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VISUALIZATION OF Nd**-DOPED LaF; NANOPARTICLES
FOR NEAR INFRARED BIOIMAGING VIA UPCONVERSION
LUMINESCENCE AT MULTIPHOTON EXCITATION
MICROSCOPY
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Abstract

Recent developments in the field of biophotonics facilitate the raise of interest to inorganic nanoparticles (NPs) doped with Nd** ions, because
of their near-infrared (NIR) absorption. These NPs are interesting bioimaging probes for deep tissue visualization, while they can also act as local
thermometers in biological tissues. Despite the good possibilities for visualization of NPs with Nd** ions in NIR spectral range, difficulties arise
when studying the cellular uptake of these NPs using commercially available fluorescence microscopy systems, since the selection of suitable
luminescence detectors is limited. However, Nd** ions are able to convert NIR radiation into visible light, showing upconversion properties. In
this paper we found optimal parameters to excite upconversion luminescence of Nd**:LaF, NPs in living cells and to compare the distribution of
the NPs inside the cell culture of human macrophages THP-1 obtained by two methods. Firstly, by detecting the upconversion luminescence of
the NPs in VIS under NIR multiphoton excitation using laser scanning confocal microscopy and secondly, using transmission electron microscopy.

Keywords: Nd**-doped nanoparticles, near-infrared, upconversion luminescence, multiphoton excitation, laser scanning confocal microscopy.
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Pesiome

MocnepHne paspaboTku B 06nactn 6MOGOTOHNKM CMOCOOCTBYIOT MOBLILLEHNIO MHTEPECA K HEOPraHMYeCcKMM HaHovacTuuam (HY), gonupo-
BaHHbIM MoHamu Nd3*, n3-3a ux nornowleHus B 6nmkHem nHdpakpacHom (BUK) cnekTpanbHoM Arana3oHe. 9Tu HY ABnsAOTCA NepcneKkTrB-
HbIMW 30HAAMKW ANA FyOOKOW BU3yanm3aLummn TKaHel, B TO e BPEMS OHW MOTYT Cy>KUTb JIOKa/lbHbIMW TePMOMETPaMU B G1OSIOrMYecKmx
TKaHAX. HecmoTpsA Ha xopoLure Bo3MoXKHOCTY Bu3yanusauun HY c nvonamu Nd** B BUK cnekTpanbHOM AranasoHe, Npy 3yYeHUn BHyTpUKe-
TOYHOro pacnpeaeneHns 3Tnx HY c ncnonb3oBaHneM KOMMEPYECKN AOCTYMHBIX GyOPECLEHTHBIX MUKPOCKOMMYECKUX CUCTEM BO3HMKAIOT
TPYAHOCTU 13-3a OrpaHNYEHHOCTM BbI6GOpa NOAXOAALNX AETEKTOPOB NoMUHecLeHUmn. OgHako, noHbl Nd** cnocobHbl npeobpa3oBbiBaTb
BUK n3nyyeHve B BUAUMBIN CBET, BEMOHCTPUPYA an-KOHBEPCUOHHbIE CBOWCTBA. B 3TOM paboTe Mbl onpefennnu onTyManbHble NapameTpbl
AnA Bo36yAeHNA an-KOHBEPCUOHHOM ilomuHecueHun HY Nd**: LaF, B XunBbix kneTkax n cpaBHunu pacnpegeneHue HY BHyTpu KneTok
KyNnbTypbl YesioBeuyecknx makpodaros THP-1, nonyueHHoe aByma meTogamu. Bo-nepBbix, myTem pernctpaumm an-KoOHBepCMOHHOW NOMUHEC-
LeHuymmn HY B BUAMMOM AnanasoHe npy MHOroGoTOHHOM Bo36yxaeHuM B B/IK aranasoHe cnekTpa c MCNonb30BaHWEM Jla3epHON CKaHWpPYio-
el KoHpOKaNbHOM MUKPOCKONM 1, BO-BTOPbIX, C UCMOJIb30BaHMEM NPOCBEUNBAIOLLEN SNEKTPOHHON MUKPOCKOMHN.

KnioueBble cnoBa: HaHo4acTuLibl, AonnpoBaHHble Nd**, 6nvKHMI MHPPAKPaCHbI CNeKTPasbHbIN AnanasoH, an-KoHBEPCMOHHAA IOMUHEC-
LeHuusA, MynbTMGOTOHHOE BO3OYXeHNe, na3epHasa CKaHMPYIoLLaa KOHPOKaibHaa MUKPOCKOMNNA.

Ana untnpoBaHua: Pa6osa A.B., Keevend K., Tsolaki E., Bertazzo S., NomnHoBa [.B., PomanunwkuH W.[., Mpaues M.B., Makapos B.W.,
Bypmunctpos U.A., BaHeues A.C., Opnosckas E.O., BapaHumkos A.E., Réhn M., Sildos I, Sammelselg V., JloweHos B.5., Opnosckuii t0.B. Busyanu-
3aumA HaHouvacTuy LaF,, gonnposanHbix Nd**, ans 6monmmakmnHra B 6nkHem MHGPaKpacHOM AnanasoHe Mo an-KOHBEPCYOHHOW NOMUHeC-

LIeHLMM NMPU MUKPOCKONWM C MyNbTUHOTOHHBIM BO36yxAeHnem // Biomedical Photonics. - 2018. - T. 7, N2 1. - C. 4-12.

KoHTakTbi: Pa6oBa A.B., e-mail: nastya.ryabova@gmail.com

Introduction

Optical imaging plays an important role in biomedi-
cal research and clinical diagnosis. Obtaining optical
images from the depth of biological tissue is a serious
scientific task, since biotissue is heterogeneous and has
a strong scattering and absorption by various compo-
nents. NIR spectral region (700-950 nm) is most suitable
for excitation during in vivo visualization due to minimal
absorption by biotissue.

In the last decade a lot of attention has been paid to
the inorganic NPs containing rare-earth ions, as a prom-
ising class of nanomaterials for biophotonics. The advan-
tages of rare-earth ions as luminescent labels include
narrow-band radiation, a large spectral shift between the
excitation and emission wavelengths, which is charac-
teristic for the up- and down-conversion, long lumines-
cence lifetime, high photostability of materials and low
toxicity, minimization of autofluorescence of biological
tissues by time resolved fluorescence spectroscopy and
the greatest penetration depth when NPs are excited in
the NIR spectral range [1]. Rare-earth ions can be excited
through multiple electronic states, and, due to internal
conversion, can show luminescence bands in a wide
range of UV, VIS, and IR including the second biologi-
cal window of optical transparency in short-wavelength
infrared (SWIR) [2].

NPs doped with Nd** ions, are increasingly consid-
ered as an improvement for the upconversion system
of ion pair, one of which is the sensitizer Yb**, with the
possibility of excitation by 800 nm [3-6]. The absorption
cross section of Nd** at 808 nm is 1.2x10"°cm?, about ten
times larger than that of Yb**at 980 nm [7], which is con-
ducive to improve the efficiency of upconversion process
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through Nd-sensitizing [8]. Also, the Nd3*-containing
NPs are perspective as bioimaging probes [9] and non-
invasive contactless fluorescence temperature sensors
[10]. The water colloids of Nd3*:LaF3 NPs synthesized by
hydrothermal microwave treatment have already shown
themselves to be excellent fluorescent agents for bioim-
aging in the NIR spectral range [11].

Despite the good possibilities for visualization of
NPs with Nd** ions in NIR spectral range, difficulties arise
when studying the cell uptake of these NPs using the
methods of common VIS fluorescent microscopy that
are associated with the selection of suitable detectors of
luminescence [12-14]. Fortunately, the materials doped
with Nd** ions can convert NIR radiation into VIS, while
Nd3* ions can simultaneously act as both sensitizers and
activators of upconversion. In this case, the probability
of emission in VIS is higher at high pump densities, when
high-energy levels of most of the Nd**ions in one NP are
populated [15].

The present work demonstrates the visualization of
the intracellular distribution of Nd**:LaF,NPs by laser
scanning confocal microscopy with multiphoton excita-
tion in the NIR spectral range by pumping into the “F, ,
ZHQ/2 (795 nm) and 4Fm, 253/2 (738 nm) levels of Nd** and
detection of two-photon and three-photon upconver-
sion luminescence in the VIS range.

Materials and methods
Synthesis of Nd**-doped lanthanum trifluoride NPs
We use water based hydrothermal microwave treat-
ment (HTMW) synthetic approaches to crystalline 4%
Nd**:LaF, NPs. NPs with such Nd** doping concentration
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is selected as having the highest NIR luminescence bright-
ness. For the synthesis of LaF, NPs doped with 4% Nd**
ions, 0.48 mM La(NO,),-6H,0 and 0.02 mM Nd(N03)3-5HZO
were dissolved in 15 ml deionized water (dHZO). The
solution of rare-earth salts was added dropwise to the
5 mM NH,F solution in 25 ml dH,0 under vigorous stir-
ring. To improve the dispersibility of the obtained NPs,
1 g of biocompatible surfactant polyvinylpyrrolidone
(PVP, average M_ ~55000, Aldrich) was added to the solu-
tions. The surfactant was added to the rare-earth nitrates
solutions before precipitation. The freshly precipitated gel
was diluted with 10 ml dH,0 and left stirring for 15 min.
The solution was transferred into a 100 ml Teflon auto-
clave and placed under microwave irradiation for 2 hours
at 200°C using a microwave digestion laboratory device
Speedwave Four (2.45 GHz, 1 kW maximum output power,
Berghof, Germany). The resulting solution was cooled,
centrifuged using a Heraeus Multifuge X1 (Thermo Fisher
Scientific, USA) and washed several times with dHZO. The
resulting powder was redispersed in dH,0.

Characterization of Nd**:LaF, NPs

The X-Ray Diffraction (XRD) analysis of the Nd3*:LaF3
NPs synthesized using HTMW treatment was performed
as earlier [16]. The NPs demonstrate pure and highly crys-
talline LaF, phase.

The morphology of the Nd*":LaF ,NPs was studied by
means of high-resolution transmission electron micros-
copy (HR TEM) using the Titan 200 instrument (FEI, USA)
with a field emission gun operating at 200 kV. The sample
was prepared by dropping NPs colloidal solution onto a
formvar or holey carbon coated copper (grid 3 mm in
diameter) followed by the evaporation of the solvent.

Hydrodynamic sizes of Nd*:LaF, NPs in dH,0 were
determined by multiangle spectrometer of dynamic
light scattering Photocor Complex (Photocor, Russia).
(-potential measurements were determined using a Zeta-
sizer Nano ZS (Malvern Instruments, UK) analyzer in dHZO
at 25 °C. All measurements were performed in triplicate.

Theabsorptionspectraof Nd**:LaF,NPs wererecorded
on a spectrophotometer U-3400 (Hitachi, Japan).

Confocal microscopy

Intracellular Nd**:LaF ,NPs distribution was studied
using human monocytic cell line derived from an acute
monocytic leukaemia patient (THP-1). THP-1 cells were
cultured in Roswell Park Memorial Institute Medium
(RPMI-1640) containing 10% fetal bovine serum (FBS) at
37°C in 5% CO,. Cells were sub-cultured every seventh
day. For confocal microscopy experiments, monocytic
cells were differentiated into macrophage-like cells using
Concanavalin A (ConA). Cells were seeded at a density of
100 000 cells/cm?on glass bottom dishes with cell culture
medium containing 30 pg/ml ConA for three days. Dur-
ing this time, cells attach to the glass bottom and develop

macrophage-like morphology. Next, macrophages were
incubated with Nd3*:LaF3 NPs (100 pg for 500 000 cells) for
2+72 hours.

For microscopy the cells were finally washed twice
with pre-warmed phosphate buffered saline (PBS). For
visualization of lysosomes the washed cells were incu-
bated in PBS with 50 nM LysoTracker Green DND-26 (Mole-
cular Probes’) during 20 min at 37°C in 5% CO,. The nuclei
were stained in PBS with 2 nM Hoechst 33342 (Molecu-
lar Probes’) during 10 min at 37°C in 5% CO,. To acquire
images a laser scanning microscope LSM- 710-NLO (Zeiss,
Germany) was used. The 63x oil Plan-Apochromat objec-
tive with numerical aperture (NA) of 1.4 was used.

The upconversion luminescence of Nd**:LaF, NPs
were excited with a pulse femtosecond Chameleon
Ultra Il laser system (Coherent, USA), tunable in the 690+
1060 nm range, 80 MHz pulse laser, 140 fs pulse width.

The power density produced by the scanning laser
beam emerging from the objective lens in the object
plane was calculated as follows. The size of this focusing
laser spot, assuming uniform illumination, is a function
of the excitation wavelength (/\exc) and the parameter NA
of the objective:

Sspotsize = 1'227&6XC/NA

Thus, for a wavelength of 738 nm and a 63xOil objec-
tive with aperture NA = 1.4, the spot size was ~640 nm,
for a wavelength of 795 nm ~690 nm. Accordingly, for
the 1% laser power or 1 mW measured at the output of
the objective with the LabMax-TO laser power meter
(Coherent, USA) the power densities are 0.313 MW/cm?
(for 738 nm laser) and 0.263 MW/cm? (for 795 nm laser).
The dose of laser radiation with a single scan at speed
2.55 ps/pix was 0.80 J/cm? for 738 nm laser and 0.67 J/cm?
for 795 nm laser, respectively.

The luminescence emission was detected by the 32
channel GaAsP detector in VIS spectral range 400+750 nm.
To discriminate between Nd** upconversion lumines-
cence and fluorescence of LysoTrackerGreen DND-26 or
Hoechst 33342, “Online Fingerprint” mode was used. For
this purpose, the upconversion luminescence spectra of
the Nd**:LaF, NPs and fluorescence of LysoTrackerGreen
DND-26 or Hoechst 33342 at the same two photon excita-
tion were detected beforehand. As fluorescence of Lyso-
TrackerGreen DND-26 or Hoechst 33342 has gently slop-
ing broad line in the range 400-600 nm, and upconversion
luminescence Nd** ions has characteristic comb of narrow
peaks, then the total fluorescence corresponding to each
pixel can be decomposed into the components [17].

The Nd*':LaF, NPs upconversion luminescence
intensity dependence from pump power

The Nd**:LaF, NPs upconversion luminescence inten-
sity dependence in VIS spectral range 400+750 nm
on 140 fs pulse width 80 MHz pulse laser pump power
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varying in 0.1+5.5 MW/cm? at 738 and 795 nm wave-
lengths was measured using 32 channel GaAsP photo-
multiplier detector in LSM-710-NLO. The obtained spec-
tral images were used to plot the intensity dependences
of the upconversion luminescence for individual Nd**
electronic transitions.

Transmission electron microscopy (TEM)

For TEM experiments, THP-1 cells were differentiated
into macrophage-like cells using phorbol 12-myristate
13-acetate (PMA). The cells were seeded at a density of
50000 cells/cm?in cell culture medium in the presents of
PMA at final concentration of 200 nM for differentiation
for three days. After differentiation, macrophages were
incubated with Nd3*:LaF3 NPs (100 pg for 100 000 cells)
for 48 hours.

Cells were then gently washed with pre-warmed PBS,
trypsinized for 5 min at 37°Ciin 5% CO, and fixed with 4%
methanol-free paraformaldehyde (PFA) overnight in the
fridge to produce pellets. Then the pellets were washed
three times with double distilled water (ddH,0) and 0.1
M cacodylate buffer. For TEM contrast, the pellets were
stained with 2% osmium tetroxide (OsO,) and 1.5% potas-
sium ferricyanide for 1 hour. Next, the pellets were washed
with ddH,O and gradually dehydrated using an ethanol
gradient (20%, 40%, 60%, 70%, 80%, 90%, 95%, 100%
(3x)) for 5 min. The pellets were embedded to epoxy resin
(EPON 812) according to procedures described in the man-
ufacturer’s protocol. Resin blocks were cured in the oven
for 72 hours, trimmed with a razor blade and sectioned in
100 nm sections using an ultramicrotome. Acquired thin
sections were imaged using JEOL 2000FX at 80 kV.

Results and discussion

Nd**-doped LaF, nanoparticles are synthesized via
microwave assisted hydrothermal reaction. HR TEM
results show that synthesized Nd**:LaF ,NPs are crystal-
line with elongated or hexagonal form and a size around
15 to 20 nm (Inset on the Fig. 2). The hydrodynamic size of
the particles in colloid is amounted to be 70 nm. The col-
loidal solution remains stable more than 6 months with-
out noticeable precipitation, because of PVP envelope
for each NP. The (-potential of these NPs was 13.7£0.9 mV,
which is similar to the results obtained for other PVP-
functionalized nanoparticles.

The energy level scheme for the trivalent neodymium
ions in a Nd** LaF crystal is plotted on the base of litera-
ture data (Fig. 1) [18, 19].

The absorption spectra, NIR luminescence spectra of
the Nd**:LaF, NPs aqueous colloidal solution, obtained
by excitation with 800 nm wavelength at 1 W/cm? of con-
tinuous wave (CW) laser, and upconversion luminescence
obtained with 738 nm and 795 nm wavelengths of fem-
tosecond laser; at 1T MW/cm? average power density are
presented in Fig. 2.
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Fig. 1. The energy level diagram of Nd** ions in the LaF, host matrix
Puc. 1. inarpamma ypoBHeit sHeprumn noxa Nd** B gonupytoweit
matpuue LaF,

At both types of excitation, 738 nm and 795 nm, the
upconversion luminescence has almost equal inten-
sity and shows different spectral bands of Nd** (Fig. 2).
The laser excitation at 795 nm induces the 419/2—>2H9/2,
“FS/2 transition of Nd** ions, followed by nonradiative
relaxation to the *F,  metastable state. The laser exci-
tation at 738 nm induces the 4I9/2—>4F7/2, 253/2 transition
of Nd** ions, followed by nonradiative relaxation to
the “F3/2 metastable state. At a sufficient power density,
the next photon induced absorption transition from
the excited “FB/2 state (exited state absorption process,
ESA). In addition, there is a resonance cross-relaxation
(4F3/2—>4I15/2; 419/2—>“I]5/2) transitions from this state, but it
is not involved in the upconversion. Thus, the ZPV2 level
is excited, followed by nonradiative relaxation to the
467/2' ZKB/2 metastable state and then to the 465/2 state.
When the third photon is absorbed, the levels higher
than 2P3/2 are populated (Fig. 1).

The upconversion luminescence intensity Ijs in the
VIS spectral range depends on the pumping power
Ip as lyjs o Ip” where n is the number of NIR photons
which are absorbed for emission of one photon in the
VIS range [20].

However, in practice, deviations from this depen-

dence can be observed. The slope of the dependence
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Fig. 2. Nd*":LaF NPs spectra: absorption, upconversion luminescence at fs pulsed excitation 738 nm and 795 nm, NIR luminescence at

excitation 800 nm; on the inset is HRTEM image of Nd**:LaF_, NPs

Puc. 2. Cnektpbl HY Nd3+:LaF3: noraoLeHue, an-KOHBEPCUOHHAA AOMUHECLEHLUA NPU GEeMTOCEKYHAHOM UMMYABCHOM BO36YXXAEHUU
738 HM U 795 HM, BUK AtomuHecueHuus npu Bo36yxaeHun 800 HM; Ha BCTaBKe — BbiCOKOpa3peluatowasa npoceeymBatoas

3ANEeKTpOHHaa MuKpockonua HY Nds*:LaF3

of the upconversion luminescence intensity on the
pump power is determined by the competition between
relaxation processes and upconversion during the
population of excited states of the acceptor. The slope
depends on energy transfer to impurity ions, energy
migration among donor ions, the inhomogeneous dis-
tribution of doping ions in the matrix, and temperature
[21]. In our experiments, the dependence of the intensity
of the transition °P, —I._ - and *D, —*I, , (420+460 nm),

I, Au/u an i (OH.en)
500000

W 450_792exc
A 520_792exc

580_792exc
— 650_792exc

n=1.0

n=1.0

50000

5000

1,IMW/cm] / MinoTHocTs MowocTa
8036y Xpalouiero wanyuerna [MBr/cw]

01 1 10

Fig. 3. The pumping power dependence of Nd*":LaF, NPs upcon-
version luminescence intensity under 795 nm excitation

Puc. 3. 3aBUCUMOCTb WMHTEHCUBHOCTU an-KOHBEPCUOHHOM
nomMmuHecueHumn HY Nde"':LaF3 OT NJIOTHOCTU MOLLHOCTU HaKa4Ku1
npu Bo36yXaeHun 795 Hm

72 13/2_)419/2 (500+550 nm), 4G5/2_)419/2
and *G,, °’K,. >, , (560+600nm), ‘D, —*F  and
G, °K,,,>1,,, (620+660 nm) on the incident pump
power (in the range 0.5+2 MW/cm?) gives values of 1.5,
1.5, 1.3 and 1.5 for n, respectively, which indicate two-
photon upconversion processes (Fig. 3).

The exponent n, if smaller than unity, is related to
deactivation processes. The upconversion efficiency for
studied NPs is far from ideal, but using a pulsed laser for
excitation makes it possible to produce images without
visible cell structures damage. Similar orders of power
density (35 kW/cm? + 3.6 MW/cm?) of CW 730 nm laser
was used to obtain two-photon, three-photon image and
four-photon image of Nd*-doped NPs [15]. Fast scan-
ning speeds can cause artifacts in fluorescence imaging
because of long lifetimes from Nd** NPs. The authors of
this article noted the streaking artifacts at the scan speed
more than 100 ps/pixel. We use scan speed 2.55 ps/pixel
to reduce the laser heating effects on cells, and at such
scan speed the streaking effect was not observed.

The images in the Fig. 4 are obtained at the simul-
taneous excitation of the LysoTrackerGreen DND-26 or
Hoechst 33342 and Nd*":LaF, NPs by laser 795 nm with a
power density 1 MW/cm?.

Confocal microscopy indicates cellular uptake of
Nd**:LaF, NPs. After incubation of live cells with NPs, it

P, —,,, and *G,, K
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Fig. 4. Confocal fluorescent images of intracellular distribution of Nd**:LaF, NPs on THP-1 cells acquired at excitation wavelengths of
795 nm by separation into individual channels after linear unmixing of spectral image (on the images a, b, ¢ and d the lysosomes are
additionally stained, on the images e, f, g and h the nuclei are additionally stained):

a — deconvoluted from the spectral image signal of upconversion luminescence from the Nd**:LaF, NPs;

b — deconvoluted from the spectral image signal from lysosomes stained with LysoTrackerGreen DND-26;

¢ — bright-field micrographs of the cell taken under visible light;

d - superimposing of a, b and ¢ images;

e — deconvoluted from the spectral image signal of upconversion luminescence from the Nd**:LaF, NPs;
f — deconvoluted from the spectral image signal from nuclei stained with Hoechst 3334;

g — bright-field micrographs of the cell taken under visible light;

h - superimposing of e, f and g images
Puc. 4. KondokanbHoe pnyopecueHTHoe n3o6paxeHne BHyTpUKNeTouHoro pacnpeaenedus HY Nd**:LaF, B kneTtkax THP-1, nony4en-
Hoe Npu BO36Yy>KAeHUU 795 HM nyTem pa3aeneHus Ha oTAaesbHble KaHaslbl Nocne IMHEWHOro pa3JioXKeHUs CneKkTpasbHOro u3obpaxe-
HUA (Ha M3o6paxkeHusix a, b, c U d — KNeTKN JONONHUTENIbHO OKPaLUEeHbl Ha IM30COMbI; Ha U306parkeHusix e, f, g 1 h — KneTku gononHu-

TeNIbHO OKpalleHbl Ha aapa):

a — CMrHan an-KOHBEPCUOHHOM loMUHecueHummn HY Nd3*:LaF3, Bble/IeHHbIW U3 CNEeKTPaibHOIro M306parkeHus;
b — BblAeNneHHbIA U3 CNEKTPanbHOIro M306paXKeHUs curHan nu3ocomanbHoro Kpacutens LysoTrackerGreen DND-26;

C — U306paxeHne KIeToK B NPoXoAasLLeM CBeTe;
d — HanoxxeHue nzobpaxkeHun a, b n c;

€ — CUrHan an-KoHBepPCUOHHOMN NioMUHecLeHumn HY Nda*:LaFS, BblAe/IeHHbIA U3 CNEeKTPasibHOIro U306 parkeHus;
f — BblA€NEHHbIN U3 CNEKTPa/IbHOrO U306paXKeHuUs curHan aaepHoro Kpacutens Hoechst 3334;

g — uso6pakeHue KNeToK B NPoXoaslleM CBeTe;
h — HanoxeHune nso6paxkenunine, fug

is confirmed that NPs are located inside the cells. The
fluorescence obtained from NPs coincides quite well
with the signal from the stained lysosomes. However, it
is also seen that some NPs are attached to the inner and
outer membranes. Also, some of the bigger aggregates,
not associated with the uptake, are visible. From the con-
focal microscopy images it is obvious that the Nd**:LaF,
NPs are located in macrophage-like THP-1 cells closer to
the cytoplasm membrane, but also occur throughout the
cytoplasm. In the cytoplasm, NPs formed clusters, fea-
sibly, are occur in small spherical endosome-like organ-
elles, but not all organelles containing NPs are stained as

BIOMEDICAL PHOTONICS T.7,N21/2018

lysosomes. Some of the NPs are attached to the surface
of the cells from the outside, and in addition, the NPs
aggregates at the bottom of the Petri dish can be seen.
Perhaps such a distribution of NPs is associated with their
positive surface charge.

A more detailed Nd**:LaF, NPs distribution within
the THP-1 cell can be seen on the TEM image (Fig. 5). The
images clearly indicate uptake of NPs into vesicles and their
aggregation in the live cells. On the right image on the Fig.
5 protrusion of the plasma membrane for phagocytosis is
observed. TEM indicate the presence of NPs in the endo-
somes and on the plasma membrane outside the cell.
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Fig. 5. TEM images of differentiated THP-1 cells after being exposed to Nd**:LaF, NPs for
48 hour: white letter N mark nuclei, red arrows indicate NPs

Puc. 5. lpocBeunBawowas 3/1€KTPOHHAA MUKpocKonusa aunbdepeHUMpoBaHHbIX KNETOK
THP-1 nocne uHky6auumu ¢ H4 Nd3*:LaF3 B TeyeHue 48 4: aapa oTMeyeHbl 6enbiMu 6yKBamu

N, HY yKa3aHbl KpacHbIMU CTpenKamu

Cellular uptake of NPs is strongly dependent on their
surface charge. It has been shown that positively charged
NPs are more permeable for cells [22]. Studied PVP envel-
oped Nd**:LaF, NPs show a small positive charge. In gen-
eral, hydrophilic sodium fluoride-based NPs doped with
lanthanide ions have very low toxicity to granulocytes
from the phagocytosis point of view [23]. Their uptake
by macrophage-like cells THP-1 was observed from two
hours to three days.

Conclusion

Accumulation of Nd*":LaF, NPs in living cells was
demonstrated by detecting upconversion luminescence
with laser scanning confocal microscopy. Despite the low
quantum yields of the VIS upconversion luminescence
for the Nd3*:LaF3 NPs in aqueous colloidal solutions,
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when pulse excitation is used, it is possible to reliably
record the VIS signal of Nd**:LaF, NPs upconversion lumi-
nescence at 1 MW/cm? power density, still not destroying

the cells. The excitation at 738 nm, induces the 4I9/2—>“F7/2,

253/2 transition of Nd** ions and 795 nm, induces the

*I,,,—~’H,,,, gives almost equal the upconversion lumines-

cence intensity from the Nd** bands.
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E.B. Apocnasuesa-lcaesa, M.A. KannaH, B.H. Kanunyc, 11.C. CrninyeHkosa, H.I. Cokon
dnyopecLeHTHas fUarHocTUKa 3110Ka4ecTBEHHbIX HOBOOOPAa30BaHUi KOXHU ¢ hoToceHcubunusaTopamu XJI0pPUHOBOIO paaa

PJTYOPECUEHTHASA OUATHOCTUKA 3
3JTIOKAYECTBEHHbIX HOBOOBPA3OBAHUUN KOXHU
C POTOCEHCHNBHITUSATOPAMU XITOPUHOBOTO PAOA

E.B. dpocnasuesa-MUcaeea, M.A. Kannan, B.H. Kanunyc, N.C. Cnnuenkosa, H.U. Cokon
HaumMoHanbHbI MEAUUMHCKMIA MCCNEefOoBATENbCKMM PAAMONOrnYeckuii ueHTp Munsapasa Poccuuy,
Mockea, Poccusa

Pesome

B cTaTbe nokasaHbl BO3MOXKHOCTY GiyopecLieHTHON ANAarHOCTUKYM 3/10KayeCTBEHHbIX HOBOOOGPa3oBaHM Koxu ¢ poToceHcmbunmnsatopamm (OC)
XNOPUHOBOTO pAfa $OTONOH U GOTOANTA3NH. VI3yueHbl 3aKOHOMEPHOCTY HakonneHnA poToceHCMbUIM3aTopa No AaHHbIM NTOKanbHoW Gpryopec-
LIeHTHOW CMEKTPOCKONMM B 3aBUCUMOCTY OT GOTOCEHCMOMMN3aTOpa 1 ero Jo3bl, KNMHUYECKOW KapTWHbI N TMCTONOrMYecKon Gopmbl 310Kaue-
CTBEHHOr0 HOBOOOPa30BaHNA KOXW. [ToKa3aHo, UTO YPOBEHb M CENEKTUBHOCTb HakomnneHua OC B onyxoneBOM ovare 3aBUCUT OT J03bl GOTOCEH-
cnbunusatopa. Tak, B CCnefoBaHuAX, BKIOYaBLWMX 10 NauneHToB ¢ 6a3a/ibHOKIETOUHBIM PAKOM KOXU, MOC/e BBeAeHNA poToaNTasMHa B fo3e
MeHee 1 MI/Kr ¢priyopecLieHTHas KOHTPAcTHOCTb «OMyX0sb/30poBas TKaHb» BapbMpoBana B npefenax 1,3-9,5 n B cpegHem coctasumna 2,8+0,3;
y nauueHToB, KoTopbiM GpoToANTa3nH BBOAMAM B Ao3e oT 1 fo 1,9 mMr/Kr, dnyopecLeHTHaA KOHTPACcTHOCTb BapbupoBana B npegenax 1,4-5 v B
cpefHem cocTaBuna 2,9+0,4. B nccnepoBaHusx, BKAYaBLWMxX 127 naumeHTos, nocne sBegeHna ¢poTonoHa B fose 0,7-1 MI/Kr cpefiHee 3HaueHmne
MNHTEHCMBHOCTU GNyopecLeHLnn B HEM3MEHEHHOW KOXe cocTaBuio 6,9+0,3 ycn.ed. (MuH. 4,6, makc. 12,2), B go3e 1,1-1,4 mr/kr - 8,0+0,3 ycn. ea.
(MYH. 4,6, makc. 12,5), B fo3e 1,5-2 Mr/Kr — 9,9+0,7 ycn. efi. (MUH. 5,7, Makc. 20,3). Take NoKa3aHo, YTO MHTEHCMBHOCTb GpnyopecLeHLMK B 310Kave-
CTBEHHOM HOBOOGPA30BaHNM KOXM MPU OANHAKOBOW A03€e GOTONOHA 3aBUCUT OT €ro KIMHNYECKON pOpMbl U FTUCTONOrMYECKON CTPYKTYpPbI. Tak,
yepes 3 y nocsie BBeAeHNA GoTonoHa B fo3e 1,3 Mr/Kr pnyopecLeHTHas KOHTPACTHOCTb B MOBEPXHOCTHON GopMe paKa KoXu B CpefiHeM cocTa-
Buna 2,7+0,5, B y3nosoi - 2,3+0,2, B 9p03MBHO-A3BEHHOM — 3,6+0,3. Y naumeHTOB C y3n0Boi $OpMOI MIOCKOKIETOUHOrO paka Koxu Gnyopec-
LieHTHasA KOHTPACTHOCTb Nocsie BBeieHUA ¢poTonoHa B Ao3e 1,3 mr/kr 6bina focToBepHO (p<0,05) Bbilwe (B cpefHem 2,8+0,2), Yem Npu y3noBon
bopme 6a3anbHOKNETOUHOrO paka KOXM nocsie BBeAeHNs GoToNoHa B TON e fo3e (B cpegHem 2,1+0,2).

KnioueBble cnoBa: dotoanHammueckas Tepanus, GoTonoH, potoautasuH, GrayopecLeHTHas BU3yanusauus, JokanbHas GnyopecueHTHas cnek-
TPOCKOMUSA, 3N0KayecTBeHHble HOBOOOPA30BaHNA KOXN.

Ana untnposaHua: flpocnasuea-Vicaesa E.B., KannaH M.A., Kanunyc B.H. CnuueHkoBa W.C., Cokon H./A. ®OnyopecueHTHaa fuarHOCTMKa
3N10KayeCcTBeHHbIX HOBOOOPA30BaHNI KOXM C pOTOCeHCHOMIM3aTopamm xnopriHosoro psaaa // Biomedical Photonics. - 2018.-T.7,N2 1. - C. 13-20.

Contacts: ApocnaBueBa-Mcaesa E.B., e-mail: elena.yaris@gmail.com

FLUORESCENT DIAGNOSTICS OF MALIGNANT SKIN
TUMORS WITH CHLORIN SERIES PHOTOSENSITIZERS

Yaroslavtseva-Isaeva E.V., Kaplan M.A., Kapinus V.N., Spichencova I.S., Sokol N.I.
National Medical Research Radiological Centre of the Ministry of Health
of the Russian Federation, Moscow, Russia

Abstract

The article shows possibilities in fluorescence imaging of malignant skin tumors with chlorin series photosensitizers (PS) photolon and foto-
ditazin. The regularities of photosensitizer accumulation from the data of local fluorescence spectroscopy depending on the PS and its dose,
the clinical picture and the histological form of the malignant skin neoplasm is investigated. It is shown that the level and selectivity of PS
accumulation in the tumor focus depends on the PS dose. In studies on 10 patients with basal cell skin cancer after the introduction of fotodi-
tazin ata dose less than 1 mg/kg, fluorescent contrast between tumor and healthy tissue varied between 1.3 and 9.5, the average was 2.8+0.3;
for patients who had the administered fotoditazin dose of 1 mg/kg, fluorescent contrast was 2.9+0.4, varying from 1.4 to 5. In a study with
127 patients after the introduction of photolon in the dose of 0.7-1 mg/kg, the average value of the fluorescence intensity in relative units in
the intact skin was 6.9+£0.3 (min 4.6, max 12.2), at a dose of 1.1 to 1.4 mg/kg - 8.0+0.3 (min 4.6, max 12.5), at a dose of 1.5-2 mg/kg — 9.9+0.7
(min 5.7, max 20.3). It is also shown that fluorescence intensity of malignant neoplasm of the skin with the same dose of the photosensitizer
depends on the neoplasm'’s clinical and histological forms. So, 3 hours after the introduction of photolon at a dose of 1.3 mg/kg the average
fluorescent contrast in the surface type of skin cancer was 2.7+0.5, in the nodal form - 2.3+0.2, in erosive-ulcerative form - 3.620.3. In patients
with nodular form of squamous skin cancer after the introduction of photolon at a dose of 1.3 mg/kg fluorescent contrast was significantly
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higher (p<0.05) (average of 2.8+0.2) than in the nodular form of basal cell carcinoma after the introduction of photolon at the same dose

(average of 2.1£0.2).

Key words: photodynamic therapy, photolon, fotoditazin, fluorescence imaging, fluorescence spectroscopy, malignant neoplasms of the skin.

For citations: Yaroslavtseva-Isaeva E.V., Kaplan M.A., Kapinus V.N., Spichencova I.S., Sokol N.I. Fluorescent diagnostics of malignant skin tumors
with photosensitizers chlorin number, Biomedical Photonics, 2018, T. 7, No. 1, pp. 13-20 (in Russian).

Contacts: Yaroslavtseva-lsaeva E.V., e-mail: elena.yaris@gmail.com

BBepeHune

®nyopecueHUma — cBeveHue BellecTs (pnyopodopos),
BO3HMKaloLLee BCJIEACTBYIE BO3AENCTBUA CBETOM onpee-
NEeHHOW [/IMHbI BOJHbI 11 6bICTPO B TeueHure 10°-10 ¢ 3aTy-
XatoLee nocsie npekpatieHus obnyuyeHus. Mpu 3Tom Bele-
CTBA UCMYCKAIOT Jlyun APYroii AnVHbI BOSIHbI, YEM Ta, KOTO-
pas Bbi3blBaeT cBeveHre. CnekTp ¢pryopecueHLnm CABUHYT
OTHOCWTENbHO CMEKTPA MOIMOLLEHNA B CTOPOHY [SIMHHBIX
BOJTH. DTO sIBJ/IEHME MONYYMSIO Ha3BaHMe «CTOKCOB CABUM.
BriepBbie GpnyopecLieHLmio COeANHEHNI XHHA Habntodan
¢u3uKk G.G. Stokes B 1852 1. TepmuH «driyopecLieHLs» Npo-
NCXOAUT OT Ha3BaHWA MMHeparna $GiyopuT, y KOTOPOro OHa
BrepBble Obliia 0OHAPY»KeHa, 1 naT.-escent — cydbdrKc, 03Ha-
yarowmn cnaboe genctaue. K dnyopecueHLmn cnocobHbl
MHOrue opraHuyeckue Belyectsa. Hanbonee nsBecTHbIMU
ABNAIOTCA XMHWH (ronybas dnyopecueHumA npu Bo30Oyx-
JeHU  YNbTPadrioNeToBbIM  M3NyYEHVEM), POAAMMHBI
(pogamuH 6G, pogamiiH B) — KpacHO-OpaHXeBoe CBEYEHME,
dnyopecuenH — 3eneHoe cBeUYEHME, 3031H, aKpUAUHOBbIE
Kpacutenu (aKpuauHOBbLIA OPAHMEBbIN, aKPUANHOBBIN
xentbil) U mHorve gpyrue [1,2]. Kaxgein dnyopodop
UMeeT VHAVBUAYaNbHBINA CNEKTP NOroLeHUsa 1 Gpayopec-
LEHLUN N MOXET ObITb SHAOIEHHbIM WM SK30reHHbIM. B
3aBUCMMOCTU OT MPOVCXOXAEHUA 13yyaeMoro ¢ryopo-
dopa PpnyopecLeHTHYI0 ANArHOCTUKY Pa3fensatoT Ha crefy-
loLLMe HamnpaB/eHs: ayTopnyopecueHUmsa — GryopecLieH-
uMA SHAOreHHbIX GyyopodpopoB (KonnareH, snactvH, ena-
BVH, NOPGMPUHBI 1 X NPOK3BOAHbIe, TpunTodpaH, HADH 1
ap.), Ans perncTpaummn aytodnyopecLeHLmmn 1 n3MepeHns
€e XapaKTepUCTUK HeobXOAUMAa BbICOKOUYBCTBUTESIbHAA
annapatypa, AVMarHOCTUYECKM 3HauUMbIMU MPU3HAKaMU
MOTYT ObITb KaK MOBbILLIEHUNE, TaK U CHUXEHUE YPOBHS dIly-
OpecLeHUMU B 3aBUCMMOCTY OT ulydaemoro dryopodopa
[3-5]; HayumpoBaHHas GyopecUeHLmsa — KaHaacKue yue-
Hble (Kennedy et al., 1990) 06Hapy»Kunu, 4To MOXHO UCKYC-
CTBEHHO YCWNIUTb HaKOMJIeHVe NPOTONopPGUPUHOB B TKaHU
nyTem BBeZlEHUA NPEALECTBEHHNKA — 5-aMVHOMNEBYNHO-
BOM Kucnotbl (5-AJ1K), 3TO OTKpbITE CTano TONYKOM AJiA
pa3BuTUA GnyopecLeHTHON ANArHOCTUKN HOBOOOPA30Ba-
HVI Ha ocHoBe 5-AJ1IK-nHayurpoBaHHol dnyopecLeHLmy,
N CEerofHs MMEHHO 3Ta MeTofvKka Haubonee pacnpocTpa-
HeHa B OHKonorumn [6-13]; aHanu3 ¢nyopecLeHUn 3K30-
reHHbIx Gpryopodopos (PpoToceHCMbMNM3aTopOoB).

B HacTosee BpemA Ans fleUeHns pasfinyHbIX 3J10-
KaueCTBEHHbIX HOBOOOPAa30BaHU C YCNeXoM MpUMEHS-
eTcs poToamHammyeckas Tepanua (OOT).

MeTton ®OT BbIrOAHO OTANYAETCA OT TPAZNLMOHHON
NPOTUBOOMYXONIEBOWN Iy4eBOW U NIeKAPCTBEHHOW Tepa-
M BbICOKOW M30MPaTENbHOCTbIO MOPAXXeHNsa onyxose-
BOW TKaHW, OTCYTCTBUEM TAXKENbIX MECTHbBIX M CUCTEMHBIX
OCNOXKHEHWI JIeYeHNs,, BO3MOXKHOCTbIO MOBTOPEHUA
neye6Hol npoueaypsbl. JOCTOMHCTBOM MeToAa ABNAETCA
BO3MOKHOCTb COYETaHUA B OOHOW MpoLeaype nevyeHns
1 GnyopecueHTHON AMArHOCTMKW. B nocnepgHue ropbl
npu nposegeHun OAT WMpPOKO NpUMeHSAT GoToCeH-
cubnnuszatopsl (PC) xnopuHoBoro psga. XNopuHbl MO
XUMNYECKOMY CTPOEHUI0 OTHOCATCA K rmapaTMpOBaH-
HbIM NopdrpPMHaM, Y KOTOPbIX ABOMHAA CBA3b NUPPOJb-
HOrO KOJibLla BOCCTaHOBMIEHa A0 oAnHapHON. OgHUM 13
rMaBHbIX OTINYUTENbHbIX MPU3HAKOB XJIOPUHOB ABAA-
€TCA Hannume B CMNeKTpe MOrNOLWEHUA BbIPaXKEHHOro
nuKa B AIMHHOBOMTHOBOW YacTu criekTpa (640-700 Hm).
MpUPOAHBIM XNOPUHOM ABASETCA XNOPOdU, HO ero
CNOXKHO ncrnonb3oBatb B KauyectBe OC um3-3a HM3KOM
ycTonumsocTu. llosToMmy B KNUHUYECKOWN MpaKTuke And
anarHoctukn u OAT ncnonb3yloT ero Npon3BogHoe —
XIopuH e,. CNeKTp MOrioWeHna XopuHa e, XapakTe-
pu3yeTca Hanuumem nmka Ha 400 HM mn Tpex-yeTbipex
MeHee BbIPaXKEHHbIX MMKOB B Auana3oHe 500-670 Hm.
Makcumym ero ¢drnyopecLeHLMn COOTBETCTBYET AJINHE
BOJIHbI 670 HM.

Ins dnyopecueHTHol grnarHoctmkm ¢ OC xI0prHO-
BOrO pAfa NPUMEHAIOT ABe METOAMKMK: BU3yanm3auuio
(ucnonb3oBaHMe LMGPOBBLIX KaMep) U JIoKanbHy diy-
OpPEeCLEHTHYIO CMEeKTPOCKONUIO (MCNosb30BaHMe Toueu-
HbIX permcTpaTopos). BoamoxHocT ¢pnyopecueHTHOM
BM3yanuM3aumnn: ornpepesieHne rpaHnl Onyxonu, KOH-
Tponb 3a npoueccom OT, BbiABAEHUE CKPbITbIX OYaroB
natonornyeckoro npouecca. IdopektnsHocte OAT 3510-
KauyeCcTBEHHbIX HOBOOOPa30BaHWIA 3aBUCUT OT HECKOJb-
Kux paKkTopOB, B TOM UKCile OT XapaKTepa npeablayLiero
neyeHuns, [03bl Na3epHOro obnyyeHWa M KonmuecTsa
OC B onyxonesoun TKaHu. OnpepeneHvie KonmyecTsa
®OC B onyxoneBol TKaHW ABNAETCSA BaXKHbIM aKkTopom
INA NIAHMPOBAHMA [03bl la3epHOro obnyyeHus. Egnn-
CTBEHHOW KJIMHUYECKON METOAVKOW AnA ornpeneneHus
konnuectBa OC B ONyxoneBoM ouare ABAAETCA NOKasb-
Has ¢nyopecLeHTHas CNeKkTPOCKoNus.

Llenbto nccnegoBaHma ABnAnachk 4EMOHCTPaLMA BO3-
MOXKHOCTEN (yopecLeHTHOW Br3yanv3auum 1 mnsyye-
HMe 3aKkoHOoMepHoCTU HakornneHua OC XIOpPMHOBOrO

14

BIOMEDICAL PHOTONICS T.7,Ne1/2018



E.B. fipocnaBueBa-Vicaesa, M.A. Kannat, B.H. Kanunyc, 11.C. Cnnyenkosa, H./. Cokon
dnyopecueHTHas ANarHOCTUKA 3/10Ka4eCTBEHHbIX HOBOOOPa30BaHMiA KOXHU C (DOTOCEHCHMBMNU3aTOpamu XNIOPMHOBOIO psAAaa

psAAa B 3/10KaYeCTBEHHbIX HOBOOOPA30BAHMAX KOXM MO
JaHHbIM JIOKa/IbHOM $GyopecLeHTHOM CNEKTPOCKOMUU.

MaTtepunanbl n metoabl

B pabote npumeHanm OC xnoprHoBOro paga ¢oro-
noH (PYN «benmegnpenapatbl», Pecny6nuka benapyce,
pernctpaunoHHoe ygoctoBepeHne [T N015948/01 ot
30.11.2012) n ¢oTtoamTasmH (OO0 «BETA-TPAH[», Poc-
cus, permctpaumoHHoe ygoctoBepeHue NoJIC 001246 ot
18.05.2012), KOTOpble BBOQUIN BHYTPUBEHHO KamnesibHO
nepep NpoBefeHVEeM ceaHca 06yyeHus 60MbHbIM 3J10-
KauyeCTBEHHbIMN HOBOOOPA30BaHUSIMM KOXKM.

B nccnenoBaHune 6bin0 BKAOUeHO 137 MaLWEHTOB:
10 naumeHTam BBOAWMAU Mpenapat ¢oToauTasvH, 127 —
¢boTonoH. Bce naumeHTbl aBanu fo6poBosibHOE NHbOpP-
MUPOBAHHOE COrflache Ha NpoBeAeHne ANArHOCTUKUN U
Tepanuun. PacnpepeneHne nauMeHTOB MO FMCTONOrnYe-
cKon popme HOBOOOPA30BaHMA NpecTaBeHo B Tabs.

QotoanTasnH BBOAWMIM MauMeHTam B po3ax 0,6-
1,9 Mr/Kr, nocne yero oueHMBaNM ypoBeHb HaKOMIeHWA
®C (no gaHHbIM NOKanbHOWN (GnyopecLeHTHON CNeKTPo-
CKOMMN) B OMYXONIEBOM Ouare v B HEM3MEHEHHOWN KOXKe
TbUIbHOW MOBEPXHOCTU KWUCTW W onpefenanu ¢nyopec-
LIEHTHYIO0 KOHTPACTHOCTb «OMyxXoJsieBasn/300poBas TKaHb».

®oTonoHeeoannun30naymeHTamBo3ax0,7-1,0 Mr/kr,
69 nauveHTam - B go3ax 1,1-1,4 mr/kr (13 HUX 62 NauneH-
Tam —Bpao3e1,3Mr/kr),28naymeHtam-sao3ax1,5-2,0 mr/«r.
Y BCex MauueHTOB nocne BBeaeHMA GOTONOHA OLEeHU-
Banu yposeHb HakonneHma OC (no gaHHbIM NOKanbHOM
bnyopecLeHTHOI CNEKTPOCKONKMK) B OMYXOIEBOM ovare
V1 B HEU3MEHEHHOW KOXe TbI/TIbHOWM NMOBEPXHOCTU KUCTW. Y
62 NaLVeHTOB C 0ANHAKOBOW Ao30l ¢poTonoHa (1,3 mr/Kr)
OLIEHUBANN 3aBUCMMOCTb GJIYOPECLEHTHON KOHTpPACT-

HOCTU «OMyX0JsieBasn/300PpoBast TKaHb» OT KIUHUYECKON
$OpMbl  3/I0KAUECTBEHHOTO HOBOOOPA30BaHMA KOXU
(noBepxHocTHaA (n=14), 3po3nBHO-A3BeHHaA (N=14) n
y3noBasa (n=34). 3 Hux y 34 naumeHTOB C OANHAKOBOW
Jo301 poTonoHa (1,3 Mr/Kr) n OfMHAKOBOW KIMHNYECKOW
dbopmoit paka Koxu (y3noBOW) JONOMHUTENIbHO OLEHU-
Ba/M 3aBUCUMOCTb (GNIYOPECLEHTHON KOHTPACTHOCTU
«OMyxonieBas/30poBasa TKaHb» OT TUCTONOMMYECKON
dopMbl (MNOCKOKNETOUHDIN (N=17), 6a3aNbHOKNETOYHbIN
(n=17)).

Annapamypa ons ¢pnyopecyeHmHroli
eusyanusayuu

1. YcTponcTBO cBETOAUOLHOE BUAEOPNYOpeCLEeHT-
Hoe YO®-630/675-01 (3A0 «BUOCIIEK», Poccms) co cae-
TOgMOAHbIM Obnyyatenem (AnuHa BoNHbI 660-680 HM,
MAOTHOCTb MOLLHOCTU n3nydeHust 40 mBt/cm?) n BCTpo-
€HHOW BbICOKOUYBCTBUTEIbHOWN BUEOKaMepon.

2. Annapat gnAa Bu3yanv3aumv 1 aHanmsa npocTpax-
CTBeHHOro pacnpegeneHus nyopecueHummn OC B peanb-
Hom BpemeHn «Dnyosusop-1» (000 «ATKYC», Poccus).
Bkntouaet onTryeckmin 610K C BUAEOKamMepor Ha OCHOBE
BbICOKOUYYBCTBUTENBHON MOHOXpoMHon M3C matpuupbl,
ocBeTuTeNb (ANMHA BOSHbI M3MlyYeHUA CBeTogModa -
660£20 HM, MOLHOCTb M3nyyeHnA He meHee 40 MBT Ha
BbIXOf€), OOBEKTUB U1 CENEKTUBHBIA Y3KOMOJIOCHBIN
onTuyecknii ¢unbTp, obecrneumBarWnin GOKYCUPOBKY
KapTVHbl MPOCTPAHCTBEHHOrO pacnpefeneHusa ¢nyo-
pecueHuun OC B nnockoctu M3C maTpurbl, LndpoBo
60K ynpaBneHus 1 BMAEO3axBaTa, 0becrneynBaioLmi
Heobxogumblli pexum paboTbl M3C matpuubl, ouund-
POBKY UK nepegavy BMAEOCUTHana B MEePCOHaNbHbIN
KomnbtoTep no uHtepdericy USB 2.0. OcBelyeHme TKaHU

Ta6nuya

PacnpeaeneHne nauUeHTOB Mo rMCTOAOTMYECKOM dopme HOBOO6pa3OBaHMﬂ

Table

Distribution of patients according to histological form of neoplasm

Mucronornyeckas ¢opma HoBoo6pa3oBaHNA

Ucnonb3yembiii poToceHcnbunusarop

bazanbHokneTouHbIN pak kKoxun T1-2NOMO
Basal cell carcinoma T1-2NOMO

MnockokneTouHbIn pak kKoxu T1-2NOMO
Squamous cell carcinoma T1-2NOMO

BHYTPUKOXHble MeTacTasbl MENaHOMbI
Intradermal melanoma metastases

Pak npupatkoB koxu T1-2NOMO
Skin appendage neoplasms T1-2NOMO

Bcero
Total

100 10
23 =
2 -
2 -
127 10
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npuBoANT K MosABeHMo ¢nyopecueHuny npenapata,
MPOCTPAHCTBEHHOE pacnpefeNieHne  UHTEHCUBHOCTU
KOTOPOro MO3BOJIAET CyAnUTb O GOpMe U pa3mepax ony-
xonu. KomnbioTepHas 06paboTka n3obpakeHus (B ToM
urcne 3D-popmaT) C BO3MOXKHOCTbIO LMdPOBOI OLIEHKHN
MO3BOJIAIOT BbIAIBUTb 30HbI MaKCUMANIbHOIO HAKOMJIEHNA
OC B onyxonu. DoHOBOE OCBelleHNe B NOMELLEHNN, B
KOTOPOM NPOBOAWAN BU3Yann3aLunio, MUHUMN3VUPOBAu
3a CYET MAKCMMAJIbHOTO 3aTEMHEHMS OKOH.

Annapamypa ons nokanoHoli ¢pnyopecyeHmHoli
cnekmpocKkonuu

JlokanbHyto GpnyopecuUeHTHYI0 CNeKTPOCKOMNMID Mpo-
BOOWIM HA OMTOBOJIOKOHHOM CMeKTpoaHanmM3aTope
JI2CA-6 c rennit-HeEOHOBbIM AMAFHOCTUYECKMM JTa3ePOM
«JTTH 633-25» (3A0 «BUNOCIIEK», Poccus). CpenHaa moL-
HOCTb Nla3epHOro nsnyyeHns 2 mBT, NIOTHOCTb SHeprnn
NOKaNbHOrO Sla3epPHOro M3NyYeHNs Ha MOBEPXHOCTU TKa-
Hel B npouecce ofHOro ob6cnenoBaHns He 6onee 1 IxK/cm?,
MonyuyeHHble MyTeM TOUEUHbIX M3MEPEHWI CMEKTPbI TKa-

Hel, a TakXe BU3yasibHO 300POBOM KO aHaNM3npoBanm
no bopme, BENNUNHE N aMnInNTyae curHana. Onpegensanu
WHTEHCMBHOCTb GJTyOpecLeHLUN MO COOTHOLLEHUIO MJIO-
waan dnyopecueHUUn K MoWaan OTPaXKeHHOro OT TKa-
Hel Na3epHOro M3NyyeHus B YCJIOBHbIX eguHuMuax (ycn.
en.). CBeT OT Na3epHOro WCTOYHMKa GOKycupyeTca Ha
BXOZIHON KOHel Y-00pa3HOro BOJIOKOHHO-OMTUYECKOro
KaTeTepa 1 nepefaeTcsi K HOBOOOpPa3oBaHUio Koxu. [na-
FHOCTNYECKOe 30HAMPOBAHME ONyXOnn NPOBOAUAN MpPWU
HenocpeaCcTBEHHOM KOHTAKTE C HEWN KaTeTepa: He MeHee
4 Touek B LieHTpe onyxonu, 4 Touek no nepudepun n 2
KOHTPOJIbHbIX TOYEK Ha 340POBOM KOXE: B 30HE NMoparke-
HUA N Ha HEU3MEHEHHOW KOXe TbIJIbHOM MOBEPXHOCTU
Kuctu. OnyopecueHTHbIN 1 pacCeaHHbIN CBET MOCTyMNaeT B
NnpremMHble BOJIOKHA BOMTIOKOHHO-OMNTUYECKOrO KaTeTepa,
KOTOpPble OKPY>KaloT LieHTpasibHOe BOJIOKHO ANA AOCTaBKN
cBeTa. [poKCcManbHbI (BbIXOAHOW) KOHeL, KaTeTepa coean-
HeH CO CreKTpanbHbIM aHanM3atopom. [lprHMMaembIi
CUCTEMOWN CWTHAN MOABEPraeTCs aHanoroBo-LydpoBomMy
npeobpa3oBaHnio, NepedaeTcss B OMEPATVBHYKD MaMATb

B

Puc. 1. ba3anbHOKNETOUYHbIN paK KOXXU TeMmeHHon o6i1actn T2NOMO:

a — yacTuyHas perpeccus nocse 1-ro kypca ®AT;

6 — dpnyopecueHTHasa BU3yanusauus Ha annapate YO®P-630/675-01 (3A0 «<BUOCNEK», Poccus) yepes 3 4

nocne BBefieHUs ¢poTosIoHa B fo3e 1,3 Mr/Kr, pnyopecueHTHas KOHTPACTHOCTb «OnyxofieBas/340pPoBas TKaHb» 2,4;
B — ¢piyopecueHTHas Bu3yanusauus nocne ceaHca ®AT (MHTepcTULMANbHasA + JUCTAHLMOHHaS);
r — NonHas perpeccus onyxoaun yepes 1 rop nocne fevyeHuns

Fig. 1. Basal cell carcinoma in the parietal region T2NOMO:
a — partial regression after 1 course of PDT;

6 - fluorescence imaging using UFPh-630/675-01-BIOSPEC (<BIOSPEC», Russia) 3 hours after the introduction
of photolon at a dose of 1.3 mg/kg, fluorescent contrast between tumor and healthy tissue is 2.4;

B — fluorescence imaging after the session of combined PDT (interstitial + remote);

r — complete tumor regression 1 year after the treatment
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Puc. 2. ba3anbHOKNETO4YHbIN paK KOXK 3aTbiIo4yHOM o6nactu T2NOMO, yanoBas ¢opma:

a — onyxonb go ®AT;

6 — ¢nyopecueHTHas Bu3yanusauus yepes 3 4 nocne BeeaeHus ¢otonoHa B gose 0,8 Mr/Kr, pnyopecueHTHas KOH-

TPACTHOCTb «ONyXo/ieBas/340poBas TKaHb» 1,5;

B — MaKCcUMasbHOe HakonieHue ¢oToJIoHa OKpaLleHo KpacHbIM LBeToM (Ha «PnyoBusope-1» yepes 3 4 nocne BBege-

HUS GOTONI0HA);
r - 3D-Bu3syanusauus Ha «dnyoBusope-1»;

I — NoJIHas perpeccus onyxosu Yyepes 2 roga nocne Jjie4eHus
Fig. 2. Basal cell carcinoma in the occipital region T2NOMO, nodular type:

a — tumor before PDT;

6 — fluorescence imaging 3 hours after the introduction of photolon at a dose of 0.8 mg/kg, fluorescent contrast

between tumor and healthy tissue is 1.5;

B — the maximum accumulation of photolon is colored in red (image obtained using «Fluovisor-1» 3 hours after the

introduction of photolon);
r — 3d imaging on the «Fluovisor-1»;
4 — complete tumor regression 2 years after treatment

KOMMblOTepa 1 OTOOPAXKaeTCA Ha ANCee B pearibHOM Mac-
wrabe BpemeHu B Bufe KpmBol. CreneHb HakonneHus OC
OLIEHMBANIM MO WHTEHCUMBHOCTU riyopecUeHUmMn, a Takxe
paccunTbiBaniy GpIyopecLeHTHYIO KOHTPACTHOCTb «OMyXorie-
BasA/300pOoBas TKaHb» MO CPeAHUM 3HaYEHVAM UHTEHCUBHO-
CT1 ryopecLieHLII B OMYyXONIEBOW 1 30OPOBOM KOXE.

Cratnctnueckyro 06paboTKy [aHHbIX W aHanm3
pe3ynbTaToB NPOBOAMIN C MOMOLLbIO MaKeTa NporpaMm
«STATISTICA 6». [InA OUEHKU pa3nuuma Mexgy rpymn-
namu MCrosib3oBanu Henapametpuyeckun U-kputepuii
MaHHa-YuTHu.

PesynbTaTthbl

Mocne BHyTprBeHHOro BBeAeHMA OC y 60IbHBIX 3/10-
KaueCTBEHHbIMM HOBOOOPA30BaHMAMU KOXU npu dny-
OpECLEHTHON BU3yanu3aLuu oTMevanu odar ¢pnyopec-
LUeHUMN B 30HE 3JI0KAYeCTBEHHOr0 HOBOOOPa3oOBaHWA

Pa3MYHON MHTEHCMBHOCTU B 3aBUCUMOCTU OT Ao3bl OC,
KIMHUYECKOW 1 FUCTONOMMYEcKon GpopMbl paka Koxu,
NpoBeAEeHHOro paHee neveHus (puc. 1 a, 6, B, I; puc. 2 a,
6,8,T, 1)

Ecnn dnyopecueHTHas KOHTPACTHOCTb «onyxoneBas/
340pOBas TKaHb» MO AaHHbIM JIOKaNIbHON (pryopecueHT-
HOW CNeKTPOCKONMM Hbina HUXKe 2, TO BU3yasibHas MHTEH-
CUBHOCTb dpnyopecueHuny 6bina HU3KONW. Mpu NUrMeHT-
HOW MelaHOME 1 BHYTPUKOXHbIX MeTacTa3ax MefaHOMbI
oTMeuvann oTCyTCTBME GpryopecueHLUn Npy B1U3yanmsa-
uum (pnc.3 a, 6, B, 1).

B npouecce ceaHca OAT MHTEHCMBHOCTb ¢ryopec-
LeHUMN CHMXanacb UM OTMEYaNioCb ee MOoJIHOE OTCYT-
CTBUE B 3aBUCMMOCTY OT NOABEAEHHON [03bl JIa3epPHOro
06nyyeHus. HegoctaTouHoe CHUXKEHWE UHTEHCUBHOCTM
¢dnyopecueHymmn nocne kypca OAT moxeT 6biTb Npeau-
KTOpOM peumguBa [14].

OPUTUHAJIBHBIE CTATHW
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Puc. 3. MenaHoma Koxu neBow nognonatodHon o6nactu T4AbN2cMO, Il craagusa, IV KnuHM4YecKas rpynna, MHOXeCTBEHHble

BHYTPUKOXXHble MeTacTasbl:
a — onyxonb go ®AT;

6 — dnyopecueHTHas BU3yanusauus yepes 3 4 nocsie BBegeHus GoTonoHa B fo3e 1 Mr/Kr;
B — KOMMNblOTEPHOE OKpalwmnBaHue GpnyopecLeHTHOW BU3yanm3aLuuu;

r — 3D-Busyanusauus Ha «Pnyosusope-1»

Fig. 3. Skin melanoma of the left subscapular region T4bN2cMO, stage lll, clinical group IV, multiple intradermal metastases:

a - before treatment;

6 — fluorescence imaging 3 hours after the introduction of photolon at a dose of 1 mg/kg;

B — computer staining of the fluorescent image;
r — 3D imaging using «Fluovisor-1»

NHTeHCMBHOCTD  dniyopecueHLMM NO  AaHHbIM
NoKanbHOW GNIYyOpPeCcUEeHTHOWM CMEKTPOCKOMMM TaKXKe
3aBucut o1 Buga OC 1 BpemeHun nocne ero BHyTPUBEH-
HOro BBefEeHMA.

Kak BMAHO n3 puc. 4, MakCMManbHoe HaKkomnjieHne
¢dboTONOHa Nocsie ero BHYTPMBEHHOTO BBEAEHNA B jO3€
1,1 Mr/kr B ouyare 06a3afbHOKJ/IETOYHOrO paka KOXWu
(BKPK) HabniopaeTtcs uepes 3 u, a nocne BHYTPUBEH-
Horo BBefeHuA ¢otoauTasuHa B gose 0,9 Mr/Kr — uepes
1,5 u (puc. 5), Nnpn 3TOM UHTEHCUBHOCTb dryopecLieH-
uuu 6onblue npu 3po3nsHon dopme BKPK.

B uccnepoBaHuAx in vitro ObINO MOKa3aHoO, 4TO
WHTEHCMBHOCTb ¢nyopecueHumn ¢GOTONIOHa 3aBu-
CUT OT ero KoHueHTpauum (puc. 6). OgHako 3Ta 3aBu-
CAMOCTb He MpsAMan: ecnm KOHUEeHTpauusa pacteBopa
YBENNUNBAETCA B HECKOMbKO pa3, TO MHTEHCMBHOCTb
dnyopecueHUN yBeNNUYMBaETCA HE3HAUMTENbHO. [M03-
TOMY MOXHO MPeAnoNioXnTb, YTO Jake npu Hebosb-
won ¢bnyopecueHTHON KOHTPACTHOCTU «onyxonesas/
340pOBas TKaHb» MO [AHHbIM JIOKaNbHOW ¢nyopec-
LEHTHON CNeKTPOCKOMUN, B 3/I0KAY€CTBEHHOM HOBO-

obpaszoBaHun HakonseHne OC 3HAUUTENbBHO BbIlIE,
yeMm B 340POBbIX TKAHAX.

®otonoH u ¢otoauTasnH yepes 1,5-3 u nocne B/B
BBEJEHMA HaKanaMBalTCA B OMYXONW U B MeHbLUel
cTeneHun B 3gopoBoi Koxe. CreneHb HakonnieHua OC B
HEN3MEHEHHOW KOXKe 3aBUCUT OT BBEAEHHOM A03bl.

B wccnepoBaHumAx, BkmoyaBwmx 10 MaumeHTOB C
BKPK, nocne BBegeHunss ¢otoauTasnHa B [0O3€ MeHee
1 mr/kr (5 6onbHbIX) GnyopecueHTHas KOHTPACTHOCTb
«OMyxoJieBasA/340poBan TKaHb» BapbupoBana B npege-
nax 1,3-9,5 n B cpegHem coctasuna 2,8+0,3. Y nauneH-
TOB, KOTOpbIM doTOANTA3UH BBOAWUNM B fo3e oT 1,0 go
1,9 mr/kr (5 605bHbIX), dnyopecLieHTHaA KOHTPaCTHOCTb
BapbupoBsarna B npefenax 1,4-5 v B cpegHem cocTaBuna
2,9+ 0/4.

®otonoH BBognnu 30 naumeHTam (1-a rpynna) B gose
0,7-1mr/kr,69nauneHtam(2-arpynna)-sgose 1,1-1,4mr/kr
1 28 naymeHTam (3-a rpynna) - B gose 1,5-2 mr/kr. B 1-oi
rpynne 3HauyeHUe WHTEHCUBHOCTU dnyopecueHuun
cocTaBuIO B cpegHem 6,9+0,3 ycn. ea. (MyH. 4,6, MakKc.
12,2), Bo 2-om rpynne — 8,0£0,3 ycn. eq. (MyH. 4,6, Makc.

BIOMEDICAL PHOTONICS T.7,Ne1/2018



E.B. fipocnaBueBa-Vicaesa, M.A. Kannat, B.H. Kanunyc, 1.C. Cnnyenkosa, H./A. Cokon
dnyopecueHTHas ANarHOCTUKA 3/10Ka4eCTBEHHbIX HOBOOOPa30BaHMiA KOXHU C (DOTOCEHCHMOMNU3aTOpamu XNIOPMHOBOIO psajaa

—4- KoHTponb/control
25,0 -u- nepudepus/peripherals
=== LleHTp/center

of fluorescence (ycn. eg./c.u.)

0,0

WHTeHcuBHOCTL dnioopecueHuyun/the intensity

1 2 3 4 5
Bpems/time (4acbi/hours)

—¢- KOHTponb/control
-=- nepudepusa/peripherals
== LieHTp/center

of fluorescence (ycn. eg./c.u.)

10
s ‘/’\*/0—"’
0,16 1 1,5 2 2,5
Bpewms/time (4acbi/hours)

WHTeHcrBHOCTb pritoopecueHLn/the intensity

Puc. 4. IuHamuka HakonneHus ¢oTtonoHa (1,1 mr/kr) B oyare
BKPK (nanynesHoe o6pa3oBaHue ¢ 3po3uen B LLeHTpe)

Fig. 4. Dynamics of photolon accumulation (1.1 mg/kg) in basal
cell skin cancer focus (papular formation with central erosion)

Puc. 5. [IuHamuka HakonneHus d¢otoautasuHa (0,9 mr/kr)
B oyare BKPK c apo3uei Ha noBepxHOCTH

Fig. 5. Dynamics of fotoditazin accumulation (0.9 mg/kg)
in basal cell skin cancer focus with surface erosion

12,5), B 3-em rpynne — 9,9+0,7 ycn. eg. (MuH. 5,7, MaKc.
20,3). BoisiBneHa koppenauua (r=0,997, p<0,05) mexgy
WHTEHCMBHOCTbIO nyopecLeHUn B HEN3MEHEHHOWN
KOXe TblIbHOW MOBEPXHOCTW KWUCTW MaumeHTa U BBe-
neHHon poson OC. YpaBHeHMe perpeccum no cpegHum
BenMuYMHam umeno Bupg y=3,24x+4,08, roge x — cpegHe-
rpynnosas go3a OC.

OueHka 3aBUCMMOCTU yOpPEeCLIEHTHON KOHTPACT-
HOCTU «OMyXx0neBan/300poBasA TKaHb» OT KIIMHNYECKON
$OopMbl  3/TOKAUECTBEHHOTO HOBOOOPA30BaHUA KOXM,
npoBefeHHasa y 62 naumeHTOB, NOKa3ana, YTo uepes
3 y nocne BBegeHNa ¢oTonoHa B gose 1,3 mr/kr dnyo-
pecueHTHaa KOHTPACTHOCTb «OMyxoneBasn/3nopoBas
TKaHb» B MOBEPXHOCTHON hOpMe paKa KOXu B CpefHEM
cocrtasnana 2,7+0,5, B y3nosou — 2,3+0,2, B 5p0O3MBHO-
A3BeHHoON - 3,6x0,3; gocTOBepHble pasnuMuma nony-
YeHbl MeXAy MOBEepPXHOCTHOW W 3PO3MBHO-A3BEHHON
dopmamu paka, U (14, 14) = 58 (p<0,05), n mexpgy y3no-
BOW W 3PpO3MBHO-s13BeHHOW popmamu, U (34, 14) = 50
(p<0,0025).

OueHKa 3aBUCMMOCTU yOpPECLIEHTHON KOHTPACT-
HOCTU «OMyXxoneBasn/30poBas TKaHb» OT rMCTONOrnye-
ckom GOopMbl paka KoXu, MpoBefeHHas Y 34 NaumneHTos,
nokasasna, Yto npu oguHakoBo fose ¢otonoHa (1,3 mr/
Kr) 1 OQUHaKOBO KNMHMYecKon ¢opme HoBoobpa3oBa-
Hus (y3noBasa ¢opma) rnyopecueHTHas KOHTPACTHOCTb
«OMnyxonieBas/3fopoBad TKaHb» Oblla [OCTOBEPHO
BbllLE Y MALNEHTOB C MIOCKOKIETOUYHbBIM PaKOM KOXU (B
cpefHem 2,8+0,2), yuem y naLMeHToB C 6a3aNbHOKIIETOY-
HbIM pakoMm Koxu (B cpegHem 2,1+0,2), t=2,1 p<0,05.

3aKknioyeHue

Takum 06pa3om, UHTEHCMBHOCTb dnyopecueHuUn
¢boTOCEHCMOMNN3ATOPOB NPOM3BOAHBIX XJIOPUHA $HOTO-
OVTa3uH 1 GOTONIOH B ouare 3/10KayeCTBEHHOIO HOBO-
006pa30BaHNA KOXU 3aBUCUT OT BHYTPMBEHHO BBELEH-
HOM [03bl MpenapaTa, KINHMYECKOW W rucronorunye-
ckon popmbl onyxonu. OnyopecueHTHas AnarHocTuka

[0 npoBefeHuss poToOAUHAMUYECKON Tepanun — Heob-
XOAUMOE YCioBre ANA NpaBuibHOrO GOpMMpPOBaHUs
nonen obnyyeHus, UHANBUAYANbHOTO MAAHUPOBAHNUA
CBETOBOW [03bl, €€ yBe/IMYeHnsa npu HN3KoN (MeHee 2)
¢bnyopecueHTHON KOHTPACTHOCTW, T.K. MPOBEHEHHble
paHee wccnefoBaHUs ¢ ¢GOTOAMTA3MHOM MOKasanu,
yTo MpU 60JNiIee HMU3KOM YPOBHe dyopecLeHLny BO3-
HUKHOBEHMWE peungnMBoB BeposTHee. (DnyopecueHT-
Has KOHTPACTHOCTb «OMyXOJsieBas/3[opoBas TKaHb»
HUXKe B Y3110BbIX $OpPMax 3/10KaueCTBEHHbIX HOBOOO-
pa3oBaHui. HegocTtaTouHOE CHMKEHME NHTEHCUBHOCTH
¢dnyopecueHuymm nocne kypca OOT moxeT 6bITb npe-
OVKTOPOM peLuvamnBa, NO3TOMY B AallbHEMWUX mccre-
[OBaHUAX MNIAHNPYETCA OLEHWUTb CTerneHb CHWXKEHWA
WHTEHCMBHOCTY ¢nyopecueHLM B 3aBUCMMOCTU OT
nofBefeHHON [103bl NTa3ePHOro 06NyYeHNa 1 CBA3b C
BO3HUKHOBEHMeM peuuansos. OTcyTcTBre dnyopec-
LEHTHOW BM3yanu3auum B MUIFMEHTHbIX HOBOOOpPa30-
BaHVAX KOXM TakXe MOXHO UCMONb30BaTb B KayecTse
OVArHOCTMYECKOrO KpUTEPUs  PacnpoCTPaHEHHOCTU
npouecca.

w
«

MHTeHcUBHOCTL dntoopecueHumn/the
intensity of fluorescence (ycn. eg./c.u.)
w

=

0,016 0,032 0,063 0,125 0,25 05

KoHueHTpauua pactBopa poTtonoH/the concentration
of the solution fotolon (Mr/mn/mg/ml)

Puc. 6. 3aBUCMMOCTb UHTEHCUBHOCTHU daiyopecueHLmu in vitro
OT KOHLIEHTpaLuuu pactBopa ¢oToJIoHa

Fig. 6. Photolon solution fluorescence intensity in vitro
dependence on its concentration
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H.B. JleB4eHko, B.B. Xpsukos, P.P. LLiaBanues, [.11. Kucnuumn
AuterpagHas nanunnotomus ¢ ucnonb3osanuem YAG:Ho nasepa
Nnpu cTeHo3e 60nbLIOro COC0YKa ABEHAALATUNEPCTHON KULLKK

AHTETPAOHAS NANMUITNIOTOMUA C UCINOJIb3BOBAHNEM
YAG:HO J1A3EPA MNPU CTEHO3E bOJIbLUOIO COCOYKA
ANBEHAOUATHUNEPCTHOU KMLLIKU

H.B. Jlesuenko'3, B.B. Xpsukos', P.P. LUlasanues'3, O.M. Kucamumn'?

"XaHTbi-MaHcHickas rocyqapcTeeHHas MeamMuMHCKas akaaemms, XaHtei-Marncuick, Poccus
2QkpyxHas knuHuyeckas 6onbHmua, XaHTe-MaHcmitck, Poccma

*Haranckas okpyxHas 6onbHuua, Haras, Poccus

Pesiome

PaspaboTaH 1 BHegpeH HOBbIV CMOCO6 NanMANOTOMMMN MyTeM aHTErpagHOro pacceueHuns 60bLIOro COCOUKa ABEHAALATNNEPCTHOW KULIKM BbICO-
KO3HepreTnyecknm nsnyyeHmem ronbMmesoro (YAG:HO) nasepa. I'Ipe,qCTaBneHbl pe3ynbTaTbl BbINONHEHNA aHTerpa,quVl na3epH0|7| nanmnnoTo-
M y 35 naymneHToB. Bce OI'IepaTI/IBHbIe BMelwlaTeNlbCTBa BbIMNOJIHEHDI J'Ial'lapOCKOI'IVILIecKI/I, n0Ka3aan7| anAa KOHBepCI/II/I He 6bln0. ﬂpmmeHeHme
BbICOKOSHepFETVNECKOI'O roJibMmeBoro nasepHoro I/I3J1yl-IEHI/I$| MO3BOJINAIO BbIMOJIHUTD aHEKBaTHyIO nanmMnIoToOMUKO I'Ipl/l MUHMAJIbHOM pI/ICKe
noBpeXAeHNA oKpyKatowmnx TKaHen. MCCﬂe,ElOBaHVIﬂ NoKa3anun, YTo aHTerpagHaa nasepHaa nannaioToMmmA BbliNOAHMMa NP Hanuynu napa-
nI/IﬂﬂﬂprIX p,VIBepTI/IKyﬂOB, BblpameHHOVI ned)opmauvm ,deHa,qu,aTVII'IepCTHOIZ KULWKK, a TaKXKe Koraa peTporpa,qule BMelWlaTenbCTBa KpaVIHe
3aTPYyAHUTENbHbI UM HEBbIMONTHUMBI. [TOKa3aHa BbicoKas 3pGEKTUBHOCTb MPUMEHAEMO MeTOLAMKM (BO BCEX ClyyasX yCNELHO YyCTPaHeH CTEHO3
6onbLLoro AyoaeHanbHOro COCOHKa) N OTCyTCTBUE OCNOXHEHUN N NeTanbHbIX ncxoaos. Ha ocHoBe aHanusa pe3ynbTaToB nccnefoBaHnA npen-
NOXeH neqe6Hb||7| aJ'IFOpI/ITM BeAeHnA naumeHToB CO CTEHO30M 60ﬂbLIJOFO COCOYKa p,BeHap,LlaTMﬂepCTHOVI KULWKN.

KnioueBble cnoBa: 60nblION COCOYEK OBeHaaLaTUNepPCTHOM KULWKK, XONedoX0NnTnas, roibMneBbli nasep, aHTerpafHasa nasepHas
nannnnoTomMmuA.

Ana yntupoBaHunsa: JlesueHko H.B., Xpaukos B.B., lWasanues P.P., Kucnuunn [O.MN. AHTerpagHaa nanunnoTomMma C NCNONb30OBaHNEM
YAG:Ho-na3epa npu cTteHo3e 60/1bLIOro COCOYKa ABeHaAUaTUNepcTHol Knwku // Biomedical Photonics. - 2018. - T. 7, N2 1. - C. 21-27.

KoHTakTbi: JleBueHko H.B., e-mail: nvlevO7@yandex.ru

ANTEGRADE PAPILLOTOMY WITH THE USE OF YAG:HO
LASER IN STENOSIS OF THE MAJOR DUODENAL PAPILLA

Levchenko N.V.'3, Khrachkov V.V.!, Shavaliev R.R."?, Kislitsyn D.P."2
'State Medical Academy of Khanty-Mansiysk, Khanty-Mansiysk, Russia
2District Clinical Hospital, Khanty-Mansiysk, Russia

3Nyagan District Hospital, Nyagan, Russia

Abstract

The purpose of our study was to develop and implement a new invasive method of papillotomy - an antegrade dissection of the major
duodenal papilla using high-energy holmium (YAG:Ho) laser. Results of antegrade laser papillotomy in 35 patients are presented. All surgical
procedures were laparoscopic, no indications for conversion were found. The use of high-energy holmium laser helps perform an adequate
papillotomy with minimal damage to the surrounding tissues. Studies have shown that antegrade laser papillotomy is feasible in the pres-
ence of parapillary diverticula, severe deformity of the duodenum, and also when retrograde interventions are extremely difficult or imprac-
ticable. The high efficiency of the applied technique (in all cases the stenosis of the major duodenal papilla has been successfully eliminated)
and the absence of complications and deaths is shown. Based on the analysis of the study results, a therapeutic algorithm for managing
patients with stenosis of the major duodenal papilla is proposed.

Key words: major duodenal papilla stenosis, choledoholitiasis, Ho:YAG, antegrade laser papillotomy.

For citations: Levchenko N.V., Khrachkov V.V., Shavaliev R.R., Kislitsyn D.P. Antegrade papillotomy with the use of YAG:Ho laser in
stenosis of the major duodenal papilla, Biomedical Photonics, 2018, T. 7, No. 1, pp. 21-27 (in Russian).

Contacts: Levchenko N.V., e-mail: nvlevO7@yandex.ru
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H.B. JleB4eHko, B.B. Xpsaukos, P.P. LLiasanues, [.M1. Kucnuumn

AuTerpagHas nanunnotomus ¢ ucnono3osanuem YAG:Ho nasepa

BBepeHune

B xupyprum naHkpeTobunmapHoayoaeHaIbHO 30HbI
OLHOI 13 aKTyaJIbHbIX MPOGJieM ABNAETCA paHHee BbisAB-
NEHVE 1 JleyeHre CTeHOo3a GONbLIOro COCOoYKa ABEHAS-
uaTUNepPCTHOM KnwwKy [1-7]. CreHO3 60MbLIOro COCoUKa
[ABEHaALaTUNEPCTHON KNLWKWU NPY NePBUYHbIX onepauu-
AX Ha KeNYHbIX NyTAX BCTpeyvaeTca B 6,2-25% cnyyaes, a
Npu NOBTOPHbIX BMeLLaTeNbCTBAX YacToTa ero BbiAB/e-
HuA Bo3pacTaeT go 11,2-84%. B HacToALWee BpemA neye-
HMe CTeHo3a 6OMbLIOro COCoYKa ABEHAALATUNEPCTHON
KWLUKN UMEET MHOTO BapUaHTOB.

Y Kaxpgoro cnocoba MMeloTcsa Kak CBOM MJIHOChI, TaK
N CBOWM MMHYCbI, MO3TOMY HEOOXOA4UMbI OOOCHOBaHHbIE
TaKTMYeCKMe NOAXOAbI M MOUCK HOBbIX TEXHUYECKNX pe-
WEeHNIN ANA BOCCTAHOBIEHMA Naccaka »enuun. N3 mano-
MHBA3VMBHbIX METOAVK B HAacToOsALLee BpeMa AfA JlieueHUs
CTeHo3a 60MbLIOro COCOUKa fABEHAALATUNEPCTHOM KMLU-
KM CcaMOW pacrnpoCTPaHEHHOW ABAAETCA SHAOCKoNuye-
CKasA peTporpagHas nanunnocouHkTepotomus [5,8-14].
Mpw BbINONHEHN SHAOCKOMMYECKOWN PETPOrpagHom na-
NUNNOCOUHKTEPOTOMUY MOTYT BO3HUKHYTb CIOMXHOCTU
C KaHonAumnen 60sbLIOro COCoUKa ABeHaALATUNEPCTHON
KUMKW, YCTAaHOBKOW pexyLlen CTPyHbl Nanuinotoma B
HY>XHOM MOJIOXKEHUNMN, @ TaKXKe CYLLIEeCTBYET PUCK KPOBO-
TeyeHusa 13 30Hbl NANUINOCHMHKTEPOTOMUN NPU HERO-
CTaToOYHOW AnaTepMokoarynauun. B Toxe Bpems, n3obi-
TOYHaA AUATePMOKOArynAaunAa MOXeT CTaTb MPUUYUHOWN
pa3BUTMA OCTPOro NaHKpeaTuTa. HegocTtaTtouHaa anvHa
pa3pe3a crnocobHa NpuBeCTU K PpeCTEHO3MPOBAHNIO, B TO
BPeMSA KaK M30blTOYHasA — K nepdopaunn aBeHaauaTu-
nepcTHON KULWKM [15].

OcCnoxHeHUA nocne 3HOOCKOMUYECKON peTporpag-
HOWM  ManuInoCOUHKTEPOTOMUN, MO  JINTEPATYPHbLIM
JaHHbIM, BcTpeyatoTca B 1-13% cnyyaes: npu 3ToM Npo-
Legype 4yacToTa naHKpeoHekpo3a - 0,5-1,3%, uacto-
Ta nepdopauunmn 3agHen CTEHKM ABEHaAaUaTUNEepPCTHOWN
Knwkm — 0,5%, netanbHocTb — 0,1-1% [6,16-19]. B HeKoTO-
pbiX cryvasix, napadaTepuanbHble JUBEPTUKYbI TakXKe
NpeacTaBnAAlT CIOKHOCTW, @ UHOTAA AenaloT HEBO3MOXK-
HbIM BbIMOSIHEHWE SHAOCKOMNYECKOW peTporpagHom na-
nunnocduHkTepoTomuu [3,17].

Hamu 6bin pa3pabotaH HOBbIV CNOCO6 NanwIOTO-
MWW MyTEM aHTErpajHoOro pacceyeHuss GOMbLLIOrO CO-
COYKa ABEHaALaTMNEePCTHOM KNLIKU BbICOKOSHEpreTuye-
CK1M mn3nyyeHnem ronbmmueBoro (YAG:Ho) nasepa.

MaTepuanbl u metToabl

B ocHoBe paboTbl NEXUT aHanmM3 pe3ynbTaToB Bbl-
MOJIHEHHbIX aHTerpafHbIX BMewaTenbCcTB y 35 nauueH-
TOB CO CTEHO30M 6OJIbLIOr0 COCOYKA [BeHaALaTUnepCT-
HOW KULLKW, MPOXOAMBLUMX OOC/iefjoBaHNE 1 NeYeHne B
HsiraHckow okpy»Hol 6onbHuue B 2010-2017 rr. BozpacT
60nbHbIX BapbuUpoBan oT 25 fo 79 neT (cpegHUin Bo3pact
- 55 neT). Npeobnaganu nauymeHTbl B BO3pacTe CTaplue
60. KeHWUH 6bino 21, Mmy>KunH 14. Y yacTu naumeHToB

Npu cTEHO3€ 60JIbLLOro COCOYKA ABEHA/LLaTUNEPCTHOI KULLIKK

UMesiocb HeCKONbKO COMYTCTBYIOLWMX 3a60neBaHU.
Hanbonee 4acto BCTpeYanucb: NaTonorva ceppeyHo-
COCyAnCTOn cmctembl — B 51,92%, onuctopxos — B 15,8%,
OXMpeHne pasnnyHomn cteneHn — B 39,8% cnyuvaes.

Mpu 06cnegoBaHNN MALMEHTOB OblNN  BbIMOHE-
Hbl NabopaToOpHble UCCNENOBAHMSA, TakMe Kak obwwuin
aHanM3 KpoBW, OOWMIA aHANMM3 MOYK, BUOXUMUNYECKNI
aHanm3 KpoBwu (GunupyouH 1 ero ¢pakumv, MOYEBMHa,
KpeaTWHVH, o0wWuni 6enoK, rioKo3a), No MoKasaHUAM
— Koarynorpamma. Bce nabopaTopHble uccnenoBaHums
NpPoBOAMAN OO BMellaTeNIbCTBA Ha OONbLIOM COCOUKe
OBEHaALaTMNepPCTHOM KUWKW, a B MocC/ieonepaunoH-
HOM nepuofe — HeO4HOKPATHO, BMAOTb A0 AOCTMXEHNUA
HOpPMasbHbIX NoKa3aTenen. IHCTpyMeHTasnbHble MeTof bl
nccneaoBaHMA NMPYMEHANN B NepBble CYTKA OT MOMEHTa
noctynneHna n sknoyanu SKI, No nokasaHMAM — PeHT-
reHorpaduio opraHoOB rpyaHON KNeTKy 1 GPIoLHON no-
noctu, obsA3aTeNbHOE YNbTPA3BYKOBOE MWCCNefoBaHME
OpraHoB HGPIOLLHOM NONOCTY (MeYeHb, XeNTUHbIV Ny3bIpb,
noa»kenyaoyHas »esesa, BHyTpUneyYeHouUHble 1 BHerne-
UeHOUHbIe KeNuHble NMPOTOKM) 1 330daroracTpogyone-
Hockonutio. [Mpu Hanuumm nokasaHmn nposogunn KT n
MPT. Bcem naumeHTam ctapie 40 neT 6bia Ha3HayeHa
KOHCynbTaumA TepanesTa. [lokazaHMAMM K BbINOJTHEHNIO
SH0CKOMUYECKUX BMELLATENbCTB Ha OOMbLIOM COCOUKe
[BeHaALaTUNepCcTHON KULIKN Y NaumneHToB 6binu cnegy-
loWwme ynbTpasByKoBble MPU3HAKK: Hannume B NpoceeTe
Xonefoxa KOHKPEMEHTOB, pacllMpeHne xonegoxa 9 Mm
n bonee, paclMpeHne BHYTPUMEUYEHOUHbIX MPOTOKOB
6onee 3 MM. [1ns BbINOJIHEHMA PETPOrPafHbIX SHAO-
CKOMUYECKMX BMELIATENbCTB MCMOJb30Banu LndpoBomn
ayopeHockon (Olympus, iNoHKA) C MHCTPYMEHTasIbHbIM
KaHanom 3,2 MM, CTaHAAPTHbIN 1 UIOMbYaTbI MNAnNuIo-
Tombl (Olympus, AnoHus).

YpoBeHb 61nnpyobrHeMMM NpY NOCTYNAEHUN Y NaLu-
€HTOB BapbupoBan oT 8,8 MKmonb/n Ao 388 MKMOnb/N.
BunupybrnHemuna go 100 mkmonb/n 6bina 'y 22 (62,9%) na-
uneHToB, 6onee 100 Mkmonb/n -y 9 (25,7%) naymeHTOB.
Mpu Y3 po onepauuun NpusHaku BHYTPUMPOTOKOBOW
runepTeHsumn 6o obHapy»xeHbl y 11 (31,4%) nauneH-
TOB, ¥ 6 (17,1%) nauueHTOB Obisl BbISBIEH XONELOXONU-
Tras. MakcMManbHbI aMeTp XONne[oxa, BbiABEHHbIN
npu goonepaunoHHom ¥Y3U coctasun 18,5 mm.

Mpwn pyoneHockonun y 3 (8,6%) NaunMeHTOB HaZeHbl
napananunAapHble AMBEPTUKYbl ABEHAALATMNEPCTHOM
KULLIKK.

MNHTpaonepaumnoHHy0 aHTerpagHylo XoJsieJOXOCKO-
Nnuio NPOBOAWMAN BCEM MaUMEHTaM C OOOCHOBAHHbLIM
NoJo3peHNeM WM [OKa3aHHbIM CTEHO30M OOMbLLIOro
COCOYKA ABEHAALATUNEPCTHOM KNLLKK, C XONeA0XONNTN-
asoM, MPY HaNIMYNN MEXaHNYECKOM XKENTYXN Ha MOMEHT
onepauunn uan B aHaMmHese, C NpU3HaKaMmn paclMpeHns
XeJlUHbIX MPOTOKOB 6onee 3 MM Mo AaHHbIM Y3, npu
OOHAPY>KEHUUN PACLUIMPEHHBIX BHEMEYEHOUHbIX MPOTO-
KOB BO Bpems onepaunn 6onblie 9 Mm. NokasaHueM K
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Nnpu cTeHo3e 60nbLIOro COC0YKa ABEHAALATUNEPCTHON KULLKK

aHTerpagHown nasepHon NanuioTOMUN CUNTANN CyxKe-
Hue NpocBeTa 6ONbLIOro COCOUKa ABEHAALATUMNEPCTHOMN
KULLKN MeHee 3 MM.

[InAa BbINONMHEHNA aHTerpagHon na3epHON Nanuio-
TOMUU UCMONb30BaNM SHAOBUAEOXUPYPrAYECKe KOM-
nnekcol Stryker (CLUA) n Karl Storz (Tepmanus), ¢rubpo-
xonepoxockon Karl Storz (TepmaHusa), a Tak»ke nasepHyto
yctaHoBky Coherent (CLLIA), ocHaLleHHY0 BbICOKOIHEpP-
retnyeckum YAG:Ho nasepom (MowHocTb go 80 BaTT).

brnarogaps BbICOKO3HeEpreTnyeckoMy nasepHoMy ms-
JYYEHUIO CUCTEMY MOXKHO MCMOMb30BaTh AS1A NleyeHus
LUIMPOKOro CreKTpa YPONOrmyecknx M XMpypruyeckmx
3aboneBaHun. Ha cerogHAwHM geHb YAG:Ho nasep sB-
naetca 3PpPeKTUBHBIM UHCTPYMEHTOM Af1sl MANuIIoTo-
MuK. TakKe goKasaHa ero 3¢pPeKTUBHOCTb NpU NpoBe-
OEeHUU KOHTAKTHOW nasepHoun nutotpuncun. bnarogapsa
3aJaHHbIM NapameTpam, sHeprua nsnyyeHna YAG:Ho no-
rnoLaeTca B BoJe 1 BOQOCOAEP KaLLUMX TKaHAX, NPMBOAA
K ObICTpOMY BblfieNieHMI0 6OSbLIOro KonmuyecTsa Ternna.
Yno6cTBO NpMEHEHNA JaHHOTO fla3zepa 3aK/ioYaeTcsa B
TOM, YTO M3NyyYeHne C AANHON BOMHbl 2100 HM MoXeT
6bITb NepefaHo Yepes KBapLEeBble CBETOBOADI, YTO AaeT
BO3MOXKHOCTb MpPOBEeAEeHUA SHAOCKOMUYECKUX XUPYP-
rmyecknx BmelaTenbcTs. Kpome Toro, ceetosoabl 200
MKM 1 365 MKM MOTYT ObITb NPOBEAEHbI Yepe3 KaHasbl
¢dubpoxonenoxockona. Mpu cnyyanHOM nonagaHUM Ha
CcTeHKu xonegoxa usnyyexme YAG:Ho nasepa npoHukaet
B TKaHb JIMLWLb Ha ry6uHy 0,4 MM 11 NPOU3BOAMT TEPMU-
yeckoe NoBpeXAeHne TKaHW Ha pacCcToAHUN MeHee 0,5
MM. Bnarofapa 3ToMy nasep MOXeT OblTb UCMOJb30BaH
[NA BbICOKOTOYHOIO pacceyeHna 1 Koarynauum TKaHew.
Ewe ogHum npenmywecteom YAG:Ho nasepa asnset-
CA Xopowas BM3yanusaumda, Tak Kak npu ero rcnosnb-
30BaHMUN HAKTMUECKN He 06pasyloTcs My3blpbKy Mapa.
Hapagy ¢ 3TMM NOCTOAHHOE OpOLLEHME NPPUTraLUoOHHON
XMNIOKOCTbIO 06ecneunBaeT XOpoLLyio BM3yanm3aumio pa-
60uelt 30HbI.

Memooduka npoeedeHusa onepayuu

MeTogauvKa npoBedeHUA onepaLmm CocToana B cneay-
toweM. OnepaumoHHbIA OCTYN OCYLLECTBAANN U3 YETbI-
pex HeboNbLINX Pa3pPe30B NepeaHeln OPIOWHON CTEHKN,
yepes KOTopble yCTaHaBNMBaNM TPOaKapbl C ONTUYECKON
CMCTEMOWN N UHCTPYMeHTaMun. PacnonoxeHune Tpoakapos
ObIIO TaKoe Xe, KaK Npu NnanapocKonMyeckon Xoneuu-
CTIKTOMMUU. [NA yMeHbLIeHUA BAVAHUA MHEeBMOMNepu-
TOHEeYMa Ha remMoAVHaMWKY Yy MOXWUMbIX NaLVNEeHTOB ”
MaumMeHToOB C COMYTCTBYMOLWEN CyOKOMMNEHCUPOBAHHOM
cepaeyHo-CoCyaucTon naTofiornen, onepauyuto  Bbl-
MOMHANY NPV BHYTPUOPIOWHOM faBnieHnn He 6onee 10
MM.pPT.CT. [InA ynyyweHna 4ocTyna K 3iemeHTam renaTo-
OyofeHaNnbHOW CBA3KM, ONePaLMOHHbIN CTOM HAKIIOHANN
Ha 15-25° BNEBO, a ero rofIoBHOM KOHEL, MPUNogHNManun
Ha 5-25° rpagycoB. [MapaymbunumkanbHbin Tpoakap N2 1
(10 Mm) ncnonb3oBanu AnA BBEAEHWA Jlanapockona.

CybkendounganbHbii Tpoakap N2 2 (10 mm) ncnonb3osa-
NV ANA BBEAEHUA «Paboumnx» MHCTPYMEHTOB — ANCCEKTO-
pa, 3aXnMa, urnofepkartens, KoarynaumoHHOro Kpoyka.
Tpoakap N2 3 (5 Mm), yCTaHOBNEHHBIN B NpaBoi nogpebe-
pbe No CPeAHEKIOYMCHON NTIMHUK, TaKXe NCMOSb30Banu
4ns BBeAeHUs paboumx MHCTPYMEHTOB — AMCCEKTOPa,
3aXMMa, xonegoxockona. Takxe yepes 3TOT Tpoakap, Kak
NpaBuIo, BbIBOAMIN HapyXy APeHaXk xonefoxa, ecim
TakoBoun umencs. Npn npoBegeHn XonegoxXoCKONUn Uc-
Mosb30Bay CreuunanbHbili NPOBOAHUK-TYOYC, KOTOPbIN
ycTaHaBAmBanu B Tpoakap N2 3. Yepes gaHHbI NpoBO-
OHUK XOnefoXOCKON BBOAMAM B OPIOLWHYK MOMOCTb U
xonefox. Xo/ieAOXOCKOMNUIO BbIMOMHAMM XONef0X0CKO-
nom ¢upmbl Karl Storz (Tepmanms). Tpoakap N2 4 (5 mm)
yCTaHaBAMBanu Mo nepepHern NOAMbILEYHOWN NIMHUW B
npaBom nogpebepbe, €ro NCNob30BaNU A BBEAEHMWSA
3aXMMa, C MOMOLLbIO KOTOPOT0 OCYLLECTBAANN TPAKLNIO
xenyHoro ny3bipa. Bnocnegcteum uyepes 31oT goctyn
Nnpu HeO0OXOANMOCTI BbIMOJTHAMNN APEHMNPOBaHME GpIoLL-
HOW NONOCTMW.

Bbigenann nysblpHbIA MPOTOK M MNy3bIPpHYIO apTe-
puto. MNy3blpHylO apTepuio KAUNUPOBaNW, nepecekanu.
[Ny3blpHbIA NPOTOK KNMMMPOBanM B AUCTaNIbHOM oTaene
N Hagcekanu. Yepes Tpoakap, yCTaHOBIEHHbIN NO cpea-
HEeK/MOUMYHOW JIMHUK, B OPIOLLHYIO MOMOCTb BBOAMN
XOJeJOXOCKOMN B TyOyce, KOTOPbIV UMENCA B KOMMJEKTe
noctaBkn ¢ubpoxonegoxockona. [anee d¢ubpoxone-
[OXOCKON BBOAWIM Yepe3 Hajpe3 CTEHKU My3blpHOro
npoTtoka B xonefox. [ocTaToOYyHO 3aTpPyAHUTESNIbHbIM
OCTaBaJIC MOMEHT NpoBeaeHus ¢prnbpoxoneqoxockona
B X0NiejoX Yepes My3bIPHbI NPOTOK MPU CY>KEHUW MO-
cnepHero Ha ¢oHe ero BOCMANMTENbHbIX N3MEHEHUN, a
TaK>Ke MNPy HaNMuUKM OCTPOro yria BnafeHna NpoToKa B
xonefox. B aTnx cnyyanx BbiCOKa BEPOATHOCTb NMOBPEX-
LEHVA HapyXHoW 06010uKky $prMbpoxoneqoxockona rs-
3a ero upesmMmepHoro neperuba.

Ha ocHoBaHuM nosiy4eHHOro onbiTa Hamu 6bio Npea-
NOXKEHO HanpasnALLee YCTPONCTBO AA XONe[0X0CKomna
(naTeHT PO Ha none3nyto mogenb N2 149055, npuoputet ot
12.05.2014, pernctpaums B locygapcTBeHHOM peecTpe no-
ne3Hbix mogenen PO ot 21.11.2014), KOTOpPOE 3HaUYMNTENBHO
obneryaet nNpoBefeHNe XOyefoXOCKOMMU U MO3BONAET
n3bexaTb NoBpeXaeHusa xonegoxockona [20].

Hanpasnsowee ycTponcTBO ANA MPOBEAEHUA WH-
TpaonepaLMoHHON XONJAOXOCKONUM NpefcTaBndeT Co-
6O BbINMOMIHEHHYIO M3 HEpPXKaBELWEeN CTanu UMIUHAPY-
yeckyto Tpy6Ky ¢ anuHoi 250-300 MM, UCTanbHBIN KO-
HeL, KOTOPOW MOCPeaCcTBOM TAr MOXET n3rmbartbca ot 0°
Z0 100° N0 OTHOLEHMIO K MPOKCMMAJIbBHOMY KOHLLY, C BO3-
MOXHOCTbIO pasMeLleHna B Hell SHAOCKOMNa U BbiBefe-
HMA OMCTaNbHOIO KOHLA ero 3a npegesnbl Tpy6Ku. Poiuar
yrpaBfieHya TAramu no3BoNAeT BblOpaTb ONTUMASIbHbIN
yron nsrnba pabouei yactu. Mpu Ncnonb3oBaHUU AaH-
HOro YCTPOWNCTBA, ero ANCTaNbHbIN KOHel, yCTaHaBIuBa-
NN Ha rpaHuLe C paHoN xonefoxa Uav My3bIpHOro Npo-

OPUTUHAJIBHBIE CTATHW
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TOKa TaKMM 06pa3om, YTOObl ANCTANbHbIA KOHEeL SHAO-
cKona 6ecnpensaTCTBEHHO NPOHMKa B MPOCBET MPOTOKa.
Ecnn npocBeT ny3bIpHOro NpoToKa Obl CY»KeH, He-
npoxoamMm A XONefoXocKona, TO B CynpajyofeHasb-
HOM OThesile Xofie4oxa BbIMOJIHANM  XONeOXOTOMUIO.
YunTbiBanu, YTo AJSIMHA XONeLOXOTOMMUYECKOro pa3pesa
[OJIKHA COOTBETCTBOBATb [MAMETPY XOJNiefoXOCKona.
3710 No3BONAET MUHMMM3UPOBATb TPABMY CTEHKU XoJe-
[0Xa 1 CnocobCcTByeT CO3AaHNI0 HeobxoanmMoro fasne-
HUA MPOMBIBHOWN XMAKOCTW B XONELOXe U YNyuLlleHuo
BM3yanv3uny Npyi NpOBeAeHUN MaHUMYyAALNIA.

Hanee nposogunu peeunsnio xonegoxa. OueHuBanu
COCTOAIHME CTEHKM XONe0oXa, Hannume fOoNoHUTENbHbIX
obpa3oBaHuii, cocTosiHue cdrHKTepa Opam 1 amnynbl
60NbLIOro COCOYKa ABEHAALATUNEPCTHOM KULLKMN.

Mpn Hanuuuu cTeHo3a OOMbLIOrO COCOYKA ABEHAn-
LaTUNEPCTHONW KULLKK, MO BU3yasibHbIM KOHTPONEM, No
pabouemMy KaHany xonefoxX0oCKona NoAaBOAUNAN TMOKUI
nasepHbin ceetoBog. C npumeHeHnem YAG:Ho nasepa
BbIMOJIHANN NpoLefypy pacceyeHusi COCoUKa B n3bpaH-
HOM pexnme (puc. 1).

Mocne ycTpaHeHUs cTeHo3a 60MbLIOrO COCOYKa ABe-
HaAUATUNEPCTHOWN KULWKN XONefoXoCKorm, Kak npaBuo,
6ecrnpensTCTBEHHO MPOHMKaN B NPOCBET ABEHaAUaTu-
NepCcTHON KuUwKu. M3BneueHue xonegoxockona ms Xo-
nefoxa MNpPoOU3BOAWIM MOCAE KOHTPOJSIbHOrO OCMOTpa
MeNUHbIX NyTen.

PeweHre o gpeHnpoBaHUK xonegoxa NPUHUMAN Xu-
pypr B KaXXOM KOHKPETHOM cinyyae. [lpu 3TOM OH yun-
TbiBaNl BbIPa’KEHHOCTb BOCMANINTENbHBIX M3MEHEHUN
CTEHKM XONEeAoXa, Hannumne sIBIeHN NaHKpeaTuTa.

B HacToslee Bpemsa CywlecTByeT MHOro Croco6os
LPEHNPOBaHUs xonegoxa. Mol oTaaBanu npeanoyTeHne
OPEHVPOBAHNIO XOJlefloXxa Yepes Ky/bTo My3bIpHOro
npotoka. B cnyuaax obnutepaumy ny3bIpHOro NpoToKa
yCTaHaBJ/IMBaNy APEHAX Yepes X0/1eJOXOTOMNYECKOE OT-
BEPCTME, KOTOPOE YLUMBANM 0 APEHaXa.

WHorga ny3blpHbIli NPOTOK Obin Hempoxoanm Ans
XONeOXOCKOMa, a APeHa)Xk NPOoBeCTU Yepe3 Hero yaa-
Basocb. Toraa ApeHak B Xonefox yCTaHaB/vMBany yepes
KYJbTIO MY3bIPHOrO MPOTOKa, a XONefoXOTOMUYecKoe
oTBepCTMe ywwmBanu Harnyxo. OuKkcauuio gpeHaxa B
KyrnbTe My3blpHOro NPOTOKa NPOU3BOAMIN INFPOBAHN-
€M WM HanoxeHnem Knuncol. OTaaBanu npeanoyteHmne
LPEHUPOBAHNIO XONEL0Xa NOCsIE XO/1IeAOXOTOMUN.

Ecnn 6biflo MPUHATO pelleHMe He YCTaHaBUBaTb
OPEHAX B XONefloX Yepe3 KyfbTio My3bIPHOro MpPOTOKa,
TO ee KnunupoBanu. Mpy HannuMK gpeHaXka Xxonenoxa,
€ro BbIBOAWJIM HAPYXKY Yepe3 Tpoakap, PacrosIOKEHHbIN
Mo CpeaHeKMNIOUYNYHON JTINHWN.

Mpw 3aBepLlIeHMM onepaunn NPOBOANIN KOHTPOb-
HbII OCMOTP OPIOLLIHON NONOCTU 1 06N1ACTU BMELLaTeSb-
ctBa. Mpy Heo6x0AMMOCTU YCTAHABNMBANU APEHAX B
noaneyéHoYHoe NPOCTPAHCTBO CMpaBa yepes Tpoakap,
YCTaHOBJ/IEHHbIV NO nepefHen NOAMbILLIEYHOMN TUHUN.

Npu cTEHO3€ 60JIbLLOro COCOYKA ABEHA/LLaTUNEPCTHOI KULLIKK

Puc. 1. CxemaTMyHoe M306paKeHue aHTerpagHom nanunno-
Tomuun YAG:Ho nazepom (1 — 6onblioi COCOYEK ABeHaauaTu-
NEepPCTHOM KUWKKU, 2 — NpoCBET ABEHAALATUNEPCTHON KULLKH,
3 — Ny3blpHbIA NPOTOK, 4 — 06LYMIA XKEeNYHbIA NPOTOK, 5 — naHKpe-
aTU4YeCKUM NPOTOK, 6 — X0Ne0XO0CKOr C Na3epHbIM CBETOBOAOM)
Fig. 1. Schematic depiction of the antegrade papillotomy using
YAG: Ho laser (1 — major duodenal papilla, 2 — duodenal lumen,
3 - cystic duct, 4 - common bile duct, 5 — pancreatic duct, 6 -
choledochoscope with laser light guide)

Pesynbratbl n 06cyKaeHne

JNasepHas nanunnotomus Gbina ycnewHo npousse-
neHa 'y 35 (100%) naureHToB CO CTEHO30M 6OJbLLIOrO COo-
COYKa BeHafLaTUNepPCTHOM KULWKK. U3 Hnx y 15 (42,9%)
CTeHO3 60IbLLIOro COCOUKA ABEHAALATUNEPCTHOMN KNLLKM
coyeTanca C XonefoxonnTuasom, Kotopbii B 9 (25,7%)
cnyyasnx Obin BbIABMEH MHTPaonepauroHHo. Bece onepa-
TUBHblE BMeLIaTeIbCTBa ObIN BbIMOMIHEHDI JTANapOCKO-
NMUYecKK, MoKasaHUn ans KOHBepPCUn He 6b110. Y 3 (8,6%)
nauueHToB OOJbLION COCOYEK [OBEHAAUATMMNEPCTHOM
KULLUKK ObUT PacroNioXKeHEH B AUBEPTUKYIE ABEHAALATU-
NMepCTHON KULIKK, Npr 3TOM 3P EKTUBHOCTb BbIMOJIHE-
HUA aHTerpagHoOW nasepHoM NanuIIoOTOMUN Yy naumeH-
TOB € napadaTtepmranbHbIMU ANBEPTUKYIAMM COCTaBUIa
100%. B KauecTBe Nnpumepa NPMBOAUM KIIMHNYECKOE Ha-
6niofeHve.

MNaumenT b., 52 roga, nocTynun B 3KCTPEHHOM MoO-
pAfKe ¢ X)anobamu Ha MHTEHCUBHbIE 60NN MOCTOSHHOIO
XapakTepa B NpaBoM nogpebepbe C uppaguauunen B npa-
BYIO JIONATKY, CYXOCTb BO PTY, TOLWWHOTY, PBOTY, KKUCIbIA»
NpuUBKYC BO PTy. M3 aHamHe3a 6blfio YCTAaHOBJIEHO, UTO
naumeHT 3abonen okono 5 gHel Ha3ad, Korga nocne npu-
eMa >KMPHOW NULLM NOABUNNCH BbileyKa3aHHble »Kano-
6bl. MaumeHT 06paTUICA K Bpayy NO MeCTy XWUTeNbCTBa
1 Obin HanpaBfieH B nNpuemHoe otgeneHue. Mpu ocmo-
Tpe obulee COCTOsHME yaoBneTBOpuTeNibHoe. KoXKHble
MOKPOBbI XXeNTyLHble. MKUBOT MArKUiA, He B3ayT, bones-
HEeHHbI B NpaBom nogpebepbe. My3bipHble CUMATOMbI
(Keppa, OpTHepa, Mepdn) nonoxntenoHble. CUMNTOMbI
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Nnpu cTeHo3e 60nbLIOro COC0YKa ABEHAALATUNEPCTHON KULLKK

Puc. 2. Bug cTeHO3MpOBaHHOIo COCO4YKa ABeHaauaTUnepcTHOn
KULWKWU U NOABEAEHHOI0 K HEMY Jla3epHOro cBeToBoja Npu xone-
Aoxockonuu (1 — nasepHblt CBETOBOJA, 2 — CTEHO3 60JbLLIOro
COCOYKa ABeHaaLaTUNEPCTHOM KULLKK)

Fig. 2. View of stenotic papilla of the duodenum and a laser light
guide delivered to it during choledochoscopy (1 — laser light
guide, 2 - stenosis of the major duodenal papilla)

pasfparkeHusi GPIOLLMHbBI OTpuuaTenbHble. [luypes po-
CTaTouHbli. MMpy nocTynneHun o6WUIA aHanmM3 KpoBM
M obWnin aHanM3 Mouun B npegenax Hopmbl. B 6uoxu-
MMYECKOM aHanu3e KpoBM NpuW MOCTYMAeHMW: amuiasa
- 95,4 eq/n; obwmin 6unmnpybuH — 117,8 mkmonb/n; npsa-
MoW 6unnpy6buH — 76,6 mkmonb/n. Mpw ynbTpasBykoBOM
NCCNefoBaHUN OPraHoB OPIOWHOM MOMOCTW: XONefox
fo 10 MM, B OUCTaNbHOM OTAesle HeYeTKo nouumpyet-
CA TMNepIXoreHHoe BKJlOYEeHUe A0 6 MM, C 3XOTEHbIO.
MKenuHbin Ny3bipb 86x43 MM, CTEHKa yTosLWweHa A0 4 MM,
cofepXNMOe HEeroMOreHHoe, rmnepsxoreHHas B3BeCb.
®ubporacTpockonua: CIM3NCTasa ABeHaAUaTUNepCTHOM
KUK/ YMEPEHHO TNepeMmnpoBaHa, B NPOCBeTe cnepbl
Xenun. B npoekummn 60nblIOro gyoaeHanibHOro Cocouka
OVIBEPTVKYI, C LUMPOKUM OCHOBAHMEM. YCTbe 60MbLIOro
OyofieHaNbHOro COCOYKa PacrnosioxKeHO B AUBEPTUKYIe.
3aknoueHre TepanesTa — 6e3 COMaTUYECKON NaToNorm.

lNocne NOAroToBKM BbINMOJIHEHA onepauusa B cnegy-
loem obbeme: nanapocKonmyeckas XoNneuncTaKToMus,
MHTpaonepaunoHHasa XONIeJOXOCKOMUA C KOHTaKTHOW
Nla3epHON NUTOTPUNCMEN U aHTErpagHoONn NlasepHom na-
NUNNOTOMUEN, APEHNPOBAHME XOoJiedoxa U OpIoLWHON
nonocTu. MNepBbiM 3TaNoOM XMPYPruyeckoro BMeLlaTesib-
CTBa NMpou3BefeHa MHTpaonepauvoHHas peBu3mnd, OT-
MEUYEHO YTO XEeJNIYHbIN My3blpb GFIEFMOHO3HO V3MEHEH.
ly3blpHbIA NPOTOK KAWMMPOBaH B AWCTaNbHOM OTAene,
HaACeUYEH, OTMEYaNocChb BbiAeNeHNe KOPNUYHEBON 3ama3s-
KOOOPA3HOWN XENun nop AaBneHueMm, xoneaox oo 1 cm
B AnameTpe. Yepes KynbTio Ny3blpHOro NPOTOKa B Mpo-
CBeT xoniefoxa Obin BBeAEH XONefOXOCKoM, CU3MCTan
xonegoxa MecTaMu TUMNepPemMuMpoBaHa, C TOYEYHbIMU
KPOBOM3NMAHMAMY, B NPOCBETE Xonefoxa 6onbluoe Ko-

NMYeCTBO OMUCTOPXOB, B ANCTaSIbHOM OTAeNe GpUKCMpo-
BaHHbI KOHKpeMeHT pa3mepamu Ao 1 cm. BoinonHeHa
nasepHas nToTpuncua. YcTbe 60blUOro AyofieHanbHo-
ro COCOYKa Pe3Ko CY»KEHO, ANA XONefoX0CKomna He npo-
xoaumo. K CTeHO3MpOBaHHOMY COCOYKY ABEHaauaTu-
NepPCTHON KNLWKW NOABELEH Nla3epHbI CBETOBOA (pUC. 2).
C nomowbtoYAG:HO nasepa BbINONHEHa aHTerpagHas
nanunnotomna 0,8 cm. lMNocne xmpypruyeckoro stana
XonefoxocKon 6ecnpenATCTBEHHO BBeeH B ABeHaALa-
TUNEPCTHYIO KULLKY Yepes3 NanuiioTOMHYI0 paHy. Yepes
KYNbTIO MY3bIPHOrO NPOTOKa B AMCTalbHOM Harnpasne-
HUW yCTaHOBJIEHA APEeHaXxHas TpyoOKa.

KnuHnyeckuin guarHos: »enyekameHHasa OOMe3Hb;
OCTPbIi GNIErMOHO3HBIN XONEUUCTUT; XONeaoX0oNnTnas;
OMMCTOPXO3; OCTPbIN KaTapasibHbIl XOMAHIUT; CTEHO3
yCTbsi 6OMbLWIOrO AYOAEeHaNIbHOrO COCOYKA; MexaHuue-
cKan Xxenrtyxa.

TeueHue nocneonepaunoHHOro nepuoaa CroKoW-
Hoe. KoHTponbHasa ¢ubporactpogyoneHocKonus: B Npo-
€KUM 6ONbLIOro COCOYKa ABEHAALATUNEPCTHON KMLLKM
napadartepeanbHblii AUBEPTUKYN [0 2 CM C LUMPOKUM
ycTbeM, 6e3 Npu3HaKkoB BOCMANEHUS; MaNWIOTOMMYe-
cKoe oTBepcTMe A0 7-8 MM, OTMeYaeTcA NOCTynjeHue
CBETNON Xenuu; NepucTanbTrka akTMBHas.

MaumeHT BbINUCAH B YAOBNETBOPUTENIBHOM COCTOSA-
HuK. Npwu KOHTposbHOW dubporacTpogyogeHOCKONMY Ye-
pe3 3 Mec NPU3HaKOB PeCTEHO3MPOBAHMA He BbIABNEHO.

Haw onbIT BbINOMHEHNA aHTErpagHoOn nla3epHonm na-
MUINIOTOMUM NO3BONIAET YyTBEPKAATb, YTO OOHapyXeHne
OVBEePTUKYa NPpU YOAEHOCKOMNMM He JOMKHO ABNATLCA
NPUYNHON OTKa3a OT NPOBEAEHMA aHTerpagHon nasep-
HOM NaNuIIOTOMUN.

Y 2 naumeHToB ¢ napadaTepuanbHbIMK AUBEPTUKY-
naMun CTEHO3 GOJIbLIOrO COCOYKA ABEHAALATUMNEPCTHOMN
KULLKKU COYeTancsa ¢ xonenoxonutrasom. O6oum nauneH-
TaM ObIM NpoBefeHbl aHTerpagHas fasepHas nanwiio-
TOMMA U INTOTPUNCHKA.

Y Bcex 35 nMauMeHTOB, BKJTIOUYEHHbIX B UCC/eOBaHMeE,
OblNT JOCTUTHYT XKeNaemMblii pe3ynbTart. JIeTanbHbIX NCXO-
0B He 6bl110. Y HabnogaemMbix 6onee 5 et nauMeHToB Oc-
NOXHEHWI He BbIAIBJIEHO, MOBTOPHbIX OMNepauuii He 6b110.

Y 5 (14,3%) nauneHTOB B NOC/neonepaLoOHHOM Nepun-
ofe 6blfI0 OTMEUEHO MOBbILLIEHNE YPOBHS aMuUsasbl KPo-
BM o 229 Ea/n, npy Hopme go 100 Ea/n, koTopoe yaa-
NOCb KYNrpoBaTb KOHCEPBATUBHON Tepanuen.

OpHUM 13 Hambonee TEXHUYECKM CJIOXKHbIX 3TanoB
B Mpouecce aHTerpagHom nasepHor nanuaioTomMuu,
KaK Mokasaj HaKOMJIeHHbIN OMbIT, ABNAETCA MpoBefe-
Hue ¢Grnbpoxonenoxockomna yepes My3blPHbIA MPOTOK.
3HauUTeNIbHO YCJIOKHAIOT BbINONHEHNE 3TON MaHMNynA-
UMM aHaTOMMYeCKne 0CO6eHHOCTU My3bIPHOIO MPOTOKQ,
TaknMe Kak MPOTAKEHHOCTb, W3BUTOCTb, 0bnuTEepauus
npocBeTa 1 Yron BnageHus B Xonegox.

B 7 (20%) n3 35 HabnofeHWi He yaanocb npoBecTu
¢dubpoxonenoxockon yepes My3blpHbIA NPOTOK. B 37X
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AuTerpagHas nanunnotomus ¢ ucnono3osanuem YAG:Ho nasepa

CNyyasax ero BBOAWIN Yepe3 X0JIeJOXOTOMUYECKOe OT-
BepcTue. [JpeHnpoBaHmMe Xonefoxa BbIMOMHANN yepes
KYNbTIO My3bIpHOrO NpoToka B 16 (42,8%) cnydyaax wu
TONMbKO OAHOMY naumeHTy (2,8%) 6bino NpousBefeHo
APEHNPOBaHME XONlefoXa Yepes3 XonefoXoToOMUYeckoe
oTBepCTME.

3aknoyeHue

MpeanoxeHHbIi cnocob nanapocKonMyeckoro Je-
YeHUs CTeHo3a OOoNbLIOro COCoYKa ABeHaauaTunepcCT-
HOW KMWKMK, C ncnonb3oBaHmem YAG:Ho-nasepa (nateHT
Ha u3obpeTeHue N2 2449757 ot 09.11.2010), no3sonun
BO BCeX CJlyyaax BbIMOAHWUTb nanuanotomuio. OgHMM
13 Hambonee MHPOPMATUBHBIX METOOB B AMArHOCTUKE
CTeHO03a 60/bLIOro COCOYKa ABEHAALATUNEPCTHONM KNLL-
KN AABNAETCA NHTPAoNepaLMOHHaA XOneLoX0CKOMNUs.

AHTerpagHas nasepHas nanuaaoToOMMA NPU CTEHO3e
60NbLIOr0 COCOYKA [ABEHAALUATMMEPCTHOM KULKWU nog

J'II/ITEPATVPA

. AHppeeB AJl., Pbi6uH E.MM., YuBaTtkuH E.I., ®unuH A.C. Kom6uHMpo-
BaHHaA 3HAOCKOMMYECKas XUPYprusa >kenuyHoKaMeHHoON 6onesHu,
OCJIOXKHEHHOW 3aboneBaHVAMU TEPMUHANIBHOTO OTAena obLiero
XenuHoro npotoka // BectH. xupyprum um. N.W. Tpekosa. — 1997. -
T. 156, Ne 3. - C. 30-34.

2. Betwes M.C. MexaHnyecKas xentyxa: NPUUYNHbI 1 AUArHOCTUYe-
CKue noaxopbl (nekums) // AHHanbl Xvpypr. renatonoruu. — 2011. -
T.16,Ne 3. - C. 50-57.

3. TanbnepuH .M., BeTwes N.C. PyKOBOACTBO NO XMPYPrmM »*enyHbIX
nyTten. - M.: Bugap-M, 2009. - 568 c.

4. Tneb6os K., KotoBckuin A.E., fioxeBa T.[. Kputepun Bbibopa KOH-
CTPYKUMM 3HAONPOTE3a ANA SHAOCKOMUYECKOro CTEHTMPOBAHUSA
eNnyHbIX NPOTOKOB // AHHanbl xmpypr. renatonoruun. — 2014. - T. 19,
Ne 2. - C.55-65.

5. NMapodenos W.MM., Apow AJ1., Ceprees O.C. n ap. MporHo3upoBaHune
OCTPOro 6WAMapHOro MaHKpeatUTa MpuW YLEeMNeHHOM KOHKpe-
MeHTe 60JIbLIOro COCOYKa ABEHAALATUNEPCTHOW KUK // AHHanbl
Xupypr. renatonoruu. - 2010. - T. 15, N2 2. - C. 87-91.

6. Bagnato V.J. Laparoscopic choledohoscopy and choledoholitot-
omy // Surg. Laparosc. Endosc. Percutan. Tech. — 1993. - Vol. 3, No.
3.-P.164-166.

7. Catheline J.-M., Turner R., Rizk N., et al. Evaluation of the biliary tree
during laparoscopic cholecystectomy: laparoscopicultrasound
versus intraoperative cholangiography: a prospective study of 150
cases // Surg. Laparosc. Endosc. - 1998. - Vol. 8, No. 2. - P. 85-91.

8. Epmonos A.C., MBaHoB IN.A., BnarosectHoB [.A. 1 ap. TakTuKa neve-
HVS OCTPOrO XONeLMCTNTa, OCIIOKHEHHOTO XOefOXONUTNa3oM //
Xupyprua. *KypH. um. H. W. Ninporosa. — 2014. - N2 1. - C. 10-14.

9. Muxaiinycos C.B., MonceeHkosa E.B., Mucpokos M.M. OcobeHHo-
CTV TeUeHNA NaHKPeOoHEeKPo3a Ha GoHe KaMHs 6OJbLIOro COCouKa
ABeHafLaTUNEPCTHON KUWKK // PoC. XKypH. racTpO3HTeponoruu,
renatonoruu, kononpoktonorun. — 2014. - N2 5. — C. 29-35.

10. CnaenH J1.E. Jlanapockonuueckasa xoneumctaktomua // [pakT.
meauumHa. — 2010. — N2 41. - C. 30-35.

11. Crapkos tO.I., Crpekanosckuii B.I., lpuropsan P.C. n ap. AHTerpaa-
Has ManuINocoMHKTEPOTOMUS BO BPEMs /anapoCKONMUYecKoi
XoneuncTakTomun // ArHanol xmpypr. renatonoruu. — 2001. - T. 6,
Ne 1. - C. 99-106.

12. Golden W.E., Jonston J.C., Cleves M.A.S. Laparoscopic cholecys-
tectomy in the geriatric population // J. Am. Geriatr. Soc. - 1996. -
Vol. 44, No. 11. - P. 1380-1383.

Nnpu cTeHo3e 60bLIOro COCOYKA ABEHAALATUNEPCTHON KULLIKM

KOHTposieM 3HA0hUOPOXONEeSOXOCKONUU  MO3BOSSET
OOHOSTAMHO BbIMOJIHUTE XONELMNCTIKTOMUIO, CaHaLuuio
xonefoxa v NanuIoTOMUIO C COXPaHEHNEM aHAaTOMUYe-
CKOW LIeNIOCTHOCTN 1 $du3nonornyeckom GyHKLmn chuH-
KTepa Opauv; [OCTUYb MAnow TPAaBMAaTMYHOCTY, 3a CYeT
npoBefeHns onepauun 6e3 BBeAEHUA JOMOJIHUTEIbHbIX
TpOaKapoB; COKpaTUTb nepuofg peabunutauuy; n3be-
XaTb NoBpexAeHna TEPMUHANIbHOTO OTAEMNa X0efoxa u
OCJIOXKHEHWI 3a CYET NPULENIbHOTO NoABEeAEHUs a3ep-
HOrO M3MyYeHus.

AHTerpagHas flazepHas nanuuIoTOMMA BbIMOMHUMA
npyY HanMuMyM MapanuIAPHbIX AUBEPTUKYSIOB, Bblpa-
KeHHoN pgedopmMaunn ABEHAALATUMNEPCTHON KULWWKK, a
TaKXe Korga peTporpagHble BMeLaTesibCTBa KpaiHe 3a-
TPYLHUTENbHbI WA HEBBIMOJTHMMBI.

MNpepnoxeHHoe HanpasnAwLiee yCTPONCTBO ANA XO-
nefoxockomna obneryaeT BbIMOJIHEHNE aHTerpagHoO Xo-
NefoXoCKoNuN.
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A.. Napkux, K.A. TpyxaHos
OnepaTuBHbIif aHaNU3 CNOXHbIX MEANULIMHCKUX COCTOSHUIA METOAaMN (DOTOHUKM

OHEPATMBHPII;I AHAJIN3 CNTOXHbIX MEOUUMHCKUNX
COCTOAHUUN METOOAMUN DOTOHUKH

AMN. Nlapkun', K.A. TpyxaHos?
"HaumoHanbHbIM nccnenosaTensckmit saepHsiit ynusepcntet MM®U, Mocksa, Poccus
2nctutyT Meanko-6uonormyeckmnx npobnem PAH, Mockea, Poccus

Pesiome

B paboTe aHanu3npyTCcA BO3MOXKHOCTU CNELMaNbHbIX METOLO0B 1 060PYA0BaHNA KOrepeHTHOM GOTOHMKIM Npu paboTe ¢ MHOronapaMeTpryecKoi
nHbopmauuein. ObpatHoe napadasHoe KOAMPOBAHME 1 ONEPATUBHDbIV aHaNIM3 MHOTOMapameTpryecKo MHGOopMaLM MO3BONAIOT Peann3oBaThb pAg
BepOHTHOCTHblxaﬂFOpI/ITMOB.O60CHOBbIBaeTCﬂ BO3MOXHOCTb W Ll,eneC006pa3HOCTb peannsaunmnmeTogamm (])OTOHVIKI/I HETOJIbKO KoppenALNOHHOro
aNiropnTMa, nexawiero B oCHose FOJ'IOFpad)I/NECKOFO pacno3HaBaHMA 06pa303, HO 1 YyHUBEpPCaJIbHbIX CTaTUCTUYECKUX aJTTOPUTMOB. npOBOAVITCﬂ
CpaBHUTENbHBIA aHaNNM3 GOTOHHBIX CUCTEM MEAULMHCKOW AMArHOCTUKK, paboTalowwmx no WMPOKOMY Kaccy anropuTMOB: MOUCK MpeLefeHTa,
ANarHoCTnKa COOTBETCTBUA, AETEPMNHNCTCKAA ANAarHOCTUKa, anroputm baneca. anIBO,qﬂTCH SKCnepuMeHTasibHble pe3ynbTaTtbl NO NOCTaHOBKe
MeAVLMHCKOro AnarHo3a 1 NPOrHo3npPOBaHMIO CIIOXKHbIX COCTOAHMI C MOMOLLbIO METOAOB U CPeACTB LPPoBo GoToHMKM. CyLieCcTBEHHO, YTO Npu
pacmmpeva Anana3oHa BEpOHTHOCTHbIX anropvmvnos y,anTCﬂ COXpaHVITb Mn3BeCTHble JOCTONHCTBA FOJ'IOFpa(I)VI'-IECKOFO meToaa: MHOFOMepHOCTb,
onepaTtnBHOCTb, PEKOPAHO BbICOKYIO I/IH(])OpMaLll/IOHHyIO eMKOCTb N 6bICTp0,D,EI7ICTBMe, HarnAQHOCTbL ” rmbKocTb npeacTaBneHnA pesynbrata.
OnuncaHHble mMeTo bl I'IpVIOﬁpeTaIOT OC06yIO adKTyaJIbHOCTb B CBA3W C NOAB/IEH/EM NePBbIX 06pa3LIOB CIJOTOHHbIX npoueccopos.

KnioueBble cnoBa: nasepHas GOTOHVIKa, ronorpadus, KOPPensLrs, KOrepeHTHOCTb, ONTUYECKNIA KOMMbIOTUHT, POTOHHDI NpoLeccop.
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Abstract

In this paper we analyze the possibility of using special methods and equipment of coherent photonics when working with multi-parameter
information. Inverse two-phase coding and operational analysis of multi-parameter data can realize a number of probabilistic algorithms.
The possibility and expediency of realization of not only the correlation algorithm underlying the holographic image recognition but also
universal statistical algorithms using photonics methods is substantiated. A comparative analysis of photonic medical diagnostic systems
running on a wide range of algorithms: search for precedent, correspondence diagnostics, deterministic diagnostics, Bayes algorithm. The
results of experimental studies of medical diagnosis and the prediction of complex conditions is presented. Such an analysis is carried out by
the means of vector-matrix multiplication using laser photonics methods. It is significant that with the widening of the range of probability
algorithms, it is possible to preserve certain advantages of the holographic method: multidimensionality, efficiency, high information
capacity and speed, visibility and flexibility of the result presentation. The methods described are of particular relevance in connection with
the first photonic processors.

Key words: laser photonics, holography, correlation, coherence, optical computing, photonic processor.

For citations: Larkin A.l., Trukhanov K.A. Operational analysis of complex medical states by photonics methods, Biomedical Photonics, 2018,
T.7,No. 1, pp. 28-31 (in Russian).

Contacts: Larkin A.l. e-mail: alexlarkinlé@gmail.com

28

BIOMEDICAL PHOTONICS T.7,Ne1/2018



AN. Napkux, KA. TpyxaHos

OnepaTuBHbIA aHANN3 CNOXHbLIX MEAULIMHCKUX COCTOAHWA METOaMK (hOTOHUKM

BBepeHune

KorepeHTHOe na3sepHoe wu3nyuyeHre 3PpPeKTUBHO
MCMOJb3YeTCs B PasfiMyHbIX BUAAX MeOULMHCKOWN Auna-
FHOCTMKM: OMTMYecKaa KorepeHTHas Tomorpadusa, mc-
CrlefjoBaHMe KPOBU, U3yUYEHUE COCTOAHNA KOXI U 3y60B
n gp. [1-3]. Tonorpaduyeckne metoabl NPUroaHbl Ans
OVAarHoCTPoBaHNA B obuiem crnyyae. OHM He HaKnagbl-
BAOT HMKAKNX OFPaHUYEHWIN HA CTAaTUCTUYECKYIO OYHK-
LU0 COCTOAHMA CUCTEMbI 1 MO3BOJIAT aHaNIM3NPOBaTb
UHPopMaLMio, NpPeACTaBlEHHYI0O B YHUBEPCANbHOW
MHOronapameTpuyeckonn Gopme. ITO OYEHb BaXKHO U
Mone3Ho At OnepaTMBHONO aHaNN3a 1 Pacno3HaBaHuA
n306paxkeHnin B MEAVLIMHE 1 [PYTMX COMXHBIX CUTYaL-
Ax. B nocnegHne roabl oTMeYaeTca nepexoq OT NPOCTbIX
YCTPOWCTB pacrno3HaBaHnA U 06paboTku n3obpaxeHui
K pa3paboTKe C/IOXHbIX CCTEM aHanM3a MHOrornapame-
Tpuuyeckomn uHdopmavmu. B oblyem cnyyae Takom aHanus
MOKeT ObITb OCYLLECTBIIEH NMOCPEACTBOM BEKTOPHO-Ma-
TPUYHOro ymHOXeHus [4]. NokasaHHas B paboTax [4,5]
BO3MOXHOCTb peanu3auuy 3Toro npouecca metogammu
nasepHon GOTOHMKM [JaeT BO3MOXHOCTb pacLIMpeHuns
[vana3oHa BepOSATHOCTHBIX airfOPUTMOB MPU COXpPaHe-
HUW N3BECTHBIX JOCTOMHCTB roflorpanyeckoro MeToza,
TakUX Kak MHOTOMEPHOCTb, OMepaTVBHOCTb, BbICOKas
MHPOPMALIMOHHAA eMKOCTb, HarMAagHOCTb U FMOKOCTb
npeAcTaBfieHns pe3ynbraTa.

Anzopummel 20/102paghudeckoli namamu

NasepHas ronorpadus npepgocTaBiseT YHUKabHble
BO3MOXXHOCTW MapasnniefibHoN 06paboTKu [ABYMepPHbIX
MacC/BOB [aHHbIX, MPOCTON peanu3auumn Koppenauu-
OHHOrO anroputMa, obecneunBasa onepaTMBHy obpa-
60TKYy UHPOPMALMM 1 PEKOPAHO BbICOKYI MIOTHOCTb
namaTn. B meguumHe AmMarHO3 M MPOrHO3 COCTOAHWA
naumeHTa onpegensaioTcs cCoYeTaHeM GOMbLLIOro YMcsa
[pa3HOO6Pa3HbIX NapaMeTPOB. B cBA3M C 3TUM Heobxoau-
MO YUMTbIBaTb OOJIbLIOE KOMMYECTBO PaA3fINUHbIX KOM-
O6UHALMI NapaMeTPOB U BO3MOXXHOCTb CPAaBHEHUSA 3TON
MHOTFOMAPAMETPUYECKOWN KAPTUHBI C MPOLLJIBIM OMbITOM.
B upeanbHOM cilyyae Ha NepBOM 3Tare HeobXoauMOo
onpeaenntb NHGOPMATUBHBINA BEC KaXAOro Mpur3Haka.
OfHako nouck Hanbonee MHGOPMATUBHBIX NPU3HAKOB —
Hepa3pelmas npobnema He TONIbKO B 06Llem ciyJae,
HO 1 AnA GONbLUMHCTBA KOHKPETHbIX cruTyauun. Kpome
TOrO, 3a4acTyto MHGOPMaTUBHbIN BEC KOHKPETHOIO Npu-
3HAKa 3aBUCUT OT OKOHYATeSIbHOro AnarHo3a. PeanbHbin
nogxopn TpebyeT yBennumnBaTb KONMYeCTBO NapaMeTposB,
UTO YBENMUYUBAET U3OLITOUHYIO UHPOPMALMIO 1 CO3aaeT
OBa popfa TpyaHocTeln. Bo-nepBbix, KONNMYeCTBO aHanu-
30B HEe MOXeT bbiTb 6eckoHeuHo 6onblunm, Tem 6onee,
€C/IN YKC0 NALMEHTOB BEJIVKO U HEOOXOAUM OrnepaTyB-
HbI AarHo3. Bo-BTopbIX, Npu yBenMueHr n36bITOUHOMN
uHopmMaLmm Tpebyemas MOLHOCTb obpabaTbiBaloLLei
CUCTEMbI 3KCMOHEHLMANIBHO PacTeT C KONIMYEeCTBOM Ma-
pameTpoB. C yueToM 3TX 0OCTOATENBCTB AOCTOUHCTBA

ronorpaduyeckoro MetTofla CTaHOBATCA MPUHUUNMANb-
HO HeobxoaumbiMu. B obwem cnyvae, ctaTucTuyeckas
06paboTka MHOronapameTpuyeckon nHGopmMaLmmn mo-
XeT MpMBeCTM K MHOTOMEpHbIM pacnpefeneHuam. B
npocTeilemM cJiyyae Mbl JOJIXKHbI MPUHATb PeLleHne o
TOM, COOTBETCTBYET /Il CUTyaLus onpegesieHHOMY Habo-
Py CMMBOOB, OTHOCALUMXCA K JAHHOMY KJIAcCy Ui Bbl-
XOAMWT 3a ero npegersbi.

MpocTenwnm anroputMOM AMArHOCTUKU ABNAETCA
MOWCK MpeuefeHTa. JTO €4VHCTBEHHbIM anroputM, B
KOTOpoM 06bem o6pabaTtbiBaeMoli MHOpPMaUMK Npak-
TUYECKN pPaBEH eMKOCTU XPaHeHWA [HaHHbIX. Yucno
BO3MOXHbIX COCTOAHWI CUCTEMbl COCTaBasieT ™, rge
g — KONIMYECTBO BO3MOXHbIX 3HAUEHMI onpefesieHHOro
napameTpa, a m — YMC/I0 NapameTpoB. Takon anropmtm
He TpebyeT npegBapuTeNibHON 06PabOTKU MCXOQHBIX
[aHHbIX, HO NPeabABNAET Camble XeCTKne TpeboBaHMs
K EMKOCTU NaMsATW.

Bonee npuemnembl guarHocTyeckue npouemypsl, oc-
HOBAHHbIE HAa METPUYECKUX U BEPOATHOCTHBIX METOAAX.
Havnbonee HageXHbl BEPOATHOCTHbIE ANITOPUTMBbI, OCHO-
BaHHble Ha Teopeme baiieca, cornacHO KOTOpPOW CBeAEHNS,
coeprkalumecs B CUMBoJie Si (vnn B cucteme cMMBONOB S)
npw ycoBuw, 4to 60ne3Hb B, umeeT mecTo, paBHa nHdop-
Mauun, cogepKallenca B AmarHose Bj npu ycnoBuu, 4To
CUMBON Si (Unn cucTema CMMBONOB S) MeeT MecTo.

Hanbonee npuiBnekateneH anroputM OnpeaeneHuns
cooTBeTCcTBUA [6,7]. ITO Hanbonee o6WWMIA CllyYal Knac-
cudrikauum, KOTOPbIN He HAKIagblBaeT HUKaKUX OrpaHu-
YEHWI Ha XapaKTepUCTUYECKYIo HE3aBUCMMOCTb Napame-
TPOB. B TO e Bpems 3TOT anroputm He HY>KOAeTcA B 13-
MEPEHMUN UHTEHCMBHOCTU B KOPPENALIMOHHON NIOCKOCTM
1 faeT MHGOPMaLMIO O TOYHOWN PE3YNBTUPYIOLLEN OLIEHKe
1 ee BePOATHOCTU. ITOT aITOPUTM He OrpPaHNYMBAET BU
MCXOAHOIO CTAaTUCTMYECKOrO pacnpeaeneHus 1 faeT BO3-
MOXHOCTb YUUTbIBaTb HOPMY KOHKPETHOFO CTaTuCTHYe-
CKOro pacnpefeneHuns npyi onpeaesieHun BEPOSTHOCTM
pe3ynbTupytoLlero avarHosa. OH coueTaet B cebe npeun-
MYLLECTBA AETEPMUHNCTCKUX Y BEPOATHOCTHBIX METOLOB,
HO TpebyeT caMo cepbe3HO MaTemaTnyeckor obpaboT-
KN CXOQHOW CTaTUCTUUYECKOW UHpOopMaLmn.

CpaBHUTENbHAA OLEHKa BO3MOMHOCTEN anropuTMOB
$OTOHMKM NpuBefeHa B Tabnuue. B Hen npepctaBneH
CMMCOK TECTUPYEMbIX arOPUTMOB B NopsagKe yobiBaHUA
Heobxoaumoro obbema MHGopMaLmK, COOTBETCTBYIOLLE-
ro MOCTOSIHHOMY KONNYeCTBY 06pabaTbiBaeMbIX JaHHBbIX.

Peanuszayusa ouazHocmu4ecKux an2opummos
mMemooamu (pomoHuUKU

B obuiem cnyyae metofibl GOTOHUKM NPUTOAHbBI AN
AVArHOCTMPOBaAHMA 6e3 OrpaHMYeHUIn Ha CTaTUCTUYe-
CKne QYHKUUM COCTOAHUIA cucTeMbl (MeToh COOTBET-
CTBUA), @ TaKXKe ANA CNy4yaeB, Korga pacnpeneneHue
npeacTaBneHo B BUAE MMCTOrPaMMbl (AeTEPMUHUCTCKUI
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Ta6nuya

CpaBHUTEAbHbIE XapaKTePUCTUKU aATOPUTMOB FoAOrpadruecKkon namaTy
Table

Comparative characteristics of holographic memory algorithms

LEEVIEY
HEe3aBNCUMMOCTb
napameTpoB

Unpopmaunsa
0 BEPOATHOCTH
pesynbTaTta

NHdopmauymoHHasn
eMKOCTb apameTpoB

AnropuTtm AuMarHocTupoBaHusA

OPUTUHAJIBHBIE CTATbHW

Mownck npevueneHTa
Search for precedent

[narHoctuka cooTBeTCTBUA

: : A
Correspondence diagnostics
JleTepMnHNCTCKanA AMarHocTuka _
Deterministic diagnostics
LwnarHocTtuka balieca i
Bayesian diagnostics
MN3mepeHmne paccToaHna XeMMUHra "

Hamming distance measurement

+ +
+ +
+ +
+ +
+ +

«+» — BO3MOXKHOCTb peanusauyunmn;
«-» — HEBO3MOXHOCTb peanun3auunu;

«£» — BO3MOXKHOCTb peann3auunin, HO 3a CYET YBENTNYEHNA I/IH(I)OpMaLU/IOHHOVI €MKOCTM BXOAHOrO TpaHCNapaHTa.

«+» — possible to implement;
«» —impossible to implement;

«+» — possible to implement but requires increasing the information capacity of the input transparency.

MeTof), NN NapaMeTpbl CUCTEMbI CTAaTUCTUYECKM He3a-
Bucumbl (bariecoBckunin metopn), WiMm obbem CTaTUCTU-
YecKMx BblOOPOK MMEET OrpaHUYeHHbI pasmep (Me-
TpUYecKnin metoq). BaxkHO, UTO cucTtema coxpaHAeT Bce
M3BeCTHbIe MpeumyLlecTBa rofiorpaduryeckoro mMmetoga.
Mpouenypa NOCTAaHOBKM AMarHo3a metogamu GOTOHUKU
BKJIIOUaET B cebA criefytolyme 3tanbi:

1. MoaroTtoBka 1 popmanmsauns aaHHbIX.

2. KoavpoBaHuve 1 3anncb MCXOLHbIX AaHHbIX — Gpop-
MUPOBaHMe NaMATH.

3. OnepaTvBHOE KOAUPOBAHME pPe3yrbTaToB 06Cse-
[OBaHMA MauMeHTa Ha AMHAMWUYECKOM TpaHcna-
|paHTe — BBOZ AaHHbIX.

4. ObpaboTka pe3ynbTaToB 06CIefOBaHNA NaLUeHTa
1 BEPOATHOCTHOE COMOCTAB/IEHNE CO CTAaTUCTUYE-
CKUM MaTepuanom, XpaHALWMMCA B apXMBHOWM na-
MATU.

MepBble ABa 3Tana ABNAOTCA MOATOTOBUTESIbHLIMM.
LlenecoobpasHo, uTobbl OHM 6bIIM NPOBEAEHbI B Befy-
WMX YYpeKAEeHNAX 34PaBOOXPAHEHNA M TONIbKO OAUH
pas, ecnu He NpeAnonaraeTcs, YTo NamaTb byaeT nonon-
HATbCA HOBbIMU AaHHbIMM.

MaTtepunanbl n metoabl

MNpn sKcnepvmeHTanbHOM peanusauum 3anucu Wc-
XOOHOW CTaTMCTUYeckon nHbopmauum Ha ronorpadu-
yeckuin GUNLTP 1 BBOAA AAHHBIX KaXkJOMYy napameTpy
NPUCBaUBAlOTCA [Be AYENKU OAMHAMWYECKOro MOoAyns-
Topa cBeTa. JTO MO3BONAET peann3oBaTb napadasHoe

KOZAVPOBaHKE 1 HOPMUPOBATb BbIXOAHbIE CUrHasbl. [nA
MOZYNALUN MPUMEHAETCA AUHAMUYECKOE paccenBaHue
CBeTa Nofayen ynpasnsoLwero noTeHUmana Ha CooTBeT-
CTBYIOLUME YACTU BXOAHOrO TpaHcmnapaHTta. OTaenbHble
OMOpPHbIE Nlyun NCMOJIb3YIOTCA 1S 3an1cy ABYX COBMe-
LEHHBIX FONIOrPaMM, COOTBETCTBYIOLLUX GIAronpuUsATHO-
My 1 HebnaronpruATHOMY NPOrHo3y 6onesHu.

Pesynbratbl n 06¢cyKaeHmne

Mbl CNbITANN AMarHOCTUYECKYH CMCTEMY, UCMOJb3YA
onyb6nMKoBaHHble JaHHbIE MO ANArHOCTMKe 3aboneBaHnin
reyeHn 1 pacnpegeneHus, onucbigaLive 3aboneBaHns
xenypka. Hanbonblee BHUMaHWe 6bI10 yaeneHo Hemno-
CpPenCcTBEHHOMY aHaNv3y U MPOrHO3MPOBAHMIO COCTO-
AHNA NMaLMEHTOB MOCTEe MHOTOUYMCIIEHHBIX COYETaHHbIX
MopakeHUN B pe3ynbTaTe KPYMHbIX KaTacTpod, Korga K
CKOPOCTM MHOrOMapameTpUUYecKkoro aHanm3a npegb-
ABNAIOTCA 0COOEHHO XecTKne TpeboBaHuA. Ha nepsom
3Tane 6binn onpegesnieHbl BO3MOXKHbIE COCTOSHUA U KX
pe3ynbraTthl 4NA nauveHTa no Bbibopke 13 200 peanb-
HbIX ncTOpUiA 6onesHn nHcTMTyTa Cknndocosckoro ¢ 20
napameTpamu Kaxpas. B pesynbrate 6bina nocTpoeHa
KapTa MeanLMHCKOW MHbOPMaLmn 1 COCTaBNEHbI MaTpU-
bl CTaTUCTUYECKUX pacnpefeneHuin, Heobxoanmble ans
3anucy JaHHbIX B rofiorpaduryeckyto namaTtb. PelweHue
NPUHMMANOCh C yYeTOM OTHOCUTESIbHOWM MHTEHCUBHOCTU
KOPPEeNALUOHHbIX CUTHAJIOB Ha BbIXOAE.

TecTpoBaHWe Ha peasibHOM MeVLUHCKOM MaTepua-
ne MOATBEPAUIIO OnepaTrBHY0 PaboTocnocobHOCTbL Cu-
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CTeMbl MHOronapameTpuyeckon ¢potoHnKkn. Conocraene-
HMe C N3BECTHbIMN MEAVNLVNHCKMY pe3ysibTaTaMn UHCTU-
TyTa CKNMdOCOBCKOro Nokasasno, uto ronorpaduyeckmi
aHanM3 1 NPOrHO3 NPU TaKMX CTAaTUCTUYECKNX AaHHbIX CO-
BMagaeT C U3BECTHbIM C TOYHOCTbIO 6oree 80 NPOLEHTOB.

3aKknouyeHune

MeTopbl KorepeHTHOM GOTOHMKM MOXKHO U LIeNecoo-
6pa3HO UCMOJIb30BaTb He TOMbKO Npu paboTe ¢ n3obpa-
XeHnAMU, HO 1 Ana 06paboTkn nHbopmauun, NpeacTaB-
NEHHON B YHMBEpPCasibHOM MHOromepHon ¢opme. Hawa
CUCTEMA MO3BOJIAET Peann3oBbIBaTb HE TOMbKO Kaccu-
YeCKUin KOPPENALUOHHBIA anropuTM, HO 1 psag 6onee
CJIOXKHbIX aJITOPUTMOB 00PabOTKN.
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B ominume OT onTuUuecknx MeToAoB, paboTaioLinx
C CUrHanamm u U306pakeHVAMN B HATYpPasibHOM Bupie,
pPacCMOTPEHHblE MeTOAbl MO3BOJIAT aHaNM3NpPOBaTb
nHdopMaLMio, NPeCTaBEHHYI0 B MHOronapaMmeTpuye-
ckon popme. Taknm 06pa3om, CTAHOBUTCA BO3MOXKHOW
peanu3auna KOMOMHMPOBAHHOIO METOA, COYETAIOLLETO
PEKOPAHO BbICOKYIO eMKOCTb rofiorpadpuueckon namatu
1 OMnepaTVBHYIO peann3auuio CTaTUCTUYECKNX anropuT-
MOB 06PabOTKM AaHHbIX MeTOAAMU GOTOHUKN. ITOT YHU-
BEPCabHbIN pe3ynbTaT NpUuobpeTaeT CamoCToATENbHOE
3HaueHMe B CBA3M C cO0bLleHUAMU [8] 0 pa3paboTke nep-
BOro (pOTOHHOro npoLeccopa CNOCOOHOro YMHOXaTb
256-6aiTHBIV BEKTOP Ha 256x256-6aiiTHyi0 MaTpuly 3a
OVIH TaKT — 8 HC.
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C.10. Metpos, 1.A by6HoBa, 1.A. Houkos, H.A. MaxomoBa, A.B. BomkaHuH, B.A. Cemumiuen, E.B. Xaioykos, A.I.Cenpnaos
MeTop 6eCKOHTAKTHOWN (POTONHOMUHECLIEHTHOI AUArHOCTUKKU COCTOAAHMA (hMOPO3HOI 060N04KKM rNa3a

METO[} BECKOHTAKTHOM ®OTOSIOMMUHECLIEHTHOM
IMATHOCTMKM COCTOAHMS DUBEPO3HOM
OBOJIOYKM [TTA3A

C.IO. NMetpos', N.A bybHosd', N.A. Hoeukos', H.A. NMaxomoea', A.B. BonxaHuH',
B.A. Cemumnwen?, E.B. Xangykos?, A.l. Ceupunpos?

'HayuHo-mnccnenosatensckmit MHCTUTYT masHbix bonesHeit, Mocksa, Poccua
2MepepanbHbiit HayYHO-MccnegosaTtensckmi ueHTp «Kpuctannorpadus n @otoHmkay
Poccurckoit akagemmu Hayk, Mockea, Poccus

Peslome

BeckoHTaKTHas onTUYeCcKas AMAarHOCTVKa CTPYKTYPHBIX HapyLIEHW ra3a obnagaeT pALoM NPerMyLLECTB: BbICOKas CKOPOCTb, TOYHOCTb 1 6onbLLon
CMeKTp NapameTpoB, AOCTYMHbIX ANlA aHanm3a. B paboTe npeAcTaBneHbl pesynbraThl MCCnefoBaHNiA GoTonoMUHecLeHLMM GrbPO3HOI 06010UKM rnasa,
BO30Yy>K[jaeMOii MONAPM30BaHHBIM CBETOM, B 3aBUCUMOCTMN OT BHYTPUIA3HOro aBneHus. B SKkcneprMeHTe NprMeHsAny Ae3NMTeNm3npoBaHHbIe rasa
KPOJMKa C UCKYCCTBEHHO MOBbILLEHHbIM 0GTaIbMOTOHYCOM 0 50 MM PT.CT. [py 3TOM CKepy 1 pOroBuLy OCBeLLany IMHENHO NOJIAPU30BaHHbIM CBETOM
Ha AnvHax BofH 250, 350 1 450 HM, Bo36y»kAasn GoTonioMMHeCLeHLMIO B Aviana3oHe ANVH BOAH Ao 700 HM. Bbinu nonyyeHbl KO- M KpoCc-NonApr30oBaHHble
CMeKTPbl GOTONMOMUHECLIEHLMY, BO3OYAaemble NMHENHO NoNApr30BaHHbIM CBETOM. [1py BO36YKAEHUM NONAPM30BaHHBIM CBETOM (OTONMOMUNHECLIEH-
LSl pPOroBuLbl OKa3anach YaCTUYHO MOJAPU3OBAHHON. B 3aBUCMOCTY OT A IMHbI BOSHbI GOTONIOMUHECLIEHLMM CTEMNEHb NONAPU3aLmmM n3meHseTcs ot 0,2
10 0,35. MokasaHo, 4To cTeneHb NonApK3aLMmn GOTONIOMMHECLIEHLIN POTOBULIbI F1a3a NP BO30Y»KAEHWUM NMHENHO NONAPUN30BaHHbBIM CBETOM MOXXHO pac-
CMaTpVBaTb B KaUECTBE M3MEePAEMOro NapamMeTpa AnA OLEHKM COCTOAHUA BHY TPUIMa3HOro AasneHns. [lokazaHo, YTo cnekTp GOTONMOMUHECLIEHLIN COCTO-
UT U3 ABYX MOJOC C MaKCMyMamu B6an3m 460-470 1 430-440 HM. T NONOCHI OTHECEHDI, COOTBETCTBEHHO, K NMMPVANHHYKNEOTAAM U IIMKO3UIMPOBAHHO-
My KosnnareHy. CyLecTBeHHbIN BKJaf OKa3biBaeT SMUTENNI r11a3a, B KOTOPOM CofiepKnTcs pnbodnaBmH C Nonocamm NOrnoLLeHysa B3N AnvH BosH 450 1
365 HM. Mpy BO3OYXXAEHWU Ha [JIMHe BOMHbI 450 HM MakCcMMyM QOTONMIOMVHECLIEHLMU pPacronoxeH BOMM3M 540 HM, YTO COOTBETCTBYET
cnekTpy dpnyopodopos B sHAOTENMN 1 SnuTenuun. CnekTp GoTonoMMHECLIEHLIM NP BO3OY>KAEHNN Ha ANHE BOSHbI 250 HM MOXHO NPUNcaTb TPUMTO-
daHy, HaxoaALEMYCA B XpyCTauKe rnasa.

KnioueBble cnoBa: rinaykoma, poroBuua, cknepa, ¢pnbposHaa o6onouKa rnasa, GoTonoMmuHecLeHLus, nonaprsauus.

Onsa untuposanus: Netpos C.t0., by6HoBa /.A., Houkos .A., MaxomoBa H.A., BomkaHuH A.B., CemumwieH B.A., Xanpykos E.B., CBupungos A.lN. Metog
6eCKOHTaKTHOW GOTONMIOMVHECLIEHTHON ANarHOCTUKM cOCToAHNA Grnbpo3Hoi obonoukn rnasa // Biomedical Photonics. - 2018.-T. 7, N 1. - C. 32-36.

KonTtakrbi: MNetpoB C.tO., e-mail: glaucomatosis@gmail.com

METHOD OF NON-CONTACT PHOTOLUMINESCENT
DIAGNOSTICS OF THE EYE FIBROUS TUNIC CONDITION

Petrov S.Yu.!, Bubnova I.A.', Novikov I.A.!, Pakhomova N.A.', Volzhanin A.V.!,
Semchishen V.A.2, Khaydukov E.V.?, Sviridov A.P.2

'Experience Scientific-Research Institute of Eye Diseases of the Russian Academy

of Medical Sciences, Moscow, Russia

2Shubnikov Crystallography Institute of the Russian Academy of Sciences, Moscow, Russia

Abstract

Non-contact optical diagnostics of structural disorders of the eye has a number of advantages: high speed, accuracy and a large range
of parameters available for analysis. The paper presents the results of studies of the photoluminescence of the fibrous tunic of the
eye, excited by polarized light, depending on the intraocular pressure. In the experiments, isolated de-epithelized eyes of the rabbit
were used, inside of which pressure up to 50 mm Hg was artificially created. Under these conditions, the cornea and sclera were illumi-
nated with linearly polarized light at wavelengths of 250, 350 and 450 nm, exciting photoluminescence in the wavelength range up to
700 nm. Cross and co-polarized photoluminescence spectra excited by linearly polarized light were obtained. It has been established
that, when excited by polarized light, the photoluminescence of the cornea is partially polarized. Depending on the wavelength of
the photoluminescence, the degree of polarization varies from 0.2 to 0.35. It is shown that the degree of polarization of the photolu-
minescence of the cornea of the eye upon excitation by linearly polarized light can be used as a measurable parameter for assessing
the physiological state of the eye. It is shown that the photoluminescence spectrum consists of two bands with maxima near 460-470
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and 430-440 nm. These bands are assigned, respectively, to pyridinnucleotides and glycosylated collagen. A significant contribution
can be made by the epithelium of the eye, which contains riboflavin with characteristic absorption bands near 450 and 365 nm. When
excited at 450 nm, the photoluminescence maximum is located near 540 nm, which corresponds to the spectrum of fluorophores in
the endothelium and epithelium. The spectrum of photoluminescence upon excitation at a wavelength of 250 nm can be attributed to

tryptophan located in the intraocular lens.

Keywords: glaucoma, cornea, sclera, fibrous envelope of the eye, photoluminescence, polarization.

Key words: laser photonics, holography, correlation, coherence, optical computing, photonic processor.
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BBepeHue

MexaHnuyeckne n onTMYecKkne CBOWCTBA CKNepbl ”
poroBuUpbl rf1asa onpeaensawTcs cneunduyeckon opra-
HU3auuel BOSIOKOH KOJJlareHa, a1acTiiHa 1 NpoTeornKa-
HOB, UTO NMO3BOJIAET BbIMOMHATbL UM CBOW OMoNornyeckne
dyHKummn. MccnenoBaHua B3aMMOCBA3EN MeEXaHUYECKMX
HanpAXKeHWI B CKNepe 1 POroBuLE rNa3a C X ONTUYECKM-
MU XapaKTepUCTNKaMM BbI3bIBAKOT 3HAUUTENbHBIN DyHLa-
MEHTAJIbHbIV 1 NMPaKTUYECKNIA UHTEPEC 0¢pTaNbMONOroB
[1-3] noCKONbKY OHM OTKPbIBAKOT HOBbIE NEPCNEKTUBbI AN1A
GEeCKOHTAKTHON OMTUYEeCKON [AMArHOCTUKU COCTOAHMA
rnasa [4,5]. Hanpumep, coctosHne nondpusaummn ¢oTo-
NIOMUHECLIEHLUY, BO36Y»KAaeMol B IOKaJibHbIX 0611acTsX
TKaHeM rnasa nonfapusoBaHHbIM CBETOM, MOXXHO SKCNepu-
MEHTaJIbHO M3MEePUTb B 3aBMCUMOCTM OT BHYTPUIIa3HOIo
ZaBneHus. Torga obpaTtHasa GyHKLMA MOXET CTaTb OCHO-
BOW ANA KOHTPONA BHYTPMUINA3HOro AasneHus. Tak, po-
roeuua rnasa obnagaer cBoncTsoM GOTOyNpyrocTn — ns-
MEHEHVEM MapaMeTPOB, XapaKTepusyLmX AByyyenpe-
NOMJIEHME NPU MeXaHMYeCKo Harpy3ke [6-8]. [TockonbKy
pOroBumUy rnasa MOXHO OTHECTW K JIMHENHO YNpyrum
MaTepranam, To MeXaHNJYeCcKre HanpsaXXeHNs B Hel U Bbl-
3BaHHble MK AedopmMaunn OgHO3HAYHO CBSI3aHbl C Of-
Tuyecknmmn addektamm [9]. B nocnenHee Bpems aKTUBHO
pa3BMBaOTCA METOAUKMN BU3yann3auumn BHYTPEHHEN M-
KPOCTPYKTYpPbl KOnnareHcogep»almx TKaHel, B YaCTHO-
CTW, TKAHEeW rnasa, n3Mepas UHTEHCUBHOCTW M3TyYeHUsA
BTOPOW FAPMOHUKN, reHepMUpyemMon nyykamm KosareHo-
BbIX BOJTIOKOH 61oTKaHew [10,11]. B paboTe [12] nokasaHo,
uTO GOTONMIOMMHECLIEHLMS POTrOBULIbI F1a3a, BO3byxaae-
Mas NONAPU30BaHHbIM U3NlyYeHNeM, ABNAETCA YaCTUYHO
NoNAPW30BaHHOMN, MPU 3TOM CTENEHb NONAPU3aLNA 3aBU-
CUT OT MEeXaHNYeCKNX HanpsxeHun. B npepcrasneHHom
paboTe nNpoBefeHbl NCCNELOBAHUA CMEKTPOB BO30OYKae-
HUA 1 CNEeKTPOB $GOTONNIOMUHECLIEHLINM POTOBULIbI U CKIle-
pbl rnasa NoNAPM30BaHHbIM M3/TyYeHUEM, HarnpaBieHHbIe
Ha BbIAABNIEHNE BO3MOXKHOCTEN KOHTPOJIA BHYTPUINa3HO-
ro AaB/ieHNsA ONTUYECKNMN MeTOAaMN.

MaTtepuanbl n metogbl

DKCNeprMEHTbI MPOBOAMIIM HA Ma3HbIX ABIOKaX Kpo-
nviKa ex vivo, B npegenax 10 u nocne sHykneaymu. TpaHc-
NOPTUPOBKY Na3 OCYLLECTBAANN B XONOAUIbHOW CYMKe

npu TemnepaTtype He Bbiwe 4°C. B page skcnepnmeHTOB
3NUTENUI rnasa CHUManu. Ty Npoueaypy BbIMOAHANM
NMB0 MEeXaHUYeCKn CrneumanbHO pa3paboTaHHbIM AnA
3TUX Uesile Pa3MeTUnKoMm, mbo ¢ nomoubio 20%-ro
pacTBopa 3TaHona. Vi3amepeHna MpPoOBOAUNIM NPU KOM-
HaTHoW TemnepaTtype 18-20°C. MMa3Hoe A6110Ko Kpenuiu
B CrieLManibHOM JeprKaTesie Ha 3M1acTUYHON MeMbpaHe u
MPUKPbIBANN XEeCTKNM dIaHLLEeM C KPYTTIbiM OTBEPCTUEM.
Mpwn 3TOM 0651aCTb POrOBULIbI BbICTYMAa HAPYXy yepes
oTtBepcTue. C MOMOLLbIO PYUYHOTO BO3AYLLHOMO KOMMpec-
copa OCyLIeCTBASAN HaadyB LO 3afaHHOTrO [AaBfieHus,
KOTOPOE 1 Onpefensno BHyTPUrnasHoe aasneHue. B Ha-
LUMX SKCMEPYMEHTAX OHO AoCTUrano 50 Mm pT.cT.

Ina pernctpauun cnekTpoB GpOTOMOMUHECLIEHLUN 11
CMeKTpoB BO30OYyXAeHNA (OTOMOMUHECLIEHLMN a3 UC-
nonb3oBanu crnekTpodotometp Flurolog-3 (Jobin-Yvon,
®paHuusa). Bo3byxaeHue GoTonioMUHeCLeHLMM OCYLLECT-
B/ASIM CBETOM KCEHOHOBOW Pa3pA4HON flaMribl, U3 KOTOPO-
o C MOMOLLbIO MOHOXPOMATOPa BbIAENANN Y3KNIA YUaCTOK
cnekTpa. M3mepeHusi cnekTpoB GOTOMOMUHECLEHLIAN
MPOBOAVIN NMPY NMOCTOSHHOM BHYTPUITIA3HOM [aBIEHUN.
Ha puc. 1 npeacTtaBneHa ¢poTorpadus gepkatens c rnasom
KposvKa B M3MepuUTeNIbHOM OTCeKe crnekTpodoTomMeTpa.

Puc. 1. [lepxatenb ¢ r1a3om KPoanKa B USMEPUTENIbBHOM
oTceKe crneKTpodoTomeTpa

Fig. 1. A holder with a rabbit eye in the measurement compart-
ment of a spectrophotometer

OPUTUHAJIBHBIE CTATHW
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Ha nyTtu Bo36yxAaatowero cBeta 0T MOHOXPOMATO-
pa fo obpa3ua 1 Ha NyTW JIOMUHECLLEHTHOrO CBETa OT
obpa3ua K NPUEMHWKY YyCTaHaBnvMBanu nonapumsaun-
OHHble GUABTPLI, C MapasyiefibHON UM OPTOrOHasb-
HOW B3aUMHOWN OpueHTauren onTUYecKnx ocen. Takmum
06pa3om nonyyanm Ko- U KpOCC-NMoNApU3aLmoHHble
CneKkTpbl poTonoMmHecLeHunn. B KauectBe nonspu-
3aLMOHHbIX GUNIBTPOB B KaHase BO30OyXAeHWA NCMosb-
3oBanu npusmy Manxa-Tennopa. AnckpummnHauyma ceeta
B AmanasoHe anviH BosiH 450-700 HmM npu B3aMMHO Op-
TOrOHaNIbHOW KOHPUrypauum nonspmnsaTopos Obina He
xyxe 102

PesynbTaTthbl

Cnekmp pomoeo36yx0eHus

Ha puc. 2 npuBegeH cnektp Bo3byxzaeHus ¢oTo-
NIOMUHECLeHU MM POroBmUbl rasa Kponuka in vitro npu
perncTpauumn n3nyyeHusa Ha AnmHe BOMHbl 455 HM. OH
nUMeeT KonokonoobpasHyo GopmMy ¢ MakKCMMyMOM CUT-
Hana B o6nactu 330-360 HM. BaKHO C TOUKM 3peHusA
OVCTaHUVOHHOW ANArHOCTUKU, YTO MHTEHCMBHOCTb O-
TOJIIOMUHECLIEHLMW NPU AJIMHAX BOJIH BO30YXAatoLwwero
cBeTa 6onee 380 HM (BUAMMbIV AMANa3oH) OCTaeTCA A0-
CTaTOYHO BbICOKOW ANA n3MepeHuin obbluHbIMK $HOTO-
NpUueMHrKaMun.

Cnekmpol pomosiiomuHecyeHyuu

Ha pwvic. 3 npeacTtaBneHbl CnekTpbl GOTONMOMUHECLIEH-
UMM poroBuLibl rMasa Kponuka in vitro ¢ anutenvem u 6e3
aNUTENUA Npv Bo3GY>KAEHWU Ha AnviHe BOSHbI 350 Hm. No-
NyUYeHHble CMEKTPbl MOTFYT OblTb NpefCTaB/ieHbl B BUAE
CYMMbl IBYX MOJIOC rayCCOBOro Npodunsa ¢ MakCumyma-
MU B 06nacTax 430-440 1 470-480 HM (Ha pUCYHKe He Mno-
KasaHbl). BugHo, UuTo OBONBHO 3HAUUTENEH BKMag 3nu-
TennA B cUrHan GoToNIOMNHECLIEHLIN.

0na KNMHUYeCKoro NprviMeHeHUs Heo6XoANMO TaK-
e YyuMTbiBaTb BO3MOXHble GOTOXMMMYECKME MOBPEX-
LOEHVA KNEeTOK M OUOTKaHel, BEepPOATHOCTb KOTOPbIX
CyLleCcTBEHHO BO3pacTaeT npu Bo3byxaeHUn ¢oTonio-
MUHecLeHunn ceetom YO obnactu cnekrtpa. Mostomy
CneKkTpbl GOTONMIOMUHECLEHLM POTrOBULbI FN1a3a npu
B0O36yxgeHnn B YO obnactn npeacTaBisioT B OCHOB-
HOM akagemmuecknin nHtepec. C TOUKN 3peHns npak-
TUYECKUX MPUIIOKEHUN HanbOONbLUIMI UHTEpPeC npu-
B/IEKAIOT MCCIIeAOBaHNA BO3MOXXHOCTU BO30YyKAeHUU
doToNnOMMHECUEHLMM pOroBuLbl a3a $GroNeToBbIM
M CUHMM CBETOM BMAUMOWN 06nacTu CnekTpa, npuyem
XenateNibHO CABMraTbCA fanblie B AJIMHHOBOJIHOBYIO
ob6nacTb cnekTpa. Haww nccnegoBaHus nokasanu, uto
npu Bo30YXAeHM POroBuLbl rnasa gaxe cnabbiMm ro-
ny6biM CBETOM KCEHOHOBOW Jlammbl C AJIVHON BOJIHbI
450 HM ee GOTONNIOMUHECLEHLNA MOXET ObITb OTYET/IU-
BO M3MepeHa. [pu 3ToM, Kak BUAHO U3 puC. 4a, CNEKTP
ee QOTOMOMMHECLEHUUN MPOCTMPAETCA MNPUMEPHO
[0 700 Hm. Ha puc. 46 npepctaBneH cnekTp doTonto-
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Puc. 2. CneKTp Bo36yaeHUs GOTONIOMUHECLEHLIUN POrOBULIbI
rnasa KpoJsuKa in vitro npu permcrpauunu Ha g/iMHe BOJIHbl 455 HM
Fig. 2. Excitation spectrum of a rabbit eye cornea photolumi-
nescence in vitro, registered at 455-nm wavelength
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Puc. 3. CneKTpbl GOTONIOMUHECLEHL MU POrOBULIbI Fa3a KpoJinka
in vitro npu1 Bo36YyXXAeHUN Ha anuHe BonHbl 350 HM ¢ anuTenuem
(3eneHas KpuBas) u 6e3 anuTenus (CUHAR KpuBas)

Fig. 3. Photoluminescence spectra of a rabbit eye cornea in vitro
with epithelium (green curve) and without epithelium (blue curve)
excited at 350 nm wavelength

MVHECLEeHUMN POroBuLbl Fasa npu BO30yXAEeHUUN Ha
AnnHe BonHbl 250 HM. Bce npepacTaBneHHble cnekTpbl
dboTONOMUHECLEHLIMM OTCTPOEHDBI OT BO30YXAatoLlero
CBeTa B CTOPOHY H60nbLINX ANIMH BOAH Ha 20-50 HM. OTO
CBA3aHO C ¢unbTpaLmen Bo3OyKaaloWwero u3nyyeHus,
YTOObI MCKIIOUMTD €r0 BAUSHME Ha pe3ynbTaTbl CMeK-
TPanbHbIX U3MEPEHUN.

MonapusayuoHHvele usmepeHusa

Monsipr3aunoHHble cnekTpbl GOTONMOMUHECLEHUNN
pOroBuULUbl rNasa in vitro n3mepsanu npu Bo3byKaeHUn
NIMHENHO NOMAAPU30BaHHbIM CBETOM C OJIMHOW BOMHbI
450 HM. [Ina 3TOro Ha NyTW CBeTa OT 0bpasLa K nprem-
HUKY CNeKTpOMeTpa yCTaHaBANBaNn NoAAPN3aLNOHHbIN
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Puc. 4. CnekTpbl $GOTONIOMUHECLIEHLIMU POrOBULbI FN1a3a NpU BO36Y)XXAE€HUU HA ANIMHAX BOJH:

a—450Hwm;
6 — 250 UM

Fig. 4. Photoluminescence spectra of cornea excited at wavelengths:

a—-450 nm;
6 - 250 nm

bUNbTP, onNTUYecKada OCb KOTOPOro Obila HanpasneHa
NeprneHaNKYNAPHO WAW MapanienbHo BEKTopy nond-
pu3auun Bo3byxpatowero ceeta. [onyyeHHble KO- U
KpOCC-NONAPU3aLNOHHbIE CMEKTPbl MO3BOAUAN NOCTPO-
UTb CNEKTPbl AONM JIMHENHO MONAPU30BAHHOrO CBeTa
B GOTONIOMMHECLIEHLIMN OT JJINHBI BOJHbI KaK pa3HULa
KO- M KPOCC NONAPM3aLMOHHBIX CUTHANOB AeNeHHasa Ha
nx cymmy. PesynbraTbl U3MEPEHUI U COOTBETCTBYIOLLMX
BblUMC/IEHMI NpeAcTaBneHbl Ha puc. 5. V3 aToro pucyH-
Ka BUOHO, UTO WHTEHCUBHOCTb (OTONMIOMUHECLEHLUN
porosuubl rnasa 3aBUCUT OT B3aUMHOWN OpueHTauuu on-
TUYECKNX OCeNn nonapmsaTopa v aHanmsartopa. MNpn uns-
MEHEHWM AJNIMHbI BOJIHbI GpOoTONMIOMMHECLeHLMM oT 500
0o 700 HmM cTeneHb nonApusaumm nimeHsaetca ot ~0,2
no ~0,35. YpoBeHb OLWKNOOK NPU WU3MEPEHUN CTEMNeHU
nonsipMsaumMy TakXKe CnekTpasbHO 3aBucUM. OWmnbKu

03 i
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Polarization degree

| |
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Puc. 5. CneKTp cTeneHu noasipusaumm JlOMUHECLEHLMN Fnasa
KpPOJIMKa in vitro, nony4yeHHbln Npu BO3OYXAEHUM HaA AJINHE
BOJIHbl 450 HM IMHEMHO NOJIAPU30BaAHHbBIM CBETOM

Fig. 5. Polarization degree spectra of rabbit eye cornea
photoluminescence in vitro, excited by linearly polarized light
(A=450 nm)

U3MEPEHUI 3HAUUTENIBHO PACTYT C YBENIMYEHUEM [JIUHBI
BOJIHbI, YTO, OYEBUAHO, CBA3AHO C Oc/labneHnem curHana
NIOMUHecCLeHLnN.

O6c¢cyxpeHne

Makcmmym criekTpa GOTONMOMUHECLEHLUN POrOBU-
ubl rnasa npu BO3OYyXAeHUVN Ha AnviHe BONHbI 450 HMm
HaxoguTcAa BO6MM3M 540 HM, UTO COOTBETCTBYET CHeK-
Tpam ¢nyopecueHUUn GnyopodopoBs, IOKAIM30BaHbIX
B SMUTENNN U SHOOTENNM, CPEAN KOTOPbIX OCHOBHbLIMY
ABNATCA GpaBoONPOTENHDI, Takne Kak GnaBuH, aleHUH
avHykneotng, u gp. Otnnums cnekTpos GOTONMOMUHEC-
LUEeHLMM POroBuUbl nasa C anutenvem un 6e3 anuTenus,
npefcTaB/ieHHble Ha pUC. 3, CKOpee BCero, CBA3aHbl C
BKNagom poToniomuHecueHLun pubodnasmHa, ¢ 4ByMA
XapaKTEPHBIMY MAKCMMyMaMW MOFOWEHNA Ha ANIMHaX
BOJTIH 450 1 365 Hm [13].

CnekTp ¢OTONOMMHECLEHUUN [J1a3a, MOJyYEHHbIN
npwu BO30YXAEeHW Ha ANIMHE BOSHbI 250 HM, MOXeT ObITb
npunrcaH TpunTodaHy, KOTOPbIA COOAEPXKUTCA BO BHYT-
pvrnasHon nunnH3e [13].

CnekTp QOTONIOMUHECLEHLUN, MONYYEHHBIN MpK
BO30YXAeHNM Ha AfnHe BOJSIHbI 350 HM, UMeeT MaKcu-
MyMm BOnn3n 440-455 HM. OH MOXeT BbITb NpeacTaBneH
B BUZe KOMOMHauum GOoTOMOMMHECLEHLUN MNPUANHHY-
KneoTngos ¢ Makcmymom B6sm3n 460-470 Hm n doTo-
JIIOMUHECLEHUNN TNMKO3UIMPOBAHHOIO KonjareHa ¢
MaKkcumymom B6nn3m 430-440 Hm [13].

3aKnouyeHune

B npepncTaBneHHol paboTe uccnenoBaHbl KPOcc- U
KO-MONAPU30BaHHbIe CNEKTPbl  GOTOMOMUHECLEHLI
¢UOPO3HBIX TKaHe! rnasHoro sA650Ka, BO3OYyXJaemble
NIMHENHO NONAPU30BAHHbIM CBETOM. MonyuyeHbl HOBbiE

OPUTUHAJIBHBIE CTATHW
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C.10. Metpos, 1.A by6HoBa, 1.A. Houkos, H.A. MaxomoBa, A.B. BomkaHuH, B.A. Cemumiuen, E.B. Xaioykos, A.I.Cenpnaos
MeTop 6eCKOHTAKTHOWN (POTONHOMUHECLIEHTHOI AUArHOCTUKKU COCTOAAHMA (hMOPO3HOI 060N04KKM rNa3a

[aHHble O crnekTpax GOTOMOMUHECLEHLMN 1N CNeKTpax
BO30Y>KAeHWA TKaHel rnasa, Heobxoaumble ANnA HeUHBa-
3MBHOW [AMarHOCTUKM CTPYKTYPHbIX HapyLleHW TKaHewn
rnasa v MexaHM4ecKrx HanpsxeHui. lMokasaHo, uto poTo-
NIOMUHECLEHLMA TKaHel rnasa npu Bo30yXaeHnmn NMHel-

HO

nonApun3oBaHHbIM CBETOM ABNAETCA YaCTUYHO nonA-

J'I I/ITEPATVPA

.Yamanari M., Nagase S., Fukuda S.,

Asetucos C.3., MamukoHaH B.P, 3asanuwwuH H.H., HeHiokos
AK.  3KkcnepumeHTanbHOe  MCCnefoBaHME — MeXaHWYeCKux
XapaKTEPUCTUK POroBULIbl 1 MPUEraloLmnx yYacTKoB cKnepbl //
OdTanbmonormnyecknii XypHan. — 1988. - N2 4. — C. 233-237.
AsetncoB C.5.,, MamukoHsaH B.P, Kazapan 3.3. LlUmenesa-
Oemnp O.A. n pp. Pe3ynbtaTbl KAMHUYECKOW OLEHKM HOBOrO
CKPUHWHIOBOro MeTofa onpefeneHna MHANBULAYaNbHON HOPMbI
BHYTpUWrnasHoro gasnexHua // BectHnk opranbmonorum. — 2010. -
T.126,N2 2. - C.5-7.

Asetucos C.3., MonyHuH IC. Lepemer H.JI, MypaHos K.O.
n ap. MMonck wWanepoHONOAOOHbIX aHTUKaTapaKTanbHbIX
npenapaToB - aHTUarperaHToB KPUCTa/NIMHOB XpyCTanvKa rnasa.
CoobuieHne 3. BO3MOXHOCTM [MHaMM4ecKoro HabniopeHus
3a npoueccamu KaTapakToreHe3a Ha "NPONOHrMpoBaHHON"
mogenn YO-nHAyUMpPOBaHHON KaTapaKTbl y KpbiC // BecTHuk
odTanbmonorun. — 2008. - T. 124, N2 2. - C. 3-7.

ApyTioHaH J1.J1., Epuues B.I., ®unannnosa O.M. AkonaH A.W.
BAskoanacTMyeckme CBOMCTBA pPOroBULbI NPW  MEPBUYHON
OTKpbITOyronbHou rnaykome // fnaykoma. — 2007. - N 1. - C. 62-65.
Bnagumupos [0.A. QoToxumma v NOMUHECLEHUMA GenKoB. —
Mocksa: Hayka, 1965. - 232 c.

EpemuHa M.B., Epuues B.I., iky6oBa J1.B. BinaHwe ueHTpanbHow
TOMNLWVHbI POrOBULIbI Ha YPOBEHb BHYTPWIAa3HOro AaBleHus B
HopMme 1 npwu rnaykome // Tnaykoma. 2006. - N2 4. - C. 78-83.
CemunweH A.B, CemunweH B.A. U3mepeHusa ¢oToynpyroctu
poroBuubl rnasa. ACTUrMaTM3M W aHOManMu BHYTPEHHUX
HanpsXXeHWi porosuubl // AnbMaHax KNMHNYECKON MeANLMHbI. —
2008.-T.17,N2 2. - C. 128-132.

Avetisov S.E., Bubnova I.A., Novikov I.A., Antonov A.A,, et al.
Experimental study on the mechanical strain of corneal collagen
// Journal of biomechanics. - 2013. - Vol. 46, No. 10. - P. 1648-1654.
Duan L., Yamanari M., Yasuno Y. Automated phase retardation
oriented segmentation of chorio-scleral interface by polarization
sensitive optical coherence tomography // Optics express. —
2012.-Vol. 20, No. 3. - P. 3353-3366.

.Nagase S., Yamanari M., Tanaka R., Yasui T, et al. Anisotropic

alteration of scleral birefringence to uniaxial mechanical strain //
PloS one. - 2013. - Vol. 8, No. 3. — e58716.

. Roth S., Freund I. Optical second-harmonic scattering in rat-tail

tendon // Biopolymers. - 1981. - Vol. 20, No. 6. - P. 1271-1290.

.Tan HY.,, Teng SW.,, Lo W, Lin W.C, et al. Characterizing the

thermally induced structural changes to intact porcine eye, part 1:
second harmonic generation imaging of cornea stroma // Journal
of biomedical optics. — 2005. - Vol. 10, No. 5. — 054019.

Ishii K., et al. Scleral
birefringence as measured by polarization-sensitive optical
coherence tomography and ocular biometric parameters of
human eyes in vivo // Biomedical optics express. - 2014. - Vol. 5,
No. 5. - P. 1391-1402.

pu3oBaHHOM. Mpwr BO30YyXAEHMU Ha AjiviHe BOMHbI 450 Hm
cTeneHb Nonspm3aummn GoToNOMUHECLIEHLINW CNEKTPAb-
HO 3aBUC/Ma 1 n3meHsaeTcA B npegenax 20-30%.

Paboma nododepxaHa Poccutickum poHOOM ¢hyHOameH-

marnsHeix ucciiedosarul (2paHm 15-29-03843).

REFERENCES

.Yamanari M., Nagase S., Fukuda S.,

Avetisov S.E., Mamikonyan V.R., Zavalishin N.N., Nenyukov A.K.
Expenmental study of the mechanical characteristics of the cor-
nea and adjoining areas of the sclera, Oftal'mologicheskii zhurnal,
1988, No. 4, pp. 233-237. (in Russian)

. Avetisov S.E., Mamikonyan V.R., Kazaryan E.E., Shmeleva-Demir

O.A., Galoyan N.S., Mazurova Yu.V., Tatevosyan A.A., Ryzhkova E.G.
Results of clinical evaluation of a new screening method for deter-
mining the individual normal level of intraocular pressure, Vestnik
oftal'mologii, 2010, Vol. 126, No. 2, pp. 5-7. (in Russian)

Avetisov S.E., Polunin G.S., Sheremet N.L., Muranov K.O., Makarov
I.A., Fedorov A.A., Karpova O.E., Ostrovskii M.A. Search for chap-
eron-like anticatarract agents, the antiaggregants of lens crystal-
lins. Communication 3. Possibilities of a follow-up of caractogen-
esis processes on a prolonged rat model of JV-induced cataract,
Vestnik oftal’'mologii, 2008, Vol. 124, No. 2, pp. 3-7. (in Russian)

. Arutyunyan L.L., Erichev V.P, Filippova O.M., Akopyan A.I. Visco-

elastic properties of the cornea in primary open-angle glaucoma,
Glaukoma, 2007, No. 1, pp. 62-65. (in Russian)

Vladimirov Yu.A. Fotokhimiya i lyuminestsentsiya belkov [Photo-
chemistry and luminescence of proteins]. Moscow, Nauka Publ.,
1965.232 p.

Eremina M.V, Erichev V.P, Yakubova LV. The effect of central cornea!
thickness on intraocular pressure level in normal population and
patients with glaucoma, Glaukoma, 2006, No. 4, pp. 78-83. (in Russian)
Semchishen AV. Semchishen V.A. Eye cornea photoelastisity
measerement. Astigmatism and internal michanical stress distri-
bution, Al'manakh klinicheskoi meditsiny, 2008, Vol. 17, No. 2, pp.
128-132. (in Russian)

. Avetisov S.E., Bubnova I.A., Novikov |.A., Antonov A.A,, Siplivyi V.I.

Experimental study on the mechanical strain of corneal collagen,
Journal of biomechanics, 2013, Vol. 46, No. 10, pp. 1648-1654.
Duan L., Yamanari M., Yasuno Y. Automated phase retardation
oriented segmentation of chorio-scleral interface by polariza-
tion sensitive optical coherence tomography, Optics express, 2012,
Vol. 20, No. 3, pp. 3353-3366.

.Nagase S., Yamanari M., Tanaka R., Yasui T., Miura M., lwasaki T.,

Goto H., Yasuno Y. Anisotropic alteration of scleral birefringence
to uniaxial mechanical strain, PloS one, 2013, Vol. 8, No. 3, e58716.

. Roth S., Freund I. Optical second-harmonic scattering in rat-tail

tendon, Biopolymers, 1981, Vol. 20, No. 6, pp. 1271-1290.

.TanHY.,, Teng S.W., Lo W., Lin W.C,, Lin S.J., Jee S.H., Dong C.Y. Char-

acterizing the thermally induced structural changes to intact por-
cine eye, part 1: second harmonic generation imaging of cornea
stroma, Journal of biomedical optics, 2005, Vol. 10, No. 5, 054019.
Ishii K., Tanaka R., Yasui T,,
Oshika T., Miura M., Yasuno Y. Scleral birefringence as measured
by polarization-sensitive optical coherence tomography and ocu-
lar biometric parameters of human eyes in vivo, Biomedical optics
express, 2014, Vol. 5, No. 5, pp. 1391-1402.

36

BIOMEDICAL PHOTONICS T.7,Ne1/2018



[O.A. Liepkosckuid, .M. ApTembesa
dortoguHamuyeckas Tepanus NeiKoNIakuu rosoBKu NONOBOro YneHa (KNUHUYECKoe HabnroaeHue)

POTOOMHAMUYECKAS TEPANMS IEMKONIAKMUA
FONNOBKM NMONOBOTO YJIEHA
(KJTIMHUYECKOE HABJIFOAEHMUE)

O.A. Uepkoeckun, T.[1. Aptrembera
PecnybnukaHCKui HayYHO-NPAKTUHECKMHM LIEHTP OHKOSIOTMM U MEAMLMHCKOM PAAMONOMMM
wm. H.H. Anexcanaposa, Jlecnoin, Pecnybnuka benapycs

Pesome
B ny6bnukauuu aBTOpbl MPEACTaBUAM KIIMHUYECKMA Cryyall YCMewHoro nprmeHeHUs ¢OTOAVHAMUYECKON Tepanuum ¢ (OTONOHOM —
boToceHMbUNM3aToOPoOM XJIOPUHOBOTO PAAa, Y NaLMEHTa C NIeKONIAaKNEN rofoBKMU NonoBoro uneHa. ®oTonoH BBoAwaun B go3e 2 Mr/kr3a 2,5y
[0 npoBefeHun o6yyeHns (ceeToBas go3a 50 [x/cm?). MposefeHHOe feyeHve BKoYano 3 Kypca poToANHAMUUECKO TePANu C UHTEPBANIOM
B 1 mec. B pe3ynbrtaTe NPOBEAEHHOrOo JIeYeHNA NoyvyeHa NojiHaAa perpeccna natosiormyecknx o4aroB 1 AnnTeNbHaa KInHN4YeCcKasa peMmmccnsa
(6onee 6 mec).

KnioueBble cnoBa: fielikonnakus, NosioBON UsieH, ¢0TO,D,I/IHaMI/ILIeCKaH Tepanua.

Ana yntnposanuma: Llepkosckuin [.A., AptembeBa T.M. QoToanHammnyeckaa Tepanua NerKoniakny rofoBKU NOIOBOroO YneHa (KNMHuyeckoe
HabniogeHwue) // Biomedical Photonics. — 2018.-T. 7,Ne 1. - C. 37-40.

KouTtakrbi: LlepkoBckuin [.A., e-mail: tzerkovsky@mail.ru

PHOTODYNAMIC THERAPY FOR PENILE LEUKOPLAKIA
(CASE REPORT)

Tzerkovsky D.A., Artemyeva T.P.
N.N. Alexandrov National Cancer Centre of Belarus, Lesnoy, Republic of Belarus

Abstract

In the publication, the authors present a clinical case of successful application of photodynamic therapy with photolon - a chlorin series
photosensitizer, in a young patient with leukoplakia of the glans penis. Photolon was administered in a dose of 2 mg/kg 2.5 hours before
photodynamic therapy (light dose 50 J/cm?) The treatment included 3 sessions of photoirradiation with 1 month interval. The authors note
complete regression of pathological foci and long-term clinical remission (more than 6 months).

Key words: leukoplakia, penis, photodynamic therapy.

For citations: Tzerkovsky D.A. Artemyeva T.P. Photodynamic therapy for penile leukoplakia (case report), Biomedical Photonics, 2018, T. 7,
No. 1, pp. 37-40 (in Russian).

Contacts: Tzerkovsky D.A., e-mail: tzerkovsky@mail.ru

BBepeHune

Jleikonnakna npepctaBnsaeT coO6ON XPOHUYECKUN
anctpodmryeckmii Npouecc cM3ncTon ob6onouKy, Bbl-
paxatowmninca nponudepaymnelri U NOBLILLEHHbIM OpPO-
roBeHNemM MHOrOC/IOMHONO NAOCKOro 3NUTenna 1 gasnb-
HelLM CKNIepo3upoBaHeM TKaHel. 3aboneBaHue Mo-
XKeT JIOKaNn30BaTbCsA Ha NoObIX CM3KCTbIX 060M0UKaX,
HO vallie BCcero obHapy»K1MBaeTCA B NONIOCTM PTa, BO3Jie
3afHero NpoxoAa, Ha Hapy>HblX MOMOBbIX OpraHax un
B AbIXaTeNlbHbIX NyTAX. JlekonnakmMa NoioBoro YjieHa

BIOMEDICAL PHOTONICS T.7,N21/2018

ABNAETCA [OCTAaTOYHO pefKon NaTonormen, Jyaile Bcero
BCTpeYasnAcb B BO3PACTHOW rpynne My>kunH 30 1 6onee
net. OCHOBHbIMX MPUYMHAMK Pa3BUTUA [JAHHOrO 3a-
6oneBaHNA ABNAIOTCA XUMUUYECKUE, MEXaHUYeCKue 1
XUMUYeckne $GakTopbl, BO3AeNCTBME KOTOPbIX NPUBO-
ANT K BO3HUKHOBEHMIO XPOHWYECKOTrO MOBpPEXAEHMWA
cnusncTon obonoukn. Bepgywwmmn daktopamu, KOM-
NAeKCHoOEe BINAHME KOTOPbIX NPUBOAUT K NOABMEHMUIO
NaToNOrMYeCKUX 0YaroB, ABMAIOTCA MeXaHWNYeCcKoe,

KIIMHNYECKHWE HABJIIOAEHWNY

37



=
AN
T
L
)
—
LO
<
T
L
AN
A4
O
L
T
AN
T
AN
=
/

[.A. Liepkosckuid, T.MN. ApTembesa

doToaMHaMuyecKas Tepanus NeAKONNakui roNioBKM NOJIOBOr0 YNEHa (KNUHMYECKOE HaonoaeHue)

cMcTemMaTnyeckoe NoBpeXAeHWe rofIoBKM TeCHbIM Oe-
NbeM, ANUTENbHO CylecTByoWwniA GrmMo3s, HapyLleHue
rOpMoOHanbHOro 6anaHca; 3aboneBaHNA SHAOKPUHHOM
CMCTEMbI (CaxapHbIA AnabeT), BO3pacTHble 1 GpuU3nono-
rMyeckne M3MeHeHMA CNIM3UCTON («CTapuyeckue» aTpo-
¢du1m), BocnanuTesibHble MPOLECCHl MOYEMNOJIOBOWN CUCTe-
Mbl MY>KUMHbI, FTMMOBUTaMUHO3 A, HaCNeACTBEHHan npea-
PacnonoXeHHOCTb.

OCHOBHbBIM KIIMHUYECKUM MPOSIBJIEHNEM JIeNKomna-
KU laHHOW NoKanu3auuu ABNAETCA MOoABJIEHNEe Ha ro-
JIOBKE MOJIOBOro YJleHa NN KPamHEen naoTyh OQHOW Uin
HecKobKux bnsalwek 6enecoBaToro LBeTa C rnagkomn no-
BEPXHOCTbIO (puc. 1).

HaunHaeTca pa3BuTue NenKonnakmm C yyactka BOC-
naneHuns. Ha gaHHOM 3Tane Kakux-nmbo KNNHUYECKnUX
NPOABMEHUN He OTMEYAETCA, N MYXUMHbI YacTo He 3a-
MeualoT N3MEHEeHU B opraHusme. B mecte BocnaneHus
HauMHAEeT NPONCXOANTb YPE3MEPHOE OPOrOBEHNE C MOo-
ABJIEHNEM MYTHbIX MSIEHOYEK, KOTOPOE He COMPOBOXAa-
eTcs CyObeKTVBHOW CMMMNTOMATVMKOW. B panbHenwem
OpOroBeHVe NPOoAOIKaeT NPOrpeccupoBaTb, MO3TOMY
Ha MecTe MJieHKN obpasyeTcAa OnsluKa, BbICTynaolwas
Hapg cnm3ncton obonoukon. opma HoBOOOPa3oBaHUA
6yrpuctas 1 npv ganbHenwemM pa3BmMTAY NaTONOM MK OHO
TpecKaeTcs 1 u3bA3BAAeTCA. B page cnyyaes, BO3MOXHO
HapylleHne uav 3afep)Kka MouyencnyckaHua (nmpu Bo-
Bf€UEHUN B NPOLECC NafbeBULHON AMKU MOYEnCnycKa-
TenbHoro KaHana) [1, 2].

OCHOBHbIMM KNUHUYECKUMUN pOopMaMm IENKOMIAKUK
NMosIOBOro UfieHa ABNAITCS:

e NyiocKas;
e 6GopogaBuaTas (BeppyKo3Has);
® >pO3VMBHO-A3BEHHAA.

Mnockasi dopma ABNAETCA HayasibHbIM MPOABNEHN-
eM 3a00neBaHNA U XapaKTepu3yeTcs BO3HUKHOBEHUEM
NMaToNoOrMyecKnx oyaros 6en1ecoBaToro 1M cepoBaToro
LUBETa, HE CHMMAILWMXCA MPU MEXaHUYECKOM BO3Jei-
CTBUM Ha HMX. B panbHenwem npu nporpeccupoBaHnn
KNUHUYECKOWN CUMMTOMATMKM U OTCYTCTBMM afj€KBAaTHOMO
neyeHna NoABNATCA 6e360e3HeHHble ONAWKN 6enoro

Puc. 1. KnuHnyeckas KapTMHa NeiKonaakMmM noaoBoro YieHa
Fig. 1. Clinical picture of penile leukoplakia

LiBETa, BO3BbILLAKLWMECH Haf, MOBEPXHOCTbLIO C/IM3NCTOMN
060nouKky (BeppykosHas ¢opma). TpeTben 1 Hanbonee
Cepbe3HOoN C TOYKM 3peHNA NPOrHo3a 3aboneBaHns AB-
NAeTCA 3PO3MBHO-A3BEHHasA GopMa, XapaKTepumsyoLasn-
CA NOAABNEHMEM B 30HE MATONIOMMYECKM OYaroB KPOBO-
TOUALLVX TPELLMH 1 A3BOYEK, B pAfe cJiyyaes, bonesHeH-
HbIX Npu nanbnayun. CnegyowymM 3TanoM B Pa3BUTUA
nervKkonnaknm ABAAETCA ManurHusauus. OCHOBHbIMY
KINUHUYECKUMU MPU3HAKAMW 3/T0KAYeCTBEHHOW TPaHC-
dopmauun nerikoniakny MosIOBOro UfeHa ABAAIOTCA:
M3MEHeHMe KOHCUCTEHLMM MaToNIOrMYyeckoro ouara
(ynnoTHeHwne), noAsfieHne 1 BbICTPOE MPOrpeccMpoBa-
HUe 3p031ii 1 A3B, HEPAaBHOMEPHOCTb KOHTYPOB NaToso-
rMyeckoro ovara.

[dnarHocTrka nenkonnakmm nonoBOro ysieHa focra-
TOYHO MPOCTa 1 OCHOBBIBAETCA HA AAHHbIX KIMHUYECKO-
ro OCMOTPA U BbIMOJIHEHUN TMCTONOMMYECKOTO NCCNIeo-
BaHMVA NOJO3PUTENbHbIX HA MafIrHM3auUMio naTonornye-
cKkmx ovaros. [inddepeHumanbHyo AMarHOCTUKY NPOBO-
AT ¢ spuTponnasunen Kelipa, KaHaNA030M, NepBUYHbIM/
BTOPUYHBIM CUGUANCOM 11 MHBA3VBHBIM MIOCKOKJIETOU-
HbIM pakom [1].

Bce knuHunueckne ¢opmbl NeKonnaknuy MnosioBoro
uneHa NpeacTaBnAlT coboi ovarn U3BbLITOUHOW MpPo-
nudepauuun 3NUTENUA U ABNAIOTCA OONMraTHbIM Npea-
pakom. TepaneBTMYECKUIA MOAXOS B JIEUEHMUN HAYAIbHbIX
¢dopm 3aboneBaHus BKIOUYaeT B cebs, B nepByio oue-
pefb, yCTpaHeHUe BUSHUS STUOMOrMYecKux GpakTopos,
BbI3bIBAOWMX €ro passutne. Hambonee sdpdeKTUBHLIM
ABMAETCA pPaAVKaNbHbIA MOAXOL, HamnpaBleHHbIN Ha
yaaneHue natoniornyeckux ouaroB. K HeuHBa3vBHbIM
MEeToZaM TMPUHATO OTHOCWTb AMATEPMOKOArynauumio,
3M1eKTPO3KCLM3MI0, KPVOAECTPYKLMIO, NTAa3epHylo Tepa-
N U PaSNoOBOSIHOBOE BO3LENCTBME; K MHBA3UBHbIM —
Xnpypruyeckoe ypaneHue c uupkymuusmen [2]. Mpwn
NOATBEPXKAEHNM  3/I0KAUYECTBEHHON TpaHchopmauum
NMaToNIOrMYeCcKUX OYaroB MOKa3aHO BbIMONIHEHUE pajn-
KasnbHbIX Onepauuii 1 NocneyoWwmum NnpoBeeHnem Kyp-
ca flyyeBOW Tepanuu.

CnepyeT oTMeTUTb TOT AKT, UTO BCE MEpPeymncrieH-
Hble MeTOfbl JIeUEHUS AAHHOW MAaTONIOrMM HampaBJieHbl
Ha MexaHVYecKoe yhasieHVe O4YaroB fielkonnakum 6e3
BO3JENCTBMA Ha MEXaHW3Mbl ee Pa3BUTKA, UTO MOXET
NOCNYXWTb NMPUYNHON HeJOCTaTOUHON 3 EKTUBHOCTU
neyeHus. B cBA3U C 3TUM, HEOHOXOANMBIM ABAAETCA NMONCK
HOBbIX METO[OB JieueHMs. ANbTEPHATUBHBIM METOLOM
neveHns apnsaetca ¢otoanHammnyeckas tepanua (OOT) -
METO[l, OCHOBAHHbIN Ha MCMOJIb30BAHWM JIeKapCTBEHHO-
ro cpeactea — ¢poToceHcnbrnusaropa (OC), UNTOTOKCHY-
HOCTb KOTOPOrO NPOABAAETCA NPU BO3LENCTBMM Nla3ep-
HOrO U3fyyeHua C onpegeneHHoOn AMHON BOSHbI.

OCHOBHY10 pOsib B pa3BUTUM 3aMPOrpPaMMrPOBAHHON
rmbenn knetkn npu OOT urpaioT npoueccbl GpOTOUHNK-
LUUPOBaHHOrO oKucneHus. Qotoxummyeckme peakuum
BKJIIOUAIOT NPAMOe B3aMOoJeNcTBre BO30yXAeHHOM Na-
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3epHbIM U3nyyeHnem monekysbl ®C ¢ cybcTpaTom 1 06-
pa3oBaHue NepexofHbIX PaMKanoB, KOTOpble BCTYNAKOT
B peakuuto ¢ Kucnopogom. CoXHblI Kackag B3auMogen-
CTBUI VHUUUMPYeT obpa3oBaHMe CBOOOAHbIX pajuvKa-
JIOB, TAKUX KaK CMHIMETHbIN KNCnopog (102), rmapoKcun-
paavkan (OH), cynepokcuna-aHuoH (O,) n nepokcnyg Bo-
Aopoga (H,0,), Bbi3blBaloLKX Pa3BUTUE OKNCIINTENIBHOTO
cTpecc-cmHapoma. OCHOBOMONArawLLM MOMEHTOM NpU
pa3BUTMM anonTo3a ABMAETCA HAapYLUEHWE LeNOCTHOCTHY
MeMOpaH MUTOXOHZPWI, KOTOPOE NPUBOAUT K BbICTPO-
My BbICBOOOXKAEHUIO MUTOXOHAPUANIBHOIO LMUTOXPOMA
C B UMTO30/b C NOCNEAyLEN akTMBaLMen anonToco-
Ma 1 npokacnasbl-3 [3-5]. Bmecte ¢ Tem, doTognHamm-
yeckoe MOBPEXAEHUE SHAOTENMOUUTOB KamnwuiiAapos,
MUTaAIOWMX OMYXONEBYIO TKaHb, MPUBOAUT K Pa3BUTUIO
COCYAMCTOro CTa3a, TPOMO03a U BblPaXXeHHOW MMMOKCUN
KNeTOK, pPe3y/ibTaTOM Yero ABMAETCA UEMUYECKNI He-
Kpo3. Takum obpasom, pesynbtaToMm obsyueHusa npea-

BapUTENbHO CEHCMOMNM3UPOBAHHOWN TKaHW ABNAeTCA
anonTos, aytodarna 1 NweMnmyecknin Hekpo3 30Hbl 06-
NyUYeHHbIX NaTONIOrMYeCKnNX TKaHen [6].

Lenbto paHHOM nybnukauuy sBNAETCA NpeacTaB-
neHve KAnHWYyeckoro cniyvada npumeHenua OOT B
NeyeHnn NaumeHTa C IenKonaakmern ronoBKy NoaoBoro
uneHa.

MauuweHT 3., 1985 roma poXxpeHus, 6bin HanpaBneH
Ha KOHCynbTauuio B OoTAeneHue runeptepmun u ¢oto-
AVHaMnyeckon Tepanun Pecny6nMKaHCKOro HayuyHo-
NPaKTUYECKOro LEHTPa OHKONMOMUU W MeAWLMHCKON
pagunonorun nm. H.H. AnekcaHgpoBsa ¢ npegsaputesib-
HbIM AWarHo3om: JobpoKayecTBeHHOe 3aboNieBaHNe ro-
NOBKM MOJIOBOrO usieHa. [1o gaHHbIM aHaMHe3a nauueHT
cunTan ceba 6onbHBIM B TeueHre 6 MeC, C TeX Nop, Kak
Hayan oTMmeuaTb Xanobbl Ha noABneHve 6enecoBaToro
MaToNOrMYeckoro oyara Ha rosfIOBKe MOJSIOBOFO UNeEHa,
He noafaloLWeroca MexaHnYeckoMy CHATUIO. Ha MoMeHT

Puc. 2. JleKonnakusi ronoBKKU NOJIOBOro YieHa:

a — cocTosiHue go ®AT;

6 — cocTosiHMe Yepe3 24 4 nocne OAT;

B — cocTosiHMe 7 cyT nocne ®AT;

r — nonHas perpeccus yepes 1 mec nocne OAT
Fig. 2. Leukoplakia of the glans penis:

a - status localis before PDT;

6 - status localis 24 hour after PDT;

B — status localis 7 days after PDT;

r —complete regression 1 month after PDT

KIIMHNYECKHWE HABJIIOAEHWNY
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[.A. Liepkosckuid, T.MN. ApTembesa

doToaMHaMuyecKas Tepanus NeAKONNakui rosioBKM NOJIOBOT0 YNEHa (KNUHMYECKOE HabnoaeHue)

OCMOTpa NaumeHT NpeabaBsA XKanobbl Ha HanMuue na-
TONOMMYECKOro oYara v YMePEeHHO-BbIPAXKEHHbIN 3ya 1
xokeHue, O6BbEKTNBHO Ha KOXKe rofIOBKM MOJIOBOrO UileHa
onpepenanca natonorMyecknii ouar 6enecoBaToro LUge-
Ta, HenpasuiibHOW GOPMbI C BOBJIEUEHMEM B MpoLiecc
Hapy>XHOTr0 OTBEPCTUA MOYENCMYCKATENIbHOIO KaHana,
6e360ne3HeHHbIV Npu Nanbnaumn. BeinonHeHa 6ruoncusn
HOBOOOpa3oBaHMA. Ha OCHOBaHUWM AaHHbIX MMCTONOrN-
YyecKoro uccnefoBaHusi Obin YCTaHOBNIEH AUArHO3: nen-
KOMnaKkumsa rofioBKM MOJIOBOrO ujieHa. lMaumeHTy 6bino
pekoMeHA0BaHO NpoBefeHne neyeHna metogom OT.
MaumeHT 6bIn NponHpopmmpoBaH o meTtoge OAT,
CpoKax HabnioAeHNAa U BO3MOXHbBIX HeXXenaTeNbHbIX
peakuuax, n nognvcan UHGopmMrnpoBaHHoe cornacue. B
YCNOBUSIX 3aTEMHEHHOTO MOMELLEHUSA NaLMNEHTY BHYTPU-
BEHHO KanenbHO 6bin BBefeH pactBop ¢oTtonoHa (PYM
«benmegnpenapartbi», Pecnybnuka benapycb, peructpa-
unoHHoe ygoctosepeHue 1 N015948/01 ot 30.11.2012) B
po3e 2 mr/kr. Yepes 2,5 u nocne nHoysum 6bino npowms-
BeZleHO obJlyyeHVie NaToNIorMyecknx ovaros (CBeTtoBas
[03a nasepHoro manyyeHus 50 [/cW?, NAOTHOCTb MOLL-
Hoctu 0,11 BT/cm?). B KauecTBe MCTOUHMKA JTa3epPHOro ms-
NyYeHUA MPUMEHANN NONyNpoBOAHMKOBbIN nasep «YTJ1
OOT» («<benOMO», Pecnybnuka benapycb, A=660+5 HMm).
HopmarnbHble TKaH/W MOMOBOrO uneHa Obiu SKpaHu-
pOBaHbl C Lenblo NPOPUNakTUKU BO3HUKHOBEHUA He-
XenatesibHbIX GOTOTOKCMYECKMX peakuuin. ObnyueHue
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COMNPOBOXAaNoCh PasBUTMEM YMEPEHHO BbIPa>KEHHOIO
6051eBOrO CYHAPOMA B BUAE YYBCTBA »KXEHUA U MOKa-
nbiBaHmsA. C LeNblo ero KynmpoBaHua Obifiv MPUMEHEHDI
HEeHapKOTMYEeCKMe aHaNreTuKn (Kketoponak, B/m, 4,0 mn).

C uenbio NpoduNakTUKN peuranBoB 3abonesaHus
yepes 1 1 2 Mec NOCsie NEPBOro Kypca OblIv BbIMOSHEHDI
eute 2 kypca O[T c poTonoHom B fo3e 2 Mr/Kr (CBeTOBas
[,03a NlazepHoro nsnydeHus 50 [IK/cm?, NIOTHOCTb MOLL-
HocTun 0,08 B1/cm?).

Peakuynio Ha nposegenne OAT oueHuBanu Bo Bpe-
MfA CeaHca OOnyuyeHUs, HeroCcpPeAacTBEHHO MOCHEe €ro
OKOHYaHUA 1 Yyepes 7 cyT. Kpome 310ro yepes 3 n 6 mec
nocsne Tpetbero Kypca OAT oueHnBanu pesynbraT neve-
HusA. Cpa3sy nocne nepsoro ceaHca OAT oTmeueHo noAB-
NeHne NPr3HAKOB GOTOXMMMYECKOTO remMopparmyeckoro
HeKpo3a: LBET d/IeMeHTa M3MEHWICA Ha TeMHO-Oypblil.
OKoHuaTenbHoe GOPMUPOBAHME HEKPOTMYECKOTO CTPYyNa
C UETKOW rpaHnLen 1 NpaBunbHoM GopMOoN B 30He 065y-
YeHMA NPOU3OLLNO Yepes 7 CyT Nocsle feyeHns (puc. 2).

Mo paHHBIM KOHTPOJIbHOIO KIUMHMYECKOro Habnoge-
HUA Yepe3 3 1 6 Mmec Nocne 3aBepLleHna NevyeHnsa npu-
3HaKoB 3ab60neBaHNA He BbISIBIIEHO.

MNonyuyeHHble pe3ynbTaThl CBUAETENbCTBYIOT O TOM,
yto metog QAT MOXHO paccMaTpuBaTb KakK XOpPOLIO
nepeHoCcumMyio 1 3GGEKTUBHYIO ONUMIO B JIeUeHNU Nei-
KOMJ/aK1u NosioBOro UsieHa, No3eonsioLyio 3gpdekTnBHO
BO3[EMNCTBOBATb Ha MNAaTONOrMYEeCKUI OYar.
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