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Aorosop N214.B25.31.0015
PE3YJIbTATbI PABOTbI MO MPOEKTY B 2017 roay:

Paspen 1. Pazpa6oTka MeTtofoB, o6ecneumBalowme cTabunmsaumnio 06bLeKTOB UCCiefoBaHMa U pa3paboTka aiIrOpUTMOB KOMMEHCauuM ABMKEHUI 06beKTa npm
pa6ore c MM OKT npu6opammu B K/IMHNYECKUX YCIIOBUAX

Ons nopaeneHus apTedakToB OT [BWKEHWS, [blXaHUs W CepauebueHust NauMeHToB Ha u306paxeHnsx OKT-mukpoaHruorpaduv (OKT MA) paspabaTbiBannch MeTofbl:
1.1. ¢wmsnyeckoit cTabunusaumm o6bEKTOB M 1.2. MPUMEHSNUCb NpOrpamMMHble pelueHus. 1.1. ®usndyeckas cTabunmsaums OBbLEKTOB BK/OYana: 1) MCMonb3oBaHue
ohTanbMoNoruyeckol CToiku Anst (UKCUPOBaHWS rOIOBbI MPU UCCeA0BaHMM U@ U NOMOCTM pTa. MpUMEHEHVe Takoro MoaxoAa Mo3BoNSIET U3beXaTh HaNPsHKEHUs MbILLL LA U
LpYrvX, NMPUBOASILUMX K TPEMOpY WCCieayeMblX TKaHel MauMeHTOB, W yNyylnTb CTabUnbHOCTb MONYYEeHUs CKaHoB; 2) Ans duKcauuu 3oHAa 6bin paspaboTaH MaHUNynsTop c
YETbIPbMsi BpaLLATENbHBIMU CTENEHsIMW CBOGO/bI, MO3BONSIOLMIA NONYYUTL AOCTYN K XKenaemoii 06nactu uccnefosaHus. MaHunynsTop hukcupyeTtcs B TpebyeMoM MONoXeHUN.

1.2. OcTaTouHble apTedakTbl ABUXEHMS, Bbi3BaHHbIE B OCHOBHOM /ibIXaHWeM 1 cepauebueHeM nauneHTa, KOMMNeHCMpoBanmch CrielnanbHo pa3paboTaHHbIMKU HYACTEHHBIMY METOAAMM.
MeToa KOMMEeHCaLunMM HEOAHOPOAHBIX WCKKEHUA B UCCIIEAYEeMOW TKaHW, OCHOBAHHbIN Ha HaXOXAEHWM PasHOCTU (a3 Mexay COCeAHWMM B-ckaHamu nyTem MpUMEHEHUs K HUM
KOPPENALMOHHON oueHKM Kacau, 6bifi MpUMeHeH K M306paKeHUsIM B LOKIMHUYECKUX W KIMHUYECKUX WUCCeaoBaHusX. MoAoBHbI NOAXOA MO3BOMMI KOMMEHCMPOBATh MCKAXKEHUS,
BbI3BaHHbIE HEOAHOPOAHBIM CKATUEM WCCeAyeMOro O6bekTa M CYLECTBEHHO CHM3WTb KOMMYECTBO apTedakToB Ha MOy4YaeMblX aHrvorpadmyeckmx usobpaxeHusx. Peanvsaums
OMMUCaHHbIX BbILIE MOAXOA0B 3HAUYMTENbHO yBennunna pobactHocTb Metoaa OKT MA, obecrieuns 3ddeKTUBHYIO TPAHCIALMIO 3TON TEXHOMOTUN B KIIMHUKY.

Paspen 2. Pa3pa6oTka HOBbIX BbICOKOYYBCTBMTE/IbHbIX KOMIJIEKCHbIX NMOAXOAOB OLIEHKM pe3ynbTaToB Bo3paeicTBus JIT Ha OCHOBE METOAOB COBMECTHOIO
aHanu3a 60/1bLIOro KOJIMYECTBa AaHHbIX, NO/ly4eHHbIX U3 MM OKT uso6paxceHmnit

PaspabaTbiBanucb KOMMIEKCHbIE BbICOKOYYBCTBUTESbHBIE METOAbI YUC/IEHHOW OLEHKM pe3ynbTaToB BodaencTsust JIT u ®AT no BceM BuaaM MM OKT wm3obpaxenuii (KM OKT, OKT
MA, OKT 3r).

*Tpynna 60nbHbIX 6a3anbHOKNETOUHBIM pakoM (BKP) koxu, koTopbiM nposoannack JIT 6bina MMHMManbHa (15 venosek; AeTanbHO MPUYMHBI STOMY OMMCAHbI B TEKCTE OTYeTa) Mo
cpaBHeHuto c rpynnoit BKP (40 nauueHTOB), KOTOpoi npoBoaunack doToanHaMuyeckas Tepanus (®AT). [Mo3TOMy YMCNEHHas oOueHKa pe3ynbTaTtoB 3(heKTUBHOCTU
NpOTUBOOMNYXONIEBOI TEPANUM HaMW NPOBOAMNACL B 06enx rpynnax 60/bHbIX.

2.1. 1N KONMMYECTBEHHOrO aHanu3a CTPYKTYPHbIX KPOCC-NONsipu3aumoHHbx OKT usobpaxenuii (KM OKT) 6bin paspaboTaH MeTOA OnpeaeneHusi ONTUYECKUX KO3hMULIMEHTOB,
XapaKTepU3yIOWWX PacnpocTpaHeHne 30HAMPYIOLLErO W3NyYeHWUsi B UCCIeAyeMoi Cpeae C yYeTOM MONsipU3auMOHHbIX 3ddekToB. U3yyeHbl Tpu KoadduLmeHTa: Ko3hPULIMEHT,
xapakTepusylolmii oblliee paccesHue; paccesiHue Brepés B OPTOroHanbHylO MONSPU3aLMIO M OTHOLEHME KO3(MULMEHTOB paccesiHs HasaZ B MPSIMO/A W OPTOrOHasbHOM
nonspusaumsix. KonnyecteseHHas obpaboTtka naobpaxenuit KM OKT Bkitoyana Takke pacyeT daktopa aenonspusaumy (O1) B kayecTBe MokasaTesnsi nonsipusaumoHHbIX CBOWCTB
TKaHu.

2.2. [Ana KBaHTUMMKALMM MOMYYaeMbIX COCYyAUCTbIX ceTok OKT MA 6bin pa3paboTaH MeTOA MOAAB/MEHWsI OCTAlOLMXCS LWYMOB M apTedakToB C nocneayoleii 6uHapusaumen
€BO60AHbIX OT apTedakToB GMHAPU30BaHHbBIX U306PAXKEHMIA COCYANUCTBIX CETOK. MO MOMTyYeHHbIM 6MHAPU30BaHHBIM U306PaXXEHNSIM U3BIEKanack MHOPMaLVMs O ANIMHE, U3BUIIUCTOCTU
1 3aHMMaeMoW Nnowaau Ansi COCyZ0B PasNMYHOMA TOMLUMHBI.

2.3. PaspaboTaH METOA COBMECTHOrO aHanu3a MWKPOAHTMOrpatmueckux W CTPYKTYPHbIX M306PaKEHWI, BK/IOYAIOWMIA ONpeaeneHne rpaHuL, Natosioruii Mo CTPYKTYPHbIM
1306paxeHnsIM 1 aHanu3 CTPYKTYpbl COCYAUCTbIX CETOK BHYTPU U BHe 06/1acTv NaTonoruii HesaBrcKMo. PaspaboTaHHbIii METOA onpeaeneHns ABYMEPHbIX rpaHuL, NaTosnormii OCHOBaH
Ha KBaHTUMUKaLMM OTAENbHBIX pacrpeaeneHuii onTUYecknx XapakTepucTuk B rny6uHy (A-ckaHoB).

2.4. Metop kBasuctatuyeckon OKT-anactorpacdum (OKT 3I) ocHoBaH Ha MeANEeHHOM MoaxKaTui 6UOTKaHM, HAaXOAALLENCst B KOHTaKTe C 30HAOM Ye

pe3 6MONOrMYECKM WMHEPTHBIA CUIMKOHOBBINA CIOWM C M3BECTHBIMW YMpPYrMWM CBOWCTBaMM, CNy)Xaliuii CEHCOPOM ANs ONpefeneHnsl NMPUIOKEHHOrO K TKaHW AaBnexusi. Mpu 3ToM
COMOCTaB/IEHNE BENNUMHBI aKCUANbHOM AedOpPMaLIMM CUIIMKOHOBOTO C0si C BENIMUMHOI AecdopMauun B 6MOTKaHW NO3BOMSIET CYAUTb O KOHTPACTE MO MOAY/IIO YNPyrocT 6UOTKaHN 1
CeHcopa: OTHOLLEHUE BeNUYUH AedopMaLmm 06paTHO MPOMOpLIMOHANBHO OTHOLLEHMIO Moayneit FOHra. Takoi noaxoa obecrneymBaeT ABYMEPHOE KapTUPOBaHWE XECTKOCTHbIX CBOMCTB
61oTKaHen.

PaspaboTaHHble KOMMNEeKCHble MoaxoAbl K oueHke pesynbTatoB MM OKT uccnefoBaHWsi MpUMeHeHbl Ans oueHKW 3heKTUBHOCTU Pas/iMyHbIX METOAOB AMArHOCTUKU U
adekTBHOCTU Tepanum onyxonei (AT n NT).

Paspgen 3. OueHka addekTuBHocT ®AT Yy NauMeHTOB C NEPBUYHLIM U peunamBHbIM BKP koxkxu metogom MM OKT, Bkitoyarowas uccnefoBaHME COCTOSIHME
onyxoseBoi (NapeHXMMaTO3HOo#) TKaHWU, CTPOMbI ONYXOJIei, MUKPOLIMPKY/IITOPHOrO Pyc/ia U OKPY)KaIOLMX ONyXO0Jib 340POBbIX TKAHEN

OueHunBanacb 3cdektmBHocTb AT y naumeHToB 6asanbHOKNETOYHbIM pakoM (BKP) koxu metopom MM OKT. 40 naumeHtam ¢ BKP koxwu npoBoamnock AuHamuyeckoe MM OKT
nccneposanne (B pexxume KM OKT, OKT MA un OKT 3I) B xoge ®AT. Ana KonmuyectBeHHOro aHanusa OKT MA 6bin BblbpaH mokasaTenb MAOTHOCTM cocyaos, anst KM OKT
1306paxeHnii — UHTerpanbHbIi akTop genonspusaumnn (U®L). YCTaHOBMEHO, YTO KaUYeCTBEHHbIE U KONIMYECTBEHHbIE NMokasaTenun OKT MA moryT anddepeHuMpoBaTth Bce Tvnbl BKP,
oueHvBaTb BavsHre ®AT Ha Bce noaTunbl BKP 1 KoHTponupoBaThk (opMupoBaHue py6bLoB. NHbOpMaLMs O COCTOSIHAM MUKPOCOCYAMCTOM CETU B OTBET Ha Tepanuio B TeueHue 24
vyacoB nocne OAT 6Gonee ybeauTenbHa, YeM MUKPOCTPYKTYPHble W3MEHeHWsi TkaHu. Yepe3 3 u 6 MecsiueB nocne ®AT OKT MA AeMOHCTPUPYIOT OGBLEKTUBHYIO OLEHKY
hopMumpyioLLecs MUKPOLIMPKYNSITOPHOI CETU 3axuBatoLleii Koxu unm pybua. OTBeT Ha niedeHue yepes 3 1 6 Mecsues nocne ®T MoxeT GbiTb NpesckasaH Ha ocHose Tuna BKP.
BaxkHbIM pe3ynbTaToM paboTbl SBNSIETCS OB6HapyXeHHas pasHuua Mexay y3noBbiM BKP (XOpOLO M3BECTHbIM B CyLLECTBYHOLENH knaccudukaumm) u ysnoebiM BKP ¢ npusHakamu
CMOHTAHHOrO HEKPO3a OMYX0/K, KOTOpble CrefyeT paccMaTpuBaTh Kak pasHble MoATMMbI. ECnv nepBbiit TUN SBASIETCS OTAWYHBIM KaHAMAATOM ans AT ¢ GbICTPbIM 3aXUBNEHWEM U
XOPOLLUMM KOCMETUYECKUM 3(PDEKTOM, TO MOCIEAHUI 3aXMBAET MEANEHHO U 3aKaHUMBAETCs runepTpoduyeckumy pybuamu. MoatoMy npumeHumocts OAT ANs NeYeHWs 3TOro Tuna
BCC siBnsieTca He LenecoobpasHo.

Paspgen 4. OueHka acddekTuBHOCTU JIT Yy NaLMEHTOB pPakOM MOJIOCTU PTa, BKIIOYAKOLWAs UCC/IefoBaHUE COCTOSHMSA OMNyXosieBoi (NapeHXMMaTOo3HOW) TKaHu,
CTPOMBbI OfnyxoJiel, MUKPOLIMPKYIATOPHOIO pycna

MpoBoannack oueHka addekTrBHOCTU JIT y MauMeHTOB C OMyXOnsiMi MOMOCTU pTa No usobpaxenusm MM OKT onyxonei. YCTaHOBNEHO, UYTO OMyXOnu MOMOCTU pTa Mano
AOCTYMNHbI 4715 UcCneaoBanus MeTogoM OKT MA B cusly MOCTOSIHHOrO €CTECTBEHHOTO [BVXKEHUS TKaHel (NoKasaHo Ha OMyXosu si3bika) UM Pe3KOM U3MEHEHUU CTPYKTYPbl OMyXoniu
B X0e JleyeHusi (BMaoTb A0 MOMHOMO PaspyLUeHNs) N HEBO3MOXKHOCTM AMHAMWUYECKOro UCCIeAoBaHWsS B OAHOWM o6nacTu uHTepeca (MokasaHo Ha onyxomnu Lieku). MosToMy obbekT
nccneaoBaHns 6bi U3MEHeH — MCCnefoBanmch OnNyxonn Koxu B xope JIT. MccnepoBaHns NpoBOAMAMCL Ha ABYX rpynnax MauMeHToB: mepsas rpynna Bkaoyana 15 naumeHTos C
nepBUYHBIM H6a3anbHOKIETOYHBIM pakoM (BKP) koxu, BTopast — 5 NauMeHTOB C NEPBUYHBIM MIOCKOKIETOYHbIM pakoM (MKP).

B npouecce nposeaeHus JIT y nauueHToB ¢ BKP v TKP c yBenuueHueMm Ao3bl 061yuYeHUs A0 CyMMapHOW ouvaroBoii Ao3bl (60 Ip), BO-MepBblX, YBEIMYMBAETCS MIOTHOCTb
MWUKPOLIMPKYISITOPHOI CETKM 1 06LLas AIMHa caMblX TOHKUX COCYZIOB Kak OTpaXKeHUe MONMHOKPOBUS B OMyXO/EBOI TKaHW, BO3HMKAIOLLEro B XOAe fleYeHns. Bo-BTOPbIX, C yBeNMYeHUeM
n03bl 06NyYeHns HabnlofaeTcs MosiBNIeHne «MycTOT» Ha MUKPOLIMPKYNISTOPHOW CeTKe Kak pe3ynbTaT AuanefesHblX KPOBOM3NUSHUIA B OMyxonu. B-TpeTbux, BCe BbilleykasaHHble
paccTpoiicTBa KpoBOODpalLieHUs B OMyXOnu SIBASIOTCA peakuueli Ha obnydeHue, ofHako, Mo cpaBHeHWto ¢ O[T, AaHHas cocyaucTasi peakuusi MMeeT MpOTMBOMOMOXHYIO
HanpaB/ieHHOCTb (YBeNUYeHWe nokasaTteneit), KoTopas He oTpaxaeT rMbenn onyxoneBblX KNETOK U He MOXET NpefckasaTb OTBET Oonyxonu Ha JIT.

Pasgen 5 MM OKT uccnepgoBaHuMe Jly4eBbiX MYKO3UTOB HOPMaJibHbIX TKAHEW MOJIOCTY pPTa NauMeHToB Ha oHe JIT paka r/ioTKU U NoJIOCTH pTa

Pa3paboTaH MeToz /1 Vivo MOHUTOPUHIa COCTOSIHUSI CIIM3UCTOM 060/104KM NOMOCTM pTa Ha doHe JT paka. OueHKa COCTOSIHMS CIM3UCTON NpoBeaeHa y 25 nauneHToB B xoge JIT paka
MO/IOCTY pTa U MMOTKM C UCMonb3oBaHMeM MM OKT. MeToa KONMYECTBEHHOW OLEHKN (yHKLIMOHAMbHBIX M3MEHEHWI TKaHW HEMHBA3MBEH, YAOGEH AN UCMONb30BaHUS U He TpebyeT
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NpYMEHeHUsi AOMONHUTESNbHBIX KpacuTenei. Mccnegosarme nokasasno, 4to OKT MA MOHWUTOPWHI MOXET 6biTb UCMOMb30BaH A/t O6LEKTUBHOM OLEHKU PaaWaLMOHHO-MHAYLIMPOBAHHbIX
M3MEHEHUI MUKPOLMPKYISITOPHOTO pyc/ia C/IM3MCTON 060104KM MOJIOCTM PTa, B TOM YUC/IE AJ1S OLEHKM PAHHUX CYGKIIMHUYECKMX U3MEHEHNIA.

Paspen 6. HanucaHue 4 ctateit WoS no pesynbTataM UccieqoBaHus
3a 2017 roa ony6nnkoBaHO 4 CTaTby B XXypHanax, MHAEKCMpyeMblx B cucteme WoS, 4 CTaTbM B XypHanax, MHAEKCMpyeMbix Scopus (Bcero 8 craTeit).

Paspen 7. 3asiBka Ha usobperenmne N2 2017142058, npuoputeT oT 01.12.17 «TeneueHTpUUECcKUin CKaHUpYoLMii 06bekTuB» (aBTopbl: LUnnaruH Maeen AHapeeBud; Moucees

AnekcaHap AnekcaHapoBuY; FennkoHoB Mpuropuii BaneHTuHoBuY; MennkoHoB BaneHTH Muxaiinosuy; KceHodoHToB Cepreii tOBMHanbeBMY, 3araiiHoBa EneHa BaaumoBHa; MaakoBa
Hatanbs [JopodeesHa; MNybapbkosa EkaTepuHa BnaammmnposHa; CupoTkuHa MapvHa AnekcaHaposHa; Kucenesa EneHa bopucosHa; BUTkuH Unbs Anekc.

Paspgen 8. Paspaborka HOBOro o6pa3oBaTe/IbHOrO Kypca A/l CTYAEHTOB M acnUpaHToB - «OnTuyeckue MeToAbl AWMArHOCTUKW MUKPOLMPKYNSUMW» YTBEPXAEH B
HwmxI'MA B ceHTsi6pe 2017 roaa v npountaH B Aekabpe 2017 Ha LLkone Monoabix yueHbiX no dbyHAaMeHTanbHoi MeamumnHe npu HAW BMT.

Pasaen 9. Hanucanue 1 nokTOpCKOW M 1 KAaHAMAATCKON AMCCEepTaLMM NO HanNpaB/IeHUIO HAYYHOro UCCNef0BaHUA

YneHoM HayuyHoro konnektua KceHocoHToBbIM C.1O. 3alpileHa KaHAMAATCKAA AMCCEPTaLMA Ha COMCKAHWE Y4YeHOW CTeneHW KaHaMAaTa TexXHUYeckux Hayk no Teme
«OnTUMM3aumMs c6opa 1 06paboTkM CMrHanoB B NpUBopax ONTUYECKOW KOrepeHTHOWM ToMorpadum». 3awwmTa coctosinack 1 uioHa 2017 roga Ha 3acefaHwy AMCCepTaLMOHHOrO CoBeTa
[1212.165.01 Ha 6a3e HWxeropoackoro rocyapCTBEHHOrO TEXHUYECKOro yHuBepcuTeTa uM. P.E. AnekceeBa. PesynbTaTbl 3alUMThl pa3MelleHbl Ha oduLmanbHoM caiite HITY uM.
P.E. AnekceeBa o agpecy

[loKTOpCKas AuccepTauMsl Ha COWMCKAHWE YYEHOW CTerneHu AOKTopa (M3MKO-MaTeEMaTUUYECKUX Hayk Mo TeMe «Pa3BUTME METOAOB OMTUYECKOW KOTrEpeHTHOW Tomorpaduu»
HarmcaHa YneHoM Hay4YHoro KonnekTvsa FenmkoHoBbIM .B. 1 26 pekabps 2017 roga NpuHsTa K 3aluuTe B AMCCEPTALMOHHBIN coBeT [} 002.069.02 Ha 6a3e VIHCTUTYTa NpyKiagHoM
¢w3ukun PAH no cneuuanbHoctn 01.04.03 — paguodusmka.

Paspen 10. OcHalweHne nabopatopum o6opyaoBaHMeM, MaTepUaaMU U KOMIUIEKTYIOLIMMU /1A NPOBEfieHUs1 CCNIef0BaHNi

C uenblo BbIMOSHEHWSI 3asBMIEHHbIX UCCIENOBaHWA B nabopaTopuio «ONTUYECKOi KorepeHTHoW ToMorpacdumn» B 2017 rogy 6bi10 NpuobpeTeHo cneayiollee o6opygoBaHne Ha
obiyyro cymmy 5 927 377,81 py6.: 1. coToBas onTMyeckas CTOMELIHMLA B KOMM/IEKTauum C onopaMu ONTUYeCcKoro crona Ans ctabunusaumm MM OKT npubopa v 06bekToB
MCCNeaoBaHus; 2. LEHTpUdYra C OXNXXAEHWEM ANS pa3aeneHust HE06X0AMMbIX ANs UCCeA0BaHMS PacTBOPOB Ha pakLmm; 3. MUKPOCKOMN 6MOIOrMYeckuii onepaumoHHbIi Leica M320
(2 WT) ANs NPOBEAEHNS ONEPALIMOHHBIX MAHUMYNSLMIA.

[1ns1 BbINO/HEHWS 3ANIAHMPOBAHHBIX UCCNEA0BaHUI Bbin NPUOBPETEHbI CIeqyroLy Tyroume n pac. 1e MaTepmasibl Ha obuyyro cymmy 12 867 705,26 pyeé.:
1. WCTOYHMK NA3epHOro WU3NyyeHus C AAMHOM BOMHbI 405 HM K cucTeMe ANt copTUpOBKM kneTok BD FACSArialll, nepepaHHoi nabopatopuv opraHusaumei, Ha 6ase KOTOpoM
NPOBOAUTCS UCCNeoBaHWe; 2. BO3AyLUHble UNLTPbI U UNBLTPLI CUCTEMbI OX/aXAEHWsI ANs fla3epa, YCTaHOBMNEHHOro Ha Mukpockon JenlLab ¢ nasepHoi cuctemoit XF-1, FLIM-
MOAYNEM WM MUKPO3HAOCKOMOM 2P, 1 TUTaH-candupoBoro eMToCeKyHAHOrO nasepa, YCTaHOBMIEHHOMO Ha KOH(OKaNbHOM NTAa3ePHOM CKaHUPYIOLWEM MUKPOCKOMNE; 3. akKyMynsTOpHble
6aTapen Ans OMTUYECKOrO KOrepeHTHOro ToMmorpada; 4. XMMUYeCKUe peakTViBbl AN NMPOBEAEHUS TMCTONOTMYECKUX WCCNefoBaHui; 5. KynbTypanbHble cpeabl M aobaBku Ans
NPUrOTOB/EHUS KY/IbTYP OMYXOJEBbIX KNETOK; 6. Ky/NbTypasbHbIi NAaCTUK A1 HAPALLMBAHUS KyNbTYpbl OMyXO/EBbIX KNETOK.

Pasgen 11. MoaroTroska n NnpoBeAeHMe CEMUHAPOB, KOHGEpPEeHLMiT N0 TeMaTUKe UccriefoBaHui
Ha 6a3e nabopatopuu 6bi110 NpoBeAeHO 13 CEMMHAPOB MO TEMATUKE UCCIEAOBAHWIA, U3 HUX 9 C OYHBIM yYacTMEM BeayLUero yyeHoro Anekca BUtkuHa.

Paspen 12. Yuyactue B KOH(epeHLMsAX No TeMaTUKe UccrefoBaHuii
YneHbl TBOPYECKOTO KOMMEKTVBA MPUHSIN yHacTue B 4 MeXAyHapOAHbIX U 4 POCCUICKUX KOHEPEHLMSsIX.

Paspen 13. MoaroToBka BHOBb CO3\aHHOro MHTepHeT-pecypca, ocsewatouiero paéory nabopatopum - B pamkax npoekTa NoAroToB/EHa Mpe3eHTauus NpUrnaweHHoro
noknaaa Maakosoit HA, Ha 2 MexxayHapoaHoii wkone Advanced Fluorescence Imaging Methods B CankT-TeTep6ypre B nione 2017 roaa Ha Temy: «MynbTUMoAabHas onTuyeckas
KorepeHTHas ToMorpadus: HacTosiLee v byayLuee AN KNMHUYECKOro NPUMEHEHWs», BKloYatoLwas pesynbTaTbl peanusaumm rpaHta N 14.825.31.0015 -

3AAAHUE 2017 roaa BbINOJIHEHO NOJIHOCTbHO.

PE3YJIbTATbl PABOTbI MO NMPOEKTY B 2016 roAy:

1. PaspaboTaHa onTuyeckast 4acTb CUCTEMbI MOMEPEYHOro ckaHmpoBaHua ans MM OKT ¢ yBenvuyeHneM AmanasoHoB Mo koopauHataM X, Y Ao 8 MM npu npuveme 20000 A-ckaHoB B
cekyHZy. Pa3paboTaHbl, M3roTOBNEHbI U MPOLLM 3KCMEPUMEHTASbHYIO anpofaumio B MaKETHOM UCTOTHEHUM KOHTAKTHbIA CKaHMPYIOLWMIA O6BEKTUB C TENELEHTPUYECKUM XOAO0M Jyyei
Ha AnvHe BOMHbI 1.3 MKM UM ero kopnyc. WccnenoBaHa nonsipu3auMoHHasi aHU30TPONUS OMTUYECKON CUCTEMbI C YBENUYEHHBIM AMana3oHoM 3D CkaHMpPOBaHWS MPU CKaHUPYHOLLEi
cucTeMe Ha ocHoBe MEMS. MMokasaHa BO3MOXHOCTb 3((MEKTUBHON KOMMNEHCALMM MONMSPU3ALMOHHON aHU30TPOMNUM CKaHWPYHIOLLEN CUCTEMbI MPK NMOMOLIM MAACTUHKKU M3 KpucTanna
MgF2 c Z- cpe3om.

CBepx njiaHa BbiNoJIHEeHa - pa3paboTka Nosib30BaTesIbCKO NPOrpaMMbl A OAHOBPEMEHHOIH BU3yain3aLun MMKPOLMPKYIITOPHOIO pycsia U NONSPU3aLMOHHbIX
n306pa)keHmii B npouecce 3anucu faHHbix OKT

[ins ynobcTBa MCronb3oBaHus MynbTuMoganbHoi OKT B KAMHWKE MOAUDULMPOBAHBLI Crocobbl (unbTpaumm OKT curHana, Metoabl KOMMeHcauuy HEeOAHOPOAHbIX WCKaXeHUN B
nccneayemoid TkaHu M MeToabl HopManusaumm curdana OKT nepes npvMeHeHVeM aHrvorpaduyeckoit 06paboTku, YTO NMO3BOMO CYLLECTBEHHO CHU3UTL KOMIMYECTBO apTedakToB 1
BKMaA B UTOroBoe aHruorpaduyeckoe U3obpaxeHne SPKUX CUFHANOB OT HEMOABMXHbBIX YYacTKOB M306paxeHus. B uTore Ha akpaHe Mosb30BaTe/bCckoW MpOrpaMMbl B peasibHoM
BPEMEHM 3anncu AaHHbIX OKT [AeMOHCTpupyeTcs 9 M306paxkeHuid, Mo3BONSIOWME OMEPaTMBHO OTCIEXMBaTb apTedakTbl Ha M306paXkeHWsiX U CBOEBPEMEHHO Ay6nMpoBaTb
HeobxoavMble N306paxeHus.

2. AnpobupoBaHO HECKONbKO BMAOB 3KCMEpPUMEHTanbHbIX Mogenei ans MM OKT wccnepsoBaHWsi. YCTaHOBMEHO, YTO OMTUMAnbHOM MOAENbIO ANst U3ydeHust 3ddeKTMBHOCTU
NpOTUBOOMNYXOJIEBOI Tepanuu sBAsieTcs kapumHoMa CT-26, nokanu3oBaHHast Ha yXe MbIlK, YTO O6YCNOBIEHO MPOCTOTON MOSYUYEHNS! MOAENM U BbICOKMM MPOLIEHTOM KaueCTBEHHbIX
KM OKT u OKT MA wu306paxxeHuit. Moaenblo Ans U3yyeHWst peakumn HOpManbHbIX TKaHel Ha MpOTMBOOMYXOMEBYIO Tepanuio BblbpaHa crmaucTas 060/0uka 3alieyHoro Meluka
XOMsika. OTa MoAenb Takxe onTuMmasnbHa Ans OKT anactorpadmm, NOCKoNbKy SBASETCS CNIOUCTO CTPYKTYpol. Mogenu ravom mosra 101.8 u C6 MoryT 6biTb UCCeaoBaHbI METOAOM
MM OKT ans onpepeneHus rpaHvL MHAOUNLTPATUBHO PACTYLMX FAMANbHBIX OMyXOfiel rOfOBHOTO MO3ra B XOAE PE3eKUMM OMyXonu, a Takke Ans OueHkW 3hbeKTBHOCTU
nocneonepauyoHHoi ®AT.

3. Metoa KM OKT oTpakaeT peakuuio OMyxoneBoW MapeHXUMbl W CTPOMbI Onyxonu Ha XT VpuHoTekaHoM, a Metod OKT MA — peakuuio OMyXoneBoro MUKPOOKPYXKEHUs!
(MuKkpococyaoB) Ha XT. YCTaHOB/IEHO, YTO OMyxoreBasi MPOrpeccusi XapakTepusyeTcst cHibkeHnem OKT curHana B KO- M KpOCC-KaHanax W pa3BUTUEM COCYAWCTO CETKM OMyXonu.
Mpu3HakoM onyxoneBoro perpecca Ha ¢doHe XT sBnsieTcs cylwectBeHHoe ycuneHve OKT curHana B KO- Kpocc-KaHane M ucyesHoBeHve Ha OKT MA TOHKMX W U3BUUCTbIX
onyxonesbix CocyAoB. lMokasaHbl MHoroobelarolme BO3MOXHOCTU MeToga OKT MA C npuvMeHeHWeM anropuTMa BblAENEHWS FPaHuL, OMyxonn Ans obHapy>XeHWs B3auMOCBA3W
peakumn COCYAUCTOrO pycnia OrMyXOJIeBOTO OKPYXEHWs C XapaKTepoM npoTusoonyxonesoro oTseTa Ha OAT. CdopmynmposaHbl kputepun sddektusHocT ®AT: Hannuve
BblpaXkeHHOW cocyancToli peakumn Ha OKT MA nzo6pakeHusix B 061acTu OMyXomnu 1 B OMyXONeBOM OKpY>eHWUW B nepsble 24 yaca nocne ®AT, Yepes 7 AHelt nocne ®AT npuBoanT K
TOTanbHOMY Hekpo3y onyxoneit. OTcyTcTBUe peakumu (Unu cnabo BbipaxkeHHasi peakuusl) COCYZ0B B OMyXONEBOM OKPYXeHWM Ha OKT MA u306paeHusix Aaxe npu Hamuumm
BblpaXk€HHOM peakLmMu CoCyZoB B ONyXo/nu B nepBble 24 Yaca, nocne ®T cBUAETENbCTBYET O HU3KOM addekTnBHOCTY OAT, nockonbky K 7 AHio nocne ®/T B onyxonu octaetcs 60-
80% >M3HECTIOCOBHBIX OMyXONEeBbIX KNETOK, YTO 0becneynT nNpoaokeHne pocta onyxonel. O rbenn napeHx1Mbl ONyXonu CBUAETENbCTBYET MOBbILIEHWE YPOBHS KPOCC-paccesiHns v
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BO3pacTaHWsi 3HaueHwit U®[. MNpeaBaputenbHble MCCNenoBaHUs AEMOHCTPUPYIOT, YTO MOBbIWEHHbIV ypoBeHb (oHa Mexay cocydamu Ha OKT-aHrvorpaMmax B ob6nacTsx
3KCTpaBa3auuy MOXET 6biTb CBSA3aH C NPUCYTCTBUEM MEXTKAHEBOMN XUAKOCTU.

* B pamkax npoekta Ha 2017 rog 6bl0 3aniaHNpoBaHO NPOBEAEHUE SKCMEPUMEHTANbHBIM XMBOTHBIM [BYX BWAOB NPOTVBOOMYXO/IEBOIO NEYEHNS: (POTOANHAMUYECKON U Ny4eBOi
Tepanus. JlyueBas Tepanus (JIT) 6bila 3aMeHeHa Ha afeKBaTHYIO MO MeXaHW3My AENCTBUSI XUMWUOTEpPanuio VIpUHOTEKaHOM unu 5-chTopypaumnom — 3Tv npenapatbl o6nagaoT
paavoMUMETUYeCKUM fieiicTBueM (T.e. feicTBueM, NofobHbIM pajuaumn). 3ameHa nedveHus Gbina CBs3aHa C MOMOMKOKM B HibkHeMm HoBropoae amnnaparta JiyueBoi Tepanuu

“Terabalt”, UJP, Czech Republic, ncrounmk 60co. B annapaTe 3aMeHsnacb nnata, KOTOpylo AOCTaBASM OT MPOM3BOAMTENS U3 Yexun, YTO 3aHAN0 AnuTenbHoe BpeMs (HEeCKONbKO
MecsiLeB).

4. MetogoM MM OKT npoBefeH MOHUTOPWHI Pa3BUTUS MyKO3UTa C/IM3UCTON 060/104KM 3aLLEYHOro MELLKA XOMsIKa Ha CUCTEMHYIO Tepanuto 5-OTopypauuioM. Myko3uT NposiBnsieTcs B
BMAE NOTEPU CNOUCTOCTU U CHUXKEHME curHana Ha 9 cyTkn nocne XT Ha KM OKT n306paxeHnsx, 1 NosiBNEHUN U3BUINCTbIX MENKKX cocyaoB Ha OKT MA n306paxeHusiX, OTpaxatowmx
pa3BWTME BOCMANMTENbHOrO npoLiecca.

5. Pa3paboTaH pobacTHblii 1 3P hEKTUBHBIN METOA OLEHKM AehOpMUMPYEMOCTM TKaHeW, NO3BONAIOWMIA OLEHUTb abCoMOTHBIE BEINUMHBI KECTKOCTM (Moayns tOHra) HopManbHOM 1
OMyX0/EeBOMN TKaHW SKCNIEPUMEHTANbHBIX XXMBOTHBIX B XOA€E NPOTUBOOMYX0/1EBOM Tepanuu. MokasaHo, YTO KOHTPACTHOCTb U3MEHEHUI TKaHU B OTBET Ha MPOTMBOOMYXOMEBYIO Tepanuio
MO XECTKOCTU 3HAUNTENBHO MPEBLILIAET U3MEHEHUS], BUAUMbIE Ha CTPYKTYPHbIX OKT 1306paXkeHnsix. YCTaHOBNEHO, YTO MOAY/b YNPYroCTv OMyXonu ~ B 5 1 6onee pas Bbille, YEM y
OKpY>KatoLlel HopMasnbHOW TKaHW. Ha paHHMX cpokax (Yepes 1-2 fHs) Nocne COCyAMCTOro U KNeToYHoro BuaoB OT NpoucXOanT CHUXKEHME MOZYNS YNIPYrOCTU OMyXO/EBO TKaHW Ha
HECKO/bKO AECSTKOB MPOLEHTOB. MoAyNb YNpyrocTu OMnyXonu Ha MO3AHMX cpokax nocne ®AT 3aBucen oT addekTa Tepanuu: B ciydae cocyaucton ®T, koTopas npusBoamna K
NOHOM TMBENN U HEKPO3Y OMyXOSU, XKECTKOCTb TKaHW MOBbilanach BCeAcTBMe hOPMUPOBaHMS CTPyna Ha MOBEPXHOCTW; B Cllyyae KeTouyHol ®OLT XeCTKOCTb TKaHW Onyxonu Ha
MO3AHMX CPOKaX WM3MeHsNach He3HAUMTENbHO, MOCKOMbKY 3PdeKkT Tepanun 6bin cnabbiM 1 GONBbLIMHCTBO OMYXONEBbIX K/IETOK OCTaBaNMChb XXM3HECNOCOBHBIMM, NPY 3TOM ONyXosb
npoaomkana passmeaTbCs. Mpy pasBUTUM MyKO3WUTa C/IM3UCTON 060M04KM 3aLLEYHOro Mellka XoMsika nocne XT 5-OTopypaunioM Moay/b YNpyrocTu TKaHW NOBbILANACS Ha HECKONBKO
[leCSITKOB MPOLIEHTOB, OTpaXasi BO3HUKLUEe BocrnasneHue. MpoBeaeHHble MccnefoBaHus ybeauTenbHO Mokasanu, Y4To MoauduuMpoBaHHbIi MeToa OKT snactorpadum € BbICOKOM
YYBCTBUTENbHOCTb OTPAXaeT MHAMBMAYaNbHYIO peakLumio OMyX0u Ha MPOTUBOOMYXOMEBYIO Tepanuio.

6. MpoBeaeH aHanu3 ABYMEpHbIX MPOEKUMI MaKCUMasibHOW MHTEHCUMBHOCTU CWrHana TpexmepHbix OKT aHrvorpaduyeckux pacrpeaeneHuii nyteM 6uHapusaumn v aanbHeiwein
ckeneTusaumu. Havyata paspaboTka METOA0B KBAHTUGMKALMM COCYAUCTBIX CETOK B TPEXMEPHOM MPOCTPAHCTBE, YTO MO3BOJMIIO JIOKAIM30BaTh COCYAbl B TPEXMEPHOM MPOCTPAHCTBE U
aHanM3MpoBaTh MX pacrpeseneHne no riybuHe. PaspaboTaHbl HOBbIE MOAXOAbI A/s KOMMYECTBEHHOW OLEHKM BacKynsipusaumu Ha OKT MA 1306paeHusix, NMo KOTOpbIM MOryT 6biTb
paccuMTaHbl TakvMe NapaMeTpbl Kak oblas AMHa BCEX COCYZOB, MPOLEHTHOE COOTHOLIEHME COCYZOB PasHbiX AMAMETPOB, MIOTHOCTb M MOLWAAb COCYAUCTON CETKU. Bbluncnsemble
napameTpbl NMPUMEHEHbI K OBCYETY COCYAMCTbIX CETOK, MONMYYEHHBIX B XOAE Pa3fINYHbIX IKCMEPUMEHTOB. KOMMYECTBEHHAs oueHKa MUKpoaHrvorpaduyecknx OKT un306parkeHwit
nokasasna, YTo OCHOBHOE OT/IMYME 3/10KAUYECTBEHHON ManuIoMbl OT A06GPOKAYECTBEHHOW COCTOUT B YBEMMYEHHOM KOMIMYECTBE 1-MUKCENbHBIX COCYA0B (AMaMeTp nopsaka 20 MkM),
COOTBETCTBYIOLWMX HOBOOBGPA30BaHHbLIM COCYZAM 3/10KaUYECTBEHHBIX OMyXOsei; Ans OMUCaHWst COCYAMCTOM peakuuu CrM3MCTON 060/I0YKM MOMOCTU pTa MpU pasBuUTUM JTyyeBbIX
MyKO3uTOB MeTofoM OKT MA MH(OPMATUBHBIM MapamMeTpoM SIBASIETCS YBENUYEHWE MIOTHOCTU COCYAMCTON CETKM W YBENIMYEHWE KOMMYECTBA 1- MUKCEbHbIX COCYAOB. V3MeHeHue
3TUX MoKasaTesnieil aAeKBaTHO BrMCLIBAETCS B TEOPMIO BOCMANIMTESLHOTO MaToreHesa MyKosuTa. [l XapakTepucTUKL peakumm COCyA0B OMyXosu Ha XMMUOTEPanuo UHOPMATUBHBIM
napamMeTpoM SBASEeTCs 06Las AfIMHA COCYA0B, KOTOPAsi YMEHbLUAETCS B BUAY VHBOIOLMM OMyXOSu.

7. 3a 2016 roa ony6nMKoBaHO 7 CTaTel B XypHanax, MHAEKCUpYeMbIX B cucteMe WoS (MpoTvB 4 3aniaHuMpoBaHHbIX), 4 CTaTbU B XKypHasnax, MHAeKCUpyeMbIX Scopus u 1 cTaTbs B
XypHane, niaekcupyemom PUHLL (Bcero 12 craTei).

8. B pamkax BbinosHeHus lMpoekTa paspaboTaH M NpounTaH crielkypc «CoBpeMeHHble TEHAEHUMN Pa3BUTUS METOA0B MeAMULMHCKON BU3yanu3aumn B OHKONOTUM» ANs CTYAEHTOB U
acnupanToB ®r60Y BO HxMMA MunazapaBa Poccum B pamkax LLKonbl MONOABIX yueHbix npy HAW BMT. Mpe3eHTaumumn nekumii — Ha caiite JlaBopatopun OKT HumkMA.

9. B 2016 roay no HampaB/feHWIO Hay4YHOro UCCNeAoBaHUs Gbina 3aluyMileHa AMCCepTaLMs Ha CoMcKaHue yUYeHol CTeneHu kaHavaaTa Hayk Kapabyt M.M. «JlasepHblii (hoToTepmonus
CNM3UCTOM 0BOMIOYKM MONOCTM pTa». 3awmTa cocTosnack 22 Aekabps 2016 roga Ha 3acepaHum [uccepTtaumonHoro coeeta N2 /1 501.001.65 npu MOCKOBCKOM rocyAapCTBEHHOM
yHuBepcuTeTe uMeHM M.U. JloMoHOcoBa. PesynbTaTbl 3aluMThl pasMelleHbl Ha oduuManbHoM caiTe Buonorndeckoro dakynsteta MY um. M.A. JloMoHocoBa no
aapecy http://www.bio.msu.ru/res/Dissertation/794/DISSERTATION_COUNCIL_CONCLUSION_FILENAME/Karabut_resultati.pdf.

10. C uenbto BbINOMHEHUS 3asBMIEHHbIX UCCNEA0BaHMI B nlabopaTopuio «ONTUYECKON KorepeHTHOW ToMorpadum» B 2016 rogy 6bi10 NprMobpeTeHo cneayiollee 060pyaoBaHue Ha
obuwyto cymmy 17 261 294,2 py6.:

1. TutaH-candunpoBbIii heMTOCEKYHAHbIN Nasep C nepecTpaMBaeMol AMHON BOMHbI M3NyYeHusi, Ana Mukpockona LSM 880 (Zeiss). MoaepHu3aLms MUKPOCKOMa AaHHbIM fla3epoM
MO3BOIUT MPOBOAWTL  MCCNEeAOoBaHUA CO  CMeKTpanbHOM  cenekumen Bo36yxaeHus aBTodnyopecueHumMn. Takol noaxoa pact 6onee nogpobHyr  mHbopMauuio o
MOpOdYHKLMOHANbHOM COCTOSIHUM KNETOK W CTPYKTYpE KOMMareHOBbIX BOMOKOH; 2. AaanTtep Anst Mukpockona Zeiss EXTRA 1 FLIM. Heobxoaum Ans CTbIKOBKM Nasepa C
MUKPOCKOMOM W [OCTaBKU JIA3epHOr0 M3Ny4YeHus K 06bekTy uccnenosaHus; 3. Paboyasi ctaHuus ans 6noka coptupoBlmka FACSArialll ¢ npeaycTaHOBMEHHBIM MPOrpaMMHbIM
obecrneyeHvieM. Heobxoaum ans ynpasneHus coptvpoBLumkoM FACSArialll, uto Heo6xoaMMO Ans BbINOMHEHUS 3afay Mo COPTUHIY KyNbTypbl OMYXOMEBbIX KNETOK C Lienbio oTbopa
Haubonee NoaxoAsiUMX KIOHOB; 4. MuKocekyHAHbIN nasep BDL-488-SMN. HeobxoauM Bo36YxaeHWs aBTOdIyopecUeHLMM BUMONOrMYeckUX TKaHEM B Y3KOM AMAnasoHe C LeNblo
U3yyeHust Ux PYHKUMOHANBHOTO COCTOSIHUS. 5. Brokupytowmii dunsTp O-FSP-680-22MM, BOIOKOHHBbINM MaHunynsTtop O-POS-FM u ogHoMogoBoe BonokHo F100-SN-COLL-450-650 ans
paboTbl NUKOCEKYHAHOrO Na3epa

[1ns BLINOMHEHMS 3aMNaHMPOBaHHBIX MCCIeA0BaHMIA BbIM NPUOBPETEHBI ClIeyIOLLME pacxoaHble MaTepuansl Ha obluyto cymmy 1 157 808,74 py6.:

1. XUMMYecKMe peakTWBbl [Ns NPOBEAEHWMS MUCTONOTMYECKMX UcCneaoBaHnil; 2. KynbTyparbHble cpedbl M [06aBKW AN NPUrOTOBNEHMS KyNbTyp OMyXONeBbIX KIEToK; 3.
KynbTypasbHbIi MAacTUK ANs HapalmMBaHuUs KybTypbl OMyXOMEBbIX KIETOK.

11-12. YneHbl TBOPYECKOrO KOMIEKTMBA NPUHSN yuyacTMe B 8 MeXAyHapoaHbIX U 8 poccuicknx KoHdbepeHumsix. Ha 6ase nabopatopuu 6bi10 npoBeaeH 17 CEMUMHAPOB, M3 HUX 9 C
OYHbIM YYacTMeM BeayLuero y4yeHoro Anekca ButkuHa.

B 2016 rogy npoucxoann MeXayHapoAHbIii B3aMMOO6MeH cneumnanmMcraMm: CTaxupoBka H.C. nabopatopun OnTMYeckon KorepeHTHoi Tomorpadum HAW BMT J1.A. MaTBeeBa B
nabopatopun BY Anekca BuTtkuHa B TopoHTO (University of Toronto, Canada — 21.07.16-13.08.16). Pe3ynbTatbl BU3uTa 6blnn 06CYXKAEHbI HA Hay4YHOM ceMuHape B nabopaTopum
«OCHOBHbIE HanpaB/ieH!sl YCOBEPLLEHCTBOBAHUS My/IbTUMOAANBHOIO ONTUYECKOTO UMUAXKUHIA Ha OcHOBE OKT».

13. B pamkax BbIMOMHEHWS1 HAYYHOrO UCCNeAoBaHuUsl 6bi 3aK/0UeH rpaXKaaHCKo-NpaBoBoii AoroBop ¢ deaepanbHbIM FrOCYAapCTBEHHBIM GIOMKETHBIM yupexaeHneM «deaepasnbHbii
MCCnenoBaTeNibCkmnii LeHTP MHCTUTYT MpuknagHoi ®usmkm Poccuiickoii akagemum Hayk» (UM® PAH) 1 BbiMoMHEHa Hay4HO-MCcCeaoBaTenbckas paboTa Ha TeMy «Pa3paboTka HOBbIX
TEXHOMOrMI MOMEPEYHOro ckaHUpoBaHWs Anst MM OKT ¢ yBenuueHHbIM noneM o63opax». PesynbTaThl NpeacTaBneHsl B n. 1.1 OtyeTa BY.

14. B paMkax MpoeKTa MOAroTOBMEHA Cepusi Hay4YHO-06pa30oBaTeslbHbIX NIeKUMi Ans caiTa OTKpbITOro yHuBepcuteta MIY uMm. JloMoHOCOBa Ha TeMy «OnTuueckas KorepeHTHas
ToMorpadusi: NpuHUMN U NpuMeHenne»: http://media.msu.ru/?p=9402; http://media.msu.ru/?p=9398; http://media.msu.ru/?p=11045.

3AAAHMUE 2016 roaa BbIMOJIHEHO NOJIHOCTbHO 1 NEPEBbLIMOJTIHEHO.
PE3YJIbTATbl PABOTbI MO MPOEKTY B 2015 roAy:

1. KpaTkoe onMcaHue nojly4eHHbIX Hay4HbIX pe3ysibTaToB 3a 2015 r.:

1.1. Co3aaH CKOPOCTHON BapWaHT CreKTPasibHOrO OMTUYECKOro KOrepeHTHOro ToMorpada, OCHaLLEHHOro 30HAOM C 3deKTUBHOW cucTeMol 3D CKaHMPOBaHWS U UMEIOLLEro 3a CYeT
papa 3chheKTUBHbIX MOANMMKALMIA CyLLECTBEHHbIE NPENMYLLECTBA B peLleHnM 3aAa4 Kpocc-nonsipusaumnoHHoin OKT, OKT mukpoaHruorpadum u OKT anactorpadum.
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1.2. Pa3paboTaH HOBbIi METOA BU3yanM3auMM MUKPOCOCYAMCTOWM ceTu cpeactBaMu OKT (OKT MA), coyeTatolwmii MONoXuTeNbHble OCO6EHHOCTM, MPUCYLLME MO OTAENbHOCTM
13BeCTHbIM OKT MeToAaM, MCMonb3ylolmM BapuabenbHOCTb MHTEHCMBHOCTU CMEKNIOB B CeveHusix cocyaoB Ha OKT ckaHax (SV-moaxon) u caszo-paspewlatowmx (LONnepoBCKmX)
NnoaxofoB. 3a CYET 3TOrO CO34AETCs BO3MOXHOCTb 3(MEKTUBHOW KOMMEHCALMM ECTECTBEHHbIX ABWXKEHUN XXMBOW TKaHW, BbIGOpa MPUEMSIEMOrO KOMMPOMUCCA MEXay
YYBCTBUTENBHOCTBIO U CKOPOCTbIO @HIMOrpacyeckoro KapTMpoOBaHUsl, OTKPbIBALOTCS BO3MOXXHOCTW KOJIMYECTBEHHOM PafaLlm COCyA0B MO MHTEHCUBHOCTW ABWXKEHUS paccemBaTenei
B KPOBW.

1.3. Pa3paboTaH OpuruMHanbHbIA BapuaHT KoMnpeccvoHHol OKT anactorpacmu (OKT 3I), codeTarowwmii ucnonb3oBaHue hasoBbiX M3MEpeHWi Ha MaclwTabax MeHbLIMX ANWHbI
OMTUYECKON BOJTHbI U TPEKMHI/KOMMEHCALMIO CMELLEHMI Ha MacluTabax, NpeBbiluatowyx He TOMbKO ANMHY BOJHbI, HO U AZIMHY KOTEPEHTHOCTM M3nydeHnst OKT ckaHepa. Oco6eHHOCTM
MeToza obecrieunBaloT ero 6ecrnpeLeHAEHTHO BbICOKYIO YCTOWUMBOCTb K LyMaM W MO3BOJISIET AOCTATOMHO YBEPEHHO OCYLUECTBASTb 3nacTorpaduyeckoe KapTUpoBaHWe, UCMosb3yst
BCEro OAHy napy cpaBHMBaeMblx OKT ckaHOB. 3TO OTKpbIBAET BO3MOXHOCTW ANS NPOBEAEHMS 3nacTorpaduyeckoro KapTupoBaHus nMpu paboTe «C pyku» W nonyveHus
3nacTorpacuyeckmx M306paxeHunin B pexxume peanbHOro BpeMeHu aaxe 6e3 NCnonb30BaHWs CrelmasbHbIX CPeACcTs napanienmsaumm BblYMCIEHNIA.

1.4. TMpoBeAeHbl AOKMHUYECKME UCCeAoBaHus naeHTuduKkaumn OKT M306paXKeHuid, MoMyUYeHHbIX Ha MOAESbHbIX JKMBOTHbIX, MyTEM MOPGHONOrMYECKUX U NATODU3MONOrNUECKUX
coriocTassneHuit. MpoBeAeHO MOHUTOPUPOBAHME UHAYKLMM OMyXO/1, e POCTa U OTBETA Ha JIeYeHWe C UCronb3oBaHneM MM OKT u Apyrux MeToAoB 61MOMOTOHMKY.

1.4.1. VI3y4eH npoLecc ecTeCTBEHHOrO PoCTa OMyX0/eBOrO Y3/ Y KCNEPUMEHTASbHBIX XUBOTHBIX C MOMOLLbLIO ONTUYECKUX METOAOB. YCTAHOB/EHO, YTO:

A) ONTMManbHOM MOAENbIO 3KCNIEPUMEHTAIbHOW OMYyX0/N ANSt OLIEHKN €CTECTBEHHOIO PocTa M 3chhEKTUBHOCTM NPOTUBOOMNYXONEBOrO fieyeHus sBnsieTcs onyxonb CT26, npuBMBaeMas
Ha YLUHOW pakoBKHeE Mbileli Balb/c.

E) OCHOBHbIMX  3aKOHOMEPHOCTAMMU MODCI)O}'IOI'VILIECKVIX V3MEHeHUI 3KCI'IeDVIMeHTaJ1bHOl\;I onyxonuM B XoAe €CTeCTBEHHOro pocTta ABNAKTCA OAHOBPEMEHHOE MPUCYTCTBUE [OBYX
npoueccos: q)OpMVIpOBaHMe onyxonn Kak MOdeOJ'IOFMHeCKOFO cyGCTpaTa N pasBUTUE CNOHTAHHBIX PErpPeECCUBHbIX M3MEHEHUI B Hel. YCTaHOBNEHbI CpOKM nuKa MUTOTUYECKON
AKTUBHOCTU onyxoneﬁ, KOTOpblE onpeaenatoT 3d)¢)eKTVIBHbIe CpPOKM Ha4dana I'IpOTMBOOFIyXOﬂeBOﬁ Tepanuun.

B) YcTaHoBneHa xapakTepHasi AuHamuka uaMeHeHuin KM OKT 13o6paxkeHuii B Xofie eCTECTBEHHOrO pocTa OMyXosu.

F) OueHka AVMHaMUKK MUKPOUMPKYNALUNK 3KCﬂepMMeHTaﬂbHOI7I onyxonuM B XoAe €eCTeCTBEHHOro pocCTa, nosiy4yeHHaa C MOMOLLbKO OKT MA, nokasana ee coBrageHue c
FUCTONOrNYECKUMN AaHHBIMU.

1.4.2. l/I3yqu npouecc OTBETa OMyX0SIEBOro y3na Ha NpoBOANMYIO qJOTO,ClMHaMW-IeCKyIO Tepanuto ((DﬂT) Y 3KCNEPUMEHTA/IbHbIX XXMBOTHbIX C MOMOLLbIO ONTUYECKUX METOAOB.

A) OCHOBHbIMW 3aKOHOMEPHOCTSIMUA MOP(ONOrMYECKUX U3MEHEHUI SKCMEPUMEHTANbHOM OMyXonn B XoAe (OTOAMHAMUYEcKon Tepanuu (nevebHblii naToMmopdos) sBNSioTCH ABa
npouecca: 1) BblpaxeHHasi COCYANCTas peakums: NOSHOKPOBWeE, CTa3, eAMHWUYHbIE 3PUTPOLIMTapHble TPOMObI; 2) HeobpaTUMble M3MEHEHWS SiApa U LIMTONIAa3Mbl OMYXONEBbIX KNETOK
BM/IOTb 10 06pa30BaH1si 04aroB HeKpo3a. Y XMBOTHbLIX Habntoaanack pasnuyHas creneHb natoMopdosa no wkane Mandard — oT cnaboit (4 cTeneHb) A0 BbIpaXXeHHON (1-2 cTeneHb),
KOTOpas 3aB1CeNa Kak OT CTerneHn BacKynspu3aumn onyxonu, Tak 1 OT CTeNeHN HakomnieHns hoToceHcMbunmusaTopa B COCyax Onyxonu.

B) MokasaHbl MHoroobeLuaiowme Bo3MOXHOCTU MeToaa OKT MA B BM3yanu3auMn COCYAOB Kak HOPMasbHOM, Tak M OMyXO/eBoW TKaHW. BbisiBNeHa pa3ninyHasl cTeneHb nposiBneHus
peaKkumy CocyamucTon cetv B OTBeT Ha ®OAT — OT MOMHOro McYe3HoBeHUst cocyaoB Ha OKT MA-M306paxeHusx [0 OTCYTCTBMSI BUAWMMOW peakuuu, KOPPEenupyroLme co CTerneHblo
neyebHoro natomopdosza. MA OKT no3sonseT npeackasbiBaTb 3P@eKT Tepanuu, a 3Ha4uUT KOPPEKTUPOBaTh U MHAVBUAYANU3MPOBaTbL NPOTMBOOMYXONEBOE NeYeHNs.

1.5. MokasaHbl MHoroo6eLlLatoLme Bo3MOXHOCTY MeToaa OKT MA B BU3yanm3auMy COCYZIOB Kak HOPMasbHOM, Tak W OMyXOneBoW TKaHW. BbisiBneHa pasnuyHas cTeneHb NposiBfeHus
peaKkumy CoCcyamuCTOl CeTM B OTBET Ha doToaMHaMmyeckyto Tepanuio (OAT) — OT MOMHOMO MCYE3HOBEHWsI cocyoB Ha OKT MA-u306paxeHusx [0 OTCYTCTBUS BUMAMMOW peakuuu,
KOppenupytoLme co cTeneHbto nevebHoro natomopgosa. MA OKT nossonsieT npeackasbiBaTb 3M@EKT Tepanuu, a 3HauuT KOPPEKTUPOBATb U VHAMBKAYaNU3NPOBaTb KypcC NeUeHus.

1.6. Pa3paboTaH psia METOAOB aBTOMaTUYECKON MHTeprpeTaumn KM OKT n3o6paxeHuii 1 OKT MUKPOAHTMOrpaMM U UX KOJIMUYECTBEHHOW OLIEHKM, KOTOPblE MOTYT 6bITb MCMOJb30BaHbI
ans anddepeHUManbHoii ANarHoCTUKN COCTOSHUI TKaHel 1 co3aaHuns Kputepues 3 deKTUBHOCTM NMPOTUBOOMYXONEBOrO NEYEHNs ANsi ero MHAMBUAYanU3aLmum, a UMEHHO:

A) Ha oCHOBe Takux KONMM4ecTBEHHbIX xapakTepucTik KM OKT usobpaxeHnii kak: 06bEM M pacronoxeHne onyxonu; rayéuHa Bu3yanusaumu; MowHocTb OKT-curHana B MCXOAHOM
nonsipu3aumnmn, ycpeaHeHHas no rnybuHe Bu3yanusauuu; MoliHOCTb OKT-curHana B OPTOrOHanbHOM Monsipusauuu, yCpeAHeHHast no rnybuHe Bu3yanusaumu; KodhdULIMEHTbI
3KCTUHKLMU Ha rnybuHe BU3yanusaumu, BbluUCIseMble Ansi A-CKaHOB B UCXOAHOW M OpPTOroHasnbHOW nonsipusaumu; hakTop Aenonsipusaumm, a Takke XapakTep rpaHuLbl HopManbHOM
1 MaTosnor1yeckoii TkaHu, paspaboTaHbl cneaylowme anroputMbl 06paboTku KIM OKT n3obpaxeHuii:

— anroput™ (cnoco6) oueHKN (YHKLMOHANBHOMO COCTOSIHUS KOJareHCoAep)Kalleil TKaHW Ha OCHOBE YMCNIEHHOW 06paboTkm OKT-CMrHanoB M306paKeHuit B OPTOroHasibHOW W
MCXOAHOM MONSipU3aLmsx;

— anropuTM cerMeHTauuu (BblAENEHWs) NATOMOrMYECKUX 30H, MOCTPOEHHbI Ha OCHOBE METOZOB MALUMHHOTO OBYYeHUs C yuyuTenieM C WUCMOMb30BaHWEM B KauyecTBe 06ydatoLimx
faHHbIX cepumn KM OKT-n306paeHnii, pasMedeHHbIX rpymnmoit 3KCnepToB Mo pesysibTataM rMcToforMyecknx UCCIeaoBaHuit;

— anropuTM BblAENEHUs! NaTOOMMYECKUX 30H, MPOELMPYIOLLMXCS Ha (DPOHTasIbHYIO NMOBEPXHOCTb Tefla U NOCTPOEHHBIX NyTeM npeobpa3oBaHus TpexmepHbix KM OKT-n3obpaxeHui,
BK/TOYAIOLLMX BbIYUC/SIEMbIE KOSIMYECTBEHHbIE NapaMeTphbl (MepeuncrieHHble B NyHKTe 2.1.5.1) Takum 06pa3oM, YTO KaXKablii KONMMYECTBEHHbIN NapaMeTp HE3aBUCHMMO BblYMCIISIETCS
Ans kaxaoro A-ckaHa;

B) Ha ocHoBe xapaktepucTuk OKT 1306paxeHunin MUKPOLMPKYIITOPHOIO pycria, MoMlyYeHHbIX HOBbIM METOAOM BU3yanu3aumm COCyA0B, pa3paboTaH Ceayowmi anropuTMm:

— anroput™ cerMeHTaumm OKT MUKpPO@Hr1orpamMM, KOTOpbIN no3sonisieT AndbepeHumnpoBaTb M pasgesibHO BU3yanu3nMpoBaTh COCYAbl MaToNor1yecky W3MeHeHHON TkaHu (onyxomu,
o6acTv BoCnaneHus) 1 340pOBOM TKaHW. XapakTepUCTUKM [aHHbIX COCYAMCTbIX CETOK UCMOSb3YIOTCS B KauecTBe Kputepues 3hheKTUBHOCTY AN MHAMBUAYANM3aLMKI NIEHEHUS.

1.7. TpoBefeHbl MUMOTHBIE KIIMHUYECKUE UCCIIEA0BaHUS C LieNblo BbisiBeHus OKT-kputepues achhekTUBHOCTY MPOTUBOOMYXO/IEBOI TEpanum Mo OTBETY Ha NIeYeHNe 1 OnpeaeneHus
MOKasaHwWii K pasHbIM BUAAM Tepanuu.

A) BusyanbHas oueHka KM OKT 1306paxeHuit Onyxosu He BbiSIBASIET BUAMMBIX W3MEHEHWIA B OTBET Ha NIyYeBYIO TEPAnuIO OMyXosiei pTa W rMOTKM, OAHAKO OBHAPYXXMBAET peakumio
HOPMasbHOW CIM3UCTON, MoMaBLLUel B 30HY 06/y4eHus;

B) Aunamuka KM OKT n306pakeHuit 340pOBOI CIMBUCTON 060MI0UKM MOMOCTU pTa, MomnasLueil B 30Hy 06/lyYeHUsi, Y MaLyeHTOB B MpoLiecce Jly4eBoi Tepanun HOBOOGpasoBaHuii
NOSIOCTU PTa U FNOTKN KOPPENMPYET C TSHKECTHIO Pa3BMBAIOLLErocst paanaLMOHHOTO Myko3uTa. PaspaboTaHbl onTuyeckue crnocobbl MPEBEHTUBHOM AMArHOCTUKU TSKENbIX MyKO3WUTOB
Ha ocHose KIT OKT uso6paxeHuii.

B) KIM OKT crocobHa AeTekTUpoBaTh kiloueBble MOPHOOrniyeckue U3MeHeHust B xoae hoToaNHAMUYECKOK Tepanun Onyxoneil KOXu U CM3UCTON ek MaTku (OTeK, HEKPO3 C
nocneayiowmM BOCCTAHOBNEHUEM CTPYKTYpbl TKaHW B MO3ZAHUE CPOKK).

) OKT MUKpOaHr1orpaMMbl OTPaXkaloT PasfiMuHyl0 CTerneHb MPOSIBNEHUS PeakumMn COCYAUCTON CETU B OTBET Ha (POTOAMHAMMYECKYIO TEparnuio OMyXonei KOXW — OT MOMHOro
1cyesHoBeHMst cocyioB Ha OKT MA-1306paxeHusx 40 OTCYTCTBUS BUAMMON peakLiym, KOPPENMpYIoLLME CO CTeneHbio nevebHoro natomopdosa.

[1) MapameTpbl M306paxeHnin MynsTuMoaanbHoit OKT, Bkitovatowme 3D KM OKT m3obpaxenus u 3D cocyamctble ceTku OKT MuKpoaHrmorpacum, MoryT 6biTb UCMOb30BaHbl ANs
CO3[aHNst KPUTEPUEB OTBETA OMYXONEeBOW TKaHW Ha (POTOAMHAMMYECKYIO Tepanuio U NPUMEHEHbI AN1st OLEHKN 3PQEKTUBHOCTY Tepanumu U UHAMBMAYANU3aLMK NeYeHus paka.

2. Ony6nmkoBaHo 4 cTaTbyM B Hay4HOW nepuoavke, nHaekcupyemoli B Web of Science 1 8 craTteii B Hay4HoOl nepuoavke, MHAEKCMpYeMol B Scopus.

3. MoaroToB/ieH U BbiMyLEH CreLBbINYCK )XypHana «CoBpeMeHHble TEXHONIOrMU B MeAULIMHE>, NOCBSLLEHHbIN ONTUYECKoi korepeHTHon ToMorpaduu: “Optical coherence
tomography: novel methodologies and emerging biomedical applications”.
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HayuHble pegakTopbl Bbinycka — npod. Anekc ButkuH; npod. Hatanbs Maakosa

PE3YJIbTATbI PABOTbI MO NMPOEKTY B 2014 roAy:

Jury

. 3a 2014 rop onybnvkoBaHo 5 paboT B xypHanax, HaeKcMpyeMbix B cucteme WoS 1 2 cTaTby, MHAEKCMpYeMble Scopus.

N

B HayuyHol nabopatopuy «OnTUYECKoW KorepeHTHOW Tomorpadum» B 2014 roay npuobpeTeHo v BBEAEHO B 3KCrlyaTaumio nabopaTopHoe o6opyaoBaHue. JlabopaTtopus
3hDeKTUBHO YHKLIMOHUPYET.

w

. YneHbl TBOPYECKOro KOMMEKTMBa NabopaTopumn npuHsam yyactve B 10 MeXAyHapoaHbIX M 6 poccuitckux koHdbepeHuumsix. Ha 6a3e nabopaTtopuu 6bin npoBeaeH 21 ceMuHap,
13 HMX 12 C OYHBIM yyacTMeM BeayLuero yyeHoro Anekca ButkuHa.

4. B 2014 roay nNpoucxXoAnn MeXxAyHapoAHbIl B3auMooBMeH creumanucTamu: 1) ctaxupoka M.H.c. HUM BMT W.H. [pyxkoBoi B nabopatopun BY Anekca ButkuHa B TOPOHTO,
(Princess Margaret Hospital, University Health Network, Toronto, Canada - 18.01.14-01.02.14); 2) Bwu3uT HayyHOro coTpyaHuka nabopatopum BY Anekca
ButkuHa Valentin Demidov (Research Assistant of Biomedical Optics Laboratory of Professor A. Vitkin, University of Toronto) B HUIV BMT — 6bin npoBeaeH MexayHapoaHbii
ceMuHap Ha Temy «lloaxoapl K KonnyectBeHHo 06pabotke OKT n3obparkeHuin».

Ll

B paMKax npoeKkTa Ha 6aze Hay"IHOI\/'I na60paTopMM 6binn npoBefeHbl KypCbl TEMATUYECKOro YCOBEPLUEHCTBOBAHUA Bpaqeﬁ 1 crneuvanuctos «OnTuyeckas KOrepeHTHas
TOMOFpa¢)VIFI>> (06‘beM ay,ClMTOpHOI\;I Harpyskum 72 qaca) Nno HanpaB/IEHUKO Hay4YHOro uccneaoBaHus. Jlekummn 6binm npo4YnTaHbl y4aCTHUKaMW MpoekTa. Mo okoH4YaHun Kypca
CepTMd)MKaTbI W YAOCTOBEPEHUS O NPOXOXAEHUN I'IpOCbeCCVIOHaﬂbHOl\;I nepenoaroToBKU NMony4nnm 9 Bpaqeﬁ 1 1 cneumanucr-uccneaosaTens U3 CTOPOHHUX opraﬂmaaumﬁ.

6. B pamkax npoekta B 2014 rogy paspaboTaH v npoBefeH crieukypc «OnTuyeckas KorepeHTHas ToMorpadusi B psily METOZLOB OMTUYECKMX METOAOB BU3yanu3auuu» Ans
CTyaeHToB HWTMA B paMKax 3M1eKTUBHbIX 3aHATUI Ha Kadeape MeanuUMHCKON husmnku U MHhOpPMaTUKK.

~N

MoaroToBneHa aHrnuickas Bepcus caita nabopatopum.

8. CBepx nnaHa: MoaroToBneH MeXxAyHapoAHbIi creusbinyck no OKT xypHana «CoBpeMeHHble TEXHONOTUM B MeAuLmMHe», Bbinyckaemoro HwkMMA: N21, 3a 2015 roa, KoTopbiii
BK/lOYaeT 14 cTaTell aBTOpoB M3 6 cTpaH Mupa (Poccusi, Bennkobputanusi, ABctpus, CLUA, KaHaga, HoBasi 3enaHaus).

3AAAHUE 2014 roaa BbIMOJIHEHO NOJIHOCTbIO 1 NEPEBbLIMOJIHEHO.

Pesynbrathl PABOTbI no npoekTty B 2013 roay:

jury

. MO pe3ynbTaTaM UCCNEeA0BaHUS OMy6MKOBAHbI/MPUHATBI K NeyaTn 3 cTaTbk;

. MoflaHa 3asiBKa Ha MaTeHT Mo pe3y/bTaTtaM UCCIIeA0BaHUS;

. co34aHa HayuyHas nabopatopusi «OnTUYeckasi KorepeHTHasi Tomorpadusi», 3aKOHYEH PEMOHT BHOBb BblAENEHHbIX MOMELLEHU nabopaTopuy MPOBOAUTCS 3aKyrka
060pyA0BaHusl, MaTeEPUAoB W KOMMIEKTYIOWMX /NS MPOBEAEHUs NCCeAoBaHui;

4. MOAroTOBMIEHbl WM MpoBeAeHbl 9 CEeMWHAPOB; YfieHbl TBOPYECKOTO KOJMIEKTMBA MPUHSAAWM yyacTve B 11 KoHbepeHuMsx no TemaTuke WCCIeaoBaHui; B nabopatopuu
MOArOTOB/EHbI Y MPOBEAEHbI KyPChl MOBbILLEHUs KBanmdukaumm no OKT.

. OnpeaeneHbl TPy HOBbIX HaMpaBneHusi MeXAyHapoAHOro COTPYAHUYECTBa:

w N

wv

* OpraHuzoBaH MexayHapoaHbl KomuteT «Scientific Advisory Board» ansi peueHsum, KOHTPONs U KpUTUYECKOW OLEHKU NPOBOAUMBIX UCCeL0BaHUN;
¢ 0b6Cy>aeHa BO3MOXHOCTb HayUHbIX MeX1abopaTopHbIX UCCefoBaHWii M MOe30K B 3apybexHble 1abopaTopum € LieMblo YCKOPEHUst AOCTUMXKEHUS HAaYYHbIX pe3ynbTaToB;

* MOJSIOXKEHO HAYano 0BCYKAEHUAM TEXHONOTNYECKUX BO3MOXHOCTEN 1 COBMECTHbIX HanpaBneHuii AanbHeMLWero passuTus U COBEPLLEHCTBOBaHUS pa3pabaTbiBaeMoli B pamKax
npoekTa BbICOKO3(HEeKTUBHOM TEeXHoNormmn Mo OKT C NIH-funded Center forBiomedical OCT Research (an NIH-
funded Biotechnology Resource Centre atthe Massachusetts General Hospital,Boston, MA,USA, directed by Professor Brent Bouma, PhD).

3AAAHMUE 2013 roaa BbIMOJIHEHO NOJIHOCTbIO 1 NEPEBbIMNOJIHEHO

My6nukaummn 2013-2016 rr:

There was shown a possibility of realization of the method of optical coherent tomography with the scheme of parallel acceptance of the interference signal (P-
OCT) based on spatial paralleling of the phase diffraction of reference wave grating for creation of temporal delay in Mach—Zehnder interferometer.

1. Publication: Morozov A.N., Turchin I.V. Method of Optical Coherent Tomography with Parallel Acceptance of the Signal from Depth and Optical Phase Modulators. Radiophys. and
Quantum electronics, 2013 43(12), 1165-1169.

Mopo3oB A.H., TypumH W.B. MeTon ONTWYECKOM KOrepeHTHOM ToMorpacduu C NapannenbHbiM NPUEMOM CUrHana C ry6uHbI U BOMOKOHHO-OMTUYECKMMM MOZYNSTOpaMu dasbl.
KBaHTOBas anekTpoHuka, 2013.

The method of optical coherence tomography with the scheme of parallel reception of the interference signal (P-OCT) is developed on the basis of spatial paralleling of the reference
wave by means of a phase diffraction grating producing the appropriate time delay in the Mach — Zehnder interferometer. The absence of mechanical variation of the optical path
difference in the interferometer essentially reduces the time required for 2D imaging of the object internal structure, as compared to the classical OCT that uses the time-domain
method of the image construction, the sensitivity and the dynamic range being comparable in both approaches. For the resulting field of the interfering object and reference waves an
analytical expression is derived that allows the calculation of the autocorrelation function in the plane of photodetectors. For the first time a method of linear phase modulation by 2p
is proposed for P-OCT systems, which allows the use of compact high-frequency (a few hundred kHz) piezoelectric cell-based modulators. For the demonstration of the P-OCT method
an experimental setup was created, using which the images of the inner structure of biological objects at the depth up to 1 mm with the axial spatial resolution of 12 mm were
obtained.

Figure. Scheme of the experimental P-OCT setup on the basis of the Mach — Zehnder interferometer: (1) superluminescent
diode; ( 2 ) fibre-optic power splitter; ( 3 ) piezoelectric phase modulators; ( 4 ) saw-tooth voltage generator; ( 5 ) diffraction
grating; ( 6 ) aspherical lenses; ( 7 ) semitransparent beam splitter; ( 8 ) object; ( 9 ) diffraction slit; ( 10 ) photodetector; ( 11
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) and ( 12 ) systems of in-depth scanning (with linear displacement of the photodetector) and lateral scanning (with linear
displacement of the object).

A new approach to elastographic mapping in optical coherence tomography has been developed based on comparison of correlation stability in different regions
of consequently acquired structural OCT images of the studied deformed tissue.

2. Publication: Vladimir Y. Zaitsev, Lev A. Matveev, Alexandr L. Matveyev, Grigory V. Gelikonov, and Valentin M. Gelikonov.Elastographic mapping in optical coherence tomography
using an unconventional approach based on correlation stability. Journal of Biomedical Optics, 19(2), 021107(1-12) (2014).

An approach to elastographic mapping in optical coherence tomography (OCT) using comparison of correlation stability of sequentially obtained intensity OCT images of the studied
strained tissue is discussed. The basic idea is that for stiffer regions, the OCT image is distorted to a smaller degree. Consequently, cross-correlation maps obtained with
compensation of trivial translational motion of the image parts using a sliding correlation window can represent the spatial distribution of the relative tissue stiffness. An important
advantage of the proposed approach is that it allows one to avoid the stage of local-strain reconstruction via error-sensitive numerical differentiation of experimentally determined
displacements. Another advantage is that the correlation stability (CS) approach intrinsically implies that for deformed softer tissue regions, cross-correlation should already be
strongly decreased in contrast to the approaches based on initial reconstruction of displacements. This feature determines a much wider strain range of operability than the proposed
approach and is favorable for its free-hand implementation using the OCT probe itself to deform the tissue. The CS approach can be implemented using either the image elements
reflecting morphological structure of the tissue or performing the speckle-level cross-correlation. Examples of numerical simulations and experimental demonstrations using both
phantom samples and in vivo obtained OCT images are presented.

Stuier laver

Figure. An example of elastographic CS mapping performed at the speckle level for a two-layer silicone phantom. (a) Initial
OCT image exhibiting peculiar speckle structure. The boundary between the upper softer and lower stiffer layers is visible due
to somewhat different scattering properties of the subresolved scatterers. (b) The resulting elastographic CS image obtained by
averaging over 10 consequent B-scans of the same parity for the forthand-back motion of the scanning beam (five images
before and five ones after the reference B-scan). Panels (c) through (f) show individual CS maps obtained via cross-correlation
of a reference image with several consequent ones obtained for monotonically increasing strain. The stiffer layer demonstrates
clearly slower decrease in the cross-correlation coefficient.

Feasibility of creating a multimodal OCT scanner has been analyzed and the corresponding approaches have been discussed. Such a scanner should allows for
performing several complementary functionally different types of visualization — polarization-sensitive imaging, microvascular imaging and elastographic
mapping without the necessity of an extra source for excitation of vibrations or shear/surface waves.

3. Publication: V.Y. Zaitsev, V. M. Gelikonov, L. A. Matveev, G. V. Gelikonov, A. L. Matveyev, P.A. Shilyagin, and I. A. Vitkin. Recent trends in multimodal optical coherence
tomography. 1. Polarization-sensitive oct and conventional approaches to OCT elastography. Radiophys. and Quantum Electron., V.57 (1), 52-66 (2014)

B.tO. 3aiiueB, B.M. lenukoHoB, J1.A. MatBeeB, I.B. lenukoHoB, A.J1. MatBeeB, W.A. ButkuH. COBpeMEHHble TEeHAEHUMM B MHOrOMYHKLUMOHANBbHOW ONTUYECKON KOrepeHTHOM
ToMorpadum. 1. MNMonspr3aunMoHHO-YyBCTBUTENbHAS OKT U TPaAULIMOHHbIE MOAXOAbl K OKT-3nactorpadum. M3B. By30B. Pagnodusuka. 2014, T. 57, N2 1, C.59-74.

We discuss physical principles of obtaining polarization-sensitive images, elastographic mapping and visualization of blood circulation/vasculature in optical coherence tomography
(OCT). Along with the general overview of the respective methods, we perform comparative critical analysis of some of them from the viewpoint of their feasibility and requirements
to OCT systems destined for combining the above-mentioned different image modalities.

direction
of tissue
straining
—

Figure. OCT-images of a sclera of the human eye. I- traditional image (co-channel), II —image in orthogonal polarization
(cross-channel) (left).Right - (a) Schematically shown subresolution dispensers within the range of one volume of resolution and
giving scattered waves , the interference of which lead to the appearance of specific speckle structure of OCT images and
blinking of speckles in the process of deformation of medium (b) The scheme of creating the deformation in biotissue via
pressing the solid surface of the probe.

4. Publication: V. Y. Zaitsev, I. A. Vitkin, L. A. Matveev, V. M. Gelikonov, A. L. Matveyev, and G. V. Gelikonov. Recent trends in multimodal optical coherence tomography. II. The
correlation-stability approach in OCT elastography and methods for visualization of microcirculation. Radiophys. and Quant. Electron., V.57 (3), 210-225 (2014).

B.tO. 3aiiueB, W.A. ButkuH, J1.A. MaTBeeB, B.M. lenukoHoB, A.Jl. MateeeB, I.B. l'enukoHoB. COBpEMEHHblE TEHAEHUMM B MHOTOMYHKLUMOHANBbHOW ONTUYECKON KOrepeHTHOM
TOMOrpadum - coBpeMeHHble TeHAeHUMM. 2: Ucnonb3oBaHue KOpPensiUMOHHOW cTabunbHocT B OKT anactorpadum v MeToabl BU3yanu3aumn KpoBoToka. M3B. By3oB. Pagnodusuka.
2014, T. 57, N2 3, C. 231 - 250.
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The second part of this paper continues the discussion of possibilities for combining functionally different types of biomedical characterization of tissues using optical coherence
tomography (OCT). In the first part, polarization-sensitive imaging and conventional approaches to elastographic mapping in OCT were considered. Here, we consider an
unconventional approach to elastographic mapping based on the analysis of variability of OCT images of the deformed tissue, omitting the stage of the displacement-field
reconstruction. We also discuss methods for quantification of blood flow and visualization of microvasculature, some of which have much in common with the elastographic approach
based on the analysis of temporal variability of OCT frames. This similarity looks especially promising in the context of combining multiple contrast mechanisms to enable prospective
multimodal OCT scanners, as is essential for biomedical progress given the complex and heterogeneous nature of real biological tissues.

N frames

(i, )

on n-th frame

Interframe pixel
analysis

1 XN i
SV = N EU,..} - .f,'j"'*“]" 500 pm

Figure. Elucidation of interframe pixel analysis of structural OCT images to segment out blood (fluid) pixels based on their
lower viscosity and thus faster temporal decorrelation (developed by the Canadian participants of the project in the group of A.
Vitkin at the University of Toronto).

A convenient for detailed numerical simulations model has been developed to describe formation and evolution of speckle structure of OCT images

5. Publication: V.Y. Zaitsev, L.A. Matveev, A.L. Matveyev, G.V Gelikonov, and V.M. Gelikonov. A model for simulating speckle-pattern evolution based on close to reality procedures
used in spectral-domain OCT. Laser Physics Letters, 11, 105601(1-8) (2014).

A robust model for simulating speckle-pattern evolution in optical coherence tomography (OCT) depending on the OCT system parameters and tissue deformation is reported. The
model is based on the application of close to reality procedures used in spectral-domain OCT scanners. It naturally generates images reproducing properties of real images in spectral
domain OCT, including the pixelized structure and finite depth of unambiguous imaging, influence of the optical spectrum shape, dependence on the optical wave frequency and
coherence length, influence of the tissue straining, etc. Good agreement with generally accepted speckle features and properties of real OCT images is demonstrated.
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Figure. Fragments (10 Y 10 pixels) of simulated speckle patterns for N = 256 pixels in an A-scan for randomly distributed Nsc
scatterers in each A-scan with the density Nsc/N = 0.5, 1, 2 and 4 (plots (a)—(d), respectively). To exclude the trivial increase of
brightness with increasing density of scatterers, the amplitudes of the images are normalized (divided) by (Nsc/N)1/2.

Earlier proposed in our group correlation-stability approach to elastographic mapping has been further advanced in order to complement qualitative
visualization of stiffness differences with their quantitative characterization

6. Publication: L. A. Matveey, V. Y. Zaitsev, A. L. Matveyev, G. V Gelikonov, and V. M. Gelikonov. "Combining the correlation-stability approach to OCT elastography with the
speckle-variance evaluation for quantifying the stiffness differences". Biophotonics: Photonic Solutions for Better Health Care IV, Edited by Jurgen Popp, Valery V. Tuchin, Dennis L.
Matthews, Francesco S. Pavone, Proc. of SPIE Vol. 9129, (2014), Vol. 9129, pp. 912901 (1-7).

We discuss an advanced variant of the correlation-stability (CS) approach to OCT elastography that is capable of quantifying the stiffness differences. The modified variant is based on
natural combination of CS approach with the speckle-variance (SV) approach. It allows one to determine the strain dependence of the normalized speckle intensity variance function
for two compared subsets taken from the OCT images corresponding to the initial and deformed states of the tissue. In previous studies we considered the basic dependence of the
normalized speckle intensity variance function on the tissue strain under the assumption that the influence of translational displacements can be excluded, so that the residual
speckle-intensity variations should be produced only by speckle blinking determined by local strains. In the present report we discuss the corresponding algorithms allowing one to
exclude the above-mentioned influence of translational displacements. We demonstrate numerically the efficiency of such processing that allows for quantification of stiffness
differences in the elastographic mapping based on the CS approach.
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Figure. Speckle-variance map in a 0.5 strained three-layer tissue map simulated using the developed model of speckle-pattern
formation/evolution and the depth-dependence of the normalized speckle variance along one of A-scans. The middle layer with
reduced speckle variance is 4 times stiffer than the surrounding tissue. Square root of the ratio of the corresponding speckle
variances in the softer and stiffer regions well agree with the inverse ratio of the stiffness parameters of the layers.
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Comparative discussion and analysis of several recently proposed unconventional elastographic OCT methods has been performed. Further prospects of their
development have been pointed out.

7. Publication: L.A. Matveeyv, V.Y. Zaitsev, A.L. Matveev, G.V. Gelikonov, V.M. Gelikonov, I.A. Vitkin. Recently proposed unconventional methods for elasticity characterization using
Optical Coherence Tomography: a brief review and further prospects. Photonics and Lasers in Medicine. V. 3(4), 295-309 (2014)

In this paper, a brief overview of several recently proposed approaches to elastographic characterization of biological tissues using optical coherence tomography is presented. A
common feature of these “unconventional” on a two-step process of first reconstructing the particle displacements and then performing its error-prone differentiation in order to
determine the local strains. Further, several variants of these new approaches were proposed and demonstrated essentially independently and are based on significantly different
principles. Despite the seeming differences, these techniques open up interesting prospects not only for independent usage, but also for combined implementation to provide a
multifunctional investigation of elasticity of biological tissues and their rheological properties in a wider sense.
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Figure. An example of qualitative visualization of sub-skin tissue stiffness for a BulbC mouse obtained via the correlation
stability approach using natural motions of the living tissue (due to the animal breathing) as a source for tissue deformation.
The measurements were made in contact mode (the motionless glass surface of the OCT probe was in contact with the tissue).

Achromatic registration of quadrature components of the optical spectrum in spectral domain optical coherence tomography

8. Publication: P.A. Shilyagin, G.V. Gelikonov, V.M. Gelikonov, A.A. Moiseev, D.A. Terpelov Achromatic registration of quadrature components of the optical spectrum in spectral
domain optical coherence tomography. Quantum Electronics. 2014. 44 (7) 664 —669.

We have thoroughly investigated the method of simultaneousreception of spectral components with the achromatisedquadrature phase shift between two portions of a reference
wave,designed for the effective suppression of the ‘mirror’ artefact in theresulting image obtained by means of spectral domain opticalcoherence tomography (SD OCT). We have
developed and experimentallytested a phase-shifting element consisting of a beamdivider, which splits the reference optical beam into the two beams,and of delay lines being
individual for each beam, which create amutual phase difference of p/2 in the double pass of the referencebeam. The phase shift achromatism over a wide spectral range isachieved
by using in the delay lines the individual elements with differentdispersion characteristics. The ranges of admissible adjustmentparameters of the achromatised delay line are
estimated forexact and inexact conformity of the geometric characteristics of itscomponents to those calculated. A possibility of simultaneousrecording of the close-to-quadrature
spectral components with asingle linear photodetector element is experimentally confirmed.The suppression of the artefact mirror peak in the OCT-signal byan additional 9 dB relative
to the level of its suppression is experimentallyachieved when the air delay line is used. Two-dimensionalimages of the surface positioned at an angle to the axis of the probebeam
are obtained with the correction of the ‘mirror’ artefact whilemaintaining the dynamic range of the image.

o
B

Figure. Images of the scattering surface positioned at an angle to the probe beam axis, by using (top) an inclined reflector and
(bottom) the phaseshifting element

An analogy between spectral-domain optical coherence tomography (SD OCT) data and broadband digital holography data is considered. Based on this analogy,
a method for processing SD OCT data, which makes it possible to construct images with a lateral resolution in the whole investigated volume equal to the
resolution in the in-focus region, is developed. Several issues concerning practical application of the proposed method are discussed.

9. Publication: Moiseev, A. A., Gelikonov, G. V., Terpelov, D. A., Shilyagin, P. A., & Gelikonov, V. M. (2014). Improvement of lateral resolution of spectral domain optical coherence
tomography images in out-of-focus regions with holographic data processing techniques. Quantum Electronics, 44(8), 732-739.

Based on the analogy between the SD OCT and broadband digital holography data, we described a method for processing SD OCT data, which provides images with a lateral
resolution throughout the entire volume under study corresponding to the resolution in the in-focus region. A technique for determining the parameters (dependent on the medium
studied) that are necessary for efficient application of the proposed methods was developed. The problem of phase stability between lateral measurements in SD OCT was considered
and a way of compensating for possible phase instability was proposed.
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Figure. Image of an array of point scatterers in a homogeneous medium, obtained by scanning a sample with a tightly focused
beam using (a) conventional data processing, (b) processing data according to formula (6) with optimal values of algorithm
parameters, (c) processing data (6) with values of algorithm parameters differing from optimal by 10%, and (d—f) after
numerical transfer of the focal region. The images in panels (d) and (f) were obtained for refractive indices differing by £20%
from the value specified for the image in panel (e).

Speckle statistics of experimental and simulated OCT images of media with arbitrary optical properties was analyzed. It was shown that Gamma distribution
function gives a good analytical fit to image histograms.

10. Publication: M.Yu. Kirillin, G. Farhat, E.A. Sergeeva, M.C. Kolios, and A. Vitkin “Speckle statistics in OCT images: Monte Carlo simulations and experimental studies”, Optics
Letters, 39(12), 3472-3475 (2014)

The speckle pattern of an optical coherence tomography (OCT) image carries potentially useful sample information that may assist in tissue characterization. Recent biomedical
results in vivo indicate that the distribution of signal intensities within an OCT tissue image is well described by a log-normal-like (Gamma) function:
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To fully understand and exploit this finding, an OCT Monte Carlo model that accounts for speckle effects was developed. The resultant Monte Carlo speckle statistics predictions agree
well with experimental OCT results from a series of control phantoms with variable scattering properties; the Gamma distribution provides a good fit to both the theoretical and
experimental results. The ability to quantify sub-resolution tissue features via OCT speckle analysis may prove useful in diagnostic photomedicine.
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Figure. (a) Representative histograms (markers) and Gamma distribution fits (lines) for Sample 1. (b) Gamma distribution
parameters extracted from experimental and simulated signal intensity histograms. Shape a (left) and scale B (right)
parameters are plotted as a function of particle concentration for both sized microspheres.

Effects of gamma irradiation on collagen damage and remodeling

11. Publication: Maslennikova A., Kochueva M., Ignatieva N., Vitkin A., Zakharkina O., Kamensky V., Sergeeva E., Kiseleva E., Bagratashvili V. Effects of gamma irradiation on
collagen damage and remodeling. International Journal of Radiation Biology, 91(3), 240-247 (2015)

Purpose: To evaluate the dose-time dependences of structural changes occurring in collagen within 24 hours to three months after gamma-irradiation at doses from 2—40 Gy in vivo.

Materials and methods: Rat’s tail tendon was chosen as in vivo model, with its highly ordered collagen structure allowing the changes to be interpreted unambiguously.
Macromolecular level (I) was investigated by differential scanning calorimetry (DSC); fibers and bundles level (II) by laser scanning microscopy (LSM), and bulk tissue microstructural
level (III) by cross-polarization optical coherence tomography (CP-OCT).

Results: For (I), the formation of molecular cross-links and breaks appeared to be a principal mechanism of collagen remodeling, with the cross-links number dependent on radiation
dose. Changes on level (II) involved primary, secondary and tertiary bundles splitting in a day and a week after irradiation. Bulk collagen microstructure (III) demonstrated early
widening of the interference fringes on CP-OCT images observed to occur in the tendon as result of this splitting. At all three levels, the observed collagen changes demonstrated
complete remodeling within ~ a month following irradiation.

Conclusion: The time course and dose dependencies of the observed collagen changes at different levels of its hierarchy further contribute to elucidating the role of connective
tissue in the radiotherapy process.
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Figure. Cross-polarization optical coherence tomography (CP OCT) images of tendon samples for various irradiation doses and
times following treatment. Uniform stripes demonstrate the absence of significant changes in general tendon microstructure,
but detailed quantitative analysis did in fact reveal subtle changes (see Table II). Scale bar = 1 mm on all panels.

(@) un-irradiated (b) 20 Gy, 24 hours » (c) 30 Gy, 24 hours

(d) 20 Gy, 1 week 20 Gy, g (f) 20 Gy, 1 week

(h) 20 Gy, 2 months (i) 20 Gy, 3 months

Figure. SHG images of rat tail tendon control sample (a) and samples irradiated at a dose of 20 Gy after 24 h (b), 30 Gy after
24 h (c), 20 Gy one week (d-f), one (g), two (h) and three (k) months. (a) Fascicle (secondary bundle); arrowhead indicates
collagen fiber; asterisk is in a primary bundle; arrow indicates sharp crimp; smooth crimped area is shown in the circle; (b) The
increasing of a bundle cleavage in crimped (arrow) and smooth folding (arrowheads) areas; (c) A displacement of split half-
planes in smooth folding region (arrowhead); (d) A displacement of split half-planes (arrowheads) and a bundle cleavage in
crimped area (arrows); (e, f ) Closely packed primary bundles (arrows) in a crimped area (e) and in a smooth folding region (f
); (g, h, k) Thin collagen fibers (arrows) overgrown in splits between primary bundles. Depth of confocal plane for each image is
100 mm, slice thickness ~ 5 pym.

Hybrid M-mode-like OCT imaging of three-dimensional microvasculature in vivo using reference-free processing of complex valued B-scans

12, Publication: Matveev L., Zaitsev V., Gelikonov G., Matveyev A., Moiseev A., Ksenofontov S., Gelikonov V., Sirotkina M., Gladkova N., Demidov V., Vitkin A. Hybrid M-mode-like
OCT imaging of three-dimensional microvasculature in vivo using reference-free processing of complex valued B-scans. Optics letters, 40 (7), 1472-1475 (2015)
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We propose a novel OCT-based method for visualizing microvasculature in three-dimension using reference-free processing of individual complex valued B-scans with highly
overlapped A-scans. In the lateral direction of such a B-scan, the amplitude and phase of speckles corresponding to vessel regions exhibit faster variability and, thus, can be detected
without comparison with other B-scans recorded in the same plane. This method combines elements of several existing OCT angiographic approaches and exhibits: (1) enhanced
robustness with respect to bulk tissue motion with frequencies up to tens of Hz, (2) resolution of microcirculation images equal to that of structural images, and (3) possibility of
quantifying the vessels in terms of their decorrelation rates.
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Figure. Principle of operation of the MMLSV approach: (a), a stack of dense B-scans with strongly overlapped A-scans; (b) a
single B-scan before and after equalization of average phases of neighboring A-scans; (c) a spatial spectrum of a single
horizontal array of pixels in a dense B-scan, where low-frequency components correspond to slowly varying motionless
scatterers; (d) an experimental B-scan fragment with an encircled region of rapidly varying speckles corresponding to a vessel
cross section (top) and a schematic B-scan with speckles slowly and rapidly varying in the horizontal direction (bottom); (e) the
same as (d), but after high-pass filtering (only vessel cross sections are now visible); (f) a photo of a mouse dorsal window
chamber and an example of en face depthencoded view of a 2 mm x 2 mm (lateral) 0-0.6 mm (depth) region of the detected
mouse microvasculature

Differential diagnosis of human bladder mucosa pathologies in vivo with cross-polarization optical coherence tomography

13. Publication: Kiseleva E., Kirillin M., Feldchtein F., Vitkin A., Sergeeva E., Zagaynova E., Streltzova O., Shakhov B., Gubarkova E., Gladkova N. Differential diagnosis of human
bladder mucosa pathologies in vivo with cross-polarization optical coherence tomography. Biomedical Optics Express, 6(4), 1464-1476 (2015)

Quantitative image analysis and parameter extraction using a specific implementation of polarization-sensitive optical coherence tomography (OCT) provides differential diagnosis of
mucosal pathologies in in-vivo human bladders. We introduce a cross-polarization (CP) OCT image metric called Integral Depolarization Factor (IDF) to enable automatic diagnosis of
bladder conditions (assessment the functional state of collagen fibers). IDF-based diagnostic accuracy of identification of the severe fibrosis of normal bladder mucosa is 79%;
recurrence of carcinoma on the post-operative scar is 97%; and differentiation between neoplasia and acute inflammation is 75%. The promising potential of CP OCT combined with
image analysis in human urology is thus demonstrated in vivo.
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Figure. The results of IDF calculation in the cohort groups clustered for different clinical tasks: a — identification of fibrosis:
Group 1 — normal, Group 2 — severe fibrosis at chronic cystitis, Group 3 — post-operation scar; b — identification and separation
of different types of neoplasia: Group 1 — normal, Group 4 — acute inflammation, Group 5 — carcinoma in situ, Group 6 —
invasive urothelial carcinoma with the beginning invasive growth; ¢ — recognition of carcinoma recurrence on the scar: Group 3
— post-operation scar, Group 7 — recurrence of carcinoma on the post-operation scar.
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Figure. IDF values for all studied states of CF in bladder mucosa (normalized by their normal state results). See discussion in
the text.

Scan-pattern and signal processing for microvasculature visualization with complex SD-OCT: tissue-motion artifacts robustness and decorrelation time — blood
vessel characteristics

14. Publication: Matveev L., Zaitsev V., Gelikonov G., Matveyev A., Moiseev A., Ksenofontov S., Gelikonov V., Demidov V., Vitkin A. Scan-pattern and signal processing for
microvasculature visualization with complex SD-OCT: tissue-motion artifacts robustness and decorrelation time — blood vessel characteristics. Procceedings of SPIE, 9448, 94481M-1-6
(2015).

We propose a modification of OCT scanning pattern and corresponding signal processing for 3D visualizing blood microcirculation from complex-signal B-scans. We describe the
scanning pattern modifications that increase the methods’ robustness to bulk tissue motion artifacts, with speed up to several cm/s. Based on these modifications, OCT-based
angiography becomes more realistic under practical measurement conditions. For these scan pattern, we apply novel signal processing to separate the blood vessels with different
decorrelation times, by varying of effective temporal diversity of processed signals.
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Figure. Panel (a) demonstrates the fragment of the B-scan with vessel. The speckles on the vessel are spatially distorted in
compare to surroundings tissue. This distortion related to transformation of the speckle temporal blinking to its spatial distortion
due to M-Mode like acquisition (slow scanning beam speed Vpeam=0.6 mm/s). After applying the high pass filtering to suchwise

formed 3D data set only distorted speckles are remained. The resulting B-scan after filtering is demonstrated on panel (b) for
the high pass square filter threshold equals to 40 Hz. It means that only speckles with blinking rate from 40 Hz and higher are
remained. By varying this filter threshold the vessels can be separated by its detected blinking rate. To detect its minimal
speckle blinking rate panel (c) represents the six plots corresponds to the different filter threshold. The maximal decorrelation
time corresponds to each case of filtering threshold can be estimated using equation (3). It is clearly seen from panel (c) that
more vessels are appear at reduction filtering threshold.

Optical Coherence Tomography as a Tool in Reproductive Gynecology

15. Publication: Panteleeva 0., Kuznetsova I., Kachalina O., Eliseeva D., Grebenkina E., Gamayunov S., Kuznetsov S., Yunusova E., Gubarkova E., Kirillin M., Shakhova N.
Femtosecond Biophotonics Laboratory50ptical Coherence Tomography as a Tool in Reproductive Gynecology. Sovremennye tehnologii v medicine, 7(1), 89-96 (2015)

The objective of the investigation was to show the advisability of using optical coherence tomography (OCT) for noninvasive diagnostics and monitoring of treatments in gynecological
practice for female patients of reproductive age. OCT studies were performed during standard gynecological procedures like laparoscopy and colposcopy, as well as in course of pelvic
inflammatory diseases of cervical neoplasia, with the use of an OKT1300U (BioMedTech, Russia). 330 patients of reproductive age (aged 18-45) were examined. The methods used
for numeric processing of the OCT images were based on an analysis of histograms and on calculation of the first derivative of the OCT signal over depth. The use of OCT with
numeric processing of the images increases the sensitivity of laparoscopy diagnosis of latent chronic salpingitis from 43.5 to 96.0%. In the case of minimal endometriosis, OCT can be
used as a substitute for excisional biopsy for the visualization and verification of endometrioid heterotopias. The use of OCT in the case of cervical neoplasia in female patients of
reproductive age enables a considerable decrease in surgical aggression during the diagnosis and treatment of cervical intraepithelial neoplasia and early forms of cancer. The use of
OCT helps to maximize individualization and organ preservation during the diagnosis and treatment of gynecological pathology, and therefore to preserve the reproductive potential of
young female patients.
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Figure. OCT images: (a) unaltered fallopian tube, with moderate intensity of the signal, a structureless image, and decreased
intensity with depth of the image; (b) chronic salpingitis, morphologically — the prevalence of edema, the heterogeneity of the
image with zones of irregular form having low signal levels; (c) chronic salpingitis, morphologically — the prevalence of
fibrosing, and local increases in signal intensity.
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Figure. OCT image of CIN III: (a) before PDT, with typical signs of pre-cancer of the cervix — a lack of structure with a slight
decrease in the signal depth; (b) immediately after PDT, and the appearance of a boundary between the epithelium and the
stroma due to these layers contrasting with the interstitial fluid; (c) one day after PDT, with increased signs of tissue edema,
expansion and congestion of the vessels; (d) 6 days after PDT, showing total necrosis of the tumor, a structureless image with a
sharp decrease in the signal depth; (e) one month after PDT — repair of the exocervix, with signs of the typical image of cervix,
moderate scattering by the upper layer corresponding to the stratified squamous epithelium, and the lower layer — with more
effectively scattering by the stroma, blurred boundary between the layers showing the presence of weakly scattering linear
inclusions in the lower layer, corresponding to the reactive inflammation.

Development of the Methodology of Monitoring Experimental Tumors Using Multimodal Optical Coherence Tomography: the Choice of an Optimal Tumor Model

16. Publication: Sirotkina M., Buyanova N., Kalganova T., Karabut M., Elagin V., Kuznetsov S., Snopova L., Gelikonov G., Zaitsev V., Matveev L., Zagaynova E., Vitkin A., Gladkova
N. Development of the Methodology of Monitoring Experimental Tumors Using Multimodal Optical Coherence Tomography: the Choice of an Optimal Tumor Model. Sovremennye
tehnologii v medicine, 7(2), 7-13 (2015)

The objective of the research was to study the features of transplantation, growth and visualization of experimental tumors of animals, using multimodal optical coherence
tomography (OCT) to develop the methodology of evaluation of individual tumor response to anti-cancer therapy. The research was carried out using an experimental high-speed
spectral-domain multimodal OCT system developed at the Institute of Applied Physics of the Russian Academy of Sciences (Russia). The technical characteristics of the system are the
following: speed of information acquisition, 20,000 A-scans per second; 1.3 pm wavelength; frame size, approximately 4x2 mm; lateral resolution, 25 pym; and depth resolution, 10
pum. We evaluated cross-polarized (CP) and microangiopathic (MA) OCT images. We performed an OCT study of the experimental tumor model of colon adenocarcinoma of mice Colo-
26 on BALB/c mice (transplanted by suspension of tumor cells culture) inoculated subcutaneously into the thigh, intradermally into auricle, and in a dorsal skinfold window chamber.
In the case of a deep subcutaneous location of a nodule, skin flap over the tumor was surgically opened. CP OCT images were compared with histological preparations (stained using
hematoxylin and eosine). It was established that a Colo-26 tumor growing subcutaneously is not suitable with OCT monitoring investigations. Applying of tumor model with opened
skin flap made it possible considerably to increase the visualization depth; however, it is not feasible to use this method for everyday OCT monitoring. The tumor grown within a
dorsal window chamber is optimal for the visualization of blood vessels by means the OCT. Nevertheless, the inflammation and edema sometimes observed at the tumor site impeded
the MA OCT study. Superficial tumors on the auricle are available for OCT investigation throughout their entire depth if the size of nodule does not exceed 1.5 mm. The tumor model
on the auricle is convenient for physiological studies of the state of the vessels during the tumor growth. The optimal tumor model for dynamic multimodal OCT observation is a
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tumor on the auricle. Unlike a tumor located on the thigh it is characterized by a subcutaneous location of the nodule yet one which still remains accessible for visualization. The
tumor evolving in the ear can be studied using dynamics which would be impossible for the tumor with opened skin flap. Tumors in the dorsal skin window can also be used for
research, but the monitoring of their growth is limited to those that are no larger than 5-7 mm, as the nodule goes beyond the window due to the decreased elasticity of the skin,
typical of these mice.

1800 1600 1400

Figure. Model of Colo-26 tumor in the ear: (a) and (b) CP OCT images on days 5 and 11 after transplantation; the upper OCT
image is the initial polarization, size 2.7x1.7 mm; the lower OCT image is the orthogonal polarization, size 2.7x1.7 mm; scale
bar 1 mm; (c) histological preparations, stained with hematoxylin and eosine, frame size 3745x2809 pm, scale bar 50 ym; (d)
and (e) MA OCT images on days 5 and 11 after transplantation, size of image 2x2 mm

Fluorescent Monitoring of Photodynamic Therapy for Skin Cancer in Clinical Practice

17. Publication: Gamayunov S., Grebenkina E., Ermilina A., Karov V., Kdnig K., Korchagina K., Skrebtsova R., Terekhov V., Turchin I., Shakhova N. Fluorescent Monitoring of
Photodynamic Therapy for Skin Cancer in Clinical Practice. Sovremennye tehnologii v medicine, 7(2), 75-81 (2015)

The aim of the investigation was to assess the fluorescent imaging capabilities to monitor photodynamic therapy (PDT) of non-melanoma skin cancer, and study the correlation of PS
(photosensitizer) fluorescence value (accumulation and photobleaching rate) and efficacy of the treatment provided. The study was conducted in the Nizhny Novgorod Regional
Oncologic Hospital. We analyzed fluorescent images and PDT outcomes in 226 patients with non-melanoma skin carcinomas. The assessment of short-term treatment results revealed
the relationship between PS photobleaching and tumor complete response rate: a complete response was found in 89% cases in complete photobleaching, in 87% cases — in partial
photobleaching, and in 81% — in no photobleaching (p>0.05). However, we found no effect of PS accumulation rate on complete response rate. The analysis of long-term results
with significant difference (p=0.044) showed tumor recurrence rate in low PS concentration (tumor/norm) to be 9.5%, while in moderate and high concentrations the recurrence rate
appeared to be 4.1%. There was revealed the tendency for recurrence rate increase — 10.4% with no PS photobleaching versus 4.4% in PS complete and partial photobleaching
(p=0.051). The patients with high accumulation rate and complete PS photobleaching had the best clinical findings, the observation period being from 4 to 40 months. Fluorescent
monitoring enables to maintain noninvasive control of PS accumulation and photobleaching that can contribute to the selection of individual laser exposure parameters. It is
reasonable to develop multimodal bioimaging for follow-up real-time monitoring of basic photodynamic reactions and treatment results.

Short-term results,
Fluorescent parameter complete tumor
responses (%)

Long-term results,
recurrence rate (%)

High PS accumulation 90

I>1.3

Low PS accumulation 93 4.1
1.1<h /<13

No PS accumulation 91 95
<11 (p>0.05) (p=0.044)
Complete PS photobleaching 89

AL/,<0.8

Partial PS photobleaching 87 44
0.8<Al/1<0.9

No PS photobleaching 81 104
AL/,>0.9 (p>0.05) (p=0.051)

Table. The dependence of short- and long-term results on fluorescent parameters of a photosensitizer

Deformation-induced speckle pattern evolution and feasibility of correlational speckle tracking in optical coherence elastography
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18. Publication: Zaitsev V.Y., Matveyev A.L., Matveev L.A., Gelikonov G.V., Gelikonov V.M., Vitkin A. Deformation-induced speckle pattern evolution and feasibility of correlational
speckle tracking in optical coherence elastography. Journal of Biomedical Optics, 20(7), 075006 (2015)

Feasibility of speckle tracking in optical coherence tomography (OCT) based on digital image correlation (DIC) is discussed in the context of elastography problems. Specifics of
applying DIC methods to OCT, compared to processing of photographic images in mechanical engineering applications, are emphasized and main complications are pointed out.
Analytical arguments are augmented by accurate numerical simulations of OCT speckle patterns. In contrast to DIC processing for displacement and strain estimation in photographic
images, the accuracy of correlational speckle tracking in deformed OCT images is strongly affected by the coherent nature of speckles, for which strain-induced complications of
speckle “blinking” and “boiling” are typical. The tracking accuracy is further compromised by the usually more pronounced pixelated structure of OCT scans compared with digital
photographic images in classical DIC applications. Processing of complex-valued OCT data (comprising both amplitude and phase) compared to intensity-only scans mitigates these
deleterious effects to some degree. Criteria of the attainable speckle tracking accuracy and its dependence on the key OCT system parameters are established.
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Figure. (a-1),(b-1), and (c-1) Simulated cross-correlation maps and (a-2), (b-2), and (c-2) corresponding speckle-tracking
error based on the reference and uniaxially strained images. The speckle-tracking error as a function of depth in the right
column is given for a fixed lateral position of the correlation window in the middle of the scan (i.e., not laterally averaged over
the entire scan width). The correlation-window size is 16x16 pixels, and the spectral width ratio AkkO ~18 (typ- ical of many
OCT scanners). Displacements close to 0.5 px cause maximal speckle-splitting at z ~165 px. Panels (a-1) and (a-2) are
obtained via maximizing the cross-correlation by moving the correla- tion window in integer-pixel steps, and demonstrate strong
tracking errors (up to 0.5 px) and strong decorrelation near the depth z ~165 px. Panels (b—-1) and (b-2) are obtained for
complex-valued data using spectral sub pixel back-shift procedure which correctly compensates speckle splitting over the entire
scan area, thus ensur- ing uniform correlation map and minimal tracking errors. Panels (c—-1) and (c-2) correspond to the same
subpixel tracking procedure, but applied to amplitude-only data with lost phase (label A), as well as to amplitude-only data with
pseudophase found via Hilbert transform (label H). Compared to full complex-valued signals (b—1 and b-2), these give
significantly larger residual decorrelation and tracking errors due to incorrectly compensated speckle splitting. Note that the
color bars are not identical for all three correlation maps, to emphasize the spatial inhomogeneity of the residual decorrelation;
furthermore, the vertical scale in plot (a-2) is 10 times larger than in (b-2) and (c-2).

ol @-2 . “"a-3

X

Dsplacement px

Depth, px Depth, px
X - 10 150 2¢ -
. 19| b-2 ~ 20 D3
- I3 //.. 3
§ Z 5| R L
E |~ 4 3
§ o .1/ & Ly
= V4
& Depth. px Depth, px
50 100 180 200 280 S0 100 150 200 250
20 g8
2 noise
=" c-2 c-3 ‘ ‘
§ = .
£ + // = . " |
& / ] |
s g 2 F,AW
2 Depth. px !

Depth, px

100 150 200 e S0 900 0

-
0.85 0.9 095 1

Figure. Simulated cross-correlation maps and correlational speckle tracking results from complex-valued scans obtained for
uniaxially strained sample for three different spectral parameters of the source. The image size is 256x256 pixels. The middle
imbedded depth layer (50 pixels in thickness) is two times stiffer than the surrounding media. The average vertical strain is
0.5%, and consequently the displace- ments of the scatterers range from zero at the surface (imitating the rigid OCT probe)
to ~1.28 pixels at the bottom. The number of scatterers in the presented examples is 104 for each A-scan and correlation-
window size is 16x16 pixels in all cases. Speckle tracking utilizes complex-valued data using the sub- pixel spectral back-shift
procedure as per Fig. 2. Row (a) is for the source spectral width ratio AkkO % 1/16; (b) is for Akk0 418; and (c) is for super-
broadband source with Akk %12. Correspondingly, the effect of speckle blinking is much weaker for correlation plot (c-1) than
for (a— 1) and (b-1). (a-2), (b-2), and (c-2) show the reconstructed displacements, with the thin dashed lines showing the
difference in the slopes between the twice-stiffer layer and surrounding tissue. (a-3), (b-3), and (c-3) The derivative of the
displacement (local strain) found via simplest one-pixel finite differences in the depth direction for a fixed horizontal coordinate
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of the correlation-window center (blue lines); red lines are the averaged values of strain found for 16 adjacent cuts in the
vertical direction. (c-3) For super-broadband case, the reduced strain within the stiffer layer is fairly well-visible for the
averaged (red) curve. All plots correspond to zero additive noise except for the inset in (c=3) that is calculated in the presence
of =20 dB noise.

19. Publication: Kalganova T.I., Gubarkova E.V., Gamayunov S.V., Kiseleva E.V., Grebenkina E.B., Kuznetsov S.S., Finagina E.S., Shakhova N.M., Maslennikova A.V., Zagaynova
E.V., Vitkin A., Gladkova N.D. The use of cross-polarization OCT in determining the dynamics of the state of pathological and normal tissues during radiation and photodynamic
therapy. Modern tehnologies in medicine, 7(3), 119-129 (2015).

The results of the study of the medical pathomorphism of different kinds of tumors performed on the 14 patients showed that visual evaluation of CP OCT images of a tumor does not
reveal any visible changes in response to RT, however it does register the reaction of the normal mucosa in the area exposed to the radiation. during the PdT of tumors of the skin
and cervix mucosa CP OCT was capable of detecting the key morphological changes (edema, necrosis, and structural recovery). it can be applied most effectively at later stages of
the follow-up observation (at 30-35 days after PdT) to evaluate the completeness of the recovery of the stromal component of the tissues. The use of CP OCT contributes to
realization of non-invasive monitoring of the responses of tumors and the adjacent normal tissues to PDT and to RT that can be useful for evaluation of the effectiveness of therapy
and to help in choosing optimal tactics for the treatment.

Figure. CP OCT images (a—c) of healthy mucosa of the mouth cavity from three volunteers. Here: CP OCT image in the initial
polarization — the lower part of the image and in the orthogonal polarization — the upper part of the image, bar — 1 mm

Patterns of morphological changes in cT-26 experimental tumors during their natural growth

20. Publication: Kuznetsov S.S., Snopova L.B., Karabut M.M., Sirotkina M.A., Buyanova N.L., Kalganova T.I., Elagin V.V., Senina-Volzhskaya L.V., Barbashova L.N., Shumilova A.V.,
Zagaynova E.V., Vitkin A., Gladkova N.D. Features of morphological changes in experimental cT-26 tumors growth. Modern tehnologies in medicine, 7(3), 32-39 (2015)

The study began with investigation of the tumors on day 4 after the inoculation. At this early stage we could already see the formation of a tumor as a substrate node with an

average volume of 0.8-1.0 mm?3. Tumors in the early development stages were not immediately adjacent to the epidermis, a thin layer of dermis with blood-filled vessels could be
detected between tumor cells and the basal layer. The carcinoma was of a histioid type and according to its microscopic structure was undifferentiated of degree IV malignancy (G)
(Figure 1 (a)). As expected for a histioid tumor, stromal component was scarce, constituting only of an area of 0.35+£0.2% of the neoplasm area while the parenchyma accounted for
99.6£0.3%. In deep parts of the tumor it was possible to identify individual sinusoidal blood-filled capillaries with diameters from 7 to 20 pm, accounting for 0.15+0.05% of the
tumor, together with small arterioles which belonged to the dermis, and located within the carcinoma due to its growth infiltration (these were not taken into account in the
calculation of the volume of the tumor vascular component). The tumor was characterized by a high level of proliferative activity, which was evidenced by the high number of mitotic
cells — from 9 to 11 in the view field. No division pathology was recorded (Figure 1 (b)).

Figure. Growth of the CT-26 tumor, day 4 after inoculation. Hematoxylin and eosin staining; (a) x10; (b) x40
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Figure. Growth of the CT-26 tumor, day 11 after inoculation. Hematoxylin and eosin staining; x10

Towards advanced OCT clinical applications.

21. Publication: Kirillin M., Panteleeva O., Agrba P., Pasukhin M., Sergeeva E., Plankina E., Dudenkova V., Gubarkova E., Kiseleva E., Gladkova N., Shakhova N., Vitkin A. Towards
advanced OCT clinical applications. Proc. of SPIE, 9542, 954201-17 (2015)

In this paper we report on our recent achievement in application of conventional and cross-polarization OCT (CP OCT) modalities for in vivo clinical diagnostics in different medical
areas including gynecology, dermatology, and stomatology. In gynecology, CP OCT was employed for diagnosing fallopian tubes and cervix; in dermatology OCT for monitoring of
treatment of psoriasis, scleroderma and atopic dermatitis; and in stomatology for diagnosis of oral diseases. For all considered application, we propose and develop different image
processing methods which enhance the diagnostic value of the technique. In particular, we use histogram analysis, Fourier analysis and neural networks, thus calculating different

tissue characteristics as revealed by OCT'’s polarization evolution. These approaches enable improved OCT image quantification and increase its resultant diagnostic accuracy.

Figure. OCT-images of fallopian tube tissue in vivo:
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Figure. OCT-images of psoriasis (a-c) and scleroderma (d-f) skin sites before (a, d), in course (b, €) and after (c, f) treatment
obtained with contact OCT probe with pressure of 0.07 N/mm?2

An approach to OCT-based microvascular imaging using reference-free processing of complex-valued B-scans

22. Publication: Lev A. Matveev, Grigory V. Gelikonov, Alexandr L. Matveyev, Alexander A. Moiseev, Sergey Ksenofontov, Valentin M. Gelikonov, Marina A. Sirotkina, Natalia L.
Buyanova, Natalia D. Gladkova, Valentin Demidov, Alex Vitkin, Vladimir Yu. Zaitsev. An approach to OCT-based microvascular imaging using reference-free processing of complex-
valued B-scans. Proc. of SPIE, 9541, 954101-5 (2015)

We describe a modification of a recently proposed unconventional OCT approach to 3D microvasculature imaging based on high-pass filtering of B-scans in the lateral direction. The
B-scans are acquired in M-mode-like regime with highly overlapped A-scans. The goal of the described modification is to suppress non-fluid artifacts in the resultant microcirculation
images. The modification is based on the amplitude normalization procedure of complex-valued OCT signal before subsequent processing. This allows one to efficiently suppress
imaging degradation due to the influence of very bright spots/lines (e.g. from hairs on the surface) and retain images of real flows inside the tissue without any artificial cut-off of the
surface signal, or application of pixel-intensity thresholds, or signal classification approaches.
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Figure. Demonstration of the efficiency of the proposed normalization for reducing the artifacts arising from hotspot areas on
the tissue surface. Panel (a) - en face OCT image of mouse’s ear surface; panel (b) - en face microvasculature maximum-
intensity projection (MIP) image obtained by HP filtering of the full complex signal; panel (c) en face microvasculature MIP
image obtained by filtering of the normalized signal. The MIP’s depth range is 600 um and the chosen threshold frequency of
the high-pass filter is 96 Hz. Significant reduction of artifacts related to surface hotspots is clearly seen in panel (c) in
comparison with panel (b).

Photodynamic therapy monitoring with optical coherence angiography

23. Publication: Sirotkina M.A., Matveev L.A., Shirmanova M.V., Zaitsev V.Y., Buyanova N.L., Elagin V.V., Gelikonov G.V., Kuznetsov S.S., Kiseleva E.B., Moiseev A.A., Gamayunov
S.V., Zagaynova E.V., Feldchtein F.I., Vitkin A., Gladkova N.D. Photodynamic therapy monitoring with optical coherence angiography. Scientific Reports. 2017. MpuHsaTa K neyaTu.

Photodynamic therapy (PDT) is a promising modern approach for cancer therapy with low normal tissue toxicity. This study was focused on a vascular-targeting Chlorine E6 mediated
PDT. A new angiographic imaging approach known as M-mode-like optical coherence angiography (MML-OCA) was able to sensitively detect PDT-induced microvascular alterations in
the mouse ear tumour model CT26. Histological analysis showed that the main mechanisms of vascular PDT was thrombosis of blood vessels and hemorrhage, which agrees with
angiographic imaging by MML-OCA. Relationship between MML-OCA-detected early microvascular damage post PDT (within 24 hours) and tumour regression/regrowth was confirmed
by histology. The advantages of MML-OCA such as direct image acquisition, fast processing, robust and affordable system opto-electronics, and label-free high contrast 3D
visualization of the microvasculature suggest attractive possibilities of this method in practical clinical monitoring of cancer therapies with microvascular involvement.
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Optimized phase gradient measurements and phase-amplitude interplay in optical coherence elastography

24. Publication: Zaitsev V.Y., Matveyev A.L., Matveev L.A., Gelikonov G.V., Sovetsky A.A., Vitkin A. Optimized phase gradient measurements and phase-amplitude
interplay in optical coherence elastography. J Biomed Opt. 2016. 21(11):116005. doi: 10.1117/1.JB0.21.11.116005.

In compressional optical coherence elastography, phase-variation gradients are used for estimating quasistatic strains created in tissue. Using reference and deformed optical
coherence tomography (OCT) scans, one typically compares phases from pixels with the same coordinates in both scans. Usually, this limits the allowable strains to fairly small values

<10™* to 1073, with the caveat that such weak phase gradients may become corrupted by stronger measurement noises. Here, we extend the OCT phase-resolved elastographic
methodology by (1) showing that an order of magnitude greater strains can significantly increase the accuracy of derived phase-gradient differences, while also avoiding error-phone
phase-unwrapping procedures and minimizing the influence of decorrelation noise caused by suprapixel displacements, (2) discussing the appearance of artifactual stiff inclusions in
resultant OCT elastograms in the vicinity of bright scatterers due to the amplitude-phase interplay in phase-variation measurements, and (3) deriving/evaluating methods of phase-
gradient estimation that can outperform conventionally used least-square gradient fitting. We present analytical arguments, numerical simulations, and experimental examples to
demonstrate the advantages of the proposed optimized phase-variation methodology.
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Figure. Strain maps obtained from processing a pair of compared OCT scans of human biological tissue excised during a gynecological operation. Panel (a) is from Ref. 22 where the
least-square fitting was used for determining the strain gradient. Panel (b) is the result of applying the currently proposed vector method for phase gradient estimation, with the same
size of the processing window 16x16pixels as in panel (a); note that the “patchy” strain errors are now significantly reduced. Panel (c) is also reproduced from Ref. 22, to illustrate
that histology confirmed the presence of the three-layer structure revealed in the elastographic maps. [(a) and (c) reproduced with permission].

Optical coherence tomography for visualizing transient strains and measuring large deformations in laser-induced tissue reshaping

25. Publication: Zaitsev V.Y., Matveyev A.L., Matveev L.A., Gelikonov G.V., Omelchenko A.I., Shabanov D.V., Baum O.1., Svistushkin V.M., Sobol E.N. Optical coherence tomography
for visualizing transient strains and measuring large deformations in laser-induced tissue reshaping. Laser Physics Letters 2016, 13(11):115603

In the context of the development of emerging laser-assisted thermo-mechanical technologies for non-destructive reshaping of avascular collagenous tissues (cartilages and cornea),
we report the first application of phase-sensitive optical coherence tomography (OCT) for visualizing transient strains involving supra-wavelength inter-frame displacements of
scatterers. Usually phase-sensitive OCT assumes the visualization of sub-pixel and even sub-wavelength displacements of scatterers and fairly small strains (say, <10-3), which
conventionally implies the necessity of averaging for enhancing the effective signal-to-noise ratio and, correspondingly, the application of small-amplitude actuators producing periodic
deformations. The original approach used here allows for direct estimation of elevated strains ~10-2 (close to onset of intense speckle blinking) obviating the necessity of averaging
and phase unwrapping for supra-wavelength inter-frame displacements. We demonstrate the possibility of mapping aperiodic thermally-induced transient strains with resultant large
deformations on order of tens per cent. Such strains are typical in laser tissue reshaping, but are far beyond the range of conventionally discussed OCT-based strain mapping.

==
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Figure. Structural images, inter-frame variations in the OCT signal phase and reconstructed dynamic strains corresponding to laser-induced heating and subsequent cooling of the
hydrogel phantom imitating eye cornea. Column (a) shows the structural images demonstrating formation and then disappearance of thermo-mechanically formed indentation at the
glass-gel interface; (b) is the corresponding inter-frame phase variations; and (c) shows the reconstructed dynamic strain maps. Row 1 corresponds to the beginning of the IR-laser
pulse, when initial local heating causes thermal expansion of the material. Row 2 is obtained 300 ms later when expansion is changed to contraction due to water redistribution. Row
3 is obtained another 5 s later about the end of the IR pulse when the indentation depth and the contraction of the surrounding material were maximal. Row 4 is obtained 3 s later
when the sample temperature is almost equilibrated down to the initial room temperature and the phantom is recovering its initial shape, so that earlier contracted tissue in the
center still is expanding.

Quantitative evaluation of atherosclerotic plaques using cross-polarization optical coherence tomography, nonlinear, and atomic force microscopy

26. Publication: Gubarkova EV, Kirillin MY, Dudenkova VV, Timashev PS, Kotova SL, Kiseleva EB, Timofeeva LB, Belkova GV, Solovieva AB, Moiseev AA, Gelikonov GV, Fiks II,
Feldchtein FI, Gladkova ND. Quantitative evaluation of atherosclerotic plaques using cross-polarization optical coherence tomography, nonlinear, and atomic force
microscopy. J Biomed Opt. 2016; 21(12):126010. doi: 10.1117/1.JB0.21.12.126010.

A combination of approaches to the image analysis in cross-polarization optical coherence tomography (CP OCT) and high-resolution imaging by nonlinear microscopy and atomic
force microscopy (AFM) at the different stages of atherosclerotic plaque development is studied. This combination allowed us to qualitatively and quantitatively assess the
disorganization of collagen in the atherosclerotic arterial tissue (reduction and increase of CP backscatter), at the fiber (change of the geometric distribution of fibers in the second-
harmonic generation microscopy images) and fibrillar (violation of packing and different nature of a basket-weave network of fibrils in the AFM images) organization levels. The
calculated CP channel-related parameters are shown to have a statistically significant difference between stable and unstable (also called vulnerable) plaques, and hence, CP OCT
could be a potentially powerful, minimally invasive method for vulnerable plaques detection.
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Figure. Visualisation of different stages of a plaque development by CP OCT, histology, SHG, and AFM. (a—f) CP OCT images (upper panel = copolarization channel, lower panel = CP
channel), (g-1) histological slides stained with H&E, (m-r) SHG images, and (s—x) AFM images. The rectangles in the CP OCT images indicate the area covered by histological slides
and SHG images, respectively. The arrow points to accumulations of foam and inflammatory cells at the border of the fibrous cap and the lipid core. The square in the SHG images
indicates the area studied by AFM.

Multimodal Optical Coherence Tomography in Visualization of Brain Tissue Structure at Glioblastoma (Experimental Study)

27. Publication: Yashin K.S., Karabut M.M., Fedoseeva V.V., Khalansky A.S., Matveev L.A., Elagin V.V., Kuznetsov S.S., Kiseleva E.B., Kravets L.Ya., Medyanik I.A., Gladkova N.D.
Multimodal Optical Coherence Tomography in Visualization of Brain Tissue Structure at Glioblastoma (Experimental Study). Sovremennye tehnologii v medicine 2016. 8(1): 73—
81. http://dx.doi.org/10.17691/stm2016.8.1.10

Multimodal OCT including cross-polarization and microangiographic OCT modes is a promising method of intraoperative diagnosis of gliomas. The possibility to combine several
investigation modes allows to simultaneously receive information on both the tissue structure and the state of the microvasculature. Such an OCT technique has great potential as a

method for determination of the boundaries of infiltrative gliomas, based on an evaluation of the structure of the tissue and the specific details of different aspects of the
microvascular network.

Figure 2. CP OCT visualization of rat brain with an inoculated glioma 101.8: (a) image in co-
polarization; (b) image in cross-polarization: blue dotted line — area of destruction of the cortex with
a tumor node; green dotted line — peritumoral area; yellow dotted line — area of the normal cortex;
images (a) and (b) consist of several CP OCT images, the length of each being 13.5 mm; (c)-(h)
three dimensional (3D) reconstructions of the corex areas in co- (c)-(e) and cross-polarization
(f)=(h): (c), (f) area of destruction with a tumor node; (d), (g) peritumoral area; (e), (h) region of normal
cortex
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Figure. CP OCT visualization of rat brain with an inoculated glioma 101.8: (a) image in co-polarization; (b) image in cross-polarization: blue dotted line — area of destruction of the
cortex with a tumor node; green dotted line — peritumoral area; yellow dotted line — area of the normal cortex; images (a) and (b) consist of several CP OCT images, the length of
each being 13.5 mm; (c)—(h) three dimensional (3D) reconstructions of the cortex areas in co- (c)-(e) and cross-polarization (f)-(h): (c), (f) area of destruction with a tumor node;
(d), (g) peritumoral area; (e), (h) region of normal cortex.

Multiphoton Tomography and Cross-Polarization Optical Coherence Tomography for Diagnosing Brain Gliomas: Pilot Study

28. Publication: Dudenkova V.V., Yashin K.S., Kiseleva E.B., Kuznetsov S.S., Timofeeva L.B., Khalansky A.S., Elagin V.V., Gubarkova E.V., Karabut M.M., Pavlova N.P., Medyanik
I.A., Kravets L.Ya., Gladkova N.D. Multiphoton Tomography and Cross-Polarization Optical Coherence Tomography for Diagnosing Brain Gliomas: Pilot Study. Sovremennye tehnologii
v medicine 2016. 8(4): 64-73

The combination of MPT and OCT offer great potential for intraoperative diagnostics during the surgery of glial tumors. MPT is characterized by its high spatial resolution and could
become a fully-fledged method for express-biopsy, because it allows visualization of all the diagnostically relevant structural elements of the tissues. Nevertheless, in its existing form,
the possibilities for its use in determining the boundaries of tumor invasion are limited due to its small scanning area, its relatively low speed and the need for special conditions in the
operating theater. By contrast, the spatial resolution of CP OCT is sufficient to determine tumor infiltration, and the accuracy of the method increases when cross-polarization mode is
used. The wide application of these methods in clinical practice requires more extensive studies to clarify the criteria for differentiation between the tumor and the surrounding
tissues.
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Figure. Rat glioblastoma 101.8 (a)-(d) and the cerebral cortex immediately adjacent to the tumor (e)-(h). Comparative study with MPT methods in two-photon excitation
autofluorescence mode with an excitation wavelength of 750 nm and detection in the range 409-660 nm (d), (h), and CP OCT (a), (e): in co-polarization — upper part of the image;
in cross-polarization — lower part of the image. White rectangle — area, corresponding to histological images (b), (f); green rectangle — area, corresponding to histological images
(c), (g). The histological specimens (c), (g) contain the area from which the MPT images were obtained. Histologically stained with hematoxylin and eosin.

Ex vivo Visualization of Human Gliomas with Cross-Polarization Optical Coherence Tomography: Pilot Study

29. Publication: Yashin K.S., Gubarkova E.V., Kiseleva E.B., Kuznetsov S.S., Karabut M.M., Timofeeva L.B., Snopova L.B., Moiseev A.A., Medyanik I.A., Kravets L.Ya., Gladkova N.D..
Ex vivo Visualization of Human Gliomas with Cross-Polarization Optical Coherence Tomography: Pilot Study. Sovremennye tehnologii v medicine 2016. 8(4): 14-21

The histological features of white matter and of gliomas of different grades of malignancy can be differentiated in CP OCT images according to characteristics of their OCT signal such
as intensity, homogeneity and the dynamics of signal decay in co- and cross-polarization.

The spatial resolution of OCT (about 10 pm depth wise and 15 pm along the transverse axis) is sufficient to differentiate diagnostically relevant changes in the microstructure of brain
tissue: the different density/correlation between cellular and fibrous structures in the tissue, the presence of necrosis and hemorrhages as well as the presence of myelinated fibers in
the tissue. High heterogeneity along the transverse axis of the OCT signal or its complete absence in cross-polarization is a direct indicator of highly malignant glioblastomas.
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Figure. CP OCT and the corresponding histological images of ex vivo brain tissue specimens: (a)-(c) brain white matter at the edge of tumor resection; (d)—(0) astrocytic tumors of
different grades of malignancy. (a), (d), (g), (), (m) CP OCT images in co-polarization — upper part of the image, in cross-polarization — lower part of the image. White rectangle —
area corresponding to histological images (b), (e), (g), (k), (n); green rectangle — area corresponding to histological images (c), (f), (i), (1), (o). Histologically stained with
hematoxylin and eosin.

Robust strain mapping in optical coherence elastography by combining local phase-resolved measurements and cumulative displacement tracking

30. Publication: Zaitsev V.Y., Matveyev A.L., Matveev L.A., Gelikonov G.V., Gubarkova E., Gladkova N.D., Vitkin A. Robust strain mapping in optical coherence elastography by
combining local phase-resolved measurements and cumulative displacement tracking. Proc. SPIE 9710, Optical Elastography and Tissue Biomechanics III, 971000 (March 15, 2016)
doi:10.1117/12.2211117

We report a novel hybrid method of robust strain mapping in compressional optical coherence elastography using combined phase measurements on sub-wavelength-scale and
cumulative pixel-scale displacement tracking. This hybrid nature significantly extends the range of measurable displacements and strains in comparison with conventional direct
phase-resolved measurements. As a result, the proposed strain-mapping method exhibits significantly increased robustness with respect to both additive noise and decorrelation noise
produced by displacements and strains. The main advantages of the proposed approach are illustrated by numerical simulations. Experimental examples of obtained strain maps for
phantoms and real biological tissues are also presented.
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Figure. A real example demonstrating that the strain map obtained by the developed method based on fitting local strain gradients is able to reveal structural features of the sample
that are not distinguishable in the conventional morphological image. Panel (a) is such a conventional structural image of a hamster's cheek-pouch tissue representing two layers of
the pouch wall one above another. The interface between the two layers indistinguishable in the structural scan is clearly visualized as an inter-layer with increased strain in the strain
map shown in panel (b) (see the region labelled by the dashed-line rectangle). The lower parts of both plots are intentionally masked since the signal in these region is exclusively
due to system noises. The processing-window size is 10 px in the vertical and 16px in the horizontal direction.

Vessel-contrast enhancement in label-free optical coherence angiography based on phase and amplitude speckle variability

31. Publication: Matveev L.A., Demidov V., Moiseev A.A., Gelikonov G.V., Matveyev A.L., Gelikonov V.M., Karabut M.M., Gubarkova E.V., Finagina E.S., Sirotkina M.A., Maslennikova
A.V., Gladkova N.D., Vitkin A., Zaitsev V.Y. Vessel-contrast enhancement in label-free optical coherence angiography based on phase and amplitude speckle variability. Proceedings of
the SPIE. 2016. Volume 9917, id. 99171S 9 pp.

Recently proposed in vivo label-free optical coherence angiography techniques based on phase and amplitude speckle variability often require additional signal pre- and post
processing operations to enhance vessel-contrast. We observe here 1) contrast enhancement by optimizing the signal normalization/weighing before processing; 2) algorithm based
on Kasai estimator for phase compensation between processed A-scans to reduce masking role of motion artifacts; and 3) image projection through the imaging depth for en face
plotting. We demonstrate the efficiency of proposed additional algorithms as for the microcirculation imaging of hamsters cheek in vivo as for the preliminary microcirculation imaging
of patients after radiotherapy. This technical framework complete in details our recent publications on M-Mode like OCT algorithms and its implementation.
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Figure. Examples of efficiency of phase equalization procedure applied to dataset acquired from hamster cheek that was affected by the animal breathing, heart-beating and other
translational motions. Panel (a) is the en face MIP of OCT angiogram of the hamster cheek acquired and processed without preliminary phase compensation; panel (b) is one of the
By-scan (along the processing Y-direction) corresponding angiogram (a) and labeled there with a white dashed line. Panel (c) is en-face MIP and panel (d) is By-scan of the same
volumetric dataset but pre-processed with the phase compensation algorithm.

Characterization of atherosclerotic plaques by cross-polarization optical coherence tomography

32. Publication: Gubarkova E.V., Dudenkova V.V., Feldchtein F.I., Timofeeva L.B., Kiseleva E.B.,. Kuznetsov S.S, Moiseev A.A., Gelikonov G.V., Vitkin A.I., Gladkova N.D.
Characterization of atherosclerotic plaques by cross-polarization optical coherence tomography. Proc. SPIE. 9689, Photonic Therapeutics and Diagnostics XII, 96893F. doi:
10.1117/12.2210822

We combined cross-polarization optical coherence tomography (CP OCT) and non-linear microscopy based on second harmonic generation (SHG) and two-photon-excited
fluorescence (2PEF) to assess collagen and elastin fibers in the development of the atherosclerotic plaque (AP). The study shows potential of CP OCT for the assessment of collagen
and elastin fibers condition in atherosclerotic arteries. Specifically, the additional information afforded by CP OCT, related to birefringence and cross-scattering properties of arterial
tissues, may improve the robustness and accuracy of assessment about the microstructure and composition of the plaque for different stages of atherosclerosis.
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Figure 1. The stage of lipid pool in the intimal thickening coronary artery. Histological slides stained with Van Gieson (A), Orcein (B) and H&E (C). SHG (D), 2PEF (E) and combined
SHG-2PEF (F) images. CP OCT image (G).Foam cells (arrow) in the intima in (C) which form the lipid streak with a weak OCT signal in cross-polarization (white arrow) and a high-
level homogeneous OCT signal in co-polarization (green arrow) in (G). Here and after: top = co-polarization CP OCT image, middle = cross-polarization CP OCT image, bottom =
Pythagorean sum of the two polarization channels — the bottom image. The images in (A)—(F) correspond to the region indicated by squares in (G).

Figure 2. The stage of “mature” vulnerable atherosclerotic plaque. Histological slides stained with Van Gieson (A), Orcein (B) and H&E (C). SHG (D), 2PEF (E) and combined SHG-
2PEF (F) images. CP OCT image (G). FC - fibrous cap, NC- necrotic core. The accumulations of foam and inflammatory cells (arrows) at the border of the FC and the NC in (C). The
images in (A)—(F) correspond to the region indicated by squares in (G).

Figure 3. The stage of “mature” stable atherosclerotic plaque. Histological slides stained with Van Gieson (A), Orcein (B) and H&E (C). SHG (D), 2PEF (E) and combined SHG-2PEF
(F) images. CP OCT image (G). FC - fibrous cap. The imagesin (A)—(F) correspond to the region indicated by squares in (G).

OCT-based approach to local relaxations discrimination from translational relaxation motions

33. Publication: Matveev L., Matveyev A, Gubarkova E., Gelikonov G., Sirotkina M., Kiseleva E., Gelikonov V., Gladkova N., Vitkin A., Zaitsev V. OCT-based approach to local
relaxations discrimination from translational relaxation motions. Proc. of SPIE 2016. Vol. 9887, 98870C

Multimodal optical coherence tomography (OCT) is an emerging tool for tissue state characterization. Optical coherence elastography (OCE) is an approach to mapping mechanical
properties of tissue based on OCT. One of challenging problems in OCE is elimination of the influence of residual local tissue relaxation that complicates obtaining information on
elastic properties of the tissue. Alternatively, parameters of local relaxation itself can be used as an additional informative characteristic for distinguishing the tissue in normal and
pathological states over the OCT image area. Here we briefly present an OCT-based approach to evaluation of local relaxation processes in the tissue bulk after sudden unloading of
its initial pre-compression. For extracting the local relaxation rate we evaluate temporal dependence of local strains that are mapped using our recently developed hybrid phase
resolved/displacement-tracking (HPRDT) approach. This approach allows one to subtract the contribution of global displacements of scatterers in OCT scans and separate the
temporal evolution of local strains. Using a sample excised from of a coronary arteria, we demonstrate that the observed relaxation of local strains can be reasonably fitted by an
exponential law, which opens the possibility to characterize the tissue by a single relaxation time. The estimated local relaxation times are assumed to be related to local biologically-
relevant processes inside the tissue, such as diffusion, leaking/draining of the fluids, local folding/unfolding of the fibers, etc. In general, studies of evolution of such features can
provide new metrics for biologically-relevant changes in tissue, e.g., in the problems of treatment monitoring.
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Figure. Spatial distribution of the relaxation rate. Panel (a) represents variations in the lateral directions of local relaxation rate inside the coronary vessel wall on the depth ~ 150
mcm from the top of the vessel surface. This cross-section is indicated by dashed line on Panel (b) represents OCT image (B-scan).

MpuMeHeHne MyNbTMMOAANbHOI ONTUYECKOI KOrepeHTHOH ToMorpacdun B oueHke 3pheKTUBHOCTM TEpanuK paka

34. Publication: CupoTtkuHa M.A., Kucenesa E.b., l'y6apbkoBa E.B., bBysHosa H.J1., EnaruH B.B., 3aiiueB B.tO., MatBeeB J1.A., MaTBeeB A.J1., KupunnuH M.10., FenvkoHos I.B.,
lenukoHoB B.M., KysHeuos C.C., 3araiHoBa E.B., Magkosa H.[. MpuMeHeHVe MynbTUMOZANbHON ONTUYECKOW KOrepeHTHOM ToMorpacdum B oLeHke 3hdeKTUBHOCTM Tepanuu paka.

BecTHuk PIMY. N 4, 2016, c. 4-11

Mo1cK HOBBIX CMOCO60B NMPYXKM3HEHHOW (PYHKLUMOHANBHOW BU3yanmu3aLmm G1ONOrMUeckmMx TKaHel, KOTopble MO3BOJISIHOT BhISIBNSTb PaHHUIA OTBET OMYXONM Ha BbiGpaHHYO Tepanuio ¢
Liefblo KOPPEKLUMUW Kypca NIEYEHNs], aKTyasnlbHasi 3afjada COBPEMEHHOW MeauuMHbl. B kauecTBe Takoro crocoba B paboTe nmpeasiokeHa MynbTUMOAAbHAs ONTUYECKasi KorepeHTHast
Tomorpadus (MM OKT), koTopasi coyeTaeT B cebe kpocc-nonspusaumonHyto OKT (KM OKT) ans Bu3yanu3auuy CTPyKTYpbl TKaHW M OLEHKM COCTOSIHUSI COEAMHUTENbHOTKaHHOMO
KOMMoHeHTa, OKT-MukpoaHruorpaduio (OKT MA) anst BU3yanusaumm cocyamctoro pycna u OKT-snactorpaduio Anst U3yyeHnst KeCTKOCTU TKaHu. DPheKTUBHOCTL METOAA NPOBepSsiv
Ha npuMmepe Aelictaus doToanHamuueckon Tepanum (PAT), NOCKONbKY OCHOBHBIMW MULLEHsIMU AT SBASIOTCS KNETOUHbIA U COCYANUCTBIN KOMMOHEHTBI OnyXonu. B kayectBe o6bekTa
nccnenosanus 6bina BoibpaHa KapuMHOMa KuweyHuka Mblwm CT26, NoKanu3oBaHHas Ha yxe Mblwn. MokasaHo, YTo ¢ nomolbio MM OKT MOXHO oueHuTb 3ddekTnBHocTb OAT, a
MMeHHO: 1o KM OKT OT/M4YNTb OMyXoslb C HEKPO30M OT WMHTaKTHOM onyxonu, no OKT MA BbiSiBUTb PacCTpOMCTBa KpoBOOGpaALLEeHNsl, NPUBOASLLME K 3aMeAsIeHUI0 UM OCTaHOBKe
KPOBOTOKA W fAanbHelwuelt rubenu onyxonu, a no OKT-anactorpacum onpeaenuTb XXeCTKOCTb HOPMasbHOW M MaToNIOMMYEeCKON TKaHW.

PucyHok. lMpyMep BM3yanu3auun peakuuu COCyZOB KapLMHOMbI KULIeYHWKaCT26, NoKann3oBaHHOM Ha yxe MbiluM, Ha OTOAMHaMWUYeckylo Tepanuio meTofoMm OKT MA (A-B) u
MeTozioM dnyopecueHTHol Mukpockonuu (I, ). (A) u (M)— onyxonb o Tepanuu, (B)— onyxonb cpasy nocne Tepanuu, (B) u(4)— onyxonb Yepes 24 4 nocne Tepanuu. Pasmep 6apa
— 0,5 MM. ObnacTb onyxonu obsefieHa MyHKTUPHbLIM KPY>KKOM.

35. Publication: Gubarkova E.V., Dudenkova V.V., Feldchtein F.I., Timofeeva L.B., Kiseleva E.B., Kuznetsov S.S., Shakhov B.E., Moiseev A.A., Gelikonov V.M., Gelikonov G.V., Vitkin
A., Gladkova N.D. Multi-modal optical imaging characterization of atherosclerotic plaques. Journal of Biophotonics. 2016; 9(10): 1009-1020. doi:

10.1002/jbio.20150022

We combined cross-polarization optical coherence tomography (CP OCT) and non-linear microscopy based on second harmonic generation (SHG) and two-photon-excited
fluorescence (2PEF) to assess collagen and elastin fibers and other vascular structures in the development of atherosclerosis, including identification of vulnerable plaques, which
remains an important clinical problem and imaging application. CP OCT's ability to visualize tissue birefringence and cross-scattering adds new information about the microstructure
and composition of the plaque. However its interpretation can be ambiguous, because backscattering contrast may have a similar appearance to the birefringence related fringes. Our
results represent a step towards minimally invasive characterization and monitoring of different stages of atherosclerosis, including vulnerable plaques.
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Figure. CP OCT image of intimal thickening in the human coronary artery. The dark stripe in the cross-polarization channel (arrow) is a polarization fringe related to the phase
retardation between two eigen polarization states. It is histologically located in the area of the lipid pool, however this stripe is a polarization artifact, rather than direct visualization of
the lipid pool.

Hybrid method of strain estimation in optical coherence elastography using combined sub-wavelength phase measurements and supra-pixel displacement
tracking

36. Publication: Zaitsev V. Y., Matveyev A. L., Matveev L. A., Gelikonov G. V., Gubarkova E. V., Gladkova N. D., Vitkin A. Hybrid method of strain estimation in optical
coherence elastography using combined sub-wavelength phase measurements and supra-pixel displacement tracking. Journal of Biophotonics. 2016; 9(5):
499-509. doi: 10.1002/jbio.201500203

A novel hybrid method which combines sub-wavelengthscale phase measurements and pixel-scale displacement tracking for robust strain mapping in compressional optical coherence
elastography is proposed. Unlike majority of OCE methods it does not rely on initial reconstruction of displacements and does not suffer from the phasewrapping problem for super-
wavelength displacements. Its robustness is enabled by direct fitting of local phase gradients obviating the necessity of phase unwrapping and error-prone numerical differentiation.
Furthermore, axial displacements significantly exceeding not only the optical wavelength, but pixel scales (i.e., multiple wavelengths) can be efficiently tracked and compensated. This
feature strongly reduces errors in phase-gradient estimation and ensures high robustness with respect to both additive and decorrelation noises.
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Figure. Illustration of exceptionally high tolerance of the proposed method to noises: contrast of only 25% in the stiffness of the layers is clearly seen in the strain map even for
equal intensities of the OCT signal and additive noise (SNR = 0 dB).

37. Moiseev A., Snopova L., Kuznetsov S, Buyanova N., Elagin V., Sirotkina M, Kiseleva E., Matveev L., Zaytsev V., Feldchtein F, Zagaynova E, Gelikonov V, Gladkova N. Vitkin A.,
Gelikonov G. Pixel classification method in optical coherence tomography for tumor segmentation and its complementary usage with OCT microangiography.
Journal of Biophotonics. 2017 Aug 29. [Epub ahead of print]. doi: 10.1002/jbio.201700072

A novel machine-learning method to distinguish between tumor and normal tissue in optical coherence tomography (OCT) has been developed. Pre-clinical murine ear model
implanted with mouse colon carcinoma CT-26 was used. Structural-image-based feature sets were defined for each pixel and machine learning classifiers were trained using “ground
truth” OCT images manually segmented by comparison with histology. The accuracy of the OCT tumour segmentation method was then quantified by comparing with fluorescence
imaging of tumors expressing genetically encoded fluorescent protein KillerRed that clearly delineates tumor borders. Since the resultant 3D tumor/normal structural maps are
inherently co-registered with OCT derived maps of tissue microvasculature, the latter can be color coded as belonging to either tumor or normal tissue. Applications to radiomics-
based multimodal OCT analysis are envisioned.
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0.5 mm

En face projection of the mouse colon carcinoma CT-26 tumor on mouse ear delineated with proposed algorithm

38. Zaitsev V.Y., Matveyev A.L., Matveev L.A., Gubarkova E.V., Sovetsky A.A., Sirotkina M.A., Gelikonov G.V., Zagaynova E.V., Gladkova N.D., Vitkin A. Practical obstacles and
their mitigation strategies in compressional optical coherence elastography of biological tissues. Journal of Innovative Optical Health Sciences. 2017. 10(6): 1742006 (13
pages). doi: 10.1142/51793545817420068/

In this paper, we point out some practical obstacles arising in realization of compressional optical coherence elastography (OCE) that have not attracted sufficient attention previously.
Specially, we discuss complications in quantitation of the Young modulus of tissues related to partial adhesion between the OCE probe and soft intervening reference layer sensor,
distorting influence of tissue surface curvature/corrugation on the subsurface strain distribution mapping, ways of signal-to-noise ratio (SNR) enhancement in OCE strain mapping
when periodic averaging is not realized, and potentially significant influence of tissue elastic nonlinearity on quantitation of its stiffness. Potential practical approaches to mitigate the
effects of these complications are also described.

(a) (b)

The use of independently-calibrated sensor layer to study underlying tissue in compressional OCE, and associated real-life artefacts. (a) idealized plane-parallel geometry showing the
compressional probe, sensor layer, and interrogated tissue that can freely expand laterally; (b) an experimental example of interframe OCE phase distribution, with the dashed line
showing the actual interface between the sensor layer (homogeneous silicone) and tissue (tumor inoculated in the mouse ear); the inset zooms in on a region of phase gradient
heterogeneity in the homogeneous sensor layer caused by its partial sticking to the OCT probe.

39. Maslennikova A.V., Sirotkina M.A., Moiseev A.A., Finagina E.S., Ksenofontov S.Y., Gelikonov G.V., Matveev L.A., Kiseleva E.B., Zaitsev V.Y., Zagaynova E.V., Feldchtein F.I.,
Gladkova N.D., Vitkin A. In-vivo longitudinal imaging of microvascular changes in irradiated oral mucosa of radiotherapy cancer patients using optical coherence

tomography. Scientific Reports. 2017. 7. Article number: 16505. doi: 10.1038/s41598-017-16823-2

Mucositis is the limiting toxicity of radio(chemo)therapy of head and neck cancer. Diagnostics, prophylaxis and correction of this condition demand new accurate and objective
approaches. Here we report on an in vivo longitudinal monitoring of the oral mucosa dynamics in 25 patients during the course of radiotherapy of oropharyngeal and nasopharyngeal
cancer using multifunctional optical coherence tomography (OCT). A spectral domain OCT system with a specially-designed oral imaging probe was used. Microvasculature
visualization was based on temporal speckle variations of the full complex signal evaluated by high-pass filtering of 3D data along the slow scan axis. Angiographic image
quantification demonstrated an increase of the vascular density and total length of capillary-like-vessels before visual signs or clinical symptoms of mucositis occur. Especially
significant microvascular changes compared to their initial levels occurred when grade two and three mucositis developed. Further, microvascular reaction was seen to be dose-level
dependent. OCT monitoring in radiotherapy offers a non-invasive, convenient, label-free quantifiable structural and functional volumetric imaging method suitable for longitudinal
human patient studies, furnishing fundamental radiobiological insights and potentially providing useful feedback data to enable adaptive radiotherapy (ART).
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MIP OCT angiography for monitoring oral mucosal reaction to radiation. Representative svOCT images (a) — before RT; (b) - before visual signs of mucositis appear (after 8 Gy), an
increase of vascular density is observed; (c) — grade 1 mucositis (10-12 Gy); (d) — after initiation of anti-mucositis therapy; (e) - grade 2 mucositis (after 14 Gy); (f) — after initiation
of anti-mucositis therapy; (g) - grade 3 mucositis (after 20 Gy); (h) - after initiation of anti-mucositis therapy. Corresponding to these 8 representative svOCT image panels, summary

statistics from the entire patient cohort are summarized in (i) — average vascular density; and (j) — total length of <15-um-diameter vessels. In (i,j), data shown are mean + SD;
number of analyzed 3D image data sets and number of patients = 61 and 25 (before RT), 57 and 25 (before visual signs), 19 and 5 (grade 1 mucositis), 21 and 5 (after initiation of
anti-mucositis therapy), 20 and 12 (grade 2 mucositis), 24 and 12 (after initiation of anti-mucositis therapy), 21 and 5 (grade 3 mucositis), 22 and 5 (after initiation of anti-mucositis
therapy). Blue bar is a peak of symptoms of mucositis; red bar is after initiation of anti-mucositis therapy (see text for details). *Statistically significant difference compared to pre-RT
levels (one-tailed t-test, p < 0.05).

40. Gelikonov V.M., Romashov V.N., Shabanov D.V., Ksenofontov S.Yu., Terpelov D.A., Shilyagin P.A., Gelikonov G.V. and Alex Vitkin. Common path cross-polarization optical
coherence tomography with active maintenance of incident wave circular polarization Radiophysics and Quantum Electronics. 2017. in press. (IF 1.1).

The common path cross-polarization optical coherence tomography (CP OCT) system with active maintenance of incident circular polarization is described. The system is based on the
control of birefringent properties of the optical path to be equal to quarter-wave plate with 45-degree tilt. Conditions to obtain any state of the light polarization using two element
phase controller are shown. The dependence of the light local cross-scattering coefficient from initial polarization state of the incident wave is shown in model and biological media
experiments. The necessity of maintenance of circular polarization state of incident wave in flexible probe common-path CP OCT setup was shown to obtain uniform optimal
conditions to cross-polarization investigations of biotissues.

41. Sirotkina M.A., Gubarkova E.V., Kiseleva E.B., Zaitsev V.Y., Kirillin M.Y., Sovetsky A.A., Matveyev A.L., Matveev L.A., Kuznetsov S.S., Zagaynova E.V., Vitkin A., Gladkova
N.D. Multimodal OCT for assessment of vasculature-targeted PDT success. Proceedings of SPIE. 2017. 100470Q. doi: 10.1117/12.2251914.

The main goal of the study was a vasculature targeted PDT. A new approach named M-mode-like OCT (MML OCT) was applied to monitor early response to PDT. Due to the chosen
filtering parameters (96 Hz filter threshold), this approach visualizes only vessels with flowing blood. Without flowing blood even filled vessels are not visualized because flow-less
blood causes speckle variations with significantly lower frequencies (<50 Hz corresponding to speckle decorrelation time for stationary blood). This feature allows us to detect
thrombosis of blood vessels, the results of MML OCT and histological examination being perfectly coinciding. The advantages of MML OCT such as a simple and fast process of
obtaining microvasculature images and label-free nature of the visualization makes this method perspective in routine clinical monitoring of antitumor therapies.
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Severe reaction to FDT

MMLOCT images of CT-26 after PDT: a — before PDT, b — 1 day after PDT, ¢ — 7 days after PDT. Image size is 3x3 mm.

42. Sirotkina M.A., Kiseleva E.B., Ekaterina V. Gubarkova, Lev A. Matveev, Vladimir Yu. Zaitsev, Alexandr L. Matveyev, Shirmanova M.V., Sovetsky A.A., Moiseev A.A.,
Zagaynova E.V., Vitkin A., Gladkova N.D. Multimodal OCT for complex assessment of tumors response to therapy. Proceedings of SPIE. 2017. 104110U. doi:
10.1117/12.2285170

Multimodal OCT is a promising tool for monitoring of individual tumor response to antitumor therapies. The changes of tumor cells, connective tissue, microcirculation
and stiffness can be estimated simultaneously in real time with high resolution. The results demonstrate the potential of multimodal optical coherence tomography as a
basis for the personalized antitumor treatment using photodynamic therapy. Based on the analysis of scattering and polarizing properties of tissues, cross-polarization
OCT provides data on tissue structure and collagen fibers and detects necrotic lesions in the tumor. OCT microangiography allows real time visualization of the
vasculature in normal and tumor tissues and can be used to assess the functional state of blood vessels. Observing the response of tumor vasculature to treatment
immediately after its completion allows for the adjustments to the treatment plan in case the vascular response is absent. We have tested a novel robust method of
obtaining elastographic images that can be employed to generate deformation maps in vivo using manual probing, which is highly important for clinical studies. The
complex assessment of tissues based on MM OCT is a huge step towards personalized treatment of cancers.

Before PDT 1d post PDT 7d post PDT

Example of multimodal OCT monitoring of ear tumor model CT-26 response to PDT (100J/cm2, 100 mW/cm2). a-c — histological images (H&E) before PDT (a), 1 day
after PDT (b) and 7 days after PDT (c). d-f — Cross-polarization OCT images of tumor before PDT (d), 1 day post PDT (e), 7 days post PDT (f). g-i — OCT
microangiographic images of tumor (size 2x2mm): before PDT (g), 1 day post PDT (h), 7 days post PDT (i). j- — OCT elastographic images: before PDT (j), 1 day post
PDT (k), 7 days post PDT (I).

43. Matveev L.A., Karashtin D.A., Sovetsky A.A., Gubarkova E.V., Sirotkina M.A., Matveyev A.L., Shabanov D.V., Gelikonov G.V., Gelikonov V.M., Druzhkova I.N.,
Gladkova N.D., Vitkin A., Zagaynova E.V., Zaitsev V.Yu. Quasistatic in-depth local strain relaxation/creep rate mapping using phase-sensitive optical
coherence tomography. Proceedings of SPIE. 2017. 104160P. doi: 10.1117/12.2284467

The results show that for the homogeneous samples (the healthy mouse liver) there are fairly homogeneous distributionsof the relaxation time inside the tissue.
Corresponding to the data obtained by well developed ultrasound-based elastography techniques the metastases or cirrhosis in liver should influence the local
mechanical properties of liver. However, the ultrasound can represent macrostructures with ~millimeter resolution. So our ongoing research is concentrating on the
developing the optical coherence relaxography that can be used for the 10-50 mcm resolution mapping of tissue viscoelastic inhomogeneities on earliest stages. For the

www.niibmt.nizhgma.ru/okt/public/ 28/29



26.04.2019 OcHoBHble gocTwkeHust u nybnukauum | HUW 6nomegnumHcknx TexHonornii HukMMA

fresh excised coronary artery, the behavior of the relaxation process after unload is much more complex and is the scope of the further research. Here we can
preliminary note that the fibrous cap visualization on the local strain relaxation time map in a very good accordance with its visualization in the CP OCT image.
However, the visualization of the underlying layers is more noisy and heterogeneous. Additional research is required to understand whether this corresponds to real
structural heterogeneities within the tissue or whether these visual heterogeneities are artifacts. The strain relaxation process during cooling after heating is in the
scope of the further research to find the way of its 2D visualization relaxation parameters.
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Figure 2. Homogeneous mouse liver sample under the constant pressure mduced by 2 mass located on its surface
Panel (a) 15 the OCT struchaal mage. Panel (b) 15 the relaxabion tumee map for local stram reloabons
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Figuare 3. Images of the fiesh excesed coromary anery with imhomogeneons wall structure. Panel (a) 15 the OCT oo
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44, Zaitsev V.Yu., Matveyev A.L., Matveev L.A., Gubarkova E.V., Sovetsky A.A., Sirotkina M.A., Gelikonov G.V., Zagaynova E.V., Gladkova N.D., Vitkin
A. Manifestations of nonlinear elasticity of biological tissues in compressional optical coherence elastography. Proceedings of SPIE. 2017. 1041304. doi:
10.1117/12.2284663

We discuss the application of compressional OCT-based elastography for measuring elastic response of biological tissues in the strain range from fractions of one per
cent up to strains over ~10% and greater. Such fairly large strains are not typical of phase-sensitive OCT-based elastographic methods and can be measurable due to
application of interframe strain-estimation method in which interframe phase gradients are estimated without the necessity of preliminary measuring total
displacements of scattering particles in combination with summation of interframe strains. For estimating applied stresses, intervenient soft layer of translucent silicone
is used a a reference fairly linear material. The obtained results based on comparison of strains in the reference layer and tissue demonstrate highly nonlinear character
of elasticity of biological tissues even for rather moderate strains on order of several per cent.
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Strain in a silicon sensor layer plotted against strain in another, 4 times softer, silicon layer (a) and (b) is the sensor-layer strain plotted against strain in a biological
tissue in 4 different states: 1 - excised fragment of coronary-vessel wall with unstable (soft) cholesterol plaque, 2 - more stable lipid plaque, 3 - vessel wall in normal
state, and 4 - region of stiff cholesterol plaque with visible cholesterol crystals at the histological image (notice that all 4 curves demonstrate very pronounced
nonlinearity for rather moderate strain in the tissue on order of a few per cent). The sensor-layer in panel (b) is made of the stiffer silicone from panel (a) with the
Young modulus 200 kPa.
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