, (47 out of 88)
A=660+5 nm
OtpenbHoBa O.b., $oHoBbIE doToauTasuH (0,5% 80-250 [x/cm?, 88,9%
2008 [33] v npegpakosble  renb u/unu 0,5 Mr/Kr) A=662 HM
3aboneBaHuA LWenKn
MaTKn, N=72
Otdelnova O.B.,,  pre-existing and fotoditazin 80-250 J/cm?, 88.9%
2008 [33] precancerous (0.5% gel A=662 nm
diseases of the or 0.5 mg/kg)
cervix, n=72
lpebeHkuHa E.B., CIN Il (n=8), dotonoH, 150 Ix/cm? y 4 NauneHToK 80%
2014 [34] cancer in situ (n=4) 0,75-1,15 mr/kr 400-500 mBt/cm? 3¢bdeKT oleHeH
A=660 Hm Kak NPy 7
ob6HapyxeHa CIN |,
y1-CINIL
Grebenkina E.V., CIN Il (n=8), photolon, 150 J/cm? in 4 patients, 80%
2014 [34] cancer in situ (n=4) 0,75-1,15 mg/kg 400-500 mW/cm? the effect was
A=660 nm assessed as CR,
in 7 patients CIN |
was found, in 1 -
CINII.
®unoxeHko E.B., CINII (n=5) paaaxnopuH, 300-350 [x/cm?, CIN Il - 100%
2015 [35] CIN Il (n=13) 1 mr/kr A=662 HM CIN Il - 77%
Filonenko E.V., CIN Il (n=5) radachlorin, 300-350 J/cm?, CIN 11 -100%
2015 [35] CIN Il (n=13) 1 mg/kg A=662 nm CIN I -77%
Hwukonos C.1., CIN I, doToanTasuH, 0,4 Br, 95,35%
2019 [36] cancer in situ n=43 papaxiopuH, A=662 HMm
1 mr/kr
Nikonov S.D., CIN I, fotoditazin, 0,4W, 95.35%
2019 [36] cancer in situ n=43 radachlorin, A=662 nm
1 mg/kg
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Hu3auum B 2-x rpynnax naymweHTok ¢ CIN Il - [ll. Kaxgas
rpynna Bknwouana no 48 6onbHbix. YactoTta MNP cocTa-
Buna 93 n 95%, cootBeTcTBEHHO, BMNY He 6bin BbiABNEH
B 84 1 82% HabniogeHun. ABTOp NpuLLen K BbIBOAY, YTO
OOT moxeT 6bITb MCMOSIb30BAHA B KAYeCTBe ajibTepHa-
TUBHOTO MeTofa ANA CeNIeKTUBHOrO paspyLueHnsa naTto-
NOTMYECKMX TKaHEW, MO3BOJAIOLEro COXpaHUTb ¢ep-
TUNbHOCTb KEHLWMH nocie neyeHusa [29].

Y.K.Park n coaet. (Department of Obstetrics and
Gynecology, Dankook University College of Medicine,
lOxHaA Kopes) npefctaBunm onbIT fneyeHnsa 19 naymeH-
ToK ¢ CIN Il = lll meTogom O[T ¢ HBEKUMOHHON GopMOI
doTorema (2 Mr/kr maccel Tena) n potodppuHa Il (2 mr/kr
Maccbl Tena). ObnyueHue ocylecTBnsANy Yepes 48 y nocne
BBegeHna OC npu gnnHe BonHbl 630 HM 1 fO3€ CBETOBOW
SHeprun 240 [x/cm* /13 OTMEUEHHbIX HeXenaTesibHbIX
peakuuii aBTopbl COOOLLMIN O KOXKHOW POTOTOKCMUHOCTY
N YMEPEHHO BbIPAaXXeHHOM 60JIEBOM CHAPOME BO Bpems
nposeneHuA ceaHca OAT. YactoTa MNP coctaBuna 91% [30].

QdoTtognHaMmunuyecKkas Tepanus € UCNONIb30BaHNEM
doTOoCeHcN6MNN3aTOPOB XIOPNHOBOIrO pAga

OnbiT npumeHeHns OAT ¢ uHbeKUoHHON popmoint OC
xnopriHoBoro paga ¢otonoH y 112 naymentok ¢ CIN Il -
Il npeactaBunn 6enopycckue nccnegosatenu (National
Cancer Center Republic of Belarus, Pecny6nuka bena-
pycb) [31]. ObnyueHue WENKN MaTKU 1 LEEPBUKATbHOTO
KaHafia npoBOAWIY, UCMOSb3yA A03bl CBETOBOW SHEPTUU
o1 100 go 150 I>k/cm? (A=660+5 HMm), uepes 2,5-3,0 u nocne
okoHuaHus nHey3un OC. Ha nepsom 3Tane ANCTaHLMOH-
HO O6nyyYany BrarasvLLHy YacTb LIENK MaTK1 C MOMO-
b0 OMTOBOJIOKOHHOIO CBETOBOAA C MUKPONMH30M. [Mpu
pa3mepe ouara CIN He 6onee 3 cm 06nyueHUe NpoBoAUIU
OfHUM MonieM AnameTpom 4 cm. B cnyuae pasmepa nato-
nornyeckoro ovara 6onee 3 cm 06nyueHme OCyLLeCTBAANN
4 nonamu gruameTtpom ot 2,0 go 2,5 cm. Ha BTopom 3Tane
0obnyuyany LepBrKarbHbIi KaHal Ha BCEM MPOTAXEHUM
C NMOMOLLbIO OMTOBOJIOKOHHOMO KaTeTepa C UManHApUYe-
ckum guddysopom. CepbesHbIx HeXenaTesbHbIX Peakumi
NMPOBeEHHOrO fleYeHsi OTMEUYEHO He 6bIo U, TEM He Me-
Hee, Y HECKOJIbKMX MaLEeHTOK OTMeYeH ANCKOMbOpT, yme-
PEHHO BblpaXKeHHbII 60N1EBON CUHAPOM MpPY 06yYeHUN
1 BblieneHnA 13 Bnaranuiya. Mo JaHHbIM aBTOPOB, YacToTa
MP, 3adMKCnpOBaHHbIX Yepes 3 Mec Nnocse NpoBeAeHHOro
neyeHus, coctasuna 92,8%, nonHas spagmkauma BMY or-
MeyeHa B 53,4% HabnogeHnin.

B 6onee nosgHemM wuccienoBaHUM aBTOPbl 0606-
wunn onbiT npumeHeHna OOT y nauymeHtok ¢ CIN I
(n=230) u CIN NI (n=378), nponeyeHHbIX B nepuog
c 2006 no 2019 rr. MNMpK KOHTPOMbHbIX HabMOAEHWAX
B CPOKM OT 3 MeC 1 6oniee B eAUHNYHBIX Cilyyasnx Obiiu
BbISIBIEHbl CTEHO3 LIePBUKANIbHOTO KaHana v CUHAPOM
«KOarynumpoBaHHOW LWenkn matkm». Yactota [P uepes
2,5-3,0 mec nocne OAT B rpynne 6onbHbix ¢ CIN Il gocTu-
rana 100%, c CIN Il - 94,1% [32].

O.b. OtgenbHoBa 1 coaBT. (POCCMINCKUI rOCY[apCTBEH-
HbIl MeQUUNHCKUIA yHuBepcuTeT mmeHn H.W. MNnporosa,
kadeppa akylwepcTBa 1 ruHekonoruu, Poccniickas Oepe-
pauus) npeacTaBuIn pe3ynbTaThl leueHnsa 72 naumeHToK
¢ GOHOBbLIMM 1 MPeapPaKoBbIMM 3a00NIEBAHUSMM LLIEWNKN
MaTku metogom OT. B kauectBe $oTOCEHCUOMNM3NPY-
follero areHTa ObUIM KCMOMb30BaHbl ANMIMKALOHHAA
(0,5% renb) 1 MHbeKLMOHHas (0,5 Mr/Kr Mmaccbl Tena) ¢op-
Mbl doToguTasvHa. ObnydyeHue LWeKKN MaTKN U LiepBu-
KanbHOro KaHana ocyuectesnanu yepes 1,5-2,0 u nocne
BBegeHuss OC (\=662 HM). B 3aBMCUMOCTI OT XapaKTepa
MaToNIOrMyecKoro npouecca ANTeNIbHOCTb BO3AENCTBUA
BapbupoBana ot 15 no 40 MuH, 033 CBETOBOW SHEpPrin —
ot 80 go 250 x/cm?* MeToom CpaBHEHUsI (KOHTPOJb-
HaA rpynna) ABMIOCb ANAaTEPMOXMPYPruYeckoe neyeHue
(onaTepmokoarynauma 1 naTepMoKOHM3aUus) C UCnosb-
30BaHMeM annapata «3C 500 M» (Poccus). Cepbe3Hbix
HeXxenaTenbHbIX peakumin nocne QAT oTMeUYeHo He 6bIr1o,
nobouHble 3pdeKTbl B BUAE HEMONHOW 3SMMTENn3aunmn
LWenKn MaTKn Habnoganucb y 8 (11,1%) naLmeHToK. B KOH-
TponbHOW rpynne 76,6% nauneHToK Gecnokownu 6onu
B HWKHVX OTAEeNax »KUBOTA, Y 6,7% OONbHbIX OTMEYEHbI
KpOBOTeUeHA B NocsieonepauoHHOM neproge, y 6,7% —
060CTpeHMEe XPOHNYECKOTO canbnrHroodoputa, y 30% —
konbnut, y 20% — HenosnHaA snuTenn3auma LWenKkn Mmat-
Kun. Mpu npumeHennn OAT vactoTa NP coctaBmna 88,9%,
UTO MOATBEPXKAEHO pe3ysibTaTaMy KONbMOCKOMMYECKOro
1 UUTONIOrMYECKOro nccnenoBaHnim [33].

E.B. IpebeHkunHa 1 coasT. (TBY3 HO «Huxeropogckum
006/1aCTHOM OHKOJIOrMYEeCKUiA aucnaHcep», Poccuinckas
Oepepauma) npegcrtasunu pesynsratel OAT y 8 nayunen-
Tok ¢ gnarHosom CIN Il my 4 - c cancer in situ. ®oTonoH
BBOAWUMMN BHYTPMBEHHO B go3e 0,75-1,15 mr/Kr macchbl
Tena. Yepes 1,5-2,0 U BbINOSIHANN CeaHC 06yYeHUs C UC-
MoJib30BaHMEM [03bl CBETOBOW sHeprum 150 [xx/cm? [ns
[OCTaBKM NTa3epHOro M3NyyYeHUsa K SHAOLEPBUKCY Npu-
MEHANN KBapLeBble CBETOBOAbI C LMINHAPUYECKUMN
andoysopamm AnvHOM 3 CM, AaloWyMMK MaTpuLy CBeTa
Ha 360°, K BNarasavwHoON NopLmmn LWeNnKn MaTkn — Makpo-
JINH3Y CO CBETOBbIM NATHOM ArameTpom oT 1 fo 2 cm. Ye-
pe3 30 gHenm nocne nevyeHUs BbIMOSHANM KOHMU3aLnio
WeNKN MaTKM C BbICKAbNMBaHMEM LIePBUKANIbHOIO Ka-
Hana, oueHuBaa pesynbtat OAT. Mpn nposegeHnn OOT
He 6bI/10 3aPerncTPUPOBAHO CEPbE3HbIX HEXKENATENbHbIX
peakuuin, oTMeyeHa Xopollad NMepeHOCUMMOCTb CeaHca
obnyyeHua, N1wWb y 2 NaumMeHToK Bo Bpema ceaHca OOT
Habniopanca 6oneson cuHAPoMm (605K B HU3Y XKMBOTA).
Mo paHHbIM FMCTONOMMYECKOrO UCC/IeoBaHMA NOCseo-
repaLuoHHOro Matepuana 3pdeKT neveHus y 4 nauneH-
TOK oueHeH Kak NP,y 7 o6Hapy:xeHa CIN |,y 1 - CIN II. 3pa-
avikauuma BMY pocturHyTa B 80% HabnogeHwui [34].

E.B. ®vnoHeHKO 1 coaBT. oNyb/MKOBaHbl pe3ynbTa-
Tol Il $asbl KNNHNYECKMX NCCNeAOoBaHUI NPUMEHEHMSA
pagaxnopuHa npu OAOT y 30 nauneHTOK C npegpako-
BbIMU 33a00NEBAHMAMM U HayasibHbIM PAKOM LIENKU
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MaTku: skTonua — 4 cnyyan, CIN Il - 5 cnyyaes, CIN Il -
13 cnyuaes, carcinoma in situ — 4 cnyJasn, pak Wenkun
MaTku la ctagun - 4 cnyyada. ®C BBOAMAM OQHOKPATHO
BHYTPVBEHHO B fl03e 1 Mr/Kr maccbl Tena 3a 3 4 Jo npo-
BeeHVA 06nyyYeHrs, UCNONb30BaNINCh JO3bl CBETOBOW
sSHeprum ot 300 go 350 [x/cm? (A\=662 HM). CeaHc OOT
LlepBMKaNbHOro KaHana NpoBOAUAN C NCMOJIb30BaHM-
€M KBapLeBOro CBeToBoda C LUUINHAPUYECKUM Ond-
dy3opom gnuHom ot 1 4o 3 cm no BCel AJINHe LiepBu-
KalIbHOTrO KaHana, a BnarajuwHoOn 4acTu Wenkn mat-
KN — C MCMOMb30BaHNEM MaKPOJINH3bI C AMAMETPOM
CBETOBOrO MATHA OT 2 A0 3 CM B 3aBMCMMOCTW OT aHaTo-
MUYECKNX ocobeHHocTel opraHa. Cepbe3HbiX HeXxena-
TenbHbIX peakuynii nocsie ®AT oTMeyeHo He 6bino. Ya-
ctota NP gna nauneHtok ¢ CIN Il n lll coctaBuna 100%
n 77%, COOTBETCTBEHHO [35].

C.[.HukoHoB un coaBT. (TBY3 «[pumopckun kpae-
BOW OHKONormueckmnin gucnaHcep, Poccuiickaa Oepepa-
uuns) B CBOEM UCCNEAOBAaHUN OLEHMNN 3PPEKTUBHOCTD
OAOT BlMY-accouyumposaHHon CIN Il n carcinoma in situ
y 43 HepoOXaBLIMX MNALMEHTOK NPW UX OTKa3e OT BbIMos-
HeHMA KoHum3auuun. B kauectee OC ncnonb3oBanu NHb-
eKUUNOHHble dopMbl oToamTasmHa (1 Mr/Kr maccol Tena)
1 pagaxnopuHa (1 Mr/Kr maccbl Tena) C 3KCNo3uumen
3 4. O6nyyeHne OCyLeCTBAAIN C MOMOLLbIO la3epoB Jlax-
Ta-MwunoH un Jlatyc (A=662 Hm). O[T 3K30LepBUKCA Bbl-
NOMHANN ANCTAHLUNOHHO MOHOMO3ULMOHHO Yepe3 CBe-
TOBOJ C KOJIMMATOPOM NPW MOLHOCTU U3nyyeHnsa 2 BT
1 gnametpe ceeToBoro nAtHa 4 cm. OT yepBuKanbHOro
KaHasa oCyLeCcTBAAAN CBETOBOAOM C UWIANHAPUYECKAM
andody30pom AMHON 4 CM MPY MOLHOCTU U3yYeHuns
0,4 BT. MonHoe n3neveHme otMmeyeHo B 95,35% Habntope-
HWI, @ B MOArpynne HepoKaBLLUMX NauMeHToK — B 96,3%
(n=26), uTO NOATBEPXKAEHO SMMUHALMEN BCEX TUMOB
n coueTaHuii BMY, a Takxke 611arononyyHoOn KonbnocKo-
NUYECKOW 1 LUTONOTrNYECKON KapTuHOM [36].

C uenbio 0606LleHNA NPVBEAEHHDbIX Bbille AaHHbIX
06 3¢ dekTrBHOCTY NprMeHeHna OOT B pasfnyHbIX Ha-
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YUHO-MPAKTUYECKNX LIeHTpax M KnvMHuKax ctpaH CHI,
EBponbl, Oro-BoctouHom Azumm n CLLA cBofHble faHHble
06 s¢dekTrBHOCTM QAT B PA3NANUHBIX UCCIE[OBAHUAX
npuBeaeHbl B Tabn.

3aKnoyeHmne

Takum obpasom, adpdekTuHocTb OAT npu neyeHun
nauyneHTok ¢ CIN 3aBUCUT OT XUMUYECKOWN CTPYKTYpbl
n cnocoba npumeHeHna OC. B 6onblMHCTBE Cnyyaes
Haubonee Bbicokaa 3GPEKTUBHOCTb AOCTUrAETCA MNpu
cuctemHom (BHyTprBeHHOM) BBegeHumn OC [2, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30], ncnonb3oBaHe e anrinKa-
LUMOHHBbIX popm 5-AJIK (pacTBOpbI, refiv 1 Masn) He npu-
BOAUT K OOCTUPKEHUIO BbiCOKOWM YacTtoTbl P [14, 15, 16,
17, 18]. MNpuBeneHHble Bbllle pe3ynbTaTbl UCCNE[0BaHNN
Pa3nMYHbIX aBTOPOB MOATBEPXKAAT LNPOKME BO3IMOX-
HocTu ncnonb3oBaHua QAT B neueHun nayurenTos ¢ CIN,
UTO BO3MOXHO Gnarofiapa HanMuuvilo y AaHHOro MeTofa
pAfda BbIrOAHbIX MPEMMYLLECTB MO CPaBHEHUIO C Cylle-
CTBYIOLMMU CTaHOAPTHLIMY METOAaMM NeYEHNA.

K ocHoBHbIM npenmylyectBam OT MOXHO OTHeCTH:

« MVWHMMarbHasA TOKCUYHOCTb [NA OKpPYKaloLwmnx
HOPMasibHbIX TKaHel, B CBA3W C U36MpaTesibHbIM
HakonneHvem OC B NAaTONOrMYECKNX TKAHSAX;

+ HEBbICOKUIN PNCK BO3HNKHOBEHWA BblPa)KeHHOIo
6051eBOro CUHAPOMA;

+ HEe3HauuTesnbHble CUCTEMHbIE SbPeKTbI;

« OTCYTCTBME MEXaHW3MOB MEPBMYHON 1 NPUO6-
PEeTEHHOWN PE3NCTEHTHOCTY;

+ BO3MOXHOCTb aMbynaTOpHOro NpoBefeHns ce-
aHca neveHus;

+ BO3MOXHOCTb KOMOUHALWW C APYrUMN MeTOoAa-
MU NieyebHOro BO3aencTens;

+ OTCYTCTBME NIMMUTUPYIOLNX KYMYNATUBHbIX JO3
OC n cBeTOBOro BO3AENCTBMS, BO3MOXKHOCTb
MHOIOKPATHOro NOBTOPEHUA NpoLeaypbl;

+ XOpoLune KoCMeTnYecKme pesynbraTbl;

« peanusauuna OpraHOCOXPaHALNX MOAXOAO0B.
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TPEBOBAHMA K OPOPMJTIEHMIO CTATEM
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60BaHMAMY K PYyKOMUCAM, MpefcTaBAsemMbiM B GUOMefULMHCKME

XKypHanbl», KoTopble pa3paboTaHbl MexayHapoAHbIM KOMUTETOM
peaakTopoB MeAnLMHCKKX KypHanoB (International Committee of Medi-
cal Journal Editors).
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TeKcT cTaTby HabrpaeTcs B TeKcToBOM pefakTope (Microsoft Word)
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Bce ctaTbun, nocTynatouwme B peaakumio, NPOXOAAT MHOrOCTyneHYa-
TOe peLeH3pPOoBaHMe, 3aMeyaHns PeLEeH3eHTOB HampaenalTca ABTOpy
6€e3 yKasaHMA UMEH peLieH3eHTOB. [Tocne NonyyYeHns peLeHsnin n oTeeToB
ABTOpa pefKonneris NPUHUMAEeT peLleHne o NyGamKaumm (am OTKIoHe-
HWK) CTaTby.

Pepakuua octaBnseT 3a coboii NPaBo OTKNOHUTb CTaTblo C Hanpaene-
HMeM aBTOPY MOTMBMPOBAHHOIO OTKasa B NuUCbMeHHoN ¢popme. Ouepen-
HOCTb My6AMKaumn cTaTell yCTaHaBNMBAETCA B COOTBETCTBUN C PeAAKLIMOH-
HbIM NNAHOM U3AaHNA XKypHana.

Pepakuua ypHana ocTaBnseT 3a CO60I NpaBo COKpaLlaTb 1 pefakTu-
poBaTb MaTepuanbl cTaTbu. Hebonblume ncnpaBneHna CTUANCTAYECKOTO,
HOMeHKNaTypHoro mnu GopmMasibHOro xapakrepa BHOCATCA B CTaTbio 6e3
cornacoBaHuma ¢ aBTopom. Ecnm ctatba nepepabatbiBanacb aBTOPOM B Npo-
Llecce MOArOTOBKM K My6nuMKauuy, [aTON MOCTYMNEHWA CYUTAETCA AeHb
NOCTYMNNEHNA OKOHYATENIbHOTO TEKCTa.

My6nukauua ctatei B XXypHane 6ecnnatHas.

Mopasaa ctatblo B Pepakuuio MypHana, ABTOp MOATBEPXKAAeT, uTo
Pepakuun nepepaetca 6eccpoyHoe MnpaBo Ha odopMIeHVE, K3faHune,
nepepavy »KypHana ¢ ony6anKoBaHHbIM MaTepuanom ABTopa And uenemn
pedepripoBaHmMA CTaTel 13 Hero B No6bIx ba3ax AaHHbIX, pacnpocTpaHeHne
KypHana/aBTOpCK/X MaTeprasnoB B MeYaTHbIX U SNEKTPOHHBIX U3[aHUAX,
BK/IlOUan pasmMeLleHre Ha BbIGpaHHbIX 1Mo co3faHHbIX Pepakumeir caTax
B ceTu ViHTepHeT, B Lenax AocTyna K nybnmkaumm noboro 3anHTepecoBaH-
HOro fMua 13 Nlo6oro mecTa u B Nitoboe Bpems, NepeBof cTaTby Ha niobble
A3bIKY, U3[jaHNe OpuUrMHana 1 NepeBofoB B IIOOOM BUAE 1 pacnpocTpaHe-
HVie MO TEPPUTOPUM BCEFO MUPA, B TOM UKCIIE MO NOANUCKE. ABTOP rapaHTu-
PYET, UTO CTaTbA ABNAETCA OPUTMHANbHBIM NPON3BEAEHVNEM 1 NCMONb30Ba-
Hne Pefiakumen NpefoCTaBNeHHOro M aBTOPCKOTO MaTepurana He HapyLwmuT
npase TPETbUX L.

MpumeyaHue. NpeacTaBAeHUE CTaTbk AAS MTYBAMKALIMK B XypHAAE MOA-
pasymeBaet cornacke ABTopa(oB) ¢ OnyOAMKOBAHHBIMU NpaBUAAMMU.
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