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B 6yayLiemM nasepHble U oONTU4eckme TeEXHOIOrMn CMOoryT
Nleyb B OCHOBY HaBUraLMm B po60T-acCUCTMPOBaHHOM

M MaJIOMHBA3MBHOM XMpyprumn. O6cyxaaercs
Heo6XxoANMOCTb PasBUTUSI METOA,0B, MO3BOJISIFOLLUX
AnddepeHUMpOBaTb OpraHbl U TUMbl TKAHEW B XUPYPrum.
MNpoBeneH MHOroaKkTopHbI aHa/IM3 CNEKTPOB
¢$nroopecLeHLMN 1 06paTHOrO paccesiHUS pas/IMYHbIX
6noTkaHen. Bocemb 13 BblgeneHHbIX OANHHAALLATU
TWUMOB TKAHen YAAN0Ch ONpeaesiuTb C TOYHOCTbIO 6onee
80%.

CSIKOe XHPYpPrhueckoe BMeIIATENbCTBO, MHaske
MMHHMaJbHOe, IIPeACTaB/seT MOTeHIIHAIbHYIO
OIAaCHOCTb, IpeyralaTh KOTOPYIO He BCer[a BO3-

MOXHO [1]. Pe3ko Bo3pacTarllee KOIHYECTBO Hebna-

TONIPUSTHBIX IIOCTeACTBUN JIe4eHUS, B TOM YHCIIe

XUPYPrUYecKoro, IOPOAUJIO IIOSIBJIEHHE HOBOIO Tep-

MHHa - "aTrposnupemMus’ [2]. Ecau Ha mpeforepaniy-

OHHOM 3TaIle Bpay MOXKeT IIPUMEeHUTh IIHPOKUI apce-

HaJl MHCTPYMeHTaJbHO-AUATrHOCTUYECKHX II0/IXOMIOB,

IIOMOTAIOIIUX IIPUHSTD PellleH e 1 OIIPeIeIUThCS C TaK-

THKOHM, TO B MOMEHT OIepalliy B PyTHHHOH IIpaK-

THKEe XHUPYPry 4aCTO IPHUXOLUTCS OMUPAThCS HA CBOIO

Cy6BeKTUBHYIO OLIEHKY OIIePAllMOHHOIO OISl U AaH-

Hble, IOJlyuyeHHble Ha JOONEepallMOHHOM 3Tare. [Ipy-

TUMH CI0BAMH, XHUPYPr HEpPeIKO BBIHYXXJEH ObICTpO

IIPUHUMATh PpelleHHs, OPHEHTHPYsICh HA BH3yasb-

HYI0 U TaKTH/IBHYIO OLIEHKY TKaHeH, a MHOIJa U Ha

HMHTYULMIO. EC/IM 5Ke TOBOPUTH O JIAIIAPOCKOITHMYECKOK

1 pobOT-aCCUCTUPOBAHHOM XUPYPrUH, CTONb HHTEH-

CHBHO Pa3BUBAIONIMXCSI CETOAHS, TO Bpau IpPaKTHue-

CKH JIMIIeH TaM TaKTH/IbHBIX OIIYIIEHHH, a LiBeToIe-

penava n306paskeHUs MOKeT OBITh HEMHOTO M3MeHeHa.

[Ipy HOPMAaJIPHOM aHATOMHUHU B OONBIIMHCTBE CIy4aeB
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Laser and optical technologies could form the basis
for the method of navigation in robot-assisted

and low-invasive surgery in the future. The

need to develop methods for organs and tissues
differentiation in surgery is discussed. A multifactor
analysis of fluorescence and backscattering spectra
was carried out for different tissues. Eight out

of eleven types of tissues were verified with the
accuracy more then 80%.

ny surgical intervention, even a minimal

one, poses potential danger, which is not

always possible to predict [1]. A dramatically
increasing number of adverse effects of treatment,
including surgical treatment, gave rise to a new term,
"jatroepidemic” [2]. If at the preoperative stage the
doctor can apply a large variety of instrumental and
diagnostic approaches that help to take a decision
and identify treatment strategy, at the time of
surgery, the surgeon often has to rely on his/her
subjective evaluation of the operating field and the
data obtained at the preoperative stage. In other
words, the surgeon is often forced to take quick
decisions, focusing on visual and tactile evaluation
of tissues, and sometimes intuitively. In terms of
laparoscopic and robot-assisted surgery, intensively
developing today, the doctor is almost devoid of
tactile sensations, and color reproduction of the
image may be slightly altered. With normal anatomy,
in most cases an experienced surgeon can easily
differentiate organs and tissues in such a situation,
however, in the case of anomalies or variations in the
organ development, the surgeon may have difficulty
in verifying certain structures [3]. It is known that
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OIIBITHBIN XHUPYPr MOKET M B TAKOHM CHUTYAI[UH C JIer-
KOCTBIO JUbdepeHIPOBaTh pa3Hble OPraHbl U TKAHH,
OIHAKO B CJIy4dae aHOMAJIMK M/IM BApPUAHTOB Pa3BUTHS
OpraHOB Yy XHPypra MOIYT BOSHHKHYTbH 3aTpyAHEHMS
B BepUOUKALIMH TeX WM UHBIX CTPYKTYP [3]. KI3BecTHO,
4YTO 5% HedeKTOB OKa3aHUS XHUPYPruyecKor IIOMOIIH,
IIPUBEIIINX K kKasIobaM U CcynebHO-MeIUITHMHCKUM 3KC-
[IepTH3aM, CBS3aHBl MMEHHO C aHOMAaJIHelM Pa3BHUTHS
oprasoB [1]. Takske 6/1M30CTh AHATOMUYECKUX CTPYKTYP,
BBIPSKEHHAsI Cl1aevuHas 60/1e3Hb MOBBIIIAIOT PHUCK COBEP-
IIKTH OMKOKY U HEIIPaBU/IBHO ITponrddepeHIINPOBaTh
OpraHBbl ¥ TKAaHH, YTO MOKeT [IPHUBECTH K IIOBPESKIEHUIO
3[I0POBBIX TKAHEH.

TakuM obpa3oM, oueBHIHA HeOOXOIMMOCTb CO3HA-
HHS yI0OHOTO, IOCTYITHOTO /IS M POKOTO IIPHMeHEeHH I
riprbopa, I03BOMSIOIET0 XHUPYPry IIPOBOLUTH HHTPAO-
IepaliiOHHOe 3KCIIpecc-oIllpefie/leHre aHaTOMHYeCKHX
CTPYKTYp U HX BepUdHUKALIUIO Oe3 IOBPeKIEeHUsS HCCle-
IoyeMBIX TKaHeH. Ha CeromHSIIIHWUM JeHb Psf aIllla-
paToB miss pPobOT-aCCUCTHPOBAHHOM XHUPYPrUH, IIpef-
HasHaueHHBIX IS HEeHMPOXUPYPrHYECKUX OIepalhH
(Hampumep Spine Assist, Mazor Surgical Technologies,
Caesarea, M3pauns), CHaOKeHBI CUCTEeMOH KT-koHTpOMIA,
OIHAKO ee IIPUMeHeHHe COIPSIKEHO C PafHallHOHHOM
Harpyskol Ha OpraHu3M. HcIonb3oBaHHe YIBTPa3By-
KOBBIX MeTOIOB, De30IacHBIX ISl YeoBeKa, B pobort-
ACCUCTUPOBAHHOM XUPYPrHH Ha CETONHSIIHUI JeHb
3aTpygHEHO BBUY HeoOXOMMMOCTH 0becriedeH s UMITe-
JAHCHOTO COIVIACOBAHMS, YTO HEBO3MOSKHO IJISI OTKPBI-
ThIX paH. HcIlonbp30BaHHe MAarHUTHOLO I10/IS B YC/IOBUSIX
oIeparyi TakKe IIpobreMaTHyHO.

CyIecTByeT W IPyroH IIOAXOA K PelleHHI0 JaHHOM
3afa4u. M3BeCTHO, YTO pa3IMYHbIe THUIIBI TKAHHU HMEIOT
PpasHble CIIeKTPbI 06PATHOr0 paccestHHU S 3eKTPOMaTrHUT-
HOTO WU3JIy4YeHHUs B BUANMOM 06/1acTH crieKTpa. Takke
pasIHyMe B COAEP’KAaHUU TAaKUX ITPUPOSHBIX (3HAOreH-
HBIX) G1E00podOPOB, KaK KO/UIATeH, MACTHH, KepaTHH,
IIOPOUPHH U LPYrUX, OTPaskaeTcs U Ha CIeKTpax ¢iro-
OpeCLIeHITUH in vivo. 3aQHUKCHPOBATh JAHHBIE PA3IHYHS
MOXKHO ITyTeM PerHCTPaLlHH CIIeKTPa BTOPUUHOIO U3JTy-
YeHHS II0C/Ie BO3JEHCTBUS Ha OOBEKT Y3KOIIOJIOCHBIM
(1asep) M IIMPOKOIIONOCHBIM (JIaMIIa) MCTOUHHUKAMHU
HU3KOMHTEHCHUBHOTO BHUIMMOIO CBeTa. [lpenmyie-
CTBOM TaKOTO IIOAXOHA SIBNISETCS, BO-IIEpPBBIX, be3orac-
HOCTb 151 TKAaHEeH HCII0Ib30BAHMSI MAJIOMOIIIHOIO HU3JTy-
YeHHsI B He paspylIaiolieM HUX peskhuMe. Bo-BTOPBHIX,
GOJIBITMHCTBO XHUPYPrudecKUx poboTOB ysKe CHAOKEHO
CHCTeMOH BM3ya/IM3aLiMH, BBIIIOTHEHHOU B BHUE 3HIO-
CKOIIMYEeCKUX 30H[IOB, U BHeJpPEHUe HOIIOTHUTEIbHBIX
KaHAJIOB ISl JOCTABKU W PETUCTPALIMK JHUATHOCTHYe-
CKOTO H3Ty9YeHHS He COCTABUT OOMBIIMX TEXHHYECKHX
TPYAHOCTeH. B-TpeThHX, OITHUECKOe H3/y4eHHe I103B0-
NsieT MONy4aTh MHPOPMAILMIO OT 06BEeKTa B PeXKHMe

5% of defects in the provision of surgical care, which
led to complaints and forensic medical examinations,
are connected with the organ development anomaly
(1]. Also, the proximity of anatomical structures,
pronounced peritoneal adhesions increase the risk
of making a mistake and incorrectly differentiate
organs and tissues, which can lead to damage to
healthy tissues.

Thus, the necessity to create a convenient, widely
available device that allows the surgeon to perform
an intraoperative rapid identification of anatomical
structures and their verification without damaging
the tissue is apparent. To date, a number of devices
for robot-assisted surgery, intended for neurosurgical
operations (e.g., Spine Assist, Mazor Surgical
Technologies, Caesarea, Israel), are equipped with
a CT-control system, but its use is associated with
radiation burden for the body. The use of ultrasound
techniques that are safe for human in robot-assisted
surgery is difficult today due to the need to provide
impedance matching, which is not possible for open
wounds. The use of a magnetic field in surgery
conditions is also problematic.

There is another approach to solving this problem.
It is known, that different types of tissue have
different backscattering spectra of electromagnetic
radiation in the visible region. Also, the difference in
the content of such natural (endogenous) fluorophores,
as collagen, elastin, keratin, porphyrin, etc., is also
reflected in the fluorescence spectra obtained in vivo.
One can record these differences by recording the
spectrum secondary radiation after the object is
exposed to narrow-band (laser) and broadband (lamp)
sources of low-intensity visible light. The advantage
of this approach is, firstly, the safety of using low-
power radiation for tissues, at mode not destroying
them. Secondly, most surgical robots are already
equipped with a visualization system made in the
form of endoscopic probes, and the introduction of
additional channels for the delivery and registration
of diagnostic radiation will not be of great technical
difficulty. Thirdly, optical radiation allows you to
receive information from the object in real time,
which facilitates the instantaneous transfer of
information to the surgeon.

The main obstacle standing in the way of
implementation of this technology into practice,
is the lack of well-proved methods and numerical
criteria to define the type of tissue by its optical
spectrum. There are many researches devoted to the
analysis for the optical spectra of backscattering
of various tissues and finding specific quantitative
criteria for their differentiation [4]. There are also
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peasibHOr0 BpeMeHH, YTO CII0CO6CTByeT MIHOBEHHO
nepeznaye MHGOPMaLILH XHUPYPTY.

[71aBHBIM IPeNsSTCTBHEM, CTOSIIIMM Ha IyTH BHe-
OpeHHUs JAHHOM TEeXHOJIOTMH B IIPaKTHKY, SBIISETCS
OTCYTCTBHE OTPAabOTAHHBIX METOAMK M YHCIEHHBIX
KPUTepHeB oIpele/leHHUs] TUIIA TKAaHU II0 ONTHYe-
CKHM CIeKTpaM. M3BeCTHO MHOro paboT, IOCBSILEH-
HBIX aHa/JIM3y ONTHYEeCKUX CIIeKTPOB obpaTHOro pac-
CesTHUSI Pa3/IMYHBIX TKaHEHM U MOMCKY CIIeIUPHUeCKHX
KOJINYeCTBEHHBIX KPUTEPHeB UX AUPepeHIIPOBAHUS
[4]. Hi3BecTHBI Takke paboThl, B KOTOPBIX OBLIH IIpel-
IIPUHSTHI IIONBITKU BepUPULIMPOBATh OHOTKAHU IIPU
romomiu GIopeclieHTHOro aHanu3a [5]. Tem He MeHee,
HU OJMH U3 3TUX METOJOB TaK K He CTaJI 06Iepr3HaH-
HBIM U He BOIIIe]I B ITMPOKYI0 IIPAKTHKY II0 LIeIOMY Py
IIPUYMH, B IIEPBYIO OYepelpb K3-32 HH3KOM TOYHOCTH
U crenuduIHOCTH [6]. OMHAKO eCTh OCHOBAaHMUS II0JIa-
raTh, YTO OJHOBPEMeHHas OLleHKa U CIIeKTPOB QIIroopec-
LIeHIIUH, U CIIeKTPOB AUGY3HOTO OTPaskeHUs TKAHek
MO3KeT Bce >Ke IIOMOYb B pellleHHH AaHHBIX 3a7ad4, CTOs-
IIKX [1epeJ] IPaKTHUKYOUUMH XUPYPraMu.

C TeXHHUYEeCKOM TOYKH 3peHHs NPHUHLMI PaboTsl
OONBIIMHCTBA ONTHYECKUX CIEKTPOCKOMMYECKUX
CUCTEM /IS MEOUIIMHCKOM MMAarHOCTHUKHU ifl ViVO ONHU-
HaKOB: K IIOBEPXHOCTH HCC/IefyeMoro obbveKkTa IIpH
IIOMOIIY OIITOBOJIOKOHHOIO 30H[A IOABOLUTCS HH3KO-
VMHTeHCHBHOe OIITHYecKoe H3j1ydeHHe (y3KOIIOJIOCHOe
U/WTH IIHPOKOIIONIOCHOE), B3aMMOZEHCTBYyIoIee ¢ 61o-
TKaHBIO0. F3-32 Pa3/TUYHI B CTe[IeHH KPOBEHAIIONHEHHU S
B OMOXHMMMYECKOM COCTaBe M MOPQOJIOTHH OHOTKAHU
00/1aaI0T Pa3TIMYHBIMU IIOIVIONIAIOMIMME, PACCeHBaI0-
IMMU U GII00PeCLIMPYIOIIMMU CBOMCTBaMU. CBeT, IIpo-
HUKAIOIUH B 6HOTKaHb, [TpeTeprieBaeT BHYTPHU Hee pa3-
JUYHBIe THHeHHEbIe (yIIpyroe paccessHUe, MOIVIONIeHHe)
U HelnHeNHble (GIoopecrieHLINs) B3aHMOJENCTBHUS,
II09TOMY BBIXOZSINASI U3 TKAHH 3a CUeT MHOIOKPATHOTO
paccesiHHSI 4acTb U3y4eHHs], MONaalomas B JeTeKTH-
pylolllee BOJIOKHO, HeceT KOMILIEKCHYIO MHPOPMAIIHUIO
0 COCTaBe U CTPYKType TKaHU. Ho 3Ty HMHOpMaIIKIO
ele HaJO "pacmInpoBaTh’, TaK KaK, HAIIPUMep, Ha
PerucTpupyeMble CIIEKTPhl (III0OPECeHIIUK CHIIBHOe
BJIMSIHHE OKa3bIBAIOT IIOIVIOMIAIOIIME U PAaCcCeHBAOLIMe
CBOMCTBA 6HoTKaHer. ClleloBaTeNlbHO, /ISl pelleHHs
3TOM 3afia4ul TpebyeTcsi IpUMeHeH e COUeTaHHBIX MeTO-
IOB IUATHOCTUKHU.

NCCIEAOBAHUA CMEKTPOB OBPATHOIO
PACCEAHUA N ®JTIOOPECLLEHLIMN HA
MPUMEPE TKAHE JIABOPATOPHbIX
XMUBOTHDbDIX

B nmabopartopun MeguKo-QHU3MUECKUX HCCTeSOBAHUH
MOHUKHU nmeHu M.®.BrnaguMUpCKoro 6blI IIpoBe-
JleH 3KCIIEPUMMEHT II0 OLeHKe BTOPUYHBIX CIIEKTPOB
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researches attempting to verify biological tissues
using fluorescence analysis [5]. Nevertheless, none of
these methods has not become universally recognized
and has not been introduced into common practice
for a variety of reasons, primarily because of low
accuracy and specificity [6]. However, there is reason
to believe that simultaneous evaluation of both
fluorescence spectra and diffuse reflectance spectra
of tissues can, nevertheless, help in solving the tasks
faced by practicing surgeons.

From the technical point of view, the principle
of operation of the majority of optical spectroscopic
systems for in vivo medical diagnostics is similar:
low-intensity optical radiation (narrow-band and/or
broadband) interacting with the biological tissue is
approached to the surface of the object under study
using a fiber-optic probe. Due to differences in the
level of the blood supply, biochemical composition
and morphology, the biological tissues possess
different absorbing, scattering and fluorescing
properties. Light, penetrating into the biological
tissue, undergoes various linear (elastic scattering,
absorption) and nonlinear (fluorescence) interactions
inside, therefore the part of radiation, leaving the
tissue due to multiple scattering, that enters the
detection fiber, carries comprehensive information
about the tissue composition and structure. However,
this information still needs to be decoded, since,
for example, the detected fluorescence spectra are
heavily influenced by absorbing and scattering
properties of the biological tissues. Therefore, the use
of combined methods of diagnosis is required to solve
this problem.

STUDY OF BACKSCATTERING AND
FLUORESCENCE SPECTRA ILLUSTRATED BY
LABORATORY ANIMALS’ TISSUES

In the laboratory of medical and physical researches
of M.F.Vladimirskiy Moscow Regional Research
Clinical Institute, an experiment to evaluate
secondary emission spectra after exposure of various
types of tissues to narrow-band and broadband (white
light) sources of optical radiation was conducted. The
optical properties of various tissues of laboratory
rats were studied. For analysis, the animals
were sacrificed by administering a lethal dose of
anesthetic (Zoletil 200 mg/kg), various fragments of
different tissues and organs were taken: a fragment
of lung (n=6), cross-striated muscle tissue (n=8),
liver (n=6), kidney (n=7), omentum (n=7), cardiac
muscle (n=7), a fragment of testicle (n=6), bone (n=4),
nerve tissue (n=6), a fragment of esophagus (n=5),
skin (n=6). The organs and fragments of organs



LASER MEDICINE m

i g
RRRNNR AR RN AR RN

Ta6auua. MpeackasaHHas oLeHKa NpUHAANEXHOCTM K rpynne (ykasaHbl 3HaYeHMs B MpoLeHTax)
Table. Predicted assessment of group affiliation (the values are given as percentage)

x

oo

© [}

8 3 =

s E = 2

= 5 é Iv] %

& & 3 3

I .© £ s 2 Fa 5

B = v ar = = x v g g-,

Vg S 2 T U S w T S 2R

R IS5 ¥ =3I zQ | 25

53¢ SE &5 8% 35 29

255 do GG gg Tz cd
ff;';oe 66,7 00 167 0,0 00 167 0,0 0,0 0,0 0,0 0,0 1000
I'IonepeLlHo—nonocaTaﬂ
MbILLLA 0,0 75,0 0,0 0,0 0,0 00 250 0,0 0,0 0,0 0,0 100,0
Cross-striated muscle
Es:‘:”" 0,0 00 833 0,0 00 167 0,0 0,0 0,0 0,0 0,0 1000
fModka 0,0 00 143 857 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0
Kidney
CEVIERA 00 143 00 00 7L, 00 00 00 00 00 143 1000
Omentum
CepaedHas melua 0,0 0,0 0,0 0,0 00 100,0 0,0 0,0 0,0 0,0 00 1000
Cardiac muscle
UL 0,0 0,0 0,0 0,0 0,0 0,0 100,0 0,0 0,0 0,0 0,0 1000
Testicle
Bone. 0.0 00 00 00 00 00 00 1000 00 00 00 1000
HepsHas TkaHb 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0 0,0 0,0 1000
Nerve tissue
Mnweson 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0 0,0 100,0
Esophagus
I;Eix;a 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0 1000

H3JIyueHHUs] 110C/Ie BO3JEMCTBHS Ha Pas/iMYHble THIIBI
TKAaHeH Y3KOIIOJIOCHOIO M LIMPOKOIIONIOCHOTO (Besbiit
CBeT) UCTOYHHKOB OIITHYeCKOro U3/1yueHHs. Bblio mpo-
BeIEHO H3y4eHHe OITHYECKHUX CBOKCTB PA3IHUIHBIX
TKaHel 71abopaToOpHBIX KPBIC. [I/ISl aHAIM3a SKUBOTHBIE
6BUTH YMepIIB/IEHB! IIyTeM BBeIEHMUS JTeTaIbHOH 03Bl
aHecTeTHKa (3ormeTusa 200 Mr/Kr), ocyliecTBeH 3a60p
PasHBIX PParMeHTOB Pa3HbIX TKAHEHN U OpPraHoB: ¢par-
MeHT JIer'Koro (n=06), IoIepevYHo-TI0/I0CATOM MBIIIeYHOHN
TKaHU (n=8), medyeHu (n=6), moykd (n=7), caJbHHUKA
(n=7), cepmevyHOM MBIILBI (N=7), parMeHT TeCTUKYJIBL
(n=6), KocTu (n=4), HepBHOM TKaHHU (n=06), PparmMeHT
nuieBosa (n=>5), koku (n=6). OpraHsel U $parMeHTH
OPraHOB OBLTH ITPOMBITHL B GU3HUOIOTMIECKOM PACTBOpe

were washed in physiological solution and placed

The measurements of backscattering spectra and
tissue fluorescence were performed as follows: the
distal end of the fiber optic probe of the diagnostic
system was approached to organ surfaces, installed
perpendicular to the surface area studied. The
tissue studied was illuminated with laser radiation
with a wavelength, e.g., A,=365 nm. Further, by
the user’s command, the endogenous fluorescence
spectrum was registered. An example of a registered
spectrum is shown in Fig. 1. Here several maxima
are clearly observed: the backscattering peak at the
excitation wavelength I (A,) and the maximum at
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on a substrate made of a light-absorbing material.



U IOMeIlleHbl Ha IIO[JIOKKY, BBIIIOJTHEHHYIO H3 CBe-
TOIIOIVIOIIAOIIero MaTepHasa. Y3MepeHHs CIIeKTPOB
obpaTHoro paccessHHS U QIIOOpecLieHIIMN TKaHeH IIpo-
BOAMIM C/IeAyIOIHM 06pa3oM: AMCTaTBHBIN KOHeI]
OITOBOJIOKOHHOIO 30HJA AHATHOCTHYeCKOM CHCTeMBI
MOJBOJUIICA K IIOBEPXHOCTH OpPraHa, YCTAHABIMBAJICA
[IEPIIeHIUKY/ISIPHO IIOBEPXHOCTH HCCIefyeMoH obia-
cTH. Hccnenyemast TKaHb OCBeIAsIach JIa3epHBIM U3/Ty-
YeHHeM C IJIMHOM BOTTHBI, HAIIpUMep A, =365 HM, [lanee,
[I0 KOMaHJe II0/Ib30BaTesis, IPOMCXOAMU/IA Perucrpa-
LIMS CIeKTpa SHAOTreHHOW ¢roopeclieHINH. [IpruMep
3aperuCTPUPOBAHHOIO CIIeKTpa IIpe/ICTaB/IeH Ha puC. 1.
3mech OTYeTIMBO HAOTIONAIOTCSI HECKOIBKO MAaKCHMY-
MOB: ITMK 0OpaTHOro paccesiHUs Ha JJIMHe BOIHBL BO3-
6y>koenus L (\,) ¥ MakKCUMyM Ha JJIMHAaX BOITH (JII00-
pecueHIuH [{Ag) sHOOreHHBIX GII00PodHOPOB. PeanbsHas
Benu4KHA [ (\,) mprMepHo B f=1000 pa3 6osnblue, yem
IIpefiCTaB/eHa Ha PUCYHKe. [l Toro 4Tobsl Ha MOHHU-
TOpe IIepcOHalIbHOro KoMmIipioTepa (ITK) BH3yasabHO
CPaBHUTb HWHTEHCHUBHOCTH (QIIOOpPeCLeHLIMH, B IIpH-
6opax HCIIONB3YIOT CHUCTEMY ONTHYECKUX (UIBTPOB
(puc. 2), yMEHBIIAOIMYI0 BeTHYHUHY IHKa 0OPaTHOro
paccesiHuUSA.

Ilo okoH4aHHHU cbopa curHana QIIOOpeCcLEeHITUU
aBTOMAaTHYeCKHM Ha TKaHb II0JaBaJIOCh HECKOJIbKO
MMIIyJIbCOB OT MCTOYHHMKA beioro cBera — KCEHOHO-
BOM JIaMIIBI, IIOC/Ie Yero ITPOMCXOAU/IA PerucTpalus
IIMPOKOIIOJIOCHOTO CIIeKTpa OOpaTHOro paccesiHUS.
JlJIsT HaIllero KCC/IeIOBAHUS YHCIO HMIIYIbCOB OBLIO
PaBHO YeThIPeM, IIOCKOIBKY OBLJIO IIOKA3aHO SMIIMPHU-
YeCcKH, YTO IIPH TaKOM KOJIMYecTBe MMIIY/IbCOB MOXKHO
[IOJIyYUTh HAUOONBIINE HeTeKTHPYeMBIH CHUTHAI, He
BBIXOASIIME 33 IIpefiesbl MaKCHMAaJIBHO BO3MOKHOIO
IUTSl PETUCTPaLIMU IpUbopoM 6e3 HaChIIEHH S,

[/ aHaIK3a CIIeKTPOB QII0OPECLIeHIIMUA HCII0Nb30-
BaJICSI MAacCHUB KO3QPUIIMEHTOB (II0OPECLIEHTHON KOH-
TPaCTHOCTH [7]:

_ If()\‘)ﬁ_lbs
K¢ (k) = 1+—If (x)ﬁ+ L .

Iisi TonydeHHs CIleKTpa OOPAaTHOrO paccessHHUs
TKaHHU, KOTOPBIM 3aBUCHUT JIMIIb OT CBOMCTB CaMOM
TKaHH, IIPOBOAMIACH HOPMHUPOBKA Pe3yIbTaTOB H3Me-
PEHHI C UICTOUHHKOM 6eJI0ro CBeTa Ha CIIeKTPHI, CHSAThIE
€ Marepuasa, 0bJ1afaroIero U3BeCTHEIM Ko3bdHUIIHeH-
TOM 06paTHOro paccestHUs I - dToporiacTa (r=0,85).

JJist Kaskmoro obpasra TKaHHU OblIH ITPOAHAIM3HUPO-
BaHbI 1500 3HaUeHU MHTEHCUBHOCTU dmroopeclieHIIMU
B JHama3soHe JIUH BoiaH 400-730 HM, HOpPMUPOBAHHBIX
Ha ITHUK 0OpaTHOro paccessHUs (I/IMHA BOTHBI BO30y>KIe-
HUs A,=365 HM), a Takke 1600 3HaYEeHHUH UHTEHCHUBHO-
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Puc. 1. Mpumep cnekmpa paoopecueHuuu Xuposol mkaru
Fig. 1. Example of the fluorescence spectrum of adipose tissue.

the fluorescence wavelengths I{A;) of endogenous
fluorophores. The real value of I ((A,) is approximately
in f=1000 times larger than that shown in the figure.
In order to visually compare fluorescence intensities
on the personal computer (PC) monitor, a system of
optical filters (Fig. 2), reducing the magnitude of the
backscattering peak, is used in the instrument.

Upon completion of the collection of the
fluorescence signal, multiple pulses from a white
light source (a xenon lamp) were automatically fed to
the tissue, followed by a registration of backscattering
broadband spectrum. For our study, the number
of pulses was four, since it was shown empirically
that with this number of pulses, it is possible to
obtain the largest detectable signal, not exceeding
the maximum possible for instrumental registration
without saturation.

For the analysis of fluorescence spectra, we used
an array of fluorescence contrast coefficients [7]:

K, (2)= 1 fe(MP-L,

If ()\')ﬁ_'—lbs .

For tissue backscattering spectrum that
depends only on the properties of the tissue
itself, normalization of the measurement results
was performed with a white light source by the
spectra taken from the material having a known
backscattering coefficient r - fluoroplastic (r=0,85).

For each tissue sample, 1500 values of
fluorescence intensity in the wavelength range
400-730 nm, normalized by backscattering peak
(excitation wavelength A,=365 nm) and 1600 values
of backscattering intensity in the range 390-740 nm



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
IR LASER MEDICINE m
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

cTH 06paTHOro paccessHHUS B JyanasoHe 390-740 HM IIpy
BO3/IeFICTBUH Ha TKaHb UCTOUYHHKOM 6e10ro cBeTa.

Jli COKpallleHHsI KOJIHYecTBa IepeMeHHBIX Obla
IIPYMeHeH METOJ IVIABHBIX KOMIIOHEHT C BpalleHHeM
(BapuMaxkc). [yisi ciekTpa ¢mnroopectieHIIUMH 98,3% OHC-
nepcHu 6bUI0 OOBSCHEHO MSTHIO IJITABHBIMU KOMIIOHEH-
TaMU. [IJIs1 CIIeKTpa MHTEeHCUBHOCTU AHdy3HOro pac-
CestHUSI 6 ITIaBHBIX KOMIIOHEHT I103BOJIM/IH OOBSICHUTD
92,2% pucriepcuu. Ilony4deHHsle 11 ITaBHBIX KOMIIOHEHT
OBUIM BK/IIOYEHBI B AUCKPUMHUHAHTHBIN aHanu3. Cra-
TUCTHYeCKyl0 06paboTKy JaHHBIX IPOBOAU/IN B IIPO-
rpamme IBM SPSS Statistics v23 (IBM corp., USA).

HccremoBaHUe IPOBOAMIOCh HAa HOBOM AHArHO-
cTudeckoM Iipubope "MynpTHKOM', pa3paboTaHHOM
B OO0 "LIMHUP 20C-Memuka' U codeTamlleM B cebe
IIPUHIIUIIBI JIa3epHOM (QJII0OPECLIeHTHON CIIeKTPO-
CKOITMHM U CIIEKTPOCKOMMHU 06paTHOro paccesHus [8].
[IpUHIUNNAIBHAS CXeMa IIpUbopa IpefcTaBleHa Ha
puc. 2.

CucTeMa yrpaBiaeHUSI K 06paboTKU MOXKeT GOpMHU-
poBaTh, IIPHHUMATh M 06pabaThIBaTh [IBe OCHOBHBIE
yIpaB/sIoe KOMaH[bl: "HabmiomeHue' U "H3Mepe-
Hue", [lo KoMaHe "HabmofeHue" BRIIOUAETCS BbIOpaH-
HBIN JIA3€PHBIM HCTOYHHUK B HEIIPEPBIBHOM pesKKMe
M IIPOMCXONUT HEIIPephIBHO PerucTpallysi CIeKTpa
BTOPUYHOIO H3/IydeHUs] QIIOOpecLeHIIUH CIeKTpoMe-
TpoM. Ilo KoMaHze "H3MepeHHe" B TAMSITH yCTPOMCTBA
BBIIIOJIHSIETCSI COXPAaHEHHe II0C/Ie[Her0 H3MepeHHOro
CriekTpa (IIOOpeCclieHIIUH, BBIKIIOYAETCS J1a3epHBIN
HCTOYHMK, Ha KOPOTKOE BpeMsl BKJIIOUAETCSI UCTOUHUK
6esIoro cBeTa U perUCTPUPYeTCs CIIEKTPOMETPOM CIIEKTP
OTpaskeHHs B Oe/IoM CBeTe, I10C/Ie Yero Bce M3MepeHHBbIe
CIIeKTPBI Ie€peflaloTCsl B CUCTeMy yIpaB/eHHs U obpa-
60TKH. OTMETHM, YTO PaCIIONIOKeHHe OCBeTHUTeTbHBIX
BOJIOKOH - PaBHOMEpPHOe, BOKPYT ITPHEeMHOIO BOJIOKHA,
6raromaps 4eMy DOCTUTAeTCsl PAaBEHCTBO AHATHOCTHYe-
CKHUX 06BbeMOB /IJ151 IBYX I10C/IeJOBATeIBHO ITPOBeJeHHBIX
H3MepeHHH.

MOJIY4YEHHDIE PE3YJ/IbTATDI

PesyipraThl JUCKPUMMHAHTHOIO aHa/IM3a C IIPUMeHe-
HyieM 11 IJIaBHBIX KOMIIOHEHT OT CIIeKTPOB MHTEHCHUBHO-
cTH QIIIoOpecLieHIMY M HHTeHCUBHOCTH 06paTHOro pac-
CesIHHS IIpe[CTaBJIeHbl B Tabnuie. Kak BuguMm, 88,2%
BBIODAHHBIX HCXOMHBIX CIPYIIIMPOBAHHBIX Habmiome-
HUH KJIACCUPUITUPOBAHBI TPaBUIBHO. TakKUM 06pa3om,
InpeyioskeHHble QU3MKO-MaTeMaTH4YecKHe II0AXObI
MIO3BOJISIFOT C JOBOJIBHO BBICOKOM TOUHOCTBIO JUPPepeH-
LIKPOBATh 00C/IeJOBAaHHbIe OPraHbl U TKAHU.

3AKJTKOMEHUE
[Ipubop, IO3BONSIOIIUM IIPOBOIUTD IKCIIPeCC-BepUH-
Kal[{IO0 PA3HbBIX TKAHEI 1 OPTaHOB, MOKET ObITh [10/1e3eH

i g
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Puc. 2. [MpuHuunuapHas cxema komnaexca "Myabmuxom”
Fig. 2. Schematic diagram of the "Multicom" complex

were analyzed when the tissue was exposed to a
white light source.

To reduce the number of variables, the principal
component analysis with rotation (varimax) was
applied. For the fluorescence spectrum, 98.3% of
the dispersion was explained by five principal
components. For the spectrum of the intensity
of diffuse scattering, 6 principal components
allowed to explain 92.2% of the dispersion. The 11
principal components obtained were included in the
discriminant analysis. Statistical processing of data
was carried out by IBM SPSS Statistics v23 (IBM corp.,
USA).

The study was carried out on a new diagnostic
instrument "Multicom", developed by LLC " Center for
Research and Development EOS-Medica" combining
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[J1s1 UHTPAOIlePAallUOHHOL HaBUTALIUH U B [IePCIIeKTHBe
[I03BOJIUT CHU3UTb PUCK SITPOTEHHBIX IOBPEXXIeHHUU
B XHUPypruu. OOHUM M3 BO3MOKHBIX ITOAXOLOB [JIS CO3-
JAHMS TaKoro mpubopa MoxkeT 6bITh COueTaHHOe ITpHU-
MeHeHHe Pa3HBIX ONTHUYECKHUX METOMOB, a KMMEHHO
7a3epHOU (I0OPeClieHTHOM CIeKTPOCKOIIMH U CIIeK-
TPOCKOIIMM OOPaTHOTO paccesiHUsI. Pe3yabTaThl HAIIMX
HCC/IefIOBAaHUM IIOKa3ald, 4YTO MHOTOQaKTOpBIH aHa-
JIN3 CIIEKTPOB QII00pPeCLIeHIIUH 1 06PaTHOrO paccestHHUsI
0T 6MOTKaHHU II03BOJMISIET YCIIENIHO AHpdepeHIIPOBaTh
pasHble OpraHbl ¥ TKaHH. [IpH 3TOM [OEBATH U3 BBIJE-
JIeHHBIX HaMH 1l THIIOB TKaHEH MOXKHO OIIpeJe/HUTh
C TOYHOCTHIO IPHUMePHO 80%. TaKOM pe3y/bTarT SB/sSeTCs
XOPOLIMM OCHOBaHHMeM J[Jis IIpoBefieHHs! bonee Mac-
ITabHOro 3KCIIepHMeHTa ¢ 60/1bII0k 06yUarommer BEIOop-
KOM K OONBIIMM YHCIOM THUIIOB TKaHeH. BBUAY TOro
YTO IIPUMEHSeMBbIe OIITHYeCKHEe MEeTOAbI JOCTYIIHEI, He
[IOBPEXKAAIOT TKAHHU U IIPEeJOCTaB/ISAI0T UHGOPMALIHUIO
B peKHMe PeasIbHOro BpeMeHHU IIpH YI0OHOM U IIOHST-
HOM HHTepderice, OHH MOI'YT CTaTh HAJEXHBIM JIOIOJ-
HUTEIbHBIM METOAOM HAaBHMIALIMH IIPU IIPOBEAEHHU
XHUPYPrUYeCKUX BMEIIATe/IbCTB.
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the principles of laser fluorescence spectroscopy and
backscattering spectroscopy [8]. Schematic diagram
of the instrument is shown in Fig. 2.

Control and processing system may generate,
receive and process two basic control commands:
"observation” and "measurement”. The "observation'
command activates the selected laser source
continuously and continuously registers fluorescence
spectrum of the secondary radiation by the
spectrometer. The "measurement” command stores
the last measured fluorescence spectrum in the
device memory, the laser source is switched off, the
white light source is turned on for a short time and
the spectrometer registers the reflection spectrum
in white light, after which all the measured spectra
are transferred to the control and processing system.
It should be mentioned that the arrangement of the
lighting fibers is uniform, around the receiving fiber,
thus achieving the equality of diagnostic volumes for
two successive measurements.

RESULTS OBTAINED

The results of discriminant analysis using 11
principal components from fluorescence intensity
spectra and backscattering intensity are presented
in Table. As you can see, 88.2% of the selected initial
grouped observations are classified correctly. Thus,
the proposed physical and mathematical approaches
allow to differentiate the examined organs and
tissues with relatively high accuracy.

CONCLUSION

The instrument allowing for rapid verification of
different tissues and organs, may be useful for
intraoperative navigation and in the future may
allow to reduce the risk of jatrogenic injuries in
surgery. One possible approach for creating such
an instrument can be a combined application of
different optical methods, namely, laser fluorescence
spectroscopy and backscattering spectroscopy. The
results of our research have shown that a multifactor
analysis of fluorescence and backscattering spectra
from biological tissues can successfully differentiate
organs and tissues. Thus, nine out of 11 dedicated
contact tissue types can be determined with an
accuracy of approximately 80%. Such a result is a
good basis for carrying out a larger experiment with
a large training sample and a large number of tissue
types. Since the applied optical methods are available,
they do not damage the tissue and give real-time
information with user-friendly interface, they can
become a reliable additional navigation method
during surgery.



