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Astuti S.D., Mahmud A.F,, Putra A.P., Setiawatie E.M., Arifianto D.
Effectiveness of bacterial biofilms photodynamic inactivation mediated by curcumin extract, nanodoxycycline and laser diode

EFFECTIVENESS OF BACTERIAL BIOFILMS PHOTODYNAMIC
INACTIVATION MEDIATED BY CURCUMIN EXTRACT,
NANODOXYCYCLINE AND LASER DIODE

Astuti S.D., Mahmud A.F,, Putra A.P,, Setiawatie E.M., Arifianto D.
Universitas Airlangga, Surabaya, East Java, Indonesia

Abstract

Biofilms have higher levels of antibiotic resistance compared to bacteria, so the alternatives are needed as therapy for diseases caused by biofilm
infections. Photodynamic Therapy (PDT) has the advantage of being a safe alternative that involves molecular-level photochemical reactions. The
use of different types of exogenous photosensitizers (PS) was done to compare their effectiveness. Turmeric extract containing curcumin has good
effectiveness in PDT, whereas nanodoxycycline as an antibiotic has a fairly broad absorption spectrum and is effective as PS. The purpose of this
study is to compare the effectiveness of photodynamic therapy on infections by Aggregatibacter actinomycetemcomitans causing periodontitis
using exogenous organic and non-organic photosensitisers (PS). The A. actinomycetemcomitans biofilm had been grown on 96-well microplate for
72 hours incubation time. The samples were divided into three groups, treated with Laser diode, Laser + Turmeric Extract 0.5%, and Laser + Nano-
doxycycline 0.1%. Treatment was done with a variety of exposure times: 30, 60, 90, 120, and 150 seconds. The data were analyzed using ANOVA test.
The results of data analysis showed that diode laser irradiation treatment with endogenous porphyrin, diode laser with Curcumin and diode laser
with nanodoxycycline produced significantly different biofilm reductions. Treatment with diode laser irradiation at various energy densities (4.15,
8.28,12.44,16.59, and 20.73 J/cm?) showed no significant difference in reducing bacterial biofilm. The treatment with diode and curcumin, and the
treatment with diode laser irradiation and nanodoxycyclin showed a significant difference. Diode laser irradiation of 20.73 J/cm? with irradiation
time of 150 seconds resulted in the greatest reduction of biofilm 14.94%, diode laser irradiation + Curcumin 47.82%, and diode laser irradiation +
nanodoxycyclin 53.76%. Therefore, PDT using a diode laser combined with exogenous PS extract of curcumin and nanodoxycycline is more effec-
tive to reduce bacterial biofilms.

Keywords: photodynamic inactivation, a. actinomycetemcomitans, biofilm, curcumin, extract, nanodoxycycline, laser diode.

For citations: Astuti S.D., Mahmud A.F, Putra A.P, Setiawatie E.M., Arifianto D. Effectiveness of bacterial biofilms photodynamic inactivation me-
diated by curcumin extract, nanodoxycycline and laser diode, Biomedical Photonics, 2020, vol. 9, no 4, pp. 4-14. doi: 10.24931/2413-9432-2020-
9-4-4-14.

Contacts: Astuti S.D., e-mail: suryanidyah@fst.unair.ac.id

IPPEKTUBHOCTb POTOANHAMUYECKOMU

MHAKTUBALUU BAKTEPUATIbHBIX BUOTMJIEHOK
C UCMNMOJIb3OBAHMNEM SKCTPAKTA KYPKYMUHA,
HAHOOOKCHUUMKITUHA U NASEPHOTO OANOOA

Astuti S.D., Mahmud A.F., Putra A.P,, Setiawatie E.M., Arifianto D.
Yuusepcutet Anpnanra, Cypabas, Boctounas dsa, MHooHeswms

Pesiome
BrionneHkn obnapatot 6onee BbICOKMM YPOBHEM YCTONUMBOCTM K aHTUOMOTIKAM MO CPaBHEHMIO C 6akTepuaMM, MOSTOMY HEObXOAVMa pa3pa-
60TKa HOBbIX MOAXO/0B K JIeYEHNI0 MHPEKLIMOHHbIX 3aboneBaHuA, Bbl3BaHHbIX 6akTepuanbHbiMu 6ronneHkamu. OfHUM 113 BO3MOXKHbIX MeTO-
[IOB JleYeHVA Takyx 3aboneBaHnm Asnaetca otogmHammueckas Tepanua (OAT). B kauecTBe pOTOCEHCUOMINZATOPOB MPUMEHANN KYPKYMUH 1
aHTUOMOTMK HAaHOJOKCULIMKAVWH. [poBenu cpaBHUTENbHOE U3yyeHune 3$pdeKTUBHOCTU GOTOANHAMUYECKON Tepann MHGEKLINIA, B NaToreHese
KoTopbIx yyacTBoBanu Aggregatibacter actinomycetemcomitans, Bbi3biBaloLLyie NAPOJOHTUT, C NCMONb30BAHNEM [IBYX YKa3aHHbIX GOTOCEHCU-
6unusatopos. brionneHky A. actinomycetemcomitans Bbipalynsanv Ha 96-1yHOYHOM MUKPOTIaHLETE B TeYeHre 72 4 UHKybaumn. ObpasLibl
6b111 pa3feneHbl Ha TPK rpynbl. B nepBoi rpymnne nposoauny 06paboTky 61onneHoK AUOAHbBIM a3epoMm, BO BTOPOI — 0,5%-bIM SKCTPaKTOM
KYPKYMbl V1 IMOAHbBIM Na3epom, B TpeTbeil — 0,01%-biM pacTBOPOM HAaHOAOKCULIMKAMHA 1 1 IMOAHbBIM Na3epoMm. Bpema Bo3aeiicTeunAa coctaBna-
no 30, 60, 90, 120 1 150 cek. MonyyeHHble AaHHbIE ObLIN MPOaHanM3MpPoBaHbl € crnonb3oBaHrem Tecta ANOVA. PesynbTaTbl aHanm3a AaHHbIX
nokasanu, 4to 3¢pPeKTUBHOCTb BO3LAENCTBMA Ha GUOMIEHKM 3HaUYUTENbHO OT/IMYanach B rpynnax c obiyyeHviem AUOAHbIM Jla3epoMm, 0biyye-
HVIeM JMOJHbIM JTa3€POM C KyPKYMUHOM 1 061yYeHneM ANOAHBIM S1a3epOM C HAHOAOKCULIMKIIMHOM. PeXumbl 061yyYeHnsa AnMoHbIM lasepom
NpU PasnnYHbIX MIOTHOCTAX SHeprn 4,15; 8,28; 12,44; 16,59; 1 20,73 [1>k/cM? He MoOKa3anu CyLeCTBEHHOTO BO3AENCTBUA Ha 6aKkTepuanbHyo
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6rionneHky. ObnyyeHne guopHbIM nasepom (20,73 [x/cm?, Bpema obnyyeHus 150 cek) npmBesio K HanbosnbLueMy yMeHbLUEHNIO GMOMIEHKM
Ha 14,94%, 0bnyyeHne AVOLHbBIM N1a3ePOM C KYPKYMUHOM — Ha 47,82%, 06nyyeHvie JUOAHBIM J1a3epOoM C HAHOLOKCUMLUMKANHOM — Ha 53,76%.
Takum obpasom, OAT ¢ ncnonb3oBaHEM JUOAHOTO la3epa B COYETaHNM C IK30reHHbIMU GOTOCEHCUOUNM3aTopamMm KypKYMMHOM 1 HAaHOAOK-
CULMKIIVIHOM MOKasanu CBO0 3GpPEeKTNBHOCTb B OTHOLLEHNN GaKTepuranbHbIX OUOMIEHOK.

KnioueBble cnoBa: ¢potofmHammueckasa nHaktieaums, A. Actinomycetemcomitans, 6uonneHKka, KypKyMyH, SKCTPaKT, HAHOLOKCULIMKIVIH,

NasepHbI Anoa.

Ana ymtupoBaHua: Astuti S.D., Mahmud A.F, Putra A.P, Setiawatie E.M., Arifianto D. Effectiveness of bacterial biofilms photodynam-
ic inactivation mediated by curcumin extract, nanodoxycycline and laser diode // Biomedical Photonics. — 2020 - T.9, N® 4. - C. 4-14

doi: 10.24931/2413-9432-2020-9-4-4-14.

KonTakTbi: Suryani Dyah Astuti, e-mail: suryanidyah@fst.unair.ac.id

Introduction

Indonesia has oral and dental health problems at
25.9% of its national population [1]. One of the common
oral diseases that can infect almost 50% of the world’s
population is periodontitis [2, 3]. The number of suffer-
ers of this disease has reportedly increased consistently
over the last decade [2]. Periodontitis can be caused by
bacterial activity as a parasite that exceeds the average
amount in the mouth. One of them is Aggregatibacter ac-
tinomycetemcomitans (A. actinomycetemcomitans) [4, 5].
These bacteria include gram-negative bacteria that can
form biofilms [6, 7, 8]. Biofilms from A. actinomycetem-
comitans can stick to the tooth surface and form an ex-
tracellular matrix, so the level of resistance to antibiot-
ics is high [8, 9, 10]. Therefore, effective and safe alterna-
tive treatments for periodontitis are needed, especially
the disease caused by A. actinomycetemcomitans.

One alternative treatment for infection by bacteria
developed in health is Photodynamic Therapy (PDT). This
therapy utilizes Reactive Oxygen Species (ROS), which are
produced through photochemical processes between
light sources and chemical molecules called photosensi-
tisers (PS) [5, 11]. The photochemical process will occur if
the wavelength of the absorption of PS is matched with
the light source used in PDT. PDT is claimed to be a safe
therapy because it only damages the parasitic part of
the target object. Therefore, as one of the main compo-
nents in PDT, PS should not be toxic to healthy cells [11].

There are two types of PS used in PDT, namely endog-
enous PS and exogenous PS. Endogenous PS is usually an
enzyme produced naturally by bacteria, such as the porphy-
rin in the A. actinomycetemcomitans [12]. Porphyrins have a
maximum absorption at wavelengths of 400-450 nm [13].
Several studies suggest adding exogenous PS to maximize
the effect of PDT [8, 14]. Various kinds of exogenous PS are
developed for PDT, both from an organic and non-organic
materials. PS from organic matter is usually obtained through
extraction or isolation of a particular substance, for example,
chlorophyll and curcumin [14, 15, 16]. On the other hand, the
use of non-organic materials, such as antibiotics, catalysts, or
dyes, was also developed as PS[17, 18, 19].

This study aims to compare the effects of PDT that oc-
cur when two types of exogenous PS are used in organic
and non-organic compound. Curcuma longa or turmeric
extracts contains curcumin. The use of curcumin as PS in
PDT has a significant effect on decreasing the number
of bacterial colonies [20, 21]. Several studies report the
benefits of using curcumin as antimicrobial, anticar-
cinogenic, and anticancer agent [22]. As an ideal PS, the
amount of curcumin used must be minimal but effective
so that the effects arising are only due to the photody-
namic process [23].

Several studies showed that it is common for pho-
todynamic processes to utilize antibiotics as PS even
though some bacteria have high resistance, such as A.
actinomycetemcomitans [2]. Increased antibiotics resis-
tance in bacteria can be caused by excessive use of an-
tibiotics, thus stimulating bacteria to produce a protec-
tive form of extracellular matrix called biofilm [2], [17].
The advantage of using antibiotics as PS in PDT due to
bacterial infection is an alternative function when the
use of antibiotics alone is not effective enough in deal-
ing with bacterial infections. One antibiotic with a tetra-
cycline group that has a broad absorption spectrum is
doxycycline [17]. In low doses, the doxycycline use as
PS can minimize its effects as an antibiotic without caus-
ing resistance [24]. So that doxycycline can be absorbed
more optimally by biofilms, doxycycline particle size is
converted to nano or nanodoxycycline.

With an effective wavelength absorption range of
curcumin extract at 300-500 nm and nanodoxycycline at
200-425 nm, the laser diode is appropriate for this study
[17, 25]. The match between the wavelength of light
and the wavelength spectrum of PS are the keys to the
success of PDT [23]. When the energy received by PS is
excessive, the molecule will experience excitation, and
ROS is created when the excited molecule reacts with
oxygen [11]. In addition, the advantage of a laser diode
as a light source is that the output beam is coherent and
monochromatic so that the beam diameter is smaller
and more focused compared to other conventional light
sources [26, 27].
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Materials and Methods

Bacterial Biofilm

This study used pure isolates of Aggregatibacter ac-
tinomycetemcomitans ATCC 43718 obtained from the
Faculty of Dentistry, Universitas Airlangga.A. actinomy-
cetemcomitans biofilms were cultured on a 96-well mi-
croplate using Tryptone Soy Broth (TSB) media. Previ-
ously, bacteria were grown in a Tryptone Soy Agar (TSA)
medium suspended for 6 grams/liter of yeast extract and
8 grams/liter of glucose [28]. Biofilm cultures were incu-
bated for 72 hours at 37°C anaerobically using a candle
jar [8], [28]. Optical Density (OD) of the growing biofilm
was calculated using Elisa Reader.

Curcuma longa Extractions

The extraction used the maceration method. The
dried turmeric rhizome has been finely immersed in 96%
ethanol (C,HO) solvent in a 1 gr: 10 ml [29]. Maltodex-
trin was added as much as 15% of the mass of the filtrate
to increase the volume and final weight of the extract
results and speed up the drying process [30]. Then, the
ethanol in the filtrate was evaporated by using a rotary
evaporator. The final filtrate, after evaporation, was then
dried using an oven at 40°C.The extract powder was
stored at room temperature in a dark cupboard. Curcuma
longa as PS was a solution with sterile distilled water.

Nanodoxycycline

Doxycycline (C,H,,N,O.H,0)in the form of powder was
crushed for 5 hours using a mortar. Then the sample was
ground using 3D High Energy Milling (HEM) to obtain nano-
sized doxycycline powder. The process lasts for 2 hours us-
ing milling balls (1:20). The grinding sample is filtered using
a 7.5 um mesh. Nanodoxycycline as PS was a solution with
distilled water and filtered using PTFE 0.2 pm.

Light Source

Laser Diode characterization using Jasco CT-10
Monochromator and Thorlabs PM100D Power Meter
to determine the peak wavelength and intensity of the
beam output. The Laser Diode specification used has
a peak wavelength (403.00 + 0.24) nm and an output
beam intensity of (138.25 £ 0.01) mW/cm? for the beam
diameter (0.20 + 0.01) cm?* The value of energy density
laser diode can be obtained using Equation 1.

. -2
Energy Densny(J cm ) )

= Intensity (W cm™ ) x Time exposure (s)

Sample Treatments

The A. actinomycetemcomitans bacteria sampled in
this study were 100 pl biofilm culture grown on 96-well
microplate for 72 hours incubation time. TSB medium in
each well was removed through the rinsing process us-
ing PBS with a pH of 7.4. Then exogenous PS was added in
the form of 0.5% Curcumin extract or 0.1% Nanodoxycy-
cline. After the addition of exogenous PS, biofilm culture
was incubated anaerobically using a candle jar for 30 min-

utes, and then the laser diode exposure was performed.
The sample had been treated and incubated for 24 hours.
The sample taken from incubator were washed with PBS
three times. The staining/coloring process uses 200 pl of
crystal violet in each well for 15 minutes. The sample was
rewashed using distilled sterile water three times to re-
move crystal violet, and then was given 100uL 33%/well
glacial acetic acid (GAA) and measured using ELISA reader
S/N 17539 (Bio-rad, US) on 595nm [8]. The results of the
research data (OD) were converted to log CFU/ml.

The samples were divided into three treatments,
Group X was treated with laser diode, Group Y was treated
with laser diode+Curcumin Extract 0.5%, and Group Z was
treated with laser diode+nanodoxycycline 0.1%. Treat-
ment of laser diode with a variation of irradiation time,
which were 30, 60, 90, 120, and 150 seconds with energy
densities of 4.15, 8.28, 12.44, and 16.59 J/cm? The data
were analyzed using the ANOVA test. Each treatment has a
control group, namely a negative control group, a positive
control group of nanodoxycycline, and a positive group of
curcumin. The percentage reduction in the treated sample
was compared with the control group for each treatment.

Statistical Analysis

The percentage of biofilm reduction was obtained
by reducing the log CFU/ml value of the treated sample
with the control group. The study results in the form of
log CFU/ml were statistically analyzed by using the Sta-
tistical Package for Social Science (SPSS) version 21. The
statistical test conducted was Two Way ANOVA and the
Tukey test, with p <0.05, so that a significant difference
between the control and treatment group has a data
confidence level of 95%.

Results and Discussion

Curcuma longa Extracts

Curcumin extract solution with a concentration of
0.5% is the organic exogenous PS in this study. One of
the curcumin extract’s contents that has the most advan-
tage in PDT is curcumin. To know how effective curcumin
extract as an exogenous PS, it is necessary to compare
the absorbance between curcumin standard and cur-
cumin extract. Fig. 1 showed a comparison of the stan-
dard absorbance of curcumin standard and curcumin
extract by using the Genesys 30 Spectrophotometer.

Curcumin standard, the chemical formula [HOC H,
(OCH,)CH=CHCOLCH,, used in this study, was derived
from Curcuma longa powder with EC number 207-280-5.
Through Fig. 1, it is known that the peak absorbance of both
solutions was at 423 nm. The standard absorbance value of
curcumin was higher than turmeric extract. This result was
caused by the curcumin content in curcumin standard was
far more than the amount of curcumin in curcumin extract.

The peak wavelength of diode laser used in this study
was 403 nm, then the absorbance value of curcumin ex-
tract was 0.475. The transmittance value of the curcumin
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extract molecule and its absorption percentage can be Nanodoxycycline
determined using Lambert-Beer law as follows. The 0.1% nanodoxycycline solution was the non-
A = —looT organic exogenous PS used in this study. The goal of
! gh reducing doxycycline particles to the nanoscale is
0.475 = —logT, that the molecules have a larger surface area to
be more easily absorbed by the A. actinomycetem-
T =0.3349 comitans. The value of particle size distribution is at

141.80-220.20 nm, while the doxycycline particle
So, the absorption of curcumin extract is (1-0.33349)  distribution is at 1253.00 nm when tested using Par-
%X 100% = 66.51%. ticle Size Analyzer (PSA). The particle size distribu-
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Table 1

Analysis of the Nanodoxycycline FTIR Test

Ta6nuua 1

Pe3yAbTaThl aHaAnu3a HaHOAOKCULMKAKMHA FTIR-TecToM

Peak Wavenumber (cm-1)

Doxycycline [20]

Nano doxycycline

3525.88 3454
3336.85 3300
2931.80 2964
1658.78 1672
1610.56 1618

1544.98 and 1454.33 1600 and 1400

Functional Group wavenumber values (cm™)

Functional Group

Primary —-OH group

3650-3400 OcHosHas -OH rpynna
3500-3100 -NH group

-NH rpynna
3000-2850 C—H stretching

C-H pacTaxeHune

1680-1630 C-O group

C-O rpynna
1680-1600 C-C stretches

C-C pactaxeHune

aromatic C=C bonds

1600 and 1475
apomaTnyeckmne C=C cBa3u

1244.09 1245 1300-1000 C-0 bond
C-O cBa3b
tion chart of the particle size analyzer test results was So, the% absorption of nanodoxycycline is

shown in Fig. 2 and 3.

The Fourier Transform Infrared (FTIR) test was ana-
lyzed with the results shown in Table 1 to prove that the
nanodoxycycline functional groups did not experience
a significant change compared with the literature. There
was a shift in wavenumber but still within the same range
of functional groups.

Through PSA and FTIR tests, it was known that dox-
ycyline and nanodoxycycline had differences in terms
of functional group and particle size distribution. In
the absorbance test using the Genesys 30 Spectropho-
tometer, the difference was shown by both the absor-
bance wavelength and the absorbance value. Doxycy-
cline has the highest absorbance peak, which is 2.702,
at 375 nm, while the absorbance peak of nanodoxy-
cycline occurs at a wavelength of 377 nm, which is
3.000.The graph of the absorbance value test results is
shown in Fig. 4.

When molecular doxycycline is exposed to laser diode
with a peak wavelength of 403 nm, the absorbance value
of doxycycline is 0.808. With Lambert-Beer law, we can
calculate the transmittance value and the percentage of
absorption of a molecular of doxycycline.

A, = —logT,
0,808 = —logT,
T, =0,1556

(1 - 0,1556)>< 100% = 84,44%

Laser Diode Characterization

The laser diode used in this study has a Gaussian
output beam. The relatively small diameter of the laser
beam, which was (0.20 + 0.01) cm?, allows for a high en-
ergy density with minimum exposure time. It is necessary
to characterize the laser diode beam temperature using
a Digital Constant Multimeter 89 to avoid excessive heat-
ing. The result data shows that the beam temperature of
the laser output was 32.04 £ 0.02 °C, so it can be ascer-
tained that a decrease in the level of biofilm OD is caused
by PDT, not due to the thermal reactions. The character-
ization of the diode laser was shown in Table 2.

Fig. 5 showed the relationship between the wave-
length of the Laser Diode and its output power with
the Gaussian approach. It is known that the peak wave-
length of the Laser Diode was 403.00 + 0.24 nm, with a
power of 27.65 + 0.01 mW.The output beam intensity
was 138.25 £ 0.01 mW/cm? for diameter of the beam of
0.20 £ 0.01 cm? Photochemical reactions in PDT occurred
when exposure times > 1 s and power density were in the
mW [31]. Therefore, five variations of the exposure time
of biofilms were carried out, as summarized in Table 2.

The curcumin and doxycycline absorption spec-
trum were depicted at 380-780 nm based on the pre-
vious studies [11, 15, 17, 23]. When the doxycycline
was in the nanoscale size, the absorption spectrum was
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Fig. 4. Absorbance spectrum of doxycycline
and nanodoxycycline
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Table 2
The characterization of laser
Taonuua 2

XapakTepucTuka nasepa

Beam Intensity
(mW/cm?)

Spot Area

Wavelength (nm) (cm?)

Energy Density

Time Exposure (s) (J/cm?)

403,000 + 0,007 138,25+ 0,01

0,2+0,01

30.000 = 0.005 4,15
60.000 + 0.005 8,29
90.000 + 0.005 12,44
120.000 + 0.005 16,59
150.000 £ 0.005 20,73

shifted from 375.00 + 0.05 nm to 377.00 + 0.05 nm. The
level of reactive oxygen formation was affected by this
shifting; hence the biofilm reduction escalates too. The
wavelength of the laser used in this study was 403.00 +
0.05 nm.The percentage of photons absorbed by the cur-
cumin and doxycycline was 67% and 84%, respectively.

The wavelength spectrum laser diode corresponds
to the absorption spectrum of the exogenous PS used,
namely curcumin and nanodoxycycline extracts.

Treatment Results

The results of data analysis showed that diode laser ir-
radiation treatment with endogenous porphyrin, diode
laser with curcumin, and diode laser with doxycyclin pro-
duced significantly different biofilm reductions (p <0.05).
Treatment with diode laser irradiation at various energy
densities of 4.15, 8.28, 12.44, 16.59, and 20.73 J/cm?
showed no significant difference (p> 0.05) in reducing

bacterial biofilm. The treatment with diode laser and
curcumin, diode laser with nanodoxycyclin, showed a
significant difference (p <0.05). Diode laser irradiation
of 20.73 J/cm? with an irradiation time of 150 seconds
resulted in the greatest reduction of biofilm of 14.94%,
diode laser irradiation+Curcumin - 47.82%, and diode la-
ser irradiation+nanodoxycyclin - 53.76%. The results of
A. actinomycetemcomitans biofilm reduction is shown in
Fig. 6.

The photoinactivation mechanism occurs when a bio-
logical molecule is exposed to light. A process called pho-
tophysical reaction occurs when the energy of photons is
absorbed by photosensitizer molecules. The match of the
wavelength spectrum between the laser diode and the
exogenous PS results in a photophysical process [32]. The
diode laser produces energy absorbed by PS molecules
so that PS molecules get additional energy to be excited
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Fig. 5. Blue laser diode characterization
Puc.5. XapakTepuctuka AMoaHoOro nasepa

to a higher energy level. This excitation state is unstable
so that the PS molecule will return to its ground state,
one of which is through photochemical reactions with
other molecules in the form of energy transfer or elec-
tron transfer [11]. The product of the photochemical re-
action is the oxygen radicals (ROS). ROS is reactive and
can damage the biofilm cell membrane, thereby disrupt-
ing the metabolic activity of cells [33].

In exogenous PS utilization, a type | photochemical
reaction occurs when an excited PS molecule initiates a
reaction with the substrate to induce photolytic deami-

Il Laser
60 1 Laser + Curcumin Extract
Laser + Nanodoxycycline

w
«
1

50 -
45 1
401
35
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15 4

-
o o
1 1

Percentage of biofilm reduction (%)

o
I
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Time of irradiation (s)

Fig. 6. Histogram Percentage of Biofilm Reduction of
A.actinomycetemcomitans
Puc.6. [lons ymeHblieHUs 6uonneHku A.actinomycetemcomitans

nation in the exogenous PS fourth carbon ring system.
The excited photosensitizer transfers electrons to oxy-
gen to produce superoxide anion (O%) and forms ROS,
which consists of hydroxyl radicals (*OH) and hydrogen
peroxide (H,0,). Superoxide ionization (0?) will produce
hydrogen peroxide (H,0,) and cause a reaction through
an oxidation reaction to produce free radicals, caus-
ing bio-molecular damage. In a type Il reaction, when
PS is in triplet state, energy is directly transferred to the
oxygen molecule to produce singlet oxygen. Excited sin-
glet oxygen can trigger oxidative peroxidation reactions
that damage biological molecules. The last reaction is a
photobiological reaction when superoxide is formed in
the cell (intracellular) and the peripheral area (extracellu-
lar). Hydroxyl radical reactivity causes oxidative damage.
Nano-sized doxycycline can diffuse through the pores
where the nutrients are transported to all parts of the
biofilm region, causing wider biological damage [11].
Oxidative damage can occur in three different loca-
tions based on the photosensitizer, namely the biofilm
matrix, cell membrane, and intracellular parts. Biofilm
matrix components such as lipids, proteins, and DNA are
oxidized by ROS. ROS can interact with the biofilm ma-
trix, which affects the cohesiveness and stability of EPS. It
also reacts to lipids on the outside of the cell membrane
and changes their morphological structure. It leads to in-
creased photosensitizer intake and stimulation of leak-
age from cellular metabolites. Damage that occurs in
the cell membrane causes inactivation of the membrane
transport system. Damage can also occur to intracellular
parts such as the nucleus and mitochondria. All of these
defects change the phenotype and reduce the biofilm
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[11]. The results of the research data analysis showed that
the higher the energy density used, the higher the bio-
film reduction. The highest decrease occurred in the use
of an energy density of 20.73 J/cm? for each treatment.

Porphyrins as endogenous PS can reduce biofilms
when PDT is used using a diode laser. The highest reduc-
tioninbiofilm occurred atan energy density of 20.73 J/cm?
of 14.94%. Porphyrin has an absorption wavelength at
400-450 nm [13], so the diode laser'wavelength used in
this treatment is suitable. The relatively low biofilm re-
duction was due to the limited laser diode penetration of
the A. actinomycetemcomitans biofilm layer [34]. Due to
the limited light penetration, the biofilm layer at the bot-
tom of the plate does not receive the laser diode'energy.
Therefore, the ROS only reduced A. actinomycetemcomi-
tans biofilm by an average of 14.94%.

The addition of exogenous PS is more effective in re-
ducing biofilms than using only endogenous PS. As an
exogenous PS, curcumin extract is relatively sufficient to
reduce biofilms. One of the active components of this
photosensitizer is curcumin, capable of producing ROS
when exposed to light with a wavelength of more than
400 nm [35]. The average reduction in biofilm due to PDT
with PS curcumin extract was 46.12%. PDT using curcum-
in extract was shown to be able to reduce biofilms great-
er than endogenous PS. However, with a greater energy
density, exogenous PS nanodoxycycline was better able
to reduce biofilms higher than curcumin PS.

Tetracyclines are well-established antibiotics but ex-
hibit phototoxicity as a side effect. Anti-microbial pho-
todynamic inactivation uses tetracyclines combined
with harmless light to destroy microbial cells by reac-
tive oxygen species. Tetracyclines (demeclocycline and
doxycycline) can act as light-activating antibiotics by
binding to bacterial cells and killing them only after illu-
mination. The remaining tetracyclines can prevent bac-
terial regrowth after illumination has stopped. Bacteria
are killed by photoactivation of tetracyclines without
oxygen. Because topical tetracyclines are already used
clinically, activation of blue light can increase the bac-
tericidal effect [36].

The ability of biofilms to form extracellular matrices
makes the penetration of external particles more difficult
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Conclusion

The results of data analysis showed that diode
laser irradiation treatment with endogenous porphyrin,
diode laser with Curcumin, and diode laser with
nanodoxycyclin produced significantly different biofilm
reductions. Treatment with diode laser irradiation
at various energy densities of 4.15, 8.28, 12.44, 16.59,
and 20.73 J/cm? showed no significant difference in
reducing bacterial biofilm. The treatment with diode
and curcumin, and diode laser irradiation with
nanodoxycyclin showed a significant difference. Diode
laser irradiation of 20.73 J/cm? with an irradiation time
of 150 seconds resulted in the most significant reduction
of biofilm of 14.94%, diode laser irradiation+Curcumin -
47.82%, and diode laser irradiation+nanodoxycyclin -
53.76%. Therefore, PDT using a blue diode laser
combined with exogenous PS extract of curcumin and
nanodoxycycline is more effective to reduce bacterial
biofilms A. actinomycetemcomitans.
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Abstract

The purpose of this study was to investigate the therapeutic effects of 670 nm irradiation in patients with diabetic macular edema. In several
studies, positive effects of red/near-infrared irradiation showed in a range of ocular diseases such as macular degeneration, macular edema, and
retinitis pigmentosa. This study was conducted on forty five eyes of 26 diabetic patients with macular edema between the ages of 51 and 80.
Measurement of visual acuity and slit lamp examination, funduscopy, and optical coherence tomography were performed in all subjects. None of
the patients had proliferative retinopathy. We used a portable LED device (Warp 10, Quantum Devices) for treatment. Patients held this device at a
distance of 3 cm from their eyes for 240 seconds for three months. Full ophthalmic examinations were repeated 1, 2, and 3 months after treatment.
After 3 months, the mean visual acuity improved from 0.44 + 0.38 log MAR to 0.27 + 0.24 log MAR and vision increased by 1.52 + 1.16 lines post
treatment (p<0.001). The mean central macula thickness decreased from 381.49 + 144.40 um to 359.72 + 128.84 um (p=0.050). In patients with
mild and moderate nonproliferative diabetic retinopathy, the mean central retinal thickness decreased 52.06 + 67.78 um and 39.27 + 44.69 pm,
respectively, but patients with severe type showed an increase of 34.93 + 65.65 um in the mean central retinal thickness (p<0.001). Also, the
severity of macular edema had no effect on final outcomes (p>0.05). Photobiomodulation can positively affect diabetic macular edema, especially
in patients with mild to moderate diabetic retinopathy.

Keywords: diabetic macular edema, photobiomodulation, diabetic retinopathy.
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NU3YYHEHUE TEPATIEBTUHECKUX SDPDPEKTOB N3JTYHEHUA
C ANIMHOMU BOJIHbI 670 HM MNMPU PA3JTNMYHBIX TUMAX
ONABETUHECKOTIO MAKYINIPHOIO OTEKA

Ramin S.', Ahadi M.!, Ebrahimi A.2

"YuueepcuteT meanupmHckmnx Hayk LLlaxmnpa bexewtn, Terepan, Mpan
2Odranbmonormyeckmit ueHTp bacmp, Terepan, Mpan

Pesiome
Llenbto aaHHOW nccnefoBaTenbCcKon paboTbl ABNANOCH N3yUeHre TepaneBTUYECK/X SPHEKTOB U3NTyUeHUsA C JJIMHOW BOJHbI 670 HM y nauu-
EHTOB C AMabeTMUeCKM MaKyNAapHbIM OTeKOM. PAa npeabiayLwyx NccnefoBaHnin CBULETENbCTBYET O NMOMOXKUTENbHOM 3ddeKTe KpacHoro /
MHGPaKPaCHOro 13yyYeHWA NPU HEKOTOPbIX 3ab0NIeBaHUAX a3, TakUX Kak MaKynoancTpodua (AereHepaLma »enToro nATHa), MakynAapHbIN
OTEK U NUTMEHTHbIN PEeTUHUT. Halle nccnefoBaHve 6bi1o NpoBeaeHo Ha 45 rnasax y 26 60/bHbIX CaxapHbIM ArabeTom B Bo3pacTte oT 51 go
80 neT ¢ MaKynApHbIM OTeKOM. Bcem naumeHTam 6binv NpoBefeHbl onpeaesieHne oCcTPOThl 3PEeHMs, OCMOTP /1a3 LWenieBor nammnoi, dbyHao-
CKOMUA 1 OMTUYecKas KorepeHTHasA Tomorpadua. Hu y ogHOro 13 naymeHToB He 6b110 nponudepaTBHOM peTrHoNaTu. [1na neyeHnsa Hamu
ObIN1 MPUMEHEH NMOPTATUBHBIV CBeTOAMOAHbIV Npubop (Warp 10, Quantum devices). MaLneHTb Aepxany CBETOAMOL Ha PAcCTOAHUN 3 CM OT
rnasa B TeyeHue 240 cek B TeyeHue 3 mec. Bce odpranbmosnornyeckme nccnefoBaHus 6binv NOBTOpeHbl yepes 1, 2 1 3 Mec nocse npoBeaeHus
neyebHoN npoLeaypbl. Yepes 3 mec cpefHAA OCTPOTa 3peHUA ynyULMIach C NokasaTtenem oraprdma MMHUMANbHOrO yrna paspeLieHus 0,44
+ 0,38 po 0,27 + 0,24, uTo NOKasano yBennyeHve nokasaTena ocTpoTbl 3peHusa Ha 1,52 + 1,16 nocne neyerus (p<0,001). CpefHAA LeHTpanb-
HasA TOMLWMHA CeTYATKM B 0651aCTN MaKysibl yMeHblmnach ¢ 381,49 + 144,40 Mkm o 359,72 + 128,84 mkm (p=0,050). ¥ naumeHToB C nerkomn
1 yMepeHHOW HenponudepaTUBHON AnabeTnyeckon peTuHonaTuen CPefHAA TOMLWMHA CeTYaTKM YMeHbLumMnack Ao 52,06 + 67,78 n 52,06 +
67,78 MKM, COOTBETCTBEHHO, @ Y MaLIMEHTOB C TAXENION peTMHonaTuel Habnoaanoch yBenuyeHune Ha 34,93 + 65,65 mkm (p<0,001). Momurmo
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TOro, CTeneHb MaKy/IAPHOro OTeKa He MOBANAA Ha OKOHYaTeNbHbIN pe3ynbTaT neveHuns (p>0,05). Dotobromopynauma bbina 3¢pdeKTnBHON
npu frnabeTyeckom MaKyAapHOM OTeke, B YaCTHOCTW, Y MaLMEHTOB C IErKo 1 yMepeHHON inabeTnyeckon peTrHomnaTuei.

KnioueBble cnoBa: anabeTnuecknii MakyaspHbI oTek, poTobruomopynaums, uabeTnyeckas peTrHonaTus.

Ona untuposaHus: Ramin S., Ahadi M., Ebrahimi A. A study of therapeutic effects of 670 nm irradiation in different types of diabetic macular
edema // Biomedical Photonics. - 2020 - T.9, N2 4. — C. 15-22. pp. 15-22. doi: 10.24931/2413-9432-2020-9-4-15-22.

KoHTtakTbi: Ramin S., dr.shahrokhramin4d6@gmail.com, Ahadi M., sepid01@yahoo.com

Introduction

According to International Diabetes Federation (IDF)
reports, the global prevalence of diabetes among adults
over 18 was 8.4% in 2017. The number of patients is ex-
pected to increase to 693 million by 2045 [1]. Visual im-
pairment due to diabetes is a major global health prob-
lem in the world. Diabetic macular edema (DME) and
diabetic retinopathy are the main causes of visual im-
pairment in these patients affecting their activities and
lives [2-3]. Chronic hyperglycemia causes the generation
of advanced glycation endproducts (AGEs), activation of
protein kinase C, upregulation of vascular endothelial
growth factor (VEGF), vascular endothelial dysfunction,
and increased vascular permeability and chronic in-
flammation [4-5]. Treatment modalities include laser
photocoagulation and anti-vascular endothelial growth
factor (VEGF) drugs with aggressive control of glycemia.
Although these methods have been effective against
macular edema, they have disadvantages such as de-
creased vision in some patients, a need for repeated in-
jections, and high costs [6-8].

Several studies demonstrated the therapeutic effects
of red to near-infrared light (NIR) (630-1000 nm) by us-
ing low-level lasers or light-emitting diode (LED) arrays.
Light photons can penetrate into living tissues, and
the absorbed energy creates photochemical changes
within cellular structures that define photobiomodula-
tion (PBM) therapy. Photobiomodulation therapy affects
endogenous chromophores in the body and improves
the biological functions of cells without heating or dam-
age [9-12]. In the injured optic nerve, this approach has
shown the potential to reduce inflammation and allevi-
ate degeneration. Following photo-irradiation of ner-
vous cells, cytochrome oxidase production is increased,
and the activity of the cytochrome oxidase inhibitors is
reduced [13]. In another study, NIR irradiation of the op-
tic nerve following an injury in a transcranial manner re-
duced oxidative stress. Reduced oxidative stress by NIR
light improved function in the CNS post traumatic inju-
ry in vivo [14]. Photobiomodulation has shown positive
effects in the treatment of strokes and myocardial in-
farction, and stem cell proliferation [15]. The first study
of photobiomodulation efficacy in the treatment of dry
age-related macular degeneration (AMD) was conduct-

ed by Merry et al. They demonstrated improvements of
functional and anatomical outcomes in their subjects
with PBM therapy [16]. PBM effects on diabetic macular
edema was studied by Tang in a pilot study. Daily pho-
tobiomodulation caused a significant reduction in focal
retinal thickening and improved vision in treated eyes.
He reported PBM as an effective and non-invasive meth-
od to treat diabetic macular edema lesions. [17]. In previ-
ous studies, PBM was reported as a safe method without
side effects [9-10, 17].

According to this evidence, photobiomodulation
might have positive effects in diabetic macular edema.
Therefore, the present study is designed to evaluate
whether 670 nm irradiation has therapeutic effect in
diabetic macular edema, focusing on different types of
edema and several stages of nonproliferative diabetic
retinopathy.

Materials and Methods

This study was conducted on 26 diabetic patients in
Abhar, Iran, in 2019. Our study followed the tenets of the
Declaration of Helsinki and was approved by the Human
Ethics Committee of Shahid Beheshti University of Medi-
cal Sciences (IR. SBMU. RETECH. REC. 1398.558). After ap-
proval by the human ethics committee of the University,
diabetic patients were recruited from an eye clinic. All
patients had diabetic macular edema and associated de-
creased visual acuity. Only patients who did not wish to
receive the standard treatment or had not responded to
current modalities participated in this study. In our pa-
tients, visual acuity measurement with ETDRS chart, slit
lamp examination, funduscopy, and optical coherence
tomography were performed. According to the Interna-
tional Clinical Diabetic Macular Edema Disease Severity
Scale [18], diagnosis of diabetic macular edema was ap-
proved on the basis of clinical findings and optical coher-
ence tomography (OCT SD) data. Exclusion criteria were
a history of systemic or topical anti-inflammatory drugs
usage, intravitreal injections of steroids and anti-VEGF, fo-
cal laser therapy within 1 year, and evidence of prolifera-
tive diabetic retinopathy. The treatment method was de-
scribed to all patients, and the consent form was received
from them. Photobiomodulation therapy was applied
using a portable LED device Warp 10 (Quantum Devices).
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This device emits red light at a wavelength of 670 nm with
25 J/cm? energy in 3 cm distance to an eye. The duration
of treatment was three months, and it was carried out at
home. Our patients would keep this device at a distance
of 3 cm from their eyes for 240s three times a week in the
first month. In the following month, they performed pho-
tobiomodulation two times a week, and in the last month,
they continued it weekly. After three months, all examina-
tions were repeated, and changes in ocular findings were
considered as the final outcomes.

Statistical analysis of results was performed by SPSS
software version 18. After the assessment of normality
of data distribution with the Shapiro-Wilk test, we used
Student’s, Wilcoxon, and Kruskal-Wallis tests for statisti-
cal analysis of results.

Results

Twenty six patients (11 male and 15 female) with a
mean age of 63.44 + 7.51 (range 51-80) years participat-
ed in this study. During this study, routine treatment of
diabetes, including drugs and diet, were not changed in
all patients. Mean FBS in the first and final examinations
were 200.11 + 54.68 and 193.35 + 61.25, respectively.
The mean spherical equivalent was 0.68 + 0.89 diopter
(D) with range -2.0 to +3.25 D. Photobiomodulation was
performed in both eyes of 19 subjects and did in one eye
of 7 patients. Eighteen eyes had mild nonproliferative
diabetic retinopathy (NPDR), 13 eyes had moderate non-
proliferative diabetic retinopathy, and 14 eyes were in
a stage of severe NPDR. In terms of severity of disease,
DME in 8 eyes was mild, in 15 eyes was moderate, and in
22 eyes was severe. According to morphology of edema,
8 patients had simple edema, and 26 patients had cys-
toid type, and 11 of them had neuroretinal detachment.

Initially, the mean visual acuity of patients was 0.44
+ 0.38 log MAR that improved to 0.29 + 0.25 log MAR,
0.26 + 0.28 log MAR, and 0.27 + 0.24 log MAR after one,
two, and three months, respectively (p < 0.001). The
mean visual acuity in patients increased 1.52 + 1.16 lines
after 3 months. While visual acuity improved in 67%
of subjects (between 1-2 lines in 19 eyes (42%) and
more than 2 lines in 11 eyes (25%)), no positive effects
were observed in 33% of eyes (no change in visual acu-
ity in 9 eyes (20%), and decreased visual acuity in 6 eyes
(13%)). The mean central retinal thickness was 381.49 +
144.40 pm primarily and decreased to 359.72 + 128.84 um
after 3 months (p=0.050) (figures 1-3). At baseline, the
mean retinal thickness in 3 mm central circle was 404.16+
91.15 um that decreased to 390.24 + 97.87 um after treat-
ment (p=0.004) and the mean retinal thickness in 6 mm
central circle was 367.54 + 76.37 um primarily that de-
creased to 356.31+ 83.03 um finally (p=0.002). The mean
retinal thickness decreased 20.47+ 72.20 um (range: from
275 um decrease to 121 pm increase in thickness), 14.01
+ 40.13 pym (range: from 130 pm decrease to 118 ym in-

crease in thickness), and 11.21 + 39.22 um (range: from
155 um decrease to 136 um increase in thickness) in the
central, 3 mm circle, and 6 mm circle respectively (Table 1).

According to changes of the retinal thickness, patients
were divided in three groups: stable, decrease, and in-
crease. Nine eyes (20%) had no change in the central reti-
nal thickness (£10.00 pm changes in the retinal thickness).
Twenty five eyes (56%) showed reduction of the central
retinal thickness (from 10 to 50 um decrease of the mean
retinal thickness in 14 eyes (31%) and from 50 to 275 um
decrease of the mean retinal thickness in 11 eyes (25%)).
Also, the central retinal thickness increased in 11 eyes
(24%) (from 10 to 50 um increase of mean retinal thick-
ness in 6 eyes (13%) and from 50 to 121 um increase of
mean retinal thickness in 5 eyes (11%)).

The severity of macular edema had no effect on
final outcomes (p>0.05). Central retinal thickness de-
creased 12.25 £45.01 um, 17.15 £ 33.30 um, and 25.41+
95.17 um in mild, moderate, and severe macular edema
respectively (Table 2). The morphology of macular ede-
ma had significant effect on central retinal thickness
(p=0.01). The mean central retinal thickness decreased
19.50 + 26.36 um and 41.23 + 70.84 um in simple and
cystoid macular edema, respectively, but it increased
28.09 + 72.71 pym in neuroretinal detachment macular
edema (Table 3).

Furthermore, the rate of central retinal thickness
changes depended on the severity of diabetic retinopa-
thy. In patients with mild and moderate NPDR, the mean
central retinal thickness decreased 52.06 + 67.78 um and
39.27 + 44.69 pm, respectively, but patients with severe
NPDR showed the rate of 34.93 + 65.65 umincrease in the
mean central retinal thickness (p<0.001). Fourteen eyes
(78%) with mild NPDR and 8 eyes (61%) with moderate
NPDR showed a reduction of macular thickness between
10 to 273 pm. Of the total 14 eyes with severe NPDR,
3 eyes (21%) had 10 to 135 um decrease of central retinal
thickness, and 10 eyes (70%) had 10 to 121 pm increase
of central retinal thickness. Eight patients (15 eyes) had
a history of previous anti-VEGF injection, and their re-
sults showed no difference from other patients (p>0.05).
Finally, our subjects showed no adverse events such as
blurred vision, inflammation, or increased intraocular
pressure after photobiomodulation.

Discussion

Evidence is growing that photobiomodulation has
beneficial effects in a variety of diseases, including
wound healing, rheumatoid arthritis, cerebral degen-
eration, Alzheimer’s disease, and retinal degeneration
[19,20]. In several studies, therapeutic effects of PBM
were investigated in the field of ocular diseases such
as age-related macular degeneration (AMD), diabetic
macular edema, and retinitis pigmentosa [17, 21-23].
Albarracin et al. showed protective effect of NIR light in
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Table 1

Results of photobiomodulation at baseline and during the study
Ta6nuua 1

PesyAbTaThl pOTOOMOMOAYAALMU AO U BO BPEMSA UCCAEAOBAHUSA

“ iy m_

E{eSt Carrected Visual Acuity 044+038Log MAR  027+024logMAR  <0.001
annyJllana CKOppekTnpoBaHHaA OCTPOTa 3peHnA

Mean central macular thickness

381.49 + 144.40 um 359.72 + 128.84 um 0.050

TOJ'ILL[,I/IHa MaKyJibl B LEHTPE
Mean minimum central macular thickness 332,60 + 11737 um 309.17 + 113.09 um 0.005
MuiHMManbHasA TONLWMHaA MaKyJbl B LLlEHTpE
Mean maximum central macular thickness 46151 + 130,01 um 438.26 + 125.92 um 0.087
MakcumanbHas TOJILWMHa MaKyJibl B LleHTpe
Mean 3 mm central macular thickness 40416 +91.15 um 390.24 + 97.87 ym 0.004
TonwmHa makysbl B 3 MM OT LieHTpa
ihigern S it @t ey i s 367.54 + 76,37 um 356.32 + 83.04 um 0.002
TonwmHa makysbl B 6 MM OT LileHTpa

Table 2

Results of photobiomodulation according to Macular Edema Severity

Ta6nuuya 2

Pe3yI\bTaTbI (bOTOﬁVIOMOAyI\ﬂU.VIVI B COOTBETCTBUU CO CTEMNEHbIO TAXXECTU OTEKa XXEATOro nATHa

Retinal thickness Retinal thickness
Visual acuity Retinal thickness changes changes 3 mm from changes 3 mm from
Macular Edema | improvement (line) in the center (um) the center (um) the center (um)

Mild Edema

Cnabbin otek 2.07 £0.98 -12.25+45.01 -5.38+5.71 -12.25+10.21
n=8 eyes

Moderate Edema

YMepeHHbI oTeK 1.50 = 104 -17.15+33.30 -12.77 £29.44 -15.54 £ 22.80
n=15 eyes

Severe Edema

CunbHbIN OTEK 1.32+1.27 -25.41+95.17 -18.15+52.73 -8.00 + 53.36
n=22 eyes

P 0.339 0.952 0.616 0.503

Table 3

Results of photobiomodulation according to macular edema morphology

Ta6nuua 3

Pe3ynbTaTbl $OTOOMOMOAYAALIMU B COOTBETCTBUU C MOPGHOANOTUEN OTEKA XKEATOrO NATHA

Visual acuity Retinal thickness Retinal thickness Retinal thickness
improvement | changes in the center | changes 3 mm from changes 3 mm from
Macular Edema (line) (pm) the center (um) the center (um)

Simple Edema

MpocTom otek 1.75+1.10 -19.50 + 26.36 -7.50+4.81 -12.17+7.63
n=8 eyes

Cystoid Edema

LincronpaHbiin otek 1.88 +0.89 -41.23 £70.84 -24.86 + 37.41 -24.71 £ 35.88
n=26 eyes

Neuroretinal detachment

HenpopeTtunHanbHasa oTcnolika 049+ 1.24 +28.09 £ 72.71 +6.36 + 49.46 18.73 £41.69
n=11 eyes

p 0.010 0.014 0.028 0.001
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Fig. 1. A: Pre Photobiomodulation OCT of a patient with BCVA:
0.22 Log MAR. B: Post photobiomodulation OCT of same patient
with BCVA: 0.05 Log MAR after three months.

Puc. 1. A: OnTuyeckas KorepeHTHas Tomorpadus nepen
doTo6MomoaynsLuMen nauneHTa ¢ Hauny4en KopperupyemMmon
OCTPOTOW 3peHus: orapudm MMHMMaNbHOrO yrna paspeLleHus
0,22; B: OnTnyeckas KkorepeHTHast Tomorpadus nocne
doTo6MOoMOAYNALMY NaLUeHTa ¢ HaunyyLWen Kopperupyemon
0OCTPOTON 3peHus: Yepe3 3 mec lorapudm MUHUMANbHOTO yrna
paspeweHus 0,05

Average Thickness [um)
Vol [mm’]
11 z‘ﬂ/, 7 97,;2
473

0.74

434 | 504 ‘438 434 232
§ 230079\ 038

Average Thickness [um]

Vol (mm?]_— g ——_
862 o
\?(-—-‘

N \

| 373|418
\1.98 065

Fig.2. A: Pre photobiomodulation OCT of another patient with
BCVA: 0.80 Log MAR. B: Post photobiomodulation OCT of same
patient with BCVA: 0.30 Log MAR after 3 months.

Puc. 2. A: OnTuyeckasi KorepeHTHas Tomorpadus nepen
doTobMoMoOAaynALMEN APYroro NnaLmeHTa ¢ Hanay4wen
KOppermpyemou ocTpoTol 3peHus: Norapudém MUHUMaIbHOTO
yrna paspeuwieHus 0,80; B: OnTuyecKas KorepeHTHas
Tomorpadus nocne ¢oTo6MOMOAYNALMU NALMUEHTA C HaUyLLEen
Koppermpyemomn ocTpoTol 3peHus: Yyepes 3 mec norapudm
MWHUMaNbHOro yrna paspewwenus 0,30

Average Thickness [um)
Vol [mm’
9.01

Fig. 3. A: Pre photobiomodulation OCT of another patient with
BCVA: 0.20 Log MAR. B: Post photobiomodulation OCT of same
patient with BCVA: 0.25 Log MAR after 3 months.

Puc. 3. A: OnTnyeckasi KorepeHTHas Tomorpadus nepen
doTo6rMomoaynsaLmMen nauneHTa ¢ Hauay4en KopperupyemMmon
OCTPOTOW 3peHus: norapudm MUHUMANbLHOIO yria paspeLleHus
0,20; B: OnTuyeckasn KorepeHTHas Tomorpadus nocne
doTo6MomMOayNALMY NauneHTa ¢ Haunydlen Kopperupyemon
0OCTPOTOM 3peHus: Yepe3 3 mec orapudm MUHUMaNbLHOIO yrna
pa3peweHus 0,25

the albino rat retina from light-induced photoreceptor
degeneration. This protective effect appears to involve
a reduction of cell death and inflammation [21]. Ivandic
and Ivandic evaluated therapeutic effects of photobio-
modaulation in 203 patients with AMD. Visual acuity im-
proved in 97% of the subjects [22]. Merry et al. studied
the efficacy of PBM in 42 eyes with dry AMD. PBM re-
sulted in a significant improvement in mean BCVA and
contrast sensitivity. Although drusen volume decreased,
overall central retinal thickness and retinal volume re-
mained stable. They reported these results were related

BIOMEDICAL PHOTONICS T.9,N24/2020

to anti-inflammatory, anti-oxidative, neuroprotective,
and anti-apoptotic properties of PBM [23]. Tang et al.,
in another study, demonstrated the efficacy of PBM in
four eyes of 4 diabetic patients as increased visual acu-
ity and 20% reduction in macular thickness in all treated
eyes [17]. In agreement with previous works, our results
showed the beneficial effects of photobiomodulation.
In 67% of subjects, vision improved, and visual acu-
ity increased more than 1.50 lines after treatment. Im-
provement of vision occurred for two months and then
remained stable for the third month. Positive effects of
PBM were observed in all three types of mild, moderate,
and severe types of macular edema. In our study, the
rate of improvement was related to the morphology of
edema. Cystoid form of edema showed a better response
to PBM associated with decreased honeycomb spaces.
Macular thickening after PBM decreased to approach
near normal architecture, and retinal layers were more
regularly arranged. Interestingly, the amount of thera-
peutic effects of PBM on macular edema was dependent
on diabetic retinopathy severity. In patients with mild to
moderate nonproliferative diabetic retinopathy, macular
edema decreased after photobiomodulation. However,
in the majority of patients with severe nonproliferative
diabetic retinopathy (70%), photobiomodulation could
not arrest or regress macular thickening.

Direct and indirect mechanisms of biological effects
by PBM are still under investigation. Previous studies
demonstrated beneficial effects of PBM on the activ-
ity of cytochrome oxidase, activation of light-gated ion
channels, stem cell proliferation, and anti-inflammatory
actions [24]. Activity and expression of cytochrome
oxidase in retinas of diabetic rats was not affected by
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PBM. Although, some studies showed increased cyto-
chrome oxidase activity in retinal pigment epithelium
[19, 25]. The beneficial effects of PBM on stem cells have
been investigated in several studies [19, 24, 26]. Prolif-
eration of mesenchymal stem cells and cellular viability
was enhanced by multiple exposures to 630-nm LEDs
[26]. In diabetic mice treated with PBM, the number of
c-Kit* cells in the circulation increased, which was related
to a significant effect of photobiomodulation on stem
cells [19]. However, the lack of accumulation of c-Kit*
cells within the neural retina or retinal vasculature dem-
onstrated no positive effect of PBM on stem cells in the
retina in diabetes [19, 24, 27]. Several studies showed
that photobiomodulation inhibited the oxidative stress
and inflammation development in the diabetic retina,
as well as upregulating survival pathways [25, 28]. The
pathogenesis of diabetic retinopathy is related to oxida-
tive stress (upregulation of reactive oxygen species (ROS))
and inflammatory changes (increased pro-inflammatory
cytokines and nitric oxide) in the retina [29]. Oxidative
stress-induced damage of mitochondrial DNA leads
to impaired transcription of electron transport chain pro-
teins, which compromises electron transport chain func-
tion and further intensifies ROS production [30]. Also,
leukocyte adhesion and endothelial cell death cause the
structural and functional abnormalities related to diabet-
ic retinopathy [24, 31]. Heo et al. assessed the anti-oxida-
tive effect LED of 660 nm in hippocampal cell line and the
activation of cAMP response element. Photobiomodula-
tion therapy inhibited apoptosis of hippocampal cells in-
duced by oxidative stress and increased neurotrophic
factor expression [32]. de Oliveira et al. studied oxida-
tive stress markers following low-intensity laser therapy
on rats subjected to a high-intensity resistive exercise
session. They stated that LLLT prior to resistive exercise
reduced the oxidative stress markers and increased the
antioxidant capacity [33]. In another study, Saliba et al.
assessed the protective effects of far-red light exposure
against retinal oxidative stress and inflammation in dia-
betic mice. PBM improved diabetes-induced changes in
superoxide generation, leukostasis, expression of ICAM-1
(intercellular adhesion molecule-1). Also, in assessments,
PBM enhanced both inner and outer retinal uptake of
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Conclusion
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proves the visual function of diabetic patients and re-
duces macular edema by anti-oxidative stress and anti-
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and inexpensive method administered at home.
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Peslome

B cTaTbe npencTaBnieH onbIT XMPYPrmyeckoro ieyeHuns 57 60bHbIX NCEBAOMUKCOMON BpIOLLMHBI anneHANKYnApHoro reHesa. Y 32 (56,1%) naum-
€HTOB OrnepaLuA AOMNOJHEHa MHTpaonepaLnoHHoln doToanHammyeckon Tepanuen (MODAT), y apyrux 25 (43,9%) 60nbHbIX NpoBeAeHa runep-
Tepmuueckas BHyTpubpiowHas xummoTtepanus (TVIBX). NpefcTtaBneH aHanvs no BenMumHe MHAEKCA NepUTOHEaIbHOro KaHLepoMaTo3a, MosIHoTe
uuTopeayKumum, 06bemy BbiNOSTHEHHBIX OfepaLui, NocieonepaLMoHHbIM OCIOXKHEHWAM 1 FOCMUTaNbHON IETaflbHOCTY, OTAANEHHbIM pe3ybTaTam
neyeHunA B ABYX rpynnax. [lokasaHo, 4To Npu JOCTOBEPHO XyALIMX pe3ynbTaTax Mo NoKasaTesiAM NOMHOTbI LUTOPeAYKLUM, NOYUYEHHbIX B rpynne
MNOOAT no cpaBHeHwuio ¢ rpynnoii ['VIBX, 5-neTHAA BbiK1BaemocTb B rpynmne ¢ IMBX cocraBuna 86,6%, c MOOAT - 65,2%. MNpwu sTom B rpynne MOOAT
6bIN JOCTOBEPHO HIKE MOKa3saTeslb NocieonepauroHHbIX ocioxkHeHu (11,1%) 1 oTcyTcTBOBana feTanbHOCTb, B rpynne MVIBX 3T nokasatenu
cocTaBunu 23,8% 1 12,0%, cooTBeTCTBEHHO. MoNyueHHble pe3ynbTaTbl CBUAETENbCTBYIOT O TOM, UTo MeTof NODAT aBnaetca 3¢pPeKTUBHbIM 1 nep-
CMeKTUBHBIM 151 UCMONb30BaHVA MPU XUPYPrYeCckoM fieYeHr NceBAOMUKCOMbI OPIOLIVHBI.

KnioueBble cioBa: NceBAOMUKCOMA BPIOLLNHDI, GOTOLMHAMUYECKAA Tepanus, rTnepTepMmyecKkas XMMnoTepanus, MHAEKC NePUTOHeasIbHOro Kap-
LMHOMATO3a, LMTOPEeAyKTUBHAsA onepaums.

Ana yntnposanusa: Cugopos A.B., MpuwnH H.A., JloxknH M.B., Tponukunin A.A., Mowypos PW., Bbikacos C.A., Ypnosa A.H., ®unoHexko E.B. VH-
TpaonepaunoHHas $oToanHaMMYecKas Tepanvs U runepTepMmuyeckas BHYTPUOPIOWHAA XUMUOTEpPanusa Npy LUATOPedyKTMBHOM Xupypruue-
CKOM JleYeHn 6OJIbHbIX AUCCEMMHNPOBAHHOWM MYLIMHO3HOM KapuMHoMol anneHamnkca // Biomedical Photonics. — 2020. - T. 9, N@ 4. - C. 23-30.
doi: 10.24931/2413-9432-2020-9-4-23-30.

KonTtakrbi: lpywmH H.A., grishinlap@mail.ru

INTRAOPERATIVE PHOTODYNAMIC THERAPY

AND HYPERTHERMIC INTRAPERITONEAL CHEMOTHERAPY
IN CYTOREDUCTIVE TREATMENT OF PATIENTS

WITH DISSEMINATED MUCINOUS CARCINOMA

OF APPENDIX

Sidorov D.V., Grishin N.A., Lozhkin M.V., Troitsky A.A., Moshurov R.l., Bykasov S.A.,
Urlova A.N., Filonenko E.V.

P.A. Herzen Moscow Oncology Research Center — branch of FSBI NMRRC of the Ministry
of Health of the Russian Federation, Moscow, Russia

Abstract
The article presents the experience of surgical treatment of 57 patients with peritoneal pseudomyxoma of appendicular genesis. In 32 (56.1%)
patients, the operation was supplemented with intraoperative photodynamic therapy (IOPDT). In the other 25 (43.9%) patients, hyperthermic
intraperitoneal chemotherapy (HIPEC) was performed. The analysis according to the value of the peritoneal carcinomatosis index, complete-
ness of cytoreduction, the volume of operations performed, postoperative complications and hospital mortality, as well as long-term treat-
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ment results in two groups is presented. It was shown that with significantly worse results in terms of cytoreduction completeness obtained in
the IOPDT group compared to the HIPEC group, the 5-year survival rate in the HIPEC group was 86.6%, with IOPDT - 65.2%. At the same time,
in the IOPDT group, the rate of postoperative complications was significantly lower (11.1%), and there was no mortality; in the HIPEC group,
these indicators were 23.8% and 12.0%, respectively. The results obtained indicate that the IOPDT method is an effective and promising direc-

tion in the surgical treatment of peritoneal pseudomyxoma.

Keywords: peritoneal pseudomyxoma, photodynamic therapy, hyperthermic chemotherapy, peritoneal carcinomatosis index, cytoreductive

surgery.

For citations: Sidorov D.V,, Grishin N.A., Lozhkin M.V., Troitsky A.A., Moshurov R.l., Bykasov S.A., Urlova A.N., Filonenko E.V. Intraoperative
photodynamic therapy and hyperthermic intraperitoneal chemotherapy in cytoreductive treatment of patients with disseminated mucinous
carcinoma of appendix, Biomedical Photonics, 2020, vol. 9, no. 4, pp. 23-30 (in Russian) doi: 10.24931/2413-9432-2020-9-4-23-30.
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BBepeHune

Onyxonu 4epBeoOpPa3HOro OTPOCTKA COCTABMAT
MeHee 1% OT BCex 3/10KauyeCTBEHHbIX HOBOOOpa3oBa-
HUI. Hanbonee yactbimmn mopdonornyeckummn dopmamm
onyxosnen JaHHOW IoKanmn3aummy ABAAITCA MyLIMHO3HbIE
KapLymHoMbl (0kono 50%), apeHoKapLMHOMbI KMLLIEYHOTo
Tmna (10%), NnepCcTHEBUAHO-KNETOUHbIA PaK N HENPO3H-
LOKpUHHbIe onyxonu [1]. MporpeccnpoBaHne MyLMHO3-
HbIX HEOMMa3n HU3KOW CTeneHW 3/I0KAYeCTBEHHOCTU
NPUBOANT K Pa3BUTUIO NCEBAOMUKCOMbI OPIOLWVHbI, KO-
TOopadA B HacTosllee BpeMa paccMaTpuBaeTca Kak Kiu-
HUYECKMI CUHAPOM, a He naTtomopdosiornyeckoe onpe-
penexue. Mpu nceBooMrMKcome B OPIOWHON MONOCTU
NPOUCXOANT HAKOMIEHNE MYLIMHO3HbIX MacC Pa3finyHom
nnoTHoctu (soft, semi-hard, hard) ¢ pasnuuHbiM coot-
HOLLEHMEM OMNyXOJIeBbIX KNETOK M CTEMEHbIO MHBA3NN B
napvieTanbHbIi U BUCLEPANTbHBIN JIMCTKA GptoWnHBbI [2].
CornacHo 8- pefakumm MexayHapoaHou Knaccuduka-
umm no cucteme TNM npu ctagnpoBaHUy MyLMHO3HbIX
onyxonen anneHAuKCa OUEHMBAETCA MepBUYHAA Ony-
xonb: T4a-T4b; otganeHHoe MeTacTasnpoBaHue: Mla -
no 6PIOLLMHE TONbKO MYLIMH 6€3 OMyXOoNieBbIX KETOK U
M1b - nepuTOHeanbHbIi MyLUHO3HbIN KapLMHOMATO3
[3]. NMopaxeHne perroHanbHbIX TMMPOY3/I0B NPY 3TOM
3aboneBaHNM NPaKTUYECKM He BCTpevaeTcA. BoimonHe-
HUe UMTOpPedyKTMBHbIX OnepaL i y 605bHbIX C MyLIMHO3-
HbIMW OMYXONAMM HU3KOW CTEMEHN 3/10KaYeCTBEHHOCTH
Mo3BOMAET JOOUTHCA B 3aBUCMMOCTU OT PAaCNpPOCTPaAHEH-
HOCTVM nMpouecca nokasartenemn 5-neTHen BbiKMBAaeMOCTA
Ha ypoBHe 50-85%. ToT Xe nokasaresib Npy HeMyLIMHO3-
HbIX aeHOKAPLIMHOMAX 4epBeoOpa3HOro OTPOCTKa He
npesbiwaet 10% [4]. B nocnegHme rogbl ons noBblWeHWA
3bPeKTUBHOCTY LUTOPEedYKTUBHbIX Onepauunin pag aBTo-
pOB npepaiaraloT NPUMeHATb GOTOAVHAMUYECKYIO Tepa-
nunio, KOTopasa XapaKTepusyeTca MHOrOBapMaHTHOCTbIO
NpOTMBOOMYXONEBOro oTBeTa [5-8].

MprBOAMM HaW OMbIT XMPYPrMYEeCKOro JeyeHusn
60NbHbIX NCEBAOMUKCOMOW OPIOLLVHDBI C UCMOb30BaHN-
€M WHTpaonepaunoHHon GoToarHaMMUYeCcKon Tepanun
(MOGAT) n runepTepMUYECKON BHYTPUOPIOWNHHON XU-
muotepanum (TNBX).

MaTtepuanbi n metoabl

Xvpypruyeckoe neyeHune npov3BefeHo 57 60bHbIM
MCeBAOMMKCOMON OPIOLIVIHBI anneHANKYNAPHOrO reHe-
3a. Kputepuramm BKIIOUEHUS B UCCTIeloBaHWe Obinn: Be-
pudrLMpPOBaHHAA MYLIMHO3HasA HEOMIA3mMsA anneHanKca
nocsie anneHa3KToMuUM Unmn mopdornornyeckas KapTuHa
MCEeBAOMMKCOMbI, MOfyYeHHasd npy Guoncuu, a Takxe
OTCYTCTBME [APYroi OMyxofieBOW MaTosiorMm G6pioLLHON
nosIoCT 1 Manoro Tasa. B reHgepHOM OTHOLWEHUN npe-
obnapanu XeHwuHbl — 40 yenoBek. Bo3pacT nauneHToB
HaxoAwuTCA B npegenax ot 25 fo 79 neTt, cpegHuin BO3pact
coctaBun 52,5+11,7 net, 60NbLLIMHCTBO NaLVEHTOB ABAA-
NNCb NPeACTaBUTENAMN TPYAOCMOCOOHOM 1 COLMaNbHO
aKTMBHOW rpynnbl HaceneHua. Y 32 (56,1%) nauneHToB
LUTOpEeyKTMBHaA onepauumsa AOMOfHeHa NpoBeaeHnemM
NOQAT, y 25 (43,9%) -TUBX. JoCTOBEPHbIX pa3nnyunni
no nosy 1 BO3pacTy B MCC/IeQyeMbIX rpynnax He nosny-
yeHo. Moutn TpeTb (29,2%) NauneHTOB paHee nepeHec-
N abgomMuHanbHble onepaunn, B TOM YMC/ie Mo MoBoO-
4y NCeBAOMUKCOMbI. PacnpocTpaHeHHOCTb mnpolecca
OLEeHMBanu Mo BeNMUYMHE WHAEKCA MEePUTOHeanbHOro
kapumHomatosa (PCl). Micnonb3soBanu paspaboTaHHble
B MHVOW um. MN.A. TepueHa metogunkn onpeaenenuna KT-
PCln Y3W-PCl, Ha ocHOBe KOTOPbIX OLIEHMBANN HE TOSIbKO
rnopakeHne Kakgoro n3 13 ceKTopoB GpIOLWHON Moso-
CTW, HO 1 BannbHoe 3HavyeHmne PCl, MakcMManbHO paBHoe
39. Mpwu HM3KNx Nokaszatenax PCI<5 BbINONHANM AnarHo-
CTnYeckylo $nyopecueHTHyo nanapockonuio. [luarHo-
CTMYECKOW 3afayen ABNANOCb He TONbKO onpefeneHne
BennunHbl PCl, HO 1 NNaHMpOBaHMe onepaunn C y4eTom
CTeneHV NopaXxeHUsi BUCLEPANbHOMO JIMCTKA OPIOLLHDI,
BOBJIEYEHNA B MPOLECC 3N1EMEHTOB renatofyofeHasb-
HOW CBA3KN U CallbHUKOBOW CYMKW, @ Tak»Ke npegnonara-
eMyI0 MOJTHOTY UuTopeayKLuuun.

Ocob6eHHOCMU Xupypau4yecKko2o smana

OnepaTnBHOE BMeLATENBCTBO HAuyMHanM C pacce-
YeHUA KOXMW, MOAKOXKHOW KNeTyaTKM 1 aroHeBpOo3a Mo
6enoi MMHKK, MO BO3MOXHOCTY 63 BCKPbITVA OPIOLWHON
nonoctn. OCTpbIM NyTeM, C UCMONb30BaHMEM SIEKTPO-
HOXa, OpIOWNHY OTAeNnAnM oT monepeyHon dacumm u
3aJHEero NMMCTKa anoHeBPO3a NPAMbIX MbILUIL, MAaKCUMarb-
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HO naTepanbHO M [OpPCaNibHO, BMIOTb A0 MOACHUYHbIX
MbiwwL. [JedpekTbl GPIOLMHHOIO IMCTKA YLIUMBANU BO M3-
6exxaHre UCTEYEHUN XULKOCTV WU MYLIMHO3HbIX MAacc.
Ecnv r3meHeHUs napueTanbHON OploWKMHbL ObiNM He
BblpaXeHbl, TO ee MOOUNI3aLUi0 NPON3BOAUIN BMECTe
C COeQUHUTENbHOTKAHHbIMK CTPYKTypaMu nepegHen
OPIOLLIHON CTEHKM, OCTaBNAA MO KpasM pa3pesa anoHeB-
POTMYECKYIO NEHTY LWIMPWHOW OKOMo 1 ¢m ana nocneny-
follero ywvBaHuA. BepxHell rpaHuuen mobunvsauyum
rnapueTanbHON OpoOWNHBI ABAANAch Avadparma, HuX-
Hel — MoueBOW My3bipb K [yrnacoBo MpOCTPaAHCTBO.
3atem BbINOMHANM Nanapotomuto. [locne yganeHusa my-
UMHa pa3nnyHbiX Gpakumii 1 acnpaunum acunuTnyeckon
XKIKOCTM MPOV3BOAUNMN CyOTOTaNbHYIO pe3eKkuuto unm
3KCTUPMALMIO M3MEHEHHOTO GOJbLIOrO CafibHUKa. 3aTeM
MOOVAN30BaNu 0600UHYIO KULLKY Y PEKTOCUTMOWIHbIN
OTAes TONCTON KULLKM TaKXe, Kak Npu cy6ToTanbHOM KO-
nakromuu. lNMpn NceBAOMNKCOME B 3aBUCUMOCTH OT CTe-
MeHn N3MeHeHUN YepBeobPa3HOro OTPOCTKA M Kynosa
Cnenon KMLWKWM, a TakxKe pacrnpoCcTpaHEeHHOCTU npoLecca
BbIMOMHANN UM MPABOCTOPOHHIO FEMUKONISKTOMUIO,
Unu anneHgaKkToMmuio. MapreTtanbHyto OpOWNHY yaans-
NN OCTpbIM NyTeM Tpemsa 6ioKamu: GproLnHA NPaBoro
naTepanibHOro KaHana v MpaBoW MOMOBUHBbI Avadpar-
Mbl, IEBOrO flaTepanbHOro KaHana C OCTaBLUeCA YacTbio
OptowmHbl AvadparMbl U Ta3oBYKW C BUCLEPASIbHbIM
JIMCTKOM, HauVHas C KOPHSA GpbiKeiKy. Yaananuv Bce ony-
XOneBble NMMaHTbl U3 CaflbHUKOBOW CyMKWM, [lyrnacoBa
MPOCTPAHCTBA, C KarCysbl NeYeHu, Npy HEOOXOAUMOCTH
pe3eLmnpoBany U yaansaam opraHbl OpoLLHOM NonoCcTr
1 Manoro Tasa.

OcCHOBOI LMTOPeRyKTUBHOWM ornepauumn npu KaHue-
pomaTo3e ABNAETCA MaKCUMaJbHO BO3MOXHOE ypane-
HMe MapreTasibHOro NIMCTKa GpoWHbI — CybTOTanbHas
napvietanbHasa MEePUTOHIKTOMUA, MOpPaXKeHue BuUCLe-
panbHOro NNCTKa ABNAETCA FMaBHbIM MPEnATCTBUEM K
BbIMOJIHEHVIO ONTUMANbHOWN LuTOpeayKkuun. Hanbonee
YacTo yfanaemMbIMM OpraHamuy ABAAIOTCA MaTKa C npuaat-
KaMu, cernie3eHKa, NpaBasi NoyioBMHa 0600YHON KULIKN
W anneHAuKC. YUnTbliBasa XapaKkTep pacnpocTpaHeHus
OMyXOMeBbIX KNeTOK, 6onee yem B MOJIOBUHE Cily4yaeB
NMPUXOAUTCA pe3elnpoBaTb Npasbii Kynon avadparmbl
1 Mo4yeBou ny3blpb. OCHOBHbIM MPUHLMMMANIBHBIM MO-
MEHTOM NPV COXPAHEHHOM anrneHAnKce ABNAETCS BbIOOp
o6bema BMeLLATeNIbCTBa MO NMOBOAY €ro OnyxoJu: NpaBo-
CTOPOHHAA FeMUKONSKTOMMA WX anneHA3KToOMMUA. Yuu-
TblBaTb HY>XHO BenuuuHy PCl u pacnpocTpaHeHHOCTb
ONyXONN Ha CNENYIO KNLLKY.

Memoouka uHmpaonepayuoHHoll ¢pomoouHamu-
yeckoli mepanuu

NOO®AT BbinonHaAnM no metofvke, pas3paboTaHHOW
B8 MHVOW um. MN.A. lepueHa. B kauectBe poToceHcnbu-
NM3aToOpOB MCMONb30BanuM fBa npenapata: doTtorem u
¢doToceHc. MepBblli BBOAWAN BHYTPUBEHHO 3a 48 U [0
ornepauun B fo3e 2,5 Mr/Kr Maccbl Tena, BTOpon — 3a 2-8

Y [0 Hauyana ceaHca obnyuyeHus B fgo3e 0,2 Mr/Kr macchbl
Tena. bonbHble cObNOAANU CTPOrMin CBETOBOW PEXMM B
TeueHue 4 nu 8 Hef NPU UCMONb30BaHKK hoToremMa Unu
¢doToceHca cooTBeTCTBEHHO. Bo Bpems ceaHca MOOAT
06nyuYeHNo NofBepranncb CTEHKM OPIOLLIHON MOA0CTH,
He yaasieHHble YYacTKM NapreTasibHOM GPIoLWKHbI, mopa-
MEHHbIe, HO He MOABepPriUMeca pe3eKUnn OpraHbl: Xeny-
[LOK, MOUYEBOW Ny3blpb, CENe3eHKa, a TakXKe Kpas nanapo-
TOMHOW paHbl. 115 BbINOMHEHNA MaHUNYAALUN UCNOMb-
30Banu nasepHyto yctaHoBky JIOT-630/675-01-buocnek
(OO0 «bunocnek», Poccns) ¢ pnuHom BonHbl 630 HM (1A
doTorema) n 672 Hm (ons ¢oToceHca), cneymnanbHbI
TPaHCAbCEP C Hapy»KHbIM Anametpom 10 mm, uyepes
KOTOPbIN NPOBOAMAY LMANHApUYecknii auddysop ana-
meTpom 1,5 mm. Ha pacctoaHmnm 2,5 cm OT gMUCTanbHOro
KOHLIa TpaHCAbloCcepa Ha '/, OKPY»KHOCTU Bblpe3aHo Crie-
LManbHoe «OKHO». Mcnonb3oBaHMe JaHHOW KOHCTPYK-
unmM no3eonsano obecrneumBaTb HY)KHOE HarnpaBfieHue
CBETOBOro notoka. O6040UYHY0 KULIKY U NETIN TOHKON
KULLKN 3alyiani cneyuanbHOM CBETOHENMPOHMLIAEMON
neneHkon. lNNocnegoBaTtenbHO, C NePEeKPbITUEM CBETOBbIX
nonen nposoauny ob6paboTky Bcex cBOOOAHBIX yyacT-
KOB OPIOLIHOM NMONOCTU, B CpeaHeM okono 20 no3vuui
no 2,5 MMH Ha Kaxpay!o. N10THOCTb MOLLHOCTI CBETOBOW
3Heprum coctasnana ot 6 go 10 [Ix/cm’. «Cnenas» yacTb
TpaHcablocepa Obifla MOCTOAHHO ObOpalleHa K MeTiaM
TOHKOW KULIKM BO M3bexaHune nx cneyndmryeckoro no-
paxeHusa. OfgHaKO C y4yeTOM BpeMEHU pPe3eKLUVOHHOro
3Tana BucLepanbHaa OploLWNHA TakXKe Mnofyyana Tepa-
NeBTUYECKYIO 103y Ia3ePHOro 06yyeHus.

Memoduka aunepmepmuyeckoli UHmpaonepayu-
OHHOUI BHyMpu6prowHol xumuomepanuu

[MBX npoBopgwunu nocne 3aBeplleHna Xupypruye-
ckoro 37ana no metoguke Coliseum (OTKPbITBIA KOHTYP).
Kpaa paHbl BbiBeWMBanu nuratypamyv Ha KOJbLEBOM
paHopacwmputene, a B nocsiegHee BPemsa Ha MHOrO-
dyHKUMOHanbHOM paHopacwuputene TOMPSON. Wc-
nonb3oBanu annapat SUnCHIP (GamidaTech, ®paHuus).
B kauecTBe uMTOCTaTUKA NPUMEHANN UUCNIATUH B fO3€
100 mr/m? Ha 400 mn ¢pur3monoruyeckoro pactsopa. Pa-
6ouan TemnepaTypa Ha Bxofge cocTtaBnsana 43-44°C, Ha
Bbixoge — 42-43°C. lNpoueaypa C UCNONb30BaHMEM He-
nocpeacTBeHHO xumMmuonpenaparta gnunacb 60 muH. Bo
Bpems npoueaypbl TWaTenbHO KOHTPONNPOBanu Temne-
paTypHbIV PEXMM B Pa3/IMYHbIX OTAeNax OprolWwHo no-
NIOCTV U NPOXOAVMMOCTb APEHAXHbIX TPYOOK. YunTbiBas
LUTOPedyKTMBHBI XapakTep orepauuu, B OPIOLLIHOWN
NoJsIOCTU, HECMOTPA Ha ee NpefBapUTENibHYI0 CaHaLuIo,
OoCTaeTcA OOoJblUuoe KOMUYECTBO MENKMX (GparmMeHToB
XKNPOBOW KJETUaTKK, KOTOpas HapyluaeT APEHaKHYHo
bYHKUMIO CMCTEMBI U TEM CaMbIM BbI3bIBAET SIOKaSIbHYO
rMNepTeEPMUIO B OTAENbHbIX yyacTKax OpIoLHOWM Mmono-
cTn. TemnepaTtypy Tena KOHTPONMPOBANN UCNOSb3yA Nu-
LLEBOAHDIN 1 KOXKHbIN AaTUMKK, He OMyCKas ee nogbema
Bbiwwe 39,5°C.

OPUTUHAJIBHBIE CTATHW
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Npy¥ LUTOPEAYKTUBHOM XUPYPru4eckoM sie4eHuu 60NbHbIX gucce

MWHWPOBAHHOW MYLMHO3HOW KapLUHOMO# anneHJnKca

MapueTanbHan neputoHakTomuA / Parietal peritonectomy

BucuepanbHan neputoHaktomua [ Visceral peritonectomy

Ypnanenuve Gonblworo canbHuka [ Greater omentum removal

MNpasocTopoHHAA remukonsktomua / Right-sided hemicolectomy
Annengaktomua / Appendectomy

IKCTUPNAUMA MaTKK € npuaaTkamu / Extirpation of the uterus with appendages
Cnnenaktomua [ Splenectomy

Pesexuua ToHKON Kuwkwu / Small bowel resection

Pezekuua guadparmel / Diaphragm resection

Pesekuma mouesoro nyswipa / Bladder resection

Pesekuma neyenn /[ Liver resection

OPUTUHAJIBHBIE CTATHW
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u doToauHaMuyeckas Tepanua / photodynamic therapy

m M'unepTtepmuueckas sHyTpuBprowHan xumuoTtepanus / hyperthermic intraperitoneal chemotherapy

Puc. 3. PacnpeaeneHue 601bHbIX N0 06beMy onepauuu
Fig. 3. Distribution of patients by volume of surgery

PesynbTtatbl

HenocpedcmeeHHble pe3ynbmamobi

CpegnHee 3HaueHvie PCl B oOLeli rpynne nayueHToB
cocTtaBuio 20,75+10,6 6anna. B rpynne ¢ npoBefieHHOM
MO®AT oHo 6bin Bbile U cocTaBuno 22+10,5 6anna, ¢
TMBX - 19,0£8,9 6anna. Mpu cpaBHUTENIbHOWN OLIEHKE Me-
TogoM MaHHa-YUTHM [OCTOBEPHOW PasHULbl B pacnpo-
CTPaHEeHHOCTM NpoLecca He BbisiBneHo (p=0,171) (puc. 1).

KauecTBO onepaunn oLueHnBanu no MHAEKCY NoJIHO-
Tbl yuTopeaykuumn CC (Complete Cytoreduction Score).
OntumanbHasa untopepykuma (CCO-1) gocturHyTta y 40
nayuneHToB (70,2%), y ocTaBlumxcs 17 60nbHbIX (29,8%)
OCTaToYHaA Onyxofb cocTaBuna oT 2,5 mm Ao 2,5 cm 1
6onee. Mpu aHanM3e KayecTsa onepaLmm y naLreHToB C
NOOAT ycTaHOBNEHO, UTO YMC0 BOJSbHBIX C ONTUMAsb-
HOM 1 ¢ HeonTuManbHon (CC2-3) untopenyKumen npu-
MepHO paBHO: 18 (51,4%) n 17 (48,6%), COOTBETCTBEH-
Ho. CoBepLUEHHO [ApYroe COOTHOLUEHME MOJyYeHO B
rpynne c NMBX. OnTtumanbHON LuTOpEeayKLMn yaanocb
nobutbca y 21 (91,3%) 6onbHoOro, n3 Hux y 18 (85,7%)
oCTaTouYHaa onyxonb He Bu3yanusupoanacb (CCO), y
OCTaNbHbIX ee pa3mepbl He npeBbiwanu 2,5 mm (CCT).
HeonTtnmanbHas yutopepykuus (CC2) 6bina oTMeuyeHa

BIOMEDICAL PHOTONICS T.9,N24/2020

nvwb y 4 naumeHToB (8,7%). Mpn cpaBHUTENBHOW OLEH-
Ke [IOCTOBEPHO 6osbliee YMCI0 ONTUMAaNbHOW LnUTope-
aykumm (p=0,002) nonyyeHo B rpynne c MHTpaonepauu-
oHHon TMBX (puc. 2).

MpoBeneH CpaBHUTENbHDLIA aHaNM3 BbIMOMHEHHbIX
06bemMOB onepauuu B KcCefyembix rpynnax. Bcem
60nbHbIM 6blfla BbIMOSIHEHa Cy6TOTanbHaA MapueTasb-
HaA neputoHaKTOMMA. MNapumanbHoe yaaneHue BucLe-
panbHOro NNCTKa MoyTy B 5 pa3 ualle npovi3BedeHo y
60nbHbIX ¢ TMBX: 28% npoTre 6,3% B rpynne ¢ MOOAT.
Ecnn KonnuecTBo peseKkuuin unm skcTmpnayun 6onbLo-
ro 1 Manoro canbHuKa (72% n 87,5%), reMUKON3KTOMMUIA
(32% 1 31,2%), anneHgakToMuUn (28% w1 28,1%) B CpaBs-
HMBaeMbIX rpynmnax ConocTaBMMO, TO HaNNLIO ABHaA TeH-
JeHUMA K pacluMpeHunio o6bema XMpypruyeckoro Bme-
waTtenbcTea B rpynne MMBX 3a cueT skcTMpnaumm maTku
c npuaaTkamun (44% npoTuB 18,7%), cnneHsktommu (32%
npoTus 6,3%), pesekuun gruadparmol (32% npotus 3,1%),
pe3eKkuun MOYEBOrO My3blpA, MEYEHU, TOHKOW KULLKK
(12% npoTus 3,1%) (puc. 3).

OcnoxHeHns B npouecce neyeHusa BbIABNEHbI Y 9
(15,7%) nauneHToB, n3 Hux y 3 B rpynne NOOOT ny 6
B rpynne IVIBX. focnutanbHaa neTanbHOCTb COCTaBusa
5,2%, Bce ymeplme 6oy 13 rpynnbl TMBX. Xapakte-
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pUCTMKa MOCneonepaLiOHHbIX OC/TOXHEHU OTpa)kaeT
OnpaBAaHHOCTb BbIOOpa LMTOPEAYKTUBHOW onepawumu,
Kak MeTofa fevyeHns, ee oo6bema U KOMOUHAUUW NHTpa-
onepaLoHHOro NPOTUBOOMYXOJIEBOro MeToa. B obuen
rpynne ¢ ONTUMAanbHOMN UNTOPeAyKUMen OCIOXHEHNUA
Habniopganucb y 14,6%, a C uuTopedyKUMen MOJIHOTON
CC2-3 -y 20,8%. BmecTe ¢ Tem, y 60/1bHbIX, KOTOPbIM Bbl-
nonHanvu MOOAT n gocturnm onTumanbHON LuTopenyk-
LK1, YacToTa oc/ioxKHeHnn coctasuna 11,1%, B rpynne
¢ TMIBX ocnoHeHuns Habnoganucb yalle 6onee yem B 2
pa3a (23,8%).

AHanu3 TAXeCTU OCJIOKHEHUI B OOLWeln rpynne na-
LMeHTOB nokKa3sas, uyto 2 cteneHb no Clavien-Dindo Ha-
6noganace B 4 cnyyaax (MO®OT=2, TMBX=2), 3a - B 2
(MooOT=1, TMBX=1), 4a - B 4 (BCe [VIBX), 48 — B 4 (BCE
TMBX) n neTtanbHbIN Ncxop (5 cteneHb) nmen mecto y 3
60nbHbIX (Bce [MBX). [JaHHble NpriBeAeHbl C y4eTOM CO-
yeTaHWA 3TUX OCNOXHEeHU y 9 naumeHToB. Hanbonee
YacTbIM OC/IOXKHEHMEM Obln racTpoCTas, KOTOPbIN 3ape-
rMCTPMPOBAH Yy 6 OOJMbHBIX 1, OUEBMAHO, CBA3AHHBIN C
yAaneHnem MOJSIHOCTbIO 3aMEeLeHHOro OMyXONblo Callb-
HVKa. B 2 HabnogeHnsx BbiABNEHbl HArHOEHNe Noceo-
nepaumnoHHoO paHbl 1 nepdopauuns TOHKON KULWKK. Mpn
CPaBHUTENBHOM aHanM3e YacToTa OC/IOKHEHUI B rpynne
TMBX coctaBuna 24%, MOOAT - 9,4%. Bce 3 netanbHbIX
cnyyasa npowusownu B rpynne MMBX, netanbHOCTb B Hel
coctaBuna 12%. OCHOBHOWM NPUYMHOW CMEPTU ABWUACH
NnosIopraHHasa HeaoCTaTOYHOCTb, MPU 3TOM MYCKOBble
MEXaHU3Mbl OblNIN Pa3HbIMW: HECOCTOSITENIbHOCTb Me-
OTPaHCBEP30aHACTOMO3a, MAHKPEOHEKPO3 U MHOXe-
CTBEHHbIE MPONIOHTMPOBAHHbIE MepdopaLi TOHKOWN
KMLWKW. BOSIbHBIM ObIIN BbIMOSIHEHBI HEOAHOKPATHbIE pe-
NanapoToMmK, OAHAKO CMacTy NX He yaanocb. Obpalyaet
Ha ceb6s BHMMaHWe, yto PCly HMX Haxoauncs B npegenax
20-24 6annoB, HO NPULWIOCb AOOUBATLCA OMTUMAJIbHOW
yutopeaykuum (CC1 - 2 cnyyas, CCO - 1 cnyyawn) ona Bbl-
nonHeHus NMBX. B rpynne ¢ MO®AT netanbHbIX MCXOR0B
He 6blno.

OmaoasneHHble pe3ynbmameol

O6Lwan 5-neTHAsA BbIXMBAaeMOCTb HGOMbHBIX B rpymnne
MBX cocTasuna 86,6%. B rpynne naumneHToOB, y KOTOPbIX
B KauyecTBe [OMOJSIHUTENbHOIO WHTPaonepaLiOHHOIo
METOAA WCMONb30Bany GOTOAMHAMUYECKYID Tepanuio,
Me[naHa BbIXKMBAEMOCTW COCTaBwuia 66 Mec, 5-neTtHAn
BbIKMBAeMOCTb — 65,2%.

O6c¢cyxpeHve

30M10TbIM CTaHOAPTOM JieueHUsi OOJIbHbIX MNCEeBAO-
MUKCOMOW OPIOLLNHBI CUMTAETCA LMTOPEAYKTUBHAs Ore-
pauma c VIBX. lNokasatenn 5-neTtHen BbPKMBAEMOCTU
yKnagblBaloTca B UHTepBan ot 62 fo 92,5%, npn vacrto-
Te OCNOXKHEeHun 25-54,8% wn netanbHocTn 2-9% [9-11].
OpHako 3TO pe3ynbTaTbl TWATENIbHO OTOOPaHHON rpyn-
Mbl NauMeHToB. B Halwen peanbHOCTU, KOTAa LIEHTPOB,
3aHMMAIOLMXCA XUPYPTrMYECKMM JleYeHeM KaHLepo-

MaTo3a B Poccnn efvHuubl, a 6OMbHBIX, HECMOTPS Ha
KpaliHe HU3Kylo 3ab605eBaemMoCTb, BCe e JOCTaTouHoe
KOMMYECTBO, HeNb3Al OrpaHMuYUTbCA PACCMOTPEHUEM
TaKTMKN NleYeHns Takou ManouncieHHoun rpynnol. Jpy-
rMM BaXkHbIM MOMEHTOM ABMIAIOTCA NPOTMBOMOKa3aHUA
K MPUMEHEHUWIO rmnepTepmuyeckon xummortepanum. K
0o6WMM OrpaHUYEHMAM OTHOCKTCA BO3pacT cTapue 70
NeT, CKOMMPOMETMPOBaHHaA OyHKUMA MoueBblaenu-
TE/IbHOM CUCTEMbI, [bIXaTeflbHaA HEeQOCTAaTOYHOCTb; K
MECTHbIM — HEOOXOAMMOCTb BbINOSIHEHUS OMTUMAJIbHON
uuTopedykumu. [mybuHa neHeTpaumy LUTOCTaTUKA Jaxe
npu 42-43°C orpaHuyeHa 3 mm. OcTaBfieHne ocTaTou-
Hol onyxonu 6onbluero pasmepa, 0CO6eHHO B cCllyyae
CC3, penaet 3Ty npoueaypy npuv BCel ee arpecCUBHOCTA
6eCCMbICNIEHHOW. YTBEPXKAEHHbIX CTAaHJAPTOB JleYeHUs
6O/bHbIX NCEBAOMMKCOMON OPIOLLINHBI HET, MO3TOMY s
Kaxzgoro 00sibHOro BblOMpaeTcA MNepCcoHMOULMPOBAH-
HbI NMaH neveHns. Onepauna [OMXKHa ObITb TLWATENBHO
cnnaHupoBaHa. Mo gaHHbIM KT-PCl v Y3U-PCl oueHmnBaeT-
CA pacnpoCTpaHeHHOCTb NPOLecca, BOBIeUYEeHne Cepo3bl
TOHKOW 1 TOJICTON KULLKK U KX OpbIXeek, renatogyope-
HaNbHOW CBA3KW, CallbHMKOBOW CyMKK. Ha ocHoBaHuu
HAKOMJIEHHOro onbiTa cumTaem, yto npu PCl Bbiwe 20
6annoB nnaHupoBaHue uutopeaykumu ¢ NBX Heuene-
CO0b6pasHO, Tak Kak MomnbiTKa A06GUTbCS OMTUMAJIbHOW
MOJSIHOTbI LMTOPEeRyKUMM He TOJIbKO COMHUTENbHA, HO
N uypeBaTa pas3BUTUEM ¢aTaNibHbIX OCNIOXHEeHUn. Nc-
Nnosib30BaHMe B KayecTBe MPOTMBOOMYXOSIEBOrO areHTa
NO®AT orpaHnumBaeTcs HEOOXOAVMOCTBIO SKCMO3ULN
boToceHcMbUnM3aTopa B TeUeHme OT 4 10 48 U 1 CJIOXKHO-
CTbiO BO3AENCTBUA Ha BUCLEPabHYI0 6ptolunHy. OfHaKo
NoABMNCL PAaboThbI, B KOTOPbIX JOKA3aHO, YTO BO BPems
XUPYPruyeckoro 3tana neyeHns, To ecTb He MeHee 4 \,
MOrfOLWeHHasA [03a OT OMNepauMOHHbIX Jlammn COOTBET-
CTBYeT TaKOBOW NpU fla3epHOM 06JTlyYeHUn, 1 Npu 3TOM
nponcxoanT o6paboTka 060X NMMCTKOB 6ptowmHbI [12]. K
TOMY e aHaNn3 NocneonepaLoOHHbIX OCNIOMKHEHI NOA-
TBEPAW 6€30MacHOCTb TON METOAMKM U MPAKTUYECKN
OTCYTCTBME K Hel MPOTUBOMOKa3aHuWn. A nofyyeHHble
OTAasieHHble pesynbTaThl, C yYETOM MCXOOHbIX 3HAUYEHNI
PCl n gocToBepHO xyawmx nokasatenen LUutopeayKumum
B rpynne NOO®AT, nenaet metog MOOAT B gaHHOW Knu-
HUYECKON cuTyauun Gonee NpeanouTUTENbHbIM K Npu-
MeHeHMI0 bnarofapsa 4OCTOBEPHO Hosee HMU3KOW YacToTe
pa3BUTUA NOC/IEONepPPaALNOHHBIX OCIIOKHEHWI N OTCYT-
CTBUIO NIETaNIbHOCTH.

3aknioyeHune

B ocHoBe naeonorum neyeHna 60nbHbIX NCEBAOMUK-
COMOW GPIOLLNHBI IEXNT MaKCMMaIbHO BO3MOXHOe yAa-
NeHune OnyxoneBol TKaHW 13 GPIOLLHON NONOCTH. YUnTbI-
BaA OTCYTCTBME Npw 3TOM 3abosieBaHNV reMaToreHHOro
1 NMMQOreHHOro MeTacTasvpoBaHUA, UMEHHO MEeCTHbIN
KOHTPO/Ib OnpefenAeT NPOrHo3 1 KauecTBO »KU3HW Nauu-
eHTa. OrpaHnYeHHble BO3MOXHOCTN CUCTEMHON XUMMNO-
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OOTOOMNHAMUYECKAS TEPAMNA B JIEHEHUMA
UHTPASIMUTESTIMATIbHBIX HEOTMJTA3MU LUEUMKKN MATKMH,
BYJIbBbl 1 BITATAJILLIA

E.B. @PunoHenko', O.MN. Tpywmna', E.l. Hoeukoea', H.B. 3apoueHuesa?, O.B. PoeuHckas?, B.A.
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Pesiome

B 0630pe nuTtepaTypbl NpeAcTaBieH aHanu3 3GGeKTMBHOCTY NIeYeHnst MHTpasnuTenuanbHoi Heonnasuu I-1I-1ll ctenexu wenkn matku (CIN), Bynb-
Bbl (VIN) n Bnaranuwa (ValN) ¢ ucnonb3oaHuem potoguHammyeckor tepanun (GAT). OAT — MmeTo, OCHOBAHHbIN Ha BO3AENCTBMM CBETOM MocC/e
npefBapuTeNIbHOro BBeAeHUA B opraHusm ¢otoceHcmbunmsaTopa ¢ obpasoBaHMeM CUHIIETHOMO KMCI0PO/a, OKa3blBaloLero LIUTOTOKCUYECKII
3¢ dekT. MNpencraBneHbl pe3ynbTaTbl MCCNE[OBaHMIA Mo ucnonb3osaHuio OAT ¢ pa3nnyHbIMK GOTOCEHCUOUNM3aTOPaMU B KOMIIEKCe NeyebHbIX
meponpuatuid y 6onbHbix ¢ CIN, VIN, ValN. MpueeaeHHble faHHble 06 3dpdekTnBHOCTM U 6e3onacHocT OAT, npocToTa NpYMeHeHWs NO3BONAT
[aHHYI0 MeANLMHCKYO TEXHONTOTMIO OTHECTUN K Ymciy Hambosnee NepcrneKTVBHbLIX HanpaBneHni B IeUeHN PasfiviyHOM CTENeHN BbIPaXKeHHOCTU
VNHTPAsNUTeNManbHbIX NU3MEHEHWI LKW MaTKK, ByNibBbl 1 Baranuwa. NpeacraBneHHas nHGopMaLms No3BONUT aKLEHTVPOBaTb BHYMaHMe Ha
OAOT n nHdopMUpPOBaTb Bpayeit 1 HayUHbIX COTPYAHUKOB O LUNPOKUX NEPCMEKTVBAX NPYMEHeHWs AaHHOFO METOAA B KNMHUYECKON NpaKTuKe.

KnioueBble cnoBa: ¢OTO,ElI/IHaMI/IHECKaﬂ Tepanus, ¢0TOC€HCI/I6I/II'II/I3aTOp, LiepBuKasibHaA MHTPasnuTenmnaabHaa Heonnasusa, BnarainiHaa MHTpas-
nnTennanbHaa Heonnasna, BynbBapHaA NHTPasnnTennanbHaa Heonnasunsa.

Ana yntnposanma: OunoHexko E.B., TpywwnHa O.M.,, HoBukosa E.l., 3apoueHuea H.B., PoBuHckasa O.B., MiBaHoBa-Pagkesuy B.U., Kanpun A.L.
QoToArHaMMyecKan Tepanua B IEYEHUN NHTPAMUTENMANIbHbIX HEOMMA3UiA WENKN MaTKK, ByNbBbl U BRaranuwa // Biomedical Photonics. - 2020. -
T.9,Ne 4. - C.31-39. doi: 10.24931/2413-9432-2020-9-4-31-39.

KoHTtakTbi: PoBuHckas O.B, osya_92@mail.ru

PHOTODYNAMIC THERAPY IN THE TREATMENT
OF INTRAEPITHELIAL NEOPLASIA OF THE CERVIX,
VULVA AND VAGINA

Filonenko E.V.', Trushina O.L.", Novikova E.G.', Zarochentseva N.V.2, Rovinskaya O.V.?,
Ivanova-Radkevich V.1.3, Kaprin A.D.'3

'P.A. Herzen Moscow Oncology Research Center — branch of FSBI NMRRC of the Ministry of
Health of the Russian Federation, Moscow, Russia

2Moscow Regional Research Institute of Obstetrics and Gynecology, Ministry of Health of the
Moscow Region, Moscow, Russia

SPeoples’ Friendship University of Russia (RUDN University), Moscow, Russia

Abstract

In the present review the authors analyzed the effectiveness of treatment of intraepithelial neoplasia I-lI-lll of the cervix (CIN), vulva (VIN) and
vagina (ValN) using photodynamic therapy (PDT). PDT is a method based on exposure to light after preliminary introduction of a photosen-
sitizer into the body with the formation of singlet oxygen, which has a cytotoxic effect. The results of research on the use of PDT with various
photosensitizers in the complex of therapeutic measures in patients with CIN, VIN, VaIN are presented. These data on the effectiveness and
safety of PDT, ease of use allow this medical technology to be attributed to one of the most promising areas in the treatment of pathologi-
cal intraepithelial changes of the cervix, vulva and vagina. The presented information allows focusing the attention on the PDT method and
informing doctors and researchers about the broad prospects for applying this treatment method in clinical practice.
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B HacToAWee BpemA nNpu pewweHnn TPygHOW, HO pe-
anbHOW 3aJjaun MO CHUXKeHUo 3aboneBaemMoCcTu 1 CMepT-
HOCTU OT OHKOJIOTMYeCKnx 3abofieBaHUii, BO3pacTaloT
TpeboBaHUsA K BbIOOPY COBPEMEHHbIX afIeKBATHbIX METO-
[OB JleYeHUs NaLMeHTOB. YCnexu B STOM HamnpaBieHuu,
CBA3aHHblE C Pa3pabOTKOW anbTepHATMBHbIX TPagULK-
OHHbIM METO[IOB JIeUeHMs, Cpean KOTOpbIX CliefyeT Bbl-
fenutb dotogmHamuueckyto Tepanuio (OAT), ctanu Bo3-
MOXHbl Ha OCHOBAHWW AOCTVIXEHUIN poToxummn, GoTo-
61ONOrNN 1 KBAHTOBOW GU3NKMU.

MexaHusam QT ocHOBaH Ha CnocobHOCTU psaja ne-
KapCTBEHHbIX MnpenapaTtoB - (GpOTOCEHCUOWIN3aTOPOB
(®C) HakannMBaTbCA B ONYyXONEeBOW TKaHU 1 MpPW B3au-
MOZENCTBMM N3JyYEeHMNEM CBETA OMNpPeaeNieHHON A/INHbI
BOJIHbI MHMLMUPOBATb 3a CYET cepuit GOTOXMMUYECKIMX
npoLieccoB 06pa3oBaHMe CUHINIETHOIO KUCIIOPOAa, YTo
NPUBOAWT K [EeCTPYKTUBHBIM 3ddeKTaMm, 3aKoUaoLLM-
CA B Pa3pyLUEHUN XKN3HEHHO BaXKHbIX CTPYKTYP OMyXO-
NEeBbIX KNETOK 1 nx rmbenu. MNospexaaowmnn mexaHn3m
boToAVHAMUYECKOTO BO3LEWCTBUS Ha OrMyxoJsieBble
TKaHW onpepenseTcs rnaBHbIM 0O6pa3om cpefHen BHY-
TpUKneTouyHom KoHueHTpauuen OC, ero nokanusaumen
B KNeTKe 1 GOTOXUMMNYECKOWN aKTVBHOCTbIO: KBAHTOBbIM
BbIXOZIOM reHepaunn CUHINETHOTO KUCI0poaa Uim CBo-
6o0aHbIX pagvkanos [1, 2, 3, 4].

Kpome npsmoro ¢OTOTOKCMYECKOrO BO3AENCTBUS
Ha OMyxoJieBble KJEeTKM BaXKHYI POJib B MEXaHM3Me fe-
CTPYKUMIM UTPaIOT HapyLleHne KpoBoobpaLleHns B ony-
XOJIeBOW TKAHU 33 CYET MOBPEXAEHUS SHAOTENUA KPO-
BEHOCHbIX COCYA0B [5], runeptepmuueckmin 3dodexT, ces-
3aHHbIN C aKTUBHbBIM MOTTIOLEHNEM CBETa OMYXOJIEBbIMMU
KJleTKaMu, a TaKk>Ke LIMTOKMHOBbIE peakuun, o0yc/ioBneH-
Hble CTUMYyNALUen npoayKumy GpakTopa HeKpo3a Onyxo-
NI 1 aKTMBaLen MaKpodaros, NeNKoOUNTOB 1 nuMboLu-
TOB [6, 7].

MoBbiweHHbIN MHTepec K OAT Bbi3BaH LWNPOKMMU
BO3MOXXHOCTAIMM MPUMEHEHUsI CBETOBOMO W3JyUYeHUs
B OHKOJIOTUW U MPeumyLlecTBamMy nepes Apyrumu me-
TOJaMU JleyeHVA: Masias UHBA3VBHOCTb; CENEKTUBHOCTb
LeCTPyKUMM 37I0KaUeCTBEHHbIX OMyXOJiel 1 naTtosiormye-
CKMX YYaCTKOB; MMHUMAJIbHOCTb MOBPEXAEHMA 300PO-
BOW TKaHW; BO3MOXHOCTb MHOTOKPATHOIO NMPUMEHEHMs
3a CYET OTCYTCTBUA PE3UNCTEHTHOCTM K MOBTOPHbLIM LK-
KJlam; OTCYTCTBI/E TOKCUUYECKUX 1 IMMYHOZEMNPECCMBHbIX
peakuun [8].

B OHKOrMHEKonorMm MeTof MOXET WKCMonb30BaTbCA
KaK Mpu pagrKanbHOM, TaK U NaNIMATVBHOM JIEYEHNN, UTO
onpenensaeT ero NPUMeHeHe Y XeHLLMH C Npeaornyxone-
BbIMY 11 OMyXOJNIeBbIMU 3a60N1€BaHUAMY reHuTanmi [9].

Bo3pacTtaiollee BHUMaHME TUHEKONOTOB U OHKO-
ruHekonoroB K OAT cBA3aHO C HEOHXOAMMOCTbIO pac-
LUIMPEHNA BaPMAHTOB OPraHOCOXPAHHOIO JIeYeHus, YTo
KparHe aKTyanbHO BBMIY HEYKJ/IOHHOrO pocTa Ha Mpo-
TAXKEHMMN MOCNEAHUX ABYX AECATUNETUN 3aboneBaemMo-
CTV PaKoM LLIENKN MaTKK, BY/bBbl 1 Bflarafuiia MOJIOAbIX
XeHWuH [10]. DTOT MeTof OTBeYaeT OCHOBHbIM XapakK-
TEPUCTUKAM OpraHocbeperawowero neveHus: sddek-
TUBHOCTb MPU JaHHOW NaTonoruu, Yactota peuuanBoB
rocsne fieyeHns, NepeHoCMOCTb (MAHUMYM MOBOYHBIX
3¢ ¢deKTOB) 1 NpOCTOTa BbiNOSIHEHMSA Npoueayp [11]. Op-
HaKo, C NOABNEHNEM BUPYCHOW KOHLENLUMN paKa LWenKn
maTku (PLLM), ycTaHOBNEHMEM YacTOTbl BbIABIEHNA BU-
pyca nanunnombl yenoseka (BMY) npu uepBrKanbHbIX
MHTpasnuTenmanbHblix Heonnasuax (CIN), npamo npo-
NOPUMOHANbHON CTEMEHUN TAXECTU STUX WU3MEHEHWUN
(CIN'I-25%, CIN Il - 80%, CIN 111 -88-100%) [12], ugeHTn-
duKaLumeln BUPYCHOrO reHoMa B MHTPa3NUTeNManbHbIX
Heonnasuax Bnaranuwa (ValN) v Bynbasbl (VIN), cootBeT-
ctBeHHO B 80 1 20% [13], Ha nepBOe MeCTO BbIXOAUT 3TU-
onaToreHeTMYecKas Tepanus, HanpaBneHHaA He TONbKO
Ha Cam MaToNIorMyecKni NpoLecc, Ho 1 Ha BIMY.

BMupe o HacToALEero BpeMeHN HeT YETKIMX PEKOMEH-
Jaumn B oTHoweHuwn Tepanun BlY-accoymmnpoBaHHOM
WHTPasNuUTeNnanbHON NaTonormm WenKky MaTky, By/bBbl
M BRaranuuia pasiyHoOn CTEMeHu BblpakeHHoCTu. [le-
pPEeCMOTP TPAAULMOHHBIX IeYEOHbIX MOAXOA0B C YUETOM
HeobXxoANMOCTY BO3AENCTBUA Ha NanuisioMaBUPYCHYHO
nHoekumio (MBW) ctan Bo3amoxkeH 651arogaps HakomnIeH-
HbIM 3HAHUAM 1 COBPEMEHHbIM pa3paboTkam B 0651aCTL
MeANLIMHCKUX TEXHOMOTUN.

OcobeHHOCTN XM3HeHHoro umkna BIMY asnatotca
ogHUM U3 onpegensawmx GakTopoB 3GGEKTUBHOCTM
NPOTUBOBMPYCHOTO NieueHus. Mpy anucomanbHom ¢op-
Me BIMY ycnewHo npumeHsoT ¢rsndyeckre metoabl fie-
YeHUs, HanpaBfieHHble Ha pa3pyLUeHne NePBUYHOrO Mo-
paXkeHus, UM NMMyHOTEpPanuio Npu YCNOBUW ANUTENb-
Hoctu MBW He Gonee ogHoro rofa, Korga OTCyTCTBYEeT
nepcucteHums Bupycos [14]. MNpu nHTterpaumm B4 B re-
HOM KNETKUN «X03AMHa» Tepanua uHtepdpepoHamun bec-
CWIIbHA, TaK KaK B MHOULMPOBAHHbIX KIETKaX BUPYCa Kak
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TakOBOrO B TPAaANLMOHHOM NMOHUMAHUK 3TOrO C/I0Ba HET,
CrlefjoBaTesibHO, HeOOXOAVIMbl METOAbI IEYEHUS, HANpaB-
NeHHble Ha pa3pyLUeHne BUPYCHbIX retepotonuia [15].

oAaT n CIN

Metoabl neyerHna CIN I-lI-lll 1 MMKpOMHBa3nBHOIO
PLIM (1 A1 cT.), oCHOBaHHble Ha abnsauuun (guatepmo-
N pagnoKoarynaumsa, KpuoaecTpykuus, nasepHasa Bano-
pv3auua) u yganeHum (nasepo-, 31eKTpo-, paguo-, Ho-
XKeBaf 3KCUM3MA/KOHM3ALMA) NEepPBUYHOIO MopaKeHua
B BUE MOHOTEpanuM HegoCTaTouyHO dGPEeKTUBHbI AniA
snuMmnHaumn BIMY B cuny HanpasneHHOro Bo34encTBnsA
TONIbKO Ha KJIMHMYECKne nopakeHus 6e3 3aTparvBaHus
MyJbTMOKaNbHbBIX 0YaroB CO CKPbITOWN JIATEHTHOW Wn
cybknuHunyeckon dopmoii MBU, HepocTaTouHOW rNy6wm-
Hbl AeCcTpyKumMmn J0 6a3anbHOro Crosi 3NUTeNManbHOro
nnacra ¢ pes3epByapom NanuisioMaBupycoB, OTCYTCTBUA
«TOYEUYHOW» [eCTPYyKUUU ManuijioMaBupycoB 1 obny-
YeHUA MNepexofHOM 30Hbl U LIePBMKANIbHOIO KaHana,
YTO B COBOKYMHOCTW BefeT K NepCUCTEHLN BUPYCHOIO
reHoma [16, 17, 18, 19]. dkcnpeccua JHK BMNY B mectax
LepBUKabHbIX MEPBUYHbIX MOPaXKEHWUN, 30HEe HEeKPO-
33, C/IM3UCTBIX, MPUNEXallx K Kpakl AeCTPyKUMU unm
pe3ekuuu, peakTBauusa BUPYCHOrO reHoMa B COBOKYM-
HOCTM MPOBOLMPYIOT BbICOKMI PUCK Pa3BUTUA 3a [O-
CTaTOYHO KOPOTKMI CPOK (0T 12 go 36 mec) peunansos
CIN, nporpeccrpoBaHue onyxoneBoro npowecca B npe-
WHBA3MBHbIA WAN CO BPEMEHEM B MUKPOWHBA3VMBHbIN
pak (o1 15 go 50%) n HK3KYy 3PPeKTNBHOCTb NleyeHns
(45-97%) [19, 20].

Bo3amoxHoctu OAT B neyeHmM LepBUKaNbHOW OH-
KOMOrMYeCckonm NaTtoniormm ctanu nccnegosatbca ¢ 90-x
rofoB MPOLLIOro cTofnetus. B oHkorvHekonoruy Boibop
WeNKN MaTKN B KauyecTBe MepBOW MoAenu AnA KIUHU-
YeCKMX WCCefOBaHN OODBACHAETCA aKTyaslbHOCTbIO
MOnCKa, Pa3paboTKon 1 BHEeLPEHVEM HOBbIX MOAXOLOB
K npodunakTnke u neyenuio PLLIM, 3a601eBaemMocCTb Ko-
TOPbIM Ha MPOTAXKEHUMN MOCNEAHUX ABYX AECATUNETUN
B pAQe CTPaH He MeeT TEHAEHLUNN K CHUKEHMIO, @ TaKXkKe
OOCTYMHOCTbIO BU3YaslbHbIX Y HEMHBA3UBHbIX METOLOB
uccnepoBaHus. B page paboTt npoBoannoch msyueHue
BOMPOCOB, CBAA3aHHbIX C GAPMOKNHETNKON IK30reHHbIX
1 3HporeHHbiX OC, pa3paboTKol HayYHO-000CHOBaHHbIX
mMeTogonornyeckmx nogxonos K OAT c oTeyecTBEHHbIMY
npenapaTamy pPasfinuHbIX Gapmrpynn B LOCTVXKEHUN
NMPOTUBOOMYXOJIEBOTO 1 MPOTUBOBMPYCHOFO 3ddeKTa
NIeYEHNA B 3aBUMCMMOCTU OT CTEMEHU BbIPAXKEHHOCTN
WHTPasnNuUTeNnnanbHbIX LepPBUKaNbHbIX U3MEHEHWI: pe-
XVMbl nazepHoro 065yyeHus; Bbioop OC 1 cnocobbl BBe-
neHnA (MeCTHbIN, CUCTEMHBIN); pacyeT CBETOBOW A03bl
W NyTU NOABeAEeHUA U3NyUYeHUA K MaTOIOrMYeCcKkM TKa-
Ham [21, 22].

Bnepsble pesynbtathl npumeHeHna OOAT B neueHunn
OMnyXoneBOV MATOMOMMM LIENKU MaTKWU Ony6sIMKOBaHbI
B 1996 r. B uccnegoBaHnu NpoBOAUINCH MOMbITKX On-

Tummnsauyun pexnmor OOT B neyeHUU HeMHBA3MBHOIO
PLLUM npu BHyTpuBEHHOM BBefeHun GoTOdpUHa C Le-
NbI0 [OCTVIXKEHUA MONIHOW perpeccun. [onoKnuTenbHbIn
3¢ deKkT 3aperncTpupoBaH B 62% KIVHUYECKNX Habmo-
LEHWI Npu cBeTOBOM fo3e obnyyeHna 100-140 Ox/cm2.
OAT WwerKky MaTKn C OMyXOeBbIMM N3MEHEHVNAMMN HEUH-
Ba3MBHOIO XapakTepa oxapakTepr3oBaHa Kak OpraHoc-
6eperatowmii metog nevenus [23].

O6HapexuBaowme pesynbtatel OAT B nevyeHun
CIN I-1I-lll nonyyeHbl NPV MECTHOM HaHECEHUWN reKcu-
noBoro 3¢urpa ammHoneBynMHoBow Kucnotbl (HAL) ¢ nc-
nosib3oBaHuem cBeTtoBol Ao3bl 100 [X/cM? v anunHe
BOJIHbI JIJa3epHOro n3ny4veHns 633 Hm. [pun nsyyeHnn so-
MPOCOB, CBA3AHHbIX C GAPMOKNHETUKOWN U CENTEKTUBHO-
CTbio MOPOUPUHOB, YCTAHOB/IEHBI ONTUMAJIbHAA KOHLIEH-
Tpauma npenapata (10 Mmonb/n) N Bpema 3KCNo3nunn
(5-9 y). Tako MeTOONOrMUYECKNI NMOAXO[ MO3BOSI AO-
CTUYb NOSIHOW perpeccun B 63%, Npu 3TOM Haunyuylwme
pe3ynbTaThbl IeYeHUA NOoNyYeHbl MPY MUHUMANbHbIX Liep-
BMKaNbHbIX n3meHeHusax: 100% npwm CIN 1, 50% npu CIN 11
1 43% npw CIN 11l [24].

OAT c poToremom B fo3e 2 Mr/Kr MacCbl Tefia Npu BHY-
TPVBEHHOM BBeAeHUN, cBeToBOW fo3e 100-150 Ix/cm?
BPeMeHU 3KCno3mumn 24 4 npveena K nosHOW perpec-
cum CIN 1I-11l B 93% HabnogeHUin, Uto CBUAETENbCTBYET
0 BbICOKOW 3¢ HEKTUBHOCTM MeTofa B MPOTUBOOMYXOJie-
BOM NeueHnmn. DoToobnyueHre ¢ oToreMmom npesnoxe-
HO B KauyecCTBe cOXpaHswlero GbepTunbHOCTb METOA],
anbTePHATVBHOIO AECTPYKTUBHOMY JIEUEHUIO LUENKN
maTKm [25].

MepcnektneHocTb OAT B neueHuu CIN II-11l B cpaBHe-
HUWN C TPAAMNLMOHHBIMY MeTo4aMN NPOAEMOHCTPUPOBaA-
Ha ¢ ¢poTonoHom (0,5% BOAHDIN PACcTBOP) HA OCHOBAHUN
NMOSIHON perpeccnn LUepBuKanbHOW natonorun y 65%
KEHLWMH nNpy BHYTPMBEHHOM BBeAeHUW Mpenapara,
BPEeMEHM 3KCNo3numm 2,5 4, AJIMHE BOJMHbl JIa3epHOro
n3nyvyeHna 662 HM 1 MNAOTHOCTM MOLLHOCTW U3NTyYeHNA
100-300 Bt/cm?* ABTOpamu YCTaHOBJIEHO, YTO OLIMOKM
B pacyeTe CBETOBOW [03bl, KOTOpPas ABMAETCA 0COOEH-
HO BaXHOW B AOCTVXKEHUM MaKCMManbHOW $oToaMHa-
MUYECKON AeCTPYKUMM, MOTYT MPUBECTU K OTCYTCTBUIO
peakunn Ha fieyeHmne nmbo, HaNPOTUB, BbIPAXKEHHbIM Aie-
CTPYKTUBHbIM M3MEHEHMAM TKaHel B 30He npoBefeHus
OLT, uTo B CBOIO OUepenb BieYeT 3a cO6oN AnuTeNnbHoe
3a)KMB/IEHUe paH, rpyboe pybLeBaHme u NPOLOSIXKUTESb-
Hyt0 peabunutauuio 605bHbIX [26].

B opyrom nccnegosaHum, nposefeHHOM B pamkax |l
basbl KNMUHNYECKUX UCMbITAaHUA OTEeYeCTBEHHOro ¢oTo-
ceHcMbrnmsaTopa pagaxyioprHa OMucaHbl pPe3ynbTaThl
O[T 60nbHbIX ¢ Npegpakom 1 HavanbHbiM PLUM. B uc-
cnepoBaHue BKNoYeHO 30 NnauneHTOoK, U3 HUX C SKTOMKU-
en wenkn matkm — 4, c CIN Il = 5, ¢ CIN lll - 13, ¢ carci-
noma in situ — 4, c guarHo3om PLLUM la ctagun — 4. Bo Bpe-
msA ceaHca OAT npoBoguny 065yyYeHne LepBrKabHOro
KaHana Ha BCEM MPOTAXKEHUU M BAAraauLWHoOW nopuum
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WernKn MaTku. B rpynnax ¢ AnarHo3om 3KTONUA LLIEeNKK
matku, CIN Il n carcinoma in situ nonHasa perpeccus 3ape-
rMCTPMpPOBaHa BO Bcex HabnopeHusx. B rpynne ¢ CIN I
MosHas perpeccus nonydyeHa B 77% HabniogeHun, va-
CTUYHaA - B 23%; B rpynne ¢ gnarHosom PLLUM la ctagum -
B 75 n 25%, cooTBeTCTBEHHO. Bcem 60MbHbIM C YacTny-
HOW perpeccueln Obin NpoBedeH NOBTOPHbIA Kypc OOT
C MonHbIM 3 dekToMm [27].

CnocobHoctn OAT okasbiBaTb HapAdy C BbIPaXKeH-
HbIM MPOTUBOOMYXONEBbLIM 3PPEKTOM 1 MPOTMBOBUPYC-
HOe BO3[4eNCTBME B KayecTBe CaMOCTOATENIbHOrO Me-
TOfla NleyeHna B nocsiegHve rogbl yaensetca 6onbluoe
BHUMaHMe. K ogHOM 13 nepBblX Ny6nukKaumii no STomy
BOMPOCY OTHOCUTCA WUCC/IeOBaHMe, BbIMOJIHEHHOE
Ha 60J1bLIOM KITMHUYECKOM MaTepuare, y >keHLuH ¢ BMNY-
acCoLMMPOBaHHbIMU NPEOMNYX0NEeBbIMA 1 HayabHbIMMY
OMNyXONEeBbIMA M3MEHEHNAMU B LLIENKE MATKN C UCNOSb-
30BaHueM ¢oTorema (B/B BBEAEHME, fo3a 3,0 Mr/Kr mac-
Cbl Tena, Bpems 3Kkcno3muyum 48 4, onviHa BosiHbl 630 HM,
MIOTHOCTb 3Heprun  150-200 [K/CM?,  MOLHOCTb
150-250 mBT/cm?) n ¢oToceHca (B/B BBeaeHue, [03a
0,3 Mr/Kr maccbl Tena, Bpema aKcno3mumm 24 4, anvHa
BOJIHbI 675 HM, MAOTHOCTb 3Heprum 100-150 [K/cm?,
MoOLHOCTb 150-250 mBT/cm?) [28]. OTnnunem paspabo-
TaHHOI MeToguKkn OAT oT Apyrrx BaprMaHTOB pOTOAUHA-
MUYECKON AeCTPYKLMMN LWENKN MATKN ABNAETCA NpuMe-
HeHue MOoUMNO3ULMOHHOTO 06/yUYeHNsA LIepPBUKANbHOMO
KaHasia Ha BCEM NPOTAXKEHNN 1 BCEW NMJIOLWaAN BNaranmi-
HOW NOPLUM LIENKN MAaTK. ABTOPbI CYMTAIOT, UTO UMEHHO
TaKoW NOAXOA MO3BONAET CENIeKTUBHO Pa3pyLIMTb ovaru
npefonyxoneBoun 1 HavyasrbHOW OMyXOsIeBOW MaToNorum
B 90-92,5% wn 77,7-80,7%, COOTBETCTBEHHO, a TakXKe [0-
CTVYb MPOTMBOBUPYCHOTO 3ddeKTa, 0OYCNIOBNEHHOIO
LECTPYKUMEN KIMHUYECKUX, NTATEHTHbIX U CYOKNMHMYe-
ckux dopm MNBU, B 94,2% HabnogeHwiA. MNonyyeHHble pe-
3y/bTaTbl UCCNIeOBaHUA No3BoNAT oTHecTU OAT K «Mu-
HUMaNbHOMY BapViaHTy» opraHocbeperaoLero neyeHus
1 NpeacTaBnAioT 60MbLION NHTEPEC B CBETE JOKa3aHHOM
aTnonormnyeckon ponu BrNY B passutmn PLLUM.

Bo3amoxHocte OAT oKasbiBaTb NPOTUBOBUPYCHbIN
3¢ddEKT gano HOBOE HaMpaBNEHME B PELLEHNM aKTyallb-
Hol npo6nembl NpodunaktTuku peunansos CIN n PLUM,
accoummpoBaHHbIx ¢ BMY. Metoguka neyeHus, 3akto-
YalLanca B MECTHOM NPUMEHEHNN B BUAe anmninkauuu
OTeYeCTBEHHOrO npenaparta Ha OCHOBE 5-aMMHONeBYNU-
HOBOW KNCNOTbI (5-AJIK) - nHQyKTOpa CUHTE3a SHAOreH-
Horo ¢potoceHcmbuUnmzaTopa npotonopouprHa IX (gosa
0,1 Mr/cm? Bpems 3KCNo3numm 6 Y, AJIHA BOJIHbI U3J1y-
yeHusa 635 HM, MNOTHOCTb dHeprum 150 Ox/cm?, nnoT-
HOCTb MoLHOCTN 150-250 MBT/cm?) no3BonAeT AOCTUYb
nonHon spagukauun MNBW nocne nepBnYHOro nevyeHus
B OPraHOCOXpPaHHOM obbeme B 96% ciyyaeB. dNMMMHa-
uma BMNY obycnosneHa obnyyeHvem ocTaBLuenca nocne
KOHM3aUuKM 4acTu LepBrKaJbHOrO KaHana 1 Bnaranumi-
HOW NOPUMN KyNbTW LWEeNKN MaTKN C NOIUMO3ULNOHHbIM

BO3[eNCTBMEM CBETOBOW SHEpPruM Ha 30HY pesekuuu
C 3axBaToM cBofoB Bnaranuwa. OAT pekomeHOoBaHa
C NPOTMBOBUPYCHON LIefIbI0 Ha BTOPOM 3Tare JieyeHus
nocsie HOXeBOW aMnyTaunu, NasepHon, SNeKTpo- 1 pa-
[OVIOBOJIHOBOW  KOHYCOBMAHOWM  3KCLM3UU/KOHU3aLUN
LWENKM MaTKK, @ TaKXe KaK afibTePHATUBHbBIN AMaTeEPMO-
N paguoKoarynaumm, KpMogecTpyKLmm, 1asepHon Bano-
puv3aunmn MeTog neveHus uepsukanbHon MBI [29].

B page uccneposaHmin B nocnegyowme rogbl oue-
HeHa MPOTMBOOMYXOJNEBast U MPOTMBOBUPYCHasA dpdek-
TmBHoCcTb OAT B neyeHnn CIN I-lI-lll ¢ ncnonb3oBaHem
$OTOCEHCOUN3ATOPOB PA3NYHBIX TPy,

B pa6ote M.C. Choi c coaBT. (2013) npu npuMeHeH
B KayectBe OC dotorema y 6onbHbix ¢ BMY* CIN 111l
(8/B BBefeHMe, fo3a 3,0 MI/Kr Maccbl Tena, Bpems 3KCMo-
3nuum 48 u, gnnHa BosHbl 630 HM, MIOTHOCTb SHEPrnn
150 [Ox/cm?) nomnHas perpeccua yctaHoBneHa B 98,1%,
spaankaumsa BMNY - B 89,8% HabnogeHun [30].

P. Hillemanns ¢ coasr. (2014) npu OAT CIN Il ncnonb-
30Bav reKCMNaM1HONEBYIMHAT B Pa3fINYHbIX KOHLIEHTPa-
umax (5%, 1% un 0,2%) B BMAE anmivKaLum Ma3mn Ha SKTO-
LiepBUKC (BpeMA 3KCNo3uummM 5 4, onvHa BOSHbI U3nyYe-
HUA 629 HM, NNOTHOCTb 3Heprn 100 >k/cm?). Ans oueHKn
NPOTMBOONYXONEBON 3PHEKTVBHOCTU JleUYeHWs BbIMoJ-
HANM BroNCuIo WeNKM MaTKn Yepe3 3 1 6 mec. Haunyu-
wue pesynbratbl nonHon perpeccun CIN Il yctaHoBREHbI
B HabnogeHusx ¢ 5% KoHUeHTpauuen npenapata (95%),
B OCTasibHbIX CJ/lyyasax 3TOT MokasaTtesb coctaBun 79%
N He 3aBKCeN OT KOHLUeHTpauun. Hanbonee Bbicokne pe-
3ynbTaTbl NOAHOM 3paaukauyuun BlMY 3apernctpupoBaHbl
B Clyyasx npumeHeHus 5% masu (83%), npn ncnonb3osa-
HUM 6onee HU3KMX KOHUeHTpaumi npenapata (1 n 0,1%)
nonHasa spagmkaumsa BMNY otmeveHa nuwb B 48 n 42% Ha-
6noaeHnin, COOTBETCTBEHHO. TakMM 06pa3oM, NMPOTUBO-
BUPYCHasi 3GGEKTVBHOCTb reKCMIAMUHOMNEBYNIMHATA Ha-
XOAMWTCA B MPAMON 3aBUCMMOCTM OT KOHLIEHTpaLun npe-
napara. [lokasatenb BUPYCHOW SNUMUHALN B CPaBHEHWM
C [laHHbIMW APYrX nccnegoBaTenet MeHee BbICOKWI, UTO,
Mo BCe BEPOSATHOCTH, CBS3AHO C OTCYTCTBMEM GOTOOOY-
YeHuA uepBUKanbHOro KaHana [31].

Y.K. Park ¢ coaBT. (2016) TakKe yKa3blBalOT Ha Bbl-
COKYI0 MPOTUBOOMYXOJIEBYIO U MPOTMBOBUPYCHYIO -
¢dekTnBHOCTE OAT ¢ PpoTodPpUuHOM (B/B BBEAEHME, NO3a
2 MI/KF Maccbl Tena, Bpems 3KCNo3nummu 5 4, ginHa Bos-
Hbl 13MlyYeHust 629 HM, NIOTHOCTb 3Heprun 100 x/cm?)
B neveHuu CIN [I-lll. QoTogecTpyKkuum 6o NogBEPrHyT
KaK 3K30LEepBUKC, Tak 1 dHZoUepBUKC. MNonHaAa perpec-
CUA UHTPA3NUTENMANIbHBIX MATONIOMMYECKNX N3MEHEHUN
n anummHauma BMY goctnrnyTtol B 95 1 90,9%, cooTseT-
CTBeHHO [32].

H. Cai c coaBr. (2020) coobLatoT 0 NoJIHOW perpeccum
CIN I-1I-1ll B 100% HabnogeHun, spaamkauyum BMNY Ha-
6noganaco B 83,3% cnyyaeB npu NnpoBefeHn 4-7 cean-
coB OMT ¢ 5-AJIK B Buge annnunkaumm 20% Masu Ha 3K30-
LiepBUKC (BpemMa 3KCNo3numn 34, AnHa BOJIHbI M3Nyye-
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HUA 635 HM, NOTHOCTb 3HepruK 100 Xk/CcM?2, NOTHOCTb
MowHocT 80 MBT/cM?). SddeKT neueHms Obin oueHeH
yepes 6-7 MeC nyTeM BbINOJSIHEHNA NETNEBOWN 3N1EeKTPO-
XVIPYpPruyeckon 3Kcum3un. Pe3ynbTaTbl MccnefoBaHums
CBUAETENbCTBYIOT O HEOOXOAMMOCTU OBNyYeHUs SHIO-
LiePBYKCA C LeNblo AOCTUXKEHUS BbIPa>KeHHOTO MPOTHNBO-
BMpYycHoro 3¢ dekTa [33].

OAT nVIN

Mybnukauum B pOCCUNCKON 1 3apybexxkHoW nutepa-
Type, nocesaweHHble OAT npu GoHOBbIX 3aboneBaHUsX,
npeppake 1 HayasbHOM PaKe BYJIbBbl HEMHOTOUMC/IEHHDI
N OrpaHnyeHbl HEGOJbLUVIM KOSIMYECTBOM KIUHUYECKINX
HabnoaeHui. PaHHee BbisiBNIeHMe 1 fleyeHre 3aboneBa-
HWI 3TON NOKanm3aunm No-npexHemMy OTHOCUTCA K OfHO-
MY U3 aKTyasbHbIX BOMPOCOB MMHEKONOMMN 1 OHKOTUHE-
Kosiormun. Bo3amMoXXHOCTb MpefoTBpaTUTb Pa3BUTUE OMy-
XONV 1 MOMbITaTbCA U3NEUNTb U3MEHEHUS B TKaHsAX el
npeaLwecTBYOWMUX 3aCTaBNAET aKTUBHO MCKaTb U paspa-
6aTbiBaTb HOBble 3PdeKTVBHbIE MeTOAbI leveHus. Bynb-
BapHyto MHTpasnuTenvanbHyto Heonnasuio (VIN) paHee
CUMTaNM NAaToNOrMen XeHLwurH ctapwe 40 neT, OAHaKo Bce
yalle B NMocieAHNe roabl 3Ty NaTONOIMIO ANATHOCTUPYIOT
1y 6onee MONOAOro KOHTUHIEHTA XeHWUH (25-40 neT).
YcTaHOBNEHa MNpsiMas KOppenauus Mexay Hanmuvem
BMY 16 n 18 Tmnos B TKaHAX BynbBbl 1 VIN y monogbix
»KeHLWuH [34, 35].

BapuviaHTbl Tepanuu AUCTpoduUecknx 3aboneBaHunin
BY/IbBbl UPE3BblYaiHO MHOFO06pPa3sHbl, UYTO CBA3AHO
C ux manon 3bGEKTUBHOCTBIO, @ TaKXKe PeLuanBrpyto-
WKUM XapaKTepom 3aboneBaHuA. Pa3nnualor KoHcepBa-
TUBHbIE 1 XUPYPrryeckue MeTofpl neyeHuns. K nepsomy
BAPVIAHTY JIeYeHNA OTHOCAT FOPMOHAJIbHYI0 Tepanuio,
OLHAKO CriefiyeT OTMETUTb, UTO ee MpOBefeHre He Be-
[eT K U3NIeYeHNIO, a TONIbKO MO3BOJIAET YCTPaHUTb CUM-
nToMbl 3a60neBaHVA U [OOUTHCSA BPEMEHHON PEMUCCUN.
K xupypruueckmum meTofam OTHOCAT KPUOAECTPYKLMIO,
Na3epHyl0 BanopusaLmio U XUPYPruveckyro 3KCUMU3MI0
ouaroB nopakeHus. K coxxaneHuto, nocne Takoro neye-
HUA OTMeYaeTcA 6OMbLUON NPOLEHT PELUAVBOB, a TakXe
pybuoBas gedopmauna TKaHEN, YTO 3acCTaB/sAET Bpayen
MCKaTb HOBble METOAbl Tepanuu, KOTopble COouYeTarT
B cebe onTrMasbHbIN leuebHbIN 3PdeKT Npu OTCYyTCTBUM
HeXenaTesNbHbIX OCNOXHeHun [36]. OgHUM K3 HoBeW-
LUINX MOAXOAOB K JIEYEHUIO MATOSNOMY BY/bBbl ABASETCA
OAT. NoteHyman metopa B neueHnm VIN obycnosneH ero
HEVHBA3UBHOCTBIO U BO3MOXHOCTbIO LLIMPOKOrO npumMe-
HeHusa [37, 38].

B ogHow 13 nepBbix paboT, B KOTOPOW OLeHMBaNachb
addekTuBHocTb OAT B neveHUn GOHOBBIX U NpeapaKko-
BbIX 3a60neBaHuNi ByNbBbI C NprMeHeHnem 5-AJ1K B Buge
annnukaumm 20% masu, UCnonb3oBanu ciegylwme pe-
XKVMbl: BPeMsl 3KCMOo3uLmm 6 Y, A5MHa BOJIHbI U3J1yYeHs
629 HM, NTOTHOCTb 3Heprun 100 >k/cM? NIOTHOCTb MOLL-
Hoctu 100-200 mMBT/cmM? Y nauueHTok C guctpoduue-

CKVIMW U3MEHEHVAMMN BYJbBbl (CKNEPOTUYECKUI NULLAN,
NIOCKOKNIETOYHAA runepnnasma) npoBoaunn ABa Kyp-
ca OOT c nHtepsanom B 30 gHen, ¢ VIN I-Ill - 2-3 kypca
neyeHua. B rpynne »KeHLWWH CO CKNepOTUYECKUM NnLIa-
€M MONIOXKNTENbHBIA 3PDEKT NeyeHns, YyCTaHOBNEHHDIN
Ha OCHOBaHUWN NpeKpalleHnsa 3yda, CyXoCcTu 1 JOCTU-
KeHuA 6osiee 3NaCTUUHON 1 MATKOWM KOXM Ha 60JbLINX
nonosbIx rybax, otMeueH y 85% nauueHTOK. lNonHasa
perpeccus runepnaacTMYeCcKnx NpoLeccoB By bBbl Ana-
rHoctupoBaHa B 100% HabnogeHni, pe3ynbTaT jleuyeHuns
coxpaHsanca vepes 1, 3 n 6 mec. Boicokaa sdpdekTuB-
HocTb O[T 3apernctpupoBaHa npu o6yYeHN By bBbI
c asneHuAamu VIN I-lI-1ll. KoHTponbHOe ructonormnyeckoe
nccnepoBaHue, BbINoNIHEHHOe vepes 1 mec, BO BCEX Chy-
yasax ¢ VIN I-ll He BbiABMNO aTunun anuTenuns, Toraa Kak
y 60% xeHwuH ¢ VIN Il yctaHoswmno VIN I-1l, uto aAsunocb
rMoKa3aHveM K NpoBefieHunto elle ogHoro Kypca OAT, a¢-
¢beKTUBHOCTL KoTOoporo 6bina nosnHou. Peunauebl 3a6o-
NeBaHVA B TeUYeHne roga He OTMeYeHbl HY B OJHOM Ciy-
yae, COXPAHAJICA XOPOLUUN KOCMeTUYecKnin 3ddekT, uto
MMeeT OrpOMHOE 3HauyeHue ANnA MaumeHTOK MOJIoZoro
1 cpepHero Bo3pacTa [39].

B apyrom nccnegoBaHuy, B Kotopom 50 maumeHTKam
C nelikonnakmen BynbBbl BbinonHunm OOT ¢ doTonoHom
(BHYTprBEHHOe BBeAeHMe, fo3a 1,8-2,5 Mr/Kr maccobl Tena,
Bpema 3Kcnosuvumm 2,5-3 4, AnMHa BOJSHbI U3MyYeHUs
661 HM, NMIOTHOCTb 3Heprun 30-100 [>K/CM? NAOTHOCTb
MoLHOCTU n3nydeHus 100-170 mBT/cm?), BbicoKas yacTo-
Ta M3neyeHus, cootBeTcTByoWwaa 92%, ycTaHOBNEHa Yye-
pe3 3 mec. Pe3ynbTraTbl MCCIef0OBaHWA MNO3BONAT CyAUTb
O BO3MOXHOCTU MPVIMEHEHNA AAHHOro MeTomdonornye-
CKOro Nnopxofa B fieuyeHUn GOHOBbLIX 3a00NeBaHNI Byfb-
Bbl, MO3BOJIAOWYMX JOCTUYDb YAOBNETBOPUTENIbHBIX QYHK-
LMOHaNbHbIX 1 KOCMETUYECKUX pe3ynbTraTtos [40].

AHaNOrMyYHbLIN YOOBNETBOPUTENbHBIN 3PPeKT neyve-
HUA 3aperncTpupoBaH Npu nposegeHmmn 3-x kypcos OAT
¢ 5-AJ1K (20% ma3b, BpemsaA 3KCno3unLmmn 3 Y, 4fnHa BOSHbI
n3nyyeHns 633 HM, INOTHOCTb 3Heprum 120 Ix/cm? nnoT-
HocTb MoLHocTn 100 MBT/cm?) B neuenunmn VIN 1lI. MonHan
perpeccusa Ha NpoTaxKeHnn 12 mec ycTaHoBneHa B 94%,
XOPOLLMI KOCMETUYECKNI pe3ynbTaT nmen mecTto B 71%
HabnogeHnn. Y Bcex naumeHTOK OTMeYeHO 3HauuTesb-
HOe ynyuLleHne KayeCTBa »KMN3HN 1 MCUXMYECKOro 300PO0-
BbA [41].

bonee Hu3kasa apdpektnBHocTe OAT c 5-AJIK B ne-
yeHun VIN II-1ll ykasaHa B Tpex paboTax. B AByx 13 Hux
npu MeCcTHOM MpUMEHeHUU B Buae annavkauum 10 r
Ma3u (Bpemsa 3KCno3numm 2,6 4, 4SivHa BOJHbI U3NTyYeHuA
635 HM, MIOTHOCTb 3Heprun 116 Ix/cm? (+/- 16 Ix/cm?),
MAOTHOCTb MolHocT! 100 MBT/cm? (88 +/-17 MBT/cm?)
n 10 mn 20% ma3u (Bpema 3Kcno3nummn 3 4, AnvHa BoJ-
Hbl M31yyeHns 635 HM, NIOTHOCTb 3Heprun 100 [x/cm?,
MNOTHOCTb MowHocTn 100 mMBT/cM?) nmonHaa perpec-
CUA 3a KOPOTKWUI neprog HabnoaeHns, paBHbI 8 Hel
n 12 Hepn, yCTaHOBJIEHa, COOTBETCTBEHHO, B 57% [42],
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1 52% cnyuvaes [43]. B TpeTbeit paboTe npu NCNonb30Ba-
Hum 5-AJIK B BUAe nnacTbips (38 Mr/cm?, Bpems SKCrosu-
umm 20-28 MUH, ANHA BOJHbI U3nyyYeHna 630 HM, NnoT-
HOCTb 3Heprum 100 [x/cm?) nonoxutenbHbii dbdekT
OLT 3apeructpupoBaH B 38% HabnogeHui [44].

OAOT n ValN

Meton OAT B neyeHun ValN Haxoamntca B HayasibHOWN
CTagun NPYIMEHeHMs, B CBA3M C YEM YETKME PeKOMEHAa-
UMM ONA WWPOKOTro BHEAPEHUA B KIVNHUYECKYH MpaK-
TUKY B HacTosilLiee Bpemsi He pa3paboTaHbl. Ha gaHHbIN
MOMEHT CYLLECTBYIOT NNLb €4VHWNYHbIE NCCIefoBaHNA C
OMnMncaHeMm JaHHOW MeTOAUKM, HO BbIODOPKa NauueHToB
[OCTaToOYHa HebornbLas, YTobbl pesynbTaTthl Obinv ybenu-
TenbHbIMU [45].

B KOMOWMHMPOBAHHOM WCCNIELOBAHWM, LENbio KO-
TOporo ABMMacb oueHka adpdexkTnHocTr OAT B neve-
Hum VIN 1=l n VaIN lI-lll ¢ npumeHeHnem ¢oTtorema
B [03e 2 MI/Kr Maccbl Tena (Bpemsa skcnos3uuumn 48 u,
ANVHA BOJHbI 13ny4yeHnAa 630 HM, MIOTHOCTb SHepruu
150 [>x/cm?) nonHas perpeccus yepes 3 Mec yCTaHOBJIe-
Ha y 3 13 5 60nbHbIX. Y 2 NaLMEHTOK MEN MeCTO YacTny-
HbI 3G dEKT, B CBA3M C YeM OHOW GONbHON BbIMOSHEHA
BYNIbBIKTOMMA, APYron nposegeH BTopon Kypc OAT
¢ 5-AJIK B Buae maseBon annnavkauun. B aByx cnyuasx
C NONHOW perpeccuen yepes 1 rog nmen mecto peuu-
ave VIN Il n VaIN II. KokHaa $»OTOTOKCMUHOCTb U OTeK
n1ua, pacueHnBaemMble Kak NobouHbI 3bdeKT neveHus,
BO3HUKW Y OQHON NauueHKn. ABTopamu cfienaH BbiBOJ,
06 3¢dektnBHOoCT OLT B KauyecTBe anbTEPHATUBHONO
MeTOofa JieueHNa npeapakoBbIX MOPAXKEHUN HUXKHUX OT-
[leNOB »KEHCKKX MOMOBbIX OPraHOB C COXPAHEHUEM HOP-
MaJibHOV @aHaTOMMK 1 MONIOBOW GyHKL MM [46].

B gpyroin pabote, ony6nukosaHHou B 2020 ., NpoBoO-
OUNCA CPABHUTENbHbIV aHann3 3GpdeKTMBHOCTM KOMOU-
HupoBaHHoro neyenmna (CO2-nazepa + OAT) n MoHoTe-
panun CO2-nasepom B neyeHnn 40 naymentok ¢ VAIN |,
accouumpoBaHHon ¢ BMNY. B nepson rpynne (n=20) ne-
yeHue nposefeHo ofgHUM Kypcom CO2-nasepa n Tpems
kypcamu OAT ¢ 5-AJIK (mecTHO renb 20%, Bpema 3KCno-
31uMn 3 Y, ANMHA BOJHbI NTA3€PHOro n3nyyeHnsa 635 Hm,
MIOTHOCTb 3Heprun 100-150 Ox/cm?, uHTepBan 1 Hepn).
Bo BTOopou rpynne (n=20) BbiNOMHEHO 3 npoueaypbl
CO2-nasepom. B rpynne 605bHbIX, MONYUYMBLIMX KOMOU-
HUPOBAHHOE feyeHne, MOJHAA perpeccus cocTaBuna
85%, yactota nonHowm spagukaumn BIMNY - 95%, Bo BTO-
pou rpynne — 65% un 25%, cooTBeTcTBeHHO. [lonlyyeHHble
[aHHble CBUAETENbCTBYOT O TOM, YTO BKtoueHre OOT
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B neueHune BlMY-accounnposaHHoro ValN | ynyuwaet pe-
3y/bTaTbl NOJIHOW perpeccumn 1 spagnkauum BUPYCHOro
reHoma. MeTop 6e30omnaceH 1 XopoLLo nepeHocuTca [47].

Takum obpa3om, aHanM3 NpeacTaBlEHHbIX pe3yrbTa-
ToB OIT NoKasan vx akTyalbHOCTb C TOYKM 3PEeHNA MpaK-
TUYECKON 3HaUMMOCTUN. BaxkHO moguepkHyTb cnegyioLue
acnekTbl.

OIT npefpaka v HAYaNbHOTO PaKa LWENKN MaTKK, BYJ1b-
Bbl, BMarajimila — «MVHUMAJIbHbIA BapuaHT» opraHocbe-
perawLlero fieueHns, anbTepHaTUBHLIA METOAAM XUPYpP-
rMYeCcKoro BO34eNCTBUA C COXPaHEHeM aHAaTOMUYECKON
1 OYHKLMOHANbHON LeNOCTHOCTM OPraHoB, UTO Hemaro-
BAXKHO [/1A1 peanu3auuy penpoayKTVBHON GpyHKLUNN.

Pe3ynbTatbl npoTtnBoBUpYyCcHOW 3dpdekTrBHocTr OOT
NPeACTaBNAT OrPOMHbIA MHTEpPeC B CBeTe [OKa3aH-
HOW 3Tnonormnyeckon ponu BMY B LepBMKanbHOM KaH-
LeporeHese 1 4acTtoTbl BcTpeuaemocTn MNBU B opraHax
YKEHCKOW reHuTanbHon coepbl. OueBMaHa B3aMMOCBA3b
MeXJy MOSIHOW perpeccrmen OnyxosieBoro npouecca
1 3pagukaumeri NMBUY, uto cBugeTenbCcTBYeT 0 Npodunak-
TUYECKON HamnpaBieHHOCT GOTOANHAMMYECKOrO 06ny-
YeHVA B pa3BUTMM peumanBoB 3abonesaHus. bonee Bbl-
COKMe noKasaTtenu spagukaumm OHKoreHHbix Tunos BIMY
B CPaBHEHUN C anbTEPHATMBHbLIMA METOAAMU JIeUEHNS,
OTCYTCTBUE perHOEKLMN Ha NPOTAKEHUN AANTENIbHOMO
nepuofa HabnwpeHUs, No BCeW BEPOSATHOCTU, MOXHO
OOBACHNTL CENEKTUBHBIM HaKomsieHnem $GoToceHcnou-
nu3atopa B MHOMLMPOBAHHBIX KNeTKax, nNpsmMbiM GpoTo-
TOKCUYECKUM VX Pa3pylUeHMEeM, a TaKKe «TOYEYHbIM»
BO3[ENCTBMEM Ha KIIMHNYECKWE, NATEHTHbIE 1 CYOKNUHN-
yeckre ouvary MynbTMdOKanbHOrO BUMPYCHOTO MOpaxe-
HUA. TakoM NOAXOA BefeT K 3HAUUTESIbHOMY CHVXKEHUIO
BEPOATHOCTN BO3HUKHOBeHMA BlY-accoummpoBaHHbIX
peunanBoB, COKPALLEHMIO NPOJOIIKUTENBHOCTA NPOTU-
BOBUPYCHOW Tepanunn B CPaBHEHUN CO CTaHOAPTHbIMU
TepaneBTNYECKNMN METOLAMI JTIEYEHNA.

MpuunHamn HeaddekTmBHOCTM QAT ABNATCA HECo-
6nofieHre pa3paboTaHHbIX N YTBEPXKAEHHbIX METOAUK
OLT pna Kaxxgon Hosonormyeckor ¢popmbl 3abosieBaHUs.

O[T obecneyrBaeT NOIHOLEHHYO MeAnKO-CoLMalb-
HYI0 peabunnTaLmio NaLneHToK, a OTCYTCTBUE Heobxoau-
MOCTU B TPYAOBOW peabunutauumn nprgaet MeTogy KO-
HOMMYECKYO0 3HAUYMMOCTb.

OOT MOXHO paccmaTprBaTb B KauyecTBe BTOPUYHOM
npodunakTrkn BMY* PLUM, BMY* paka BynbBbl, BMY*
paka Bnaranuiia v UCnosib3oBaTb Kak CaMOCTOATENbHbIN
METO[ NleYeHNA, YTO OTKPbIBAET WNPOKME MepCneKTUBbI
€ro NPUMEHEHNA B THEKOJTIOTM 1 OHKOTVMHEKOSIOTUN.
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H.E. TypbsiHoBa, M.A. /iBaHoBa, J1.A. ConpyH
MpumeHeHne MHHOBALMOHHOH METOUKN MaTEeMaTU4YECKOr0 MOJENNPOBaHNS
npu pa3paboTke HOpMaTUBOB 06ecneyeHns BpaYyamn ambynaTopHoro 3seHa B Poccum

NMPUMEHEHUE MHHOBAUMNOHHOWU METOOUNKH
MATEMATUYECKOTO MOAEJIMPOBAHUA

NP PASPABOTKE HOPMATMBOB OBECIEYEHUA
BPAHAMU AMBYNNTATOPHOIO 3BEHA B POCCUU

H.E. TypbsHosa', M.A. Ueanoea', J1.A. Conpyn?

'OIBY «LleHTpanbHbIi HOYYHO-MCCNEAOBATENLCKMIA MHCTUTYT OPraHU3ALMM U UHGOPMATUSALMM
30PABOOXPaHeHUs» Munuctepctea 3gpasooxparenms Poccuitckon Pepepaumn, Mocksa, Poccus
2PIreQY BO «Catkr-letepbyprekmit rocyaapcreeHHbiin yHusepcutets, CankT-lNetepbypr, Poccus

Pesiome

B paboTe npepcTaBnieHbl AaHHble O CBA3M MEXAY PervoHanbHo 3aboneBaemMocTblo HaceneHna 6onesHammn XKKT 1 KonnyecTBoM MeANLMHCKOTO
nepcoHana B cybbekTax Poccuiickoin Depepauym. M3yueHbl nokasateny BrnepBble BbIAABIEHHOI 3a6051€BaeMOCTY Mo BCeM GpefiepanbHbIM OKpyram
3a2013-2017 rr. MpepnoxeHbl MaTeMaTUYECK/ e MOAESI, ONUCHIBAIOLLME TaKyto B3aMMOCBA3b. [ToKa3aHo, UTo pervioHanbHas 3abosieBaeMocTb Kop-
penvpyeT C KOIMYeCTBOM MeANLIMHCKOrO MePCOHana, a TakXKe C MoceLaeMoCTbio neuebHO-NPOoPUNaKTUYECKMX yupeXkaeHUiA. [1na cBoeBpemMeHHO-
ro BbifiBNeHus 3abonesaHuin XKT cpegHee uncno Bpayen-ractposHTeposnoros ot 1,3 4o 1,5 Ha 100 Tbic. XuTenei pernoHa ABASETC ONTUMATbHbIM.
MonyyeHHble JaHHblEe MOXHO MCMOMb30BaTh NPW NPUHATAM YNPaBeHYeCKNX peLleHnii o ONTUMM3aLMM Harpy3Kmn Ha CUCTeMy 3paBoOXpaHeHna
B KaX[JOM KOHKPETHOM pervoHe. BHefipeHre pa3paboTaHHbIX LWUTaTHbIX HOPMATUBOB B KIMHUYECKYIO NPAKTVKY B YCTaHOBIEHHOM nopsake byaet
CNoco6CTBOBaTL MOBbILLIEHWIO KauecTBa OKasaHusA creLmann3vpoBaHHO NOMOLLY NaLMeHTaM raCTPOSHTEPOIOrMYECKOro Npoduns.

KnioueBble cnoBa: Bpaun-racTposHTEPONOrk, 3ab0s1eBaHNA »KeNy[JOUHO-KULIEYHOro TpaKkTa, CybbeKkTbl Poccuiickon Oepepaumu, oleHKa nioT-
HOCTW Appa.

Ana yutuposaHua: NypbaHosa H.E., VisaHosa M.A., ConpyH J1.A. lpyMeHeHne NHHOBaLMOHHOW METOANKN MaTeEMAaTUYECKOro MOAeNNpPOoBaHNA
npu pa3paboTke HOPMaTNBOB 0becneyeHns Bpayamy ambynatopHoro 3seHa B Poccun // Biomedical Photonics. - 2020. - T. 9, N¢ 4. — C. 40-47. doi:
10.24931/2413-9432-2020-9-4-40-47.

KouTtakTbi: [ypbsiHoBa H.E., e-mail: guryan8@yandex.ru

APPLICATION OF THE INNOVATIVE METHODS

OF MATHEMATICAL MODELING IN THE DEVELOPMENT
OF STANDARDS FOR PROVIDING THE AMBULATORY LINK
BY DOCTORS IN RUSSIA

Guryanova N.E.!, lvanova M.A.', Soprun L.A.2

'Central Research Institute of Organization and Informatization of Health Care, Ministry of
Health of Russia, Moscow, Russia

2Saint Petersburg State University, Saint-Petersburg, Russia

Abstract

The work presents data on the relationship between the regional incidence of gastrointestinal tract diseases and the number of medical per-
sonnel in various regions of the Russian Federation. Indicators for all federal districts for 2013-2017 have been studied. Mathematical models
describing this relationship have been proposed. It has been shown that regional morbidity correlates with the number of medical personnel,
as well as with attendance at treatment and prevention institutions. The average number of gastroenterologists from 1.3 to 1.5 per 100,000
inhabitants of the region is optimal for the timely detection of gastroenterology diseases. The data obtained can be used in management
decisions to optimize the burden on the healthcare system in each region. The introduction of the standards into clinical practice under the
established procedure will help to improve the quality of specialized care for patients with gastroenterological problems.

Keywords: gastroenterologists, gastrointestinal diseases, regions of the Russian Federation, estimation of nuclear density.
For citations: Guryanova N.E, Ivanova M.A. Soprun L.A. Application of the innovative methods of mathematical modeling in
the development of standards for providing the ambulatory link by doctors in Russia, Biomedical Photonics, 2020, vol. 9, no. 4,

pp. 40-47. (in Russian). doi: 10.24931/2413-9432-2020-9-4-40-47.
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H.E. TypbsiHoBa, M.A. /iBaHoBa, J1.A. ConpyH

MpumeHeHne MHHOBALMOHHON METOUKM MAaTEMATUYECKOr0 MOJIENTUPOBAHMA
npu pa3paboTke HOpMaTUBOB 06ecneveHns Bpayamn ambynaTopHoro 38eHa B Poccumn

BBepeHune
Ona GopMMpOBaHUA HaLMOHANbHOW CUCTEMbI 3apa-
BOOXPaHeHUsi Heo6xoANMO CO3AaHNe eAUHOrO MEAUKO-
IOPUANYECKOro MOMA NPaBOBOro PErynnpoBaHna, a Tak-
Xe O00beAVHEHHOro FOCYAapPCTBEHHOrO, 3KCMEePTHOro
1 00LLeCTBEHHOIO KOHTPOJIA, 06eCcneunBaloLLero OCHOBY
pa3BUTUA OTEUECTBEHHOrO 34paBoOXpaHeHuda. B cete
ncnonHeHns Ykasa lNpesugerta Poccnn ot 7 maa 2018 r.
N2 204 «O HauMoHanbHbIX LEeNAax U CTpaTernyeckmx 3a-
navax passuTtna Poccunckon Oepepaumn Ha nepuog
0 2024 roga» [1] pa3paboTaHbl 1 OCYLLEeCTBAATCA Me-
ponpuATUA B paMKax HaLMOHaNbHOro NpoeKTa «34paBo-
oxpaHeHwue» [2].
3ajay OnA OCyLWeCTBNEHUA CTpaTermm JOCTaTOYHO
MHOTO, OCHOBHbIMU MOXXHO BblAeNUTb cegyioLne:
®  KauyeCcTBeHHOe npeobpa3oBaHME CUCTEMbI OKa-
3aHMA NePBUYHON MeANKO-CaHUTAPHON 1 creyu-
anu3npoBaHHONM, B TOM YMC/e BbICOKOTEXHOJSIO-
TMYHON, MeANLIMHCKOW MOMOLLIN;

® BbIfIBJIEHWE  OHKOJIOTMYECKMX  3aboneBaHuii
Ha paHHMX CTagMAX C MOMOLLbIO peopraHmn3aunm
MEAUVKO-CaHUTapHOW MOMOLLM B aMOynaTOpHO-
NOJSINK/IMHUYECKMX MeQULNHCKUX OpraHn3aunax;

® MOBbIWEHVE YPOBHA NpodeccuoHanmsma Megu-
LMHCKMX PabOTHUKOB.

Mo pgaHHbIM ObULMANBHON MEAVULMHCKON CTaTUCTU-
ki [3] B Poccum B 2018 1. BNepBble B U3HW ObIIO Ana-
rHOCTUPOBaHO 624709 cnyyaeB 3N10Ka4YeCTBEHHbIX HO-
Boobpa3zoBaHuii (3HO), B Tom uncne 285949 y My>KuuH
n 338760 y »eHwuH. PacnpegeneHne BnepBble BbiAB-
neHHbix 3HO no cTagusax NpeacTaBneHo ciepyoLmm 0b-
pasom: | c1.— 30,6%, Il cT.— 25,8%, Ill cT.— 18,2%, IV cT.—
20,3%.

B obLein cTpyKType oHKonornyeckon 3abonesaemo-
CTV yaenbHbI Bec 3HO opraHoB MyLieBapeHua Y »KeH-
WKMH 6b11 paBeH 23,1%, YTO HMXKEe aHaANOrMYHOro MokKa-
3aTtensa y My>kunH — 31,3%. [Mpn 3ToM 0TMeYaeTca HU3KUN
yaenbHbI BeC Mopdonornyeckon Bepudrkaumm gua-
rHo3a npu 3HO, nokanmsytowmxca B opraHax *KKT, oco-
GEeHHO NpPU OMyX0JAX MOLXKENYLAOUYHON Kefe3bl (65,8%)
N neyeHu (68,9%), UTO CBA3bIBAIOT C TEXHUYECKMMU
CJIOXKHOCTAMY Npu 0TOOpe 6romaTtepuana. Nepeuncnex-
Hble Bbille GaKTOPbl XapaKTepusyT HECBOEBPEMEHHOE
BbIAAB/IEH/E OHKOJIOrMYECKON MaToNornn y nalueHToB,
UTO MOXET ObITb CBA3AHO C KagpoBbiM AedULNTOM Bpa-
yebHOro nepcoHana v obycnoBnMBaeT HEOOXOAMMOCTb
rnepecMoTpa LWTaTHbIX HOPMATMBOB 06eCneYeHHOCTU
Bpayamu, B TOM YKC/Ie racTPO3HTepOsioramu, ieyebHo-
npodurnakTnyeckux yupexagenuin (ganee JMy) pasnuu-
Horo npoowuns.

OOHMM 13 OCHOBHbIX MPUHLUNOB BTOPUYHOW MPO-
bUNaKTUKM OHKONTOTMYeCKX 3ab0N1eBaHni ABMSAETCA UX
MaKC/ManbHO paHHee BbiiBNeHue. B npegbigywen pa-
60Te HamMu ObINV UCCIIeA0BaHbl CTaTUCTUYECKOE MOoKa3a-
Tenn [eATeNbHOCTU Bpayen-raCTpO3HTEPOSIOroB 3a ne-

puoga c 2013 no 2017 rr. [4, 5]. Bbino o6Hapy*eHo CHU-
XeHue paboyuelt Harpy3Ky Ha MeAVLMHCKWIA NepCcoHarn.
Pe3ynbTaTbl aHanu3a AeATeNnbHOCTW Bpayen-racTposH-
TEpPOJSIOroB NOKa3asnm 3aKOHOMEPHOE CHUKEHME 3Haye-
HUA Ko3dduLmeHTa coBmecTuTenbctea ¢ 1,32 8 2013 1.
fo 1,2 B 2017 r., Temn norogosoro npupocta (TIM)
paBeH 9,1%. B PO B uenom 3a aHanusmpyembli nepu-
Of, YNCNIO MOCELLEHNN FaCTPO3HTEPOSIOrOB B pacueTe
Ha 1 JO/IKHOCTb yMeHblnaocb Ha 19,5%. PesynbTathl
npeabiayLwmx UccneqoBaHuin onpenenvnm Heobxoau-
MOCTb WX MPOAOJIKEHUsA B 06/1aCTM CPABHUTENBHOIO
aHanu3a 1 paspaboTKM MaTemMaTUKO-CTaTUCTUUYECKON
MOAenu nokasaTtenei 3aboneBaemocTy, pacuyeta of-
TUMaJIbHOrO KONMYecTBa BpayebHOro nepcoHana ans
pPaHLOMM3MPOBAHHOIO BbIABNEHNA W MOCAEAYIOLEro
yAyylleHna opraHn3aunun MeguumHCKON NoMoLn npu
3aboneBaHuax opraHoB KKT. B cooTBeTCTBUM C NpuKa-
30M MuH3gpaBa Poccum oT 12 Hos6psa 2012 1. N2 906 H
«O6 yTBepxaeHMM lNopsagka OKasaHUsA MeLVLMHCKON
MOMOLUY HACeNeHNo Mo NPOdUII0 «racTPO3HTEPOSIO-
rvsi» ObIIM 3aKpeneHbl WTATHbIE AOJIXKHOCTU Bpaye-
raCTPOSHTEPOJIOrOB B 3aBWCUMOCTU OT UMCIIEHHOCTU
NPUKPenIeHHOro HaceneHna: 1 JOMKHOCTb Bpava-ra-
CTpO3HTeponora Beogutca Ha 70000 npuKpenneHHo-
ro B3pocsioro HaceneHua m 35000 npuKpenneHHOro
[eTCKOro HaceneHus. B HacTosiwee Bpems Tpebyetcs
NnpoBefeHNe KOPPEKTUPOBKM YKa3aHHbIX HOPMATHBOB.
Mpowussectn pacyet n pa3paboTatb Mofenb s pelue-
HUA MOCTaBNEHHbIX BOMPOCOB BO3MOXHO C MOMOLLbIO
COBPEMEHHbIX MEeTOJOB MaTeMaTUYeCKOW CTaTUCTUKM.
Llenbto paboTbl ctana paspaboTka mMaTeMaTUKO-CTaTu-
CTUYECKOWN MOAEeNnu onpepeneHna OnTMMasbHOW Ha-
rPY3KM Ha Bpayemn-raCTpoOSHTEPOsIOroB B 3aBUCMMOCTM
oT rpynnbl 3a6onesaHwuii MKKT. bbinu noctaBneHbl 3apa-
UM CKOPPEKTUPOBATb OPUEHTUPOBOYHbIE HOPMATUBbI
obecneyeHHOCTU BpaYaMuM-racTPOSHTEpOsioramMmu B 3a-
BMCUMMOCTM OT MJIOTHOCTW HaceneHus n paspaboTatb
afleKBaTHbIN KONMMYECTBEHHDbIN HOPMATUB AN ONTUMMU-
3aumm pabotbl JIY.

MaTtepuanbl n metoabl

[nA cpaBHUTENBHOrO aHanu3a AMHAMKKN NoKasaTe-
nen 3a nepuog c 2013 no 2017 rr. B cybbektax PO nc-
nonb3oBanacb ¢opma denepanbHON CTAaTUCTMUYECKON
otyeTHOCTM N@ 30 «CBefieHNs O MeLULIMHCKOM OpraHu3a-
umn» [6].

B kauecTtBe aHanm3upyemoit 6bina B3Ata rpynna «Ko-
NINYECTBO Bpayen B Kaxaom pervoHe PO Ha 10000 Hace-
neHus» (pabotatowme Ha Tepputopun PO), a B KauecTse
M3yyaemoro fokKasaTena — 3ab0feBaeMoCTb OpPraHoB
MKT c BnepBble ycTaHOBNEHHbIM AnarHo3om Ha 100 Tbic.
HaceneHuA. OTaenbHO U3yyYanucb cneayoLme nokasare-
nu (Ha 100 Tbic. HaceneHus):

e BrepBble BbisiBleHHas 3aboneBaemocTb 6ones-

HAMN Xenygka u 12-nepCcTHON KNLLKK;

OPTAHN3ALUMA 3APABOOXPAHEHINY
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e  BrepBble BbIiBIEHHAst 3a00N1eBaeMOCTb racTpu-
TOM, ByOEeHUTOM;

e BrepBble BbisiB/IeHHasi 3aboneBaeMocTb bones-
HAMM NeYveHun;

®  KOMMYECTBO MEPBUYHbBIX MOCELEHUN Bpayven-ra-
CTPOSHTEPOJSIOrOB.

Mpy 5TOM OTAENBbHO He YUUTbIBaNN STMOMNaToreHeTnYe-
CKME MeXaHW3Mbl BO3HWKHOBEHMA 3ab0neBaHuN, Tak Kak
JlaHHble ObINN B3ATbl B COOTBETCTBUM C ONUCAHNEM U3 CTa-
TUCTUYECKMX COOPHMKOB U COrMacHO popme defiepanbHo
cTatucTnyeckom otyetHocTn N2 30 «CBegeHma 0 MeauLnH-
CKOW OpraHusauumn». BpemeHHon nepuop nccnenoBaHmA
cocTtaBun ¢ 2013 no 2017 r. BKNtounTenbHo [6-8].

WccnepoBaHve oxBaTbiBano BClo Tepputoputo PO:
LleHTpanbHbIn, CeBepo-3anagHbii, FOxHbIN, CeBepo-Kas-
Kazckui, MNpuBomKcKni, Ypanbckuin, Cubupckuii n danb-
HEeBOCTOUHbIV defiepalibHble OKpYra.

OnncaHune BnepBble BbISIBIEHHOW 3a060/1€BaEMOCTM
opraHoB XKT Ha 100 Tbic. HaceneHna B pervoHax PO
33 U3yyaembll nepuoj NpPOV3BOAUIOCH MpPY MOMOLN
cpenHero apndMeTUYeckoro U CTaHAAPTHOTO OTK/IOHe-
Hus (M (0)), meguaHbl n kBaptunei (Md [Q1; Q3]), MUHK-
MaJIbHOIO 1 MAaKCUManbHOMO 3HAYeHU (pa3max).

[nAa oueHKM MOnyyYeHHbIX AaHHbIX HAMUX UCMOMb30-
Bajlacb Mporpamma MaTeMaTUKO-CTaTUCTUYECKOW 06-
pabotkn Microcal Origin 2018 (trial version) [9, 10], Ko-
TOpan NO3BOJIAET aHaNM3MPOBaTb CTaTUCTMYECKYHO 3Ha-
UMMOCTb pe3ynbTaTa. Pe3ynbrat cumTany CTaTucTUYeCKun
3HAYMMbIM NPV BEPOATHOCTU OLIOKN nepBoro poda (p)
meHee 0,05.

Mcnonb3oBann meTof OUeHKM MAOTHOCTY Agep. [aH-
Hbli METOL NpeAcCTaBnAeT coboW HemnapaMeTpuyecKnii
MEeTOZA, OLEHKW MIOTHOCTU TOYeK pacceAaHus. Llenb ouer-
K1 MOTHOCTA COCTOUT B TOM, UTOObI OLleHUTb 6a30ByO
bYHKUMIO NIOTHOCTM BEPOATHOCTU Be3fe, B TOM uncie
TaMm, roe JaHHble He HabnpaloTcs, U3 CYLLeCTBYOLMX
Touek pacceaHusa. OyHKUMA agpa Co3JaeTca C Konmye-
CTBOM PasfINUHbIX 3HAUYEHWI B LLIEHTPE, YTO rapaHTnpyeT
CMMMETPUYHOCTb AAPa OTHOCUTENbHO 3HauYeHnn. OueHr-
Ka MIOTHOCTU AApa CrMa)kuBaeT BK/ag TOYEK AaHHbIX,
ytoGbl faTb O6LYI0 KapTWHY MAOTHOCTA MOCIENHUX.
Hwxe npepcTaBneHa popmyna pacuéta JaHHbIX:

n
1 Z 1
n 2mw,w

y

fle.y vXovY. w, . w,) =

( (x — vX;)?
exp ( — -

2uw?
x

i=1
(y —vYi)? )

2uw?
y

roe:

N — KONIMYECTBO 3/1IEMEHTOB B BeKTope vX nnu vY;
\text{vX}_i — |- anemeHT B BEKTOpE VX;
\text{vY}_i - I-11 anemeHT B BEKTOpE VY;

W_X 1N W_Y — ONTUMaJibHbl€ 3Ha4Ye€HNA WWNPUHbI MONOChI
nponyckaHuA.

lpaduyeckn pesynbratbl NpPeAcTaBAsnn B BuAe
2D-rpadrKkoB NMIIOTHOCTY siApPa, KOTOPble MO3BOJSIOT MO-
NYYNTb CraXKeHHoe nNpeacTaBieHne NIoTHOCTY LiBeTa Au-
arpaMmbl pacceaHmnsa, OCHOBaHHOE Ha OLEeHKe MIOTHOCTH
Afpa, HemapameTpuueckom metoge ana GyHKUMiA nnot-
HOCTU BepOATHOCTU. Llenb OueHKM nnoTHOCTM coCcTouT
B TOM, UTOObI B3ATb KOHEUHYIO BbIOOPKY lAHHBIX 1 BbIBE-
CTV GYHKLMIO NIIOTHOCTY BEPOATHOCTU Be3fe, B TOM UNC-
ne TaMm, rae He NpefcTaBeHbl TOUKM AaHHbIX. [py oueHke
NIOTHOCTM AAPa BKNaA KaXaoW TOUKM OaHHbIX CriaXunBa-
€TCA 13 OAHON TOUKM B 06/1aCTb OKPECTHOCTMW. ITOT Cria-
XKEHHbIN rpadurK MAIOTHOCTU MOKA3bIBAET CPEAHUN TPEH[
ONA TOYeUHo Avarpammbl. KpacHble TOUKM Ha pUCYHKax
o603HauvatoT 3aboneBaemMocTb B pervioHax PO 3a nepuog
€ 2013 no 2017 rr. B Hawwe paboTe ONUCaHHBIN METOZ KC-
nonb3oBany AnA OnpeaesieHna ONTUMAJSIbHOTO Kosnye-
CTBa MELVLUHCKNX COTPYAHUKOB, Bpayen-racTposHTepo-
JIOrOB B 3aBUCMMOCTM OT MAIOTHOCTUN HaCeNeHNA.

PesynbraTtbi

MpepBapuTeNbHO B KaXAOM pPernoHe MeTOAOM
ckonb3sauwen cpepHen (rolling mean) paccunTbiBanu 3a-
6onesaemMocTb opraHoB MKT Ha 100 TbiC. HaceneHus
Cpeaun BCero HaceneHua B M3yyaembl nepuog ¢ 2013-
2017 rr. (tabn. 1). Bnepsble BbifABNEHHYIO 3aboneBae-
MOCTb B Kaxk1oM pervnoHe PO paccunTbiBanu no gaHHbIM
oduULManbHbIX FOCYAapCTBEHHbIX COOPHUKOB CTaTUCTU-
yecknx matepuanos PO [6-8] (puc. 1).

Ha nepBom aTane Hamu 6bIIM CONOCTaB/IEHbI flaHHbIE
O KONMMYeCTBE MOCELLEeHUN N KOTMYEeCTBE Bpayen-ractpo-
SHTEPOSIOroB B Kaxkgom cybbekTe PO (puc. 2).

AHanus pacnpedeneHudi

Cnepylowm 3TanoM CTano BbiSBNIEHWE KoppenAauu-
OHHOM 3aBUCMMOCTU MeXAY KONMYeCTBOM MoceLeHunm
1 KonuyectBom Bpayeln Ha 10000 HaceneHna. OTMeyeHo
ynnoTHeHue agpa B obnactv ot 250 go 500 no KonnyecTBy
noceLleHn 1 ot 1 4o 2 No KoNMYecTBy Bpayen (puc. 3).

YnnoTHeHne fAfgpa COOTBETCTBYET ONTMManbHOMY
3HaYeHUo nokasatenda. BuaHo, uto Hambonee nnotHas
06nacTb cooTBeTCTBYET AMana3oHy 1,3-1,5 AOMKHOCTM
Bpaya Ha 10000 HaceneHuA. IMeHHO [aHHbIN MOKasa-
Tenb OydeT OMTMMAibHbIM [fs OpraHuM3auuu npriema
BpayaMu-racTposHTeposioramm npu 267-n noceleHnax
Ha 10000 HaceneHus.

Cnepytollen 3agaueii, cToswen nepeg Hamu, 6bU10
HaxoXAeHWe 1 onpeaeneHne onTMMaibHOro KonmyecTsa
Bpayen-raCTpo3HTEPOSIOrOB B 3aBUCMMOCTU OT CTPYKTY-
pbl 3aboneBaHuii opraHos MKKT.

Kak nokasaHo Ha puc. 4 Hanbonbluas NIOTHOCTb AApa
COOTBETCTBYeT MHTepBany 3HayeHnn 1,63-1,65 nokasa-
TenA JOMKHOCTU Bpaya. IMEHHO 3TW 3HAYeHUA NIOTHO-
CTW pacnpepeneHnsa xapakTepusylT ONTUMasibHOe KO-
NIMYECTBO BpayebHOro nepcoHana, HeobxoaMmoro Ans
BbIIB/IEHNA, B TOM YMC/Ie PAHHEN ANArHOCTUKK, U Nleve-
HUA MaLMEHTOB C 3ab60NeBaHVAMY MOMXKENYLOUHON Xe-
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Puc. 1. Bnepsble BbisiBAeHHaA 3aboreBaeMocTb opraHoB XXKT B pernoHax P® 3a nepuop 2013-2017 rr. (Ha 100 Tbic. HaceAeHUs)
Fig. 1. The incidence of gastrointestinal tract diseases in the regions of the Russian Federation from 2013 to 2017 (per 100 thousand

population)

ne3bl Pa3IMyHOM STUONOTNN, COMNTACHO CTAaTUCTUYECKON
otyeTHOCTM hopmbl N 30.

[TnoTHOCTb pacnpepeneHnsa yncna nayyMeHToB, Mme-
IOLUX BMEepPBble BblABNIEHHbIE 3a00N1eBaHNSA NeUYEeHN pas-
JINYHOW 3TUONOTUN, COTNTACHO CTAaTUCTUYECKON OTUYETHO-
¢t dopmbl N@ 30, HaxoaUTCA B 0651aCTU MAOTHOCTY SiApPa
B AnanasoHe 1,45 gomkHocTy Bpayva Ha 10000 Hacene-
HUA BHE 3aBUCMMOCTM OT cybbekTa PO.

OnTUManbHbI HOPMATWMB [OOSKHOCTA Bpayva-ra-
CTPO3HTEpOora [nAa CBOEBPEMEHHOW AUArHOCTUKU
3aboneBaHNin racTPUTOM U LyOLEHUTOM COOTBETCTBY-
eT MaKCMMasibHOMY YMJIOTHeHWIO Aafapa B Touke 1,4
(puc. 6).

Ha puc. 7 BuaHo, uto 06nacTb MakCMMasibHOW MoT-
HOCTW HabnogaeTca Npu cpegHemM MoKasaTtesne Konuye-
CTBa JOMIXKHOCTEN Bpayen-racTpoOsIHTEPOSIOroB, PaBHOM
1,58 Ha 10000 HaceneHus. OTO ONTUMANbHbIA NMOKa3a-

TeNb ANA CBOEBPEMEHHOTrO BbIIBIEHMA 3aboneBaHuUi
12-NepCcTHON KNLLKW.

YcTaHOBNEHO, UTO 06/1aCTb MaKCUMANbHOWM MIOTHO-
CTV HabNAAeTCA NPU CpeiHEM NMoKa3aTene AOMKHOCTEN
Bpayen-ractTposHTeponoros, pasHom 1,37. lNokasatenb
ABNAETCA ONTMMaNbHbIM A4S CBOEBPEMEHHOIO BbIAAB/E-
HuA 3aboneBaHnil opraHoB MKKT.

LleHTpbl Hanbornee NAOTHbIX ObnacTen BCcex pacnpe-
[eneHnn COOTBETCTBYIOT O/TIM3KOMY MO 3HAUEHMIO YNCITY
Bpayen: ot 1,3 go 1,5 gOMKHOCTM Bpaya-racTposHTEpPO-
nora Ha 10000 npuKpenneHHbIX »KuUTenewn, 1, CornacHo
pesynbTaTam Halwero WCCAefoBaHWA, ABMAAIOTCA ONTU-
MasibHbIMV NOKa3aTenAamMm.

O6cyxpaeHve
B maHHOI paboTte Hamu BniepBble OblN NCMONb30Ba-
Hbl 11 MPOAEMOHCTPUPOBAHbI BO3MOXHOCTY NMPUMEHEHNS
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Ta6nuual

BnepBble BbisiBAeHHasA 3a60AeBaeMOCTb OPraHOB XXEAYAOUHO-KULLEYHOIO TpakTa Ha Tepputopun PP 3a nepuoa ¢ 2013-2017 rr.
(Ha 100 TbIC. HaceneHun)

Table 1

The incidence of the gastrointestinal tract in the territory of the Russian Federation for the period from 2013 to 2017 (per
100 thousand population)

BnepBbie BbiABNeHHaA 3a60/1eBaeMoCTb CpepHee apnpmeTnyeckoe + Meauana [Q1; Q3]

Ha 100 Tbic. HaceneHnsa cpeaHeKBaapaTUYHOE OTK/IOHeHne

bonesHun xenyaka n 12-NepcTHON KNLLIKK

Disease of the stomach and 12 duodenal 984,05 (125,6) 851,3 [654;1137] 513,7 -2792,4
raCTpVIT, AYyOonoeHNT o -
Gastritis and Duodenitis 2640,8 (582) 2572 [2074;3164] 1263,46-5582,19
Bonestu nevehu 334,15 (57) 301,9 [127;568] 111,41-767,71
Liver disease

AR G D) O G R 834,93 (91) 736 [519;941] 318,98-2347,8
Diseases of the pancreas

Bce 3a6oneBaHus opraHoB KT 11582,84 (1543) 11073,6 6082,51 ~25890,2

All diseases of the gastrointestinal tract [8743;13521]

KonnuectBo nocetueHunn
Ha 10000 HaceneHuAa 317,12 (49) 286,9[112;539] 34,56-872,81
Number of visits per 10,000 population

OPTAHMN3ALUMA 3APABOOXPAHEHINY
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Puc. 2. KOAMYECTBO NOCELLEHUI Bpayen-racTpoaHTEPOAOroB B peroHax P® ¢ 2013 no 2017 rr. (Ha 10 000 HaceneHus)
Fig. 2. Number of gastroenterologist visits in the regions of the Russian Federation from 2013 to 2017 (per 10,000 population)
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Puc. 3. MnoTHOCTb pacnpepeneHus Yncia noceweHnin ot ymcna
Bpayen B pernoHax PP (Ha 10000 HaceneHus)

Fig. 3. The density of the distribution of the number of visits from
the number of doctors in the regions of the Russian Federation
(per 10,000 population)

Puc. 4. TnoTHOCTb pacnpegeneHuss BhepBble BbiSIBJEHHbIX
3a6oneBaHU NOAXKeNyA04YHOW Kene3bl OT Ko/lnyecTBa Bpayen
B pernoHax P®

Fig. 4. The density of distribution of the number of pancreatic diseases
from the number of doctors in the regions of the Russian Federation
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Puc. 5. [MnoTtHocTb pacnpefeneHus BnepBble BbiSIBAEHHbIX
3a6o0seBaHuii NeYeHu oT KoInyecTBa Bpayen B permoHax PO
Fig. 5. The density of distribution of the number of liver diseases
from the number of doctors in the regions of the Russian Federa-
tion

Puc. 6. lnotHocTb pacnpefeneHusi BnepBble BbiSIBJEHHbIX
3ab6oseBaHUi racCTputom U AYOAEHUTOM OT KonuvyecTBa Bpayew
B permoHax P®
Fig. 6. The density of distribution of the incidence of gastritis and
duodenitis from the number of doctors in the regions of the Rus-
sian Federation

MaTemMaTUYeCKNX Mopenen AnA KOPPEeKTUPOBKN MMED-
LMXCA HOPMATUBOB 0OECNeYeHHOCTY BpayaMum-racTpo-
sHTeponoramu ana JIMY B pernonax PO. N3BecTHO, uto
CYLLECTBYeT HOPMATUB MO 06EeCneyeHHOCTV AaHHbIMM
crneynanmctamu, yteepxkaeHHbin ewé B 1981 r. B cooTseT-
ctBum ¢ MpunoxerHriem N2 59 «PacueTHble HOPMbI 06CTTy-
XVBaHWA [nA Bpauell amOynaTopHO-MONMKIVHUYECKNX
yupexgeHui (nogpasgeneHuni) Yncno noceweHnm B 4ac
Bpaya-racTpo3HTEpPOIora nauveHTamm B aMbynaTopHbIX
ycnosuax» K npukasy Munsgpasa CCCP ot 23.09.1981
N2 1000 (peg. ot 22.12.1989, c n3am. ot 04.05.1990) «O me-
pax Mo COBEpPLIEHCTBOBAHWID OpraHmM3auun paboTbl

aMOYyNaTOPHO-NONIMKINHNYECKUX YupexxaeHun» [9] co-
CTaBNANO 5 uenoBek, NP NoceleHn Ha oMY Harpyska
He 6blna ycTaHoBMeHa. OgHaKo, € Tex Mop npowwio 6onee
30 neT, n MHOroe U3MEHWIIOCh, KaK B YC/IOBMAX OKa3aHnA
MeAVLMHCKON NMOMOLWY, TaK 1 B TPeOOBaHMAX K TEXHMYe-
CKMM BO3MOXHOCTSAIM.

Mpukas MwuH3gpascoupassutna Poccum ot 25 aB-
rycta 2005 r. N2 539 «O mepax no coBepLUeHCTBOBAHNIO
OpraHu3auuy racTpPO3HTEPONIONMYECKON MOMOLM Ha-
ceneHnio Poccuiickonn Qepepaunn» npegycMatpuBaeT
nepeyeHb 060PYnOBaHMA KabrHeTa Bpava-racTpodHTe-
ponora n ero o6sa3aHHocTK [10]. Kak n3BeCTHO, WTaTHas
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MpumeHeHne NHHOBALMOHHOW METOLMKM MAaTEMATHYECKOro MOeNIMPOBaHUS
npu pa3paboTke HOpMaTUBOB 06ecneyeHns BpaYyamn ambynaTopHoro 3seHa B Poccum
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Puc. 7. MnoTtHoCcTb pacnpepeneHus BhepBble BbiIBJAE€HHbIX
3aboneBaHui 12-nepcTHOM KMUIIKM OT KOJMYecTBa Bpayewn
B permoHax P®

Fig. 7. The density of distribution of the number of diseases of
the duodenum from the number of doctors in the regions of the
Russian Federation

Puc. 8. lnoTHOCTb pacnpepeneHus oo6wero 4yucia BhnepBble
BbISiIBNIeHHbIX 3a6osieBaHui opraHoB XKKT oT KoninyecTBa Bpayen
B pernoHax P®

Fig. 8. The distribution density of the total number of gastrointes-
tinal diseases from the number of doctors in the regions of the
Russian Federation

UVCNIEHHOCTb MEeAVLMHCKNX PabOTHMKOB M CTPYKTypa
pa3pabaTbiBalOTCA PYKOBOAMTENEM MeAVLUHCKOW Op-
raHvsauum C nocneayowmnm CornacoBaHMeM B agMUHU-
CTpaumaAx, KOMUTETax Mo 34PaBOOXPAHEHNIO VN APYTNX
yUpexaeHusax, 3aBUCUT OT MOQYMHEHHOCTU, 0ObeMa Bbl-
MoJIHAEMbIX Jle4eOHO-ANArHOCTUYECKUX MepPOMnpUATUNA.
HopMbl BpemeHn 1 Harpysku cneunanmcToB yCcTaHoOBe-
Hbl B MepPeUYnCIEHHbIX paHee JOKYMeHTax, uyTo TpebyeT
HeobXoANMOCTV KOPPEKTUPOBKN C YYETOM BHeLpPEeHu
HOBbIX pOPM NPOBEEHNA KOHCY/bTaLuii B BUZE UCMOSb-
30BaHUA TenemeguuuHCKnX TexHomnorun [4, 5]. 3a no-
cnefiHee fecATUNeTMe MPOM3OLINO [OCTaTOYHO MHOrO
N3MeHEeHWI B HOPMaTMBHO-NPABOBbIX JOKYMEHTaX, B TOM
uncne, BHeapeHvie aBTOMaT3MPOBaHHOMO paboyero me-
CTa, y»KecTounnucb TpeboBaHnA K opopMiIeHno Meau-
LIMHCKON JOKYMEHTaLMK, UTO TakxKe TpebyeT nepecmoTp
HOPMATMBOB UYMCNEHHOCTU crieynanmctoB [9]. KoHeuHo,
HeobXoAMMO MPOBOANTL KOMIMIEKC MEPONPUSATAA Ans
noBbiweHnss 3PpPEeKTVBHOCTY BbIABMIEHNA, MpPenmMyLie-
CTBEHHO PaHHeN ANarHocTnky, 3abonesannin KKT, B Tom
yncse 1 3N10KauyeCTBEHHbIX, OCHOBbIBAsACb HA HOPMAaTUB-
HO-MPaBOBbIX akTax, 3aKOHaX N MpUKasax, YeTKo perna-
MEHTUPYIOLNX NPOBefeHrEe NPOPUNAKTUYECKX U ANa-
THOCTUYECKUX MEPOMPUATUI.

HMTEPATVPA

Yka3 Mpe3mnaerTta Poccuinckonn Oepepaumm ot 7 maa 2018 .
N2 204 «O HaLumoHanbHbIX LienAax 1 cTpaTernyeckrx 3agavax pas-
BuTMA Poccninckon Oepepaumm Ha neprog Ao 2024 rogay». Cebin-
Ka aKkTMBHa Ha 20.11.2020. http://kremlin.ru/acts/bank/43027

2. HauuoHanbHbIi NpPoeKT «3ApaBOOXpPaHeHne»: yTBepPXKAeH-
HbiI1 24.12.2018 Ha lMpe3ngnyme Coseta npwu lNpesngeHte PO

CneumnanncTbl, 3aHUMalOLWMECA AAHHLIM BOMPOCOM,
N yupexeHus, B KOTOPbIX OHU PaboTatoT, AOMKHbI ObITh
B Gonbluell CTeneHn OCHalLeHbl HEOHXOANMbBIM UHCTPY-
MeHTaprem, 060pyaoBaHNEM, PACXOAHBIMI MaTepurana-
MU 1 ObITb B MOJIHOM 06bemMe 0byUeHbl Ans peanu3aumm
Nporpamm paHHen ANarHOCTVKY 3aboneBaHunin XKT.

3aKnouyeHune

MonyyeHHble pe3ynbTaTbhl UCMOMb30BaHNUA MeTofa
OLIEHKM MIOTHOCTU ABYMEPHbIX Alep MO3BOAMIN Ofpe-
OennTb ONTMaJIbHble HOPMAaTUBbI 06eCneYeHHOCT Bpa-
Yamu-ractposHteponoramu JIMY Ha Tepputopun PO. BHe-
[PEeHMe AaHHbIX HOPMATMBOB B KIMHUYECKYHD MPAKTUKY
Ha OCHOBE HOPMATVBHO-TMPABOBbLIX AKTOB B YCTAHOB/IEH-
HOM nopsaKe GyAeT CNoCoOCTBOBATb MOBBILIEHMIO Kaye-
CTBa OKa3aHWsA Creuvann3npoBaHHON MOMOLWM NauneH-
TaM racTPO3HTEPONIONMYECKOrO NPOGUns.

Paboma 8binosIHeHa hpu HUHAHCOBOU nOOOepXKKe
epauma lNMpasumenscmea Poccutickot Qedepayuu (KOH-
mpakm N2 14.W03. 31. 0009 om 13.02.2017) ons 2ocyoap-
CmeeHHOU N0O0ePXXKU HAay4YHbIX UCC/1e008aHuli, Nposoou-
MbiX N00 pyKOBOOCMBOM 8e0yU4UX YHEHBIX.
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Tpe6oBanusa K ohopMNeHuto craTei

TPEBOBAHMA K OPOPMJTIEHMIO CTATEM

acToAwMe NpaBuna paspaboTaHbl B COOTBETCTBUM C «EAMHBIMYK Tpe-

60BaHMAMY K PYyKOMUCAM, MpefcTaBAsemMbiM B GUOMefULMHCKME

XKypHanbl», KoTopble pa3paboTaHbl MexayHapoAHbIM KOMUTETOM
peaakTopoB MeAnLMHCKKX KypHanoB (International Committee of Medi-
cal Journal Editors).

MpepacTaBneHHble B paboTe AaHHbIe JOMKHbI ObITb OPUTMHANBHBIMK.
He ponyckaeTca HanpaBneHue B Pefakuuio paboT, KOTopble yxe Haneyva-
TaHbl MW NOCNaHbl A4NA Nybnukaummn B Apyrue pepakuymn. OTBeTCTBEH-
HOCTb 3a NpefjoCTaB/ieHe MaTepPmnanos, MOMHOCTBIO UM YaCTUYHO OMy-
6N1MKOBAHHbIX B PYroM neyaTHOM U3AaHuu, HeceT ABTop. Bce Hanpas-
neHHble B Pepgakumio KypHana pykonucu npoxoaaT NpoBepKy CUCTEMOW
«AHTUNNArmaT», B COOTBETCTBUM C TpeboBaHMAMU MKypHana opurmHanb-
HOCTb CTaTbU AOMKHA ObITb He MeHee 70%.

CraTby B Pegakuuio KypHana nopatot yepes popmy Ha caiite XypHana
www.pdt-journal.com. [ins 3Toro ABTOpY, OTBETCTBEHHOMY 3a KOHTaKTbl C
Pepakuueit, He06X0AMMO NPONTY MpoLeAypy pPerncTpaumu, nocne Yero
NnoABAAETCA TeXHMYeCKaa BO3MOXKHOCTb HanpaBuUTb CTaTblo B Pefakunio
Yepes cneynanbhyto dopmy. Dopmar 3arpykaemoro daina doc. unv docx.

MeTapaHHble HeOOXOAMMO [OMOSIHUTENIBHO BHECTU B OTAEJNIbHYIO
3N1EKTPOHHYI0 popmy.

J[lononHUTENbHO OTAENbHLIMY paitnamMmn NPOCUM 3arpy3nTb PUCYHKN
(B TOM uncne rpadukn), ncnonbytLmeca B cTaTbe, B popmare tiff., eps.,
cdr. ¢ kKoapdULMEHTOM CxKaTnA He MeHee 8 ¢ paspelueHnem 300 dpi npu
pasmepe He MeHee 6 X 9 cMm, jpg. unu jpeg.

TeKcT cTaTby HabrpaeTcs B TeKcToBOM pefakTope (Microsoft Word)
Kernem 12 nyHKToB yepe3 1,5 nHTepBana, xenatenbHo wpudrtom Times
New Roman Cyr, nepeHoc cnoB He genaetca. Pasmepbl noneii: BepxHee n
HUXHee — 20 MM, neBoe — 30 MM, npasoe — 20 Mm. A63aLHbli oTcTyn — 10
MM.

PekomeHayembili 06beM CTaTby, BKOYaA Tabnvubl v nuTepaTypy — B
npefenax 12-15 ctpanHuy ¢opmata A4. Bce cTpaHmLbl AOMKHbI ObITb MPO-
HyMepoBaHbl (HymepaLma CTPaHUL, HaYMHAETCA C TUTYSIbHOW).

OpuruHanbHble CTaTbM COMMAcHO O6LWENPUHATBIM  MeXAYyHapoa-
HbIM NpaBuUnam [OSIXKHbI coflepxaTb cCrneaylolne pasfenbl: TUTYNbHasA
CTpaHuua, BCTYNIeHne, MaTepuasibl U MeTOAbl (MOXXHO MO OTAENbHOCTN),
pesynbTaThl, 06CyKAEHNe, 3aK/IOUEHNe, N1TepaTypa.

TuTynbHaA cTpaHULA JOMKHA COAepKaTb:

® Ha3BaHMe CTaTby (BbIpaBHUBAHWME MO LIEHTPY, 3arnaBHble OyKBbl);
®  VHMUWanbl 1 GamMnnnIo Kax4oro aBTopa (BblpaBHUBAHME NO LEHTPY);
® Ha3BaHWA opraHM3auuii, B KOTOPbIX paboTaloT aBTOpbI (€Cnu aBTop
paboTaeT 1 BbINOMHAN NCCNIE[OBAHUA B HECKOMNbKMX OpraHu3auusx,
XenaTenbHO YKasblBaTb Ha3BaHMA BCeX oOpraHu3auuii), ropopa u
CTpaHbl (BbipaBHMBaHVE MO LEHTPY, Ha3BaHWA OpraHn3aLnii JOMKHbI
6bITb AaHbl B COOTBETCTBMM C AaHHbIMU MopTana e-library, B cnyvae
HeCKONMbKUX OpraHuM3auui nepep HasBaHMeEM KaX[AoW yKasbiBaeTcA
nopAaKoBbI HoMep B popmaTe BepXHEro NHAEKCa 1 nocne pammnnm
KaXK[Aoro aBTopa TakXke BEPXHUM MHAEKCOM 0603HavaeTcs ero npu-
HafIeXXHOCTb K ONpeAeneHHO opraHn3aLmmn nav opraHusauymam);
® pesioMe CTaTby B HECTPYKTyprpoBaHHOM Buae (6e3 BblaeneHus
oTfenbHbIX pasgenos) o6bemom 150-200 cnos;
® knouesble cnosa (5-10 cnos);
® KOHTaKTHyt MHbOpMaLMo AnA ObLIEeHNA yuTaTenein ¢ OTBETCTBEH-
HbIM aBTOPOM AJ1 Ny6nmKaumm B cBobofgHom foctyne (e-mail);
CCbIIKY Ha CTaTblo 414 LUTUPOBaHWA.
Ha aHrnuiickom A3sbike Heobxoammo npopy6nvposatb: Gamunmio n
MHMLManbl aBTopa(oB), Ha3BaHMe CTaTby, aHHOTALMIO, K/lOYeBble CNoBa.

B TekcTe cnepyeT UCMOb30BaTh TONIbKO OOLLENPUHATBIE COKPaLleHUA
(abbpeBuaTypbl). He cnepyeT NpMMeHATb COKpaLUEHWA B Ha3BaHMU CTaTbu.
MonHbI TepMUH, BMECTO KOTOPOro BBOAWUTCA COKpaLleHue, crieayeT pac-
WndpoBbIBaTL NPV NEPBOM YNOMUHAHMN €ro B TeKCTe (He TpebyioT pac-
LWMPPOBKU CTaHAAPTHBIE €ANHULIbI U3MEPEHUA Y CUMBOJTbI).

Mpwn npepcTaBneHnn pesynbTaToB CTaTUCTUYECKOTO aHanm3a AaHHbIX
obA3aTenbHbIM  ABNAETCA YKasaHMe WCMOSIb30BAHHOTO MPOrpamMMHOro
nakeTa 1 ero Bepcuu, Ha3BaHUN UCMOMb30BaHHbIX CTaTUCTUYECKUX MEeTO-
[10B, NpriBefieHNe OnucaTeNlbHON CTaTUCTMKN 1 TOUHbIX YPOBHEN 3HAa4YMMO-
CTV NpY NpPOBepKe CTaTUCTUYECKMX runoTes. [InA OCHOBHbIX pe3ynbTaToB
nccnefoBaHNA peKOMeHAYeTCA PacCumnTbiBaTb JOBEPUTENIbHbIE IHTEPBasbl.

EAnHULDBI 3MepeHna GpU3NYECKMX BENVYUNH, reMaTonornyeckme, 6uo-
XMMUYeCKne 1 Jpyrue rnokasaTenu BeMYMH, NPUMEHAEMble B MeJuLVHE,

[OMKHBI NPeACTaBNATbCA B eAUHMLEAX MeTpUYeckoi cnctembl (MexayHa-
pogHoi cuctembl eanHuny — CU). NMpu Ha3BaHWW PasNNYHbIX COEAUHEHWI
HeobXxoauMo ncnonb3oBaTb TepmuHonoruio NIOMAK.

Tabnuubl, PUCYHKIM 1 TEKCT AOSMKHbI AOMOSHATL APYr APYra, a He Ay6nu-
poBaTtb.

Mcnonb3yemblil B CTaTbe WNMIOCTPATVBHbIA MaTepuan (dpoTorpadum,
PUCYHKM, YepTeXu, Anarpammbl) AO/KEH OblTb KOHTPACTHbIM, PUCYHKN —
yeTkMmKn. Ha mukpodoTorpadurax HeobXoamMmMo ykasaTb MeTOf OKpacKy,
yBenuyeHue. Bce mognucy, ncnonblyemble B cxemax, rpadpukax un T.A., a
TaKXe Ha3BaHVA PUCYHKOB AOMKHbI ObITb NPOAYONNPOBaHbI HA AHMNINCKOM
A3blke yepes /"

Tabnunubl N PUCYHKN HYMEPYIOTCA B COOTBETCTBUN C MOPAAKOM X LUTU-
poBaHuA B TekcTe. Kaxkpaa Tabnuua [omKkHa UMETb KpaTKoe HasBaHue u
MNMETb CCbINIKN B TEKCTe. 3arofloBKy rpad AOMKHbI TOYHO COOTBETCTBOBATb
NX cofiepKaHuio. Micnonb3oBaHHble B TabnyLe COKpaLlueHUa rnoanexar pac-
WwrdpoBKe B KOHLe TabnuLbl.

Bubnuorpadua gomkHa 6bITb NprBefEHa B KOHLE CTaTby 1 0opopmIieHa
B cooTBeTcTBMU € TOCT P 7.0.5-2008, B CaMOM e TeKcTe cneayeT yKasblBaTb
TOJIbKO HOMEp CCbUIKU B KBafpaTHbIX CKOOKax Lndpamu. Ccbinku Hymepy-
10TCA B NopAfKe LUTUPOBaHUA. B cnncok nutepaTtypbl He BKIIOYAOT Heony-
6n1KoBaHHble paboTbl. He gonyckaloTca CCbiKM Ha AMccepTaLmm, Te3nchl,
CcOOPHUKN KOHbepeHLuii n aBTopedepaTsl AnccepTaLmi.

3a TouHOCTb 6rbNMorpadun HeceT OTBETCTBEHHOCTb ABTOP.

Mpumep odopmneHnsa cnucka nuTepaTypbl:

1. MupoHos A.®. DoToarHaMnyecKas Tepanua — HOBbIN SPHeKTUBHDIN
MeTOJ AMArHOCTVKI 1 NIeYeHIA 3510KaveCcTBEHHbIX onyxonei // Copo-
COBCKMIN 06pa3oBaTesNbHblii XypHas. — 1996. — N 8. — C. 32-40.

2. Kapmakoga T.A., ®unoHeHko E.B., ®eodaHos A.B. n coasT. luHammka
HakonneHuna n pacnpepgeneHvie AJIK-uHAYLMPOBaHHOrO MpoTOMNop-
¢dupuHa IX B TKaHM 6a3anbHOKNETOUHOrO paka // Poccuiicknii buote-
paneBTMYeCKniA XypHan. — 2006. - T. 5, N2 1. - C. 26.

3. Oyt K. CBob6OAHbIe pafmKanbl B 6uonoruu // nep. ¢ aHrn. — M.: Mup,
1979.-T.2.-C.96 - 150.

4. Castano A.P. et al. Mechanisms in photodynamic therapy: part one -
photosensitizers, photochemistry and cellular localization // Photo-
diag. Photodynam. Ther. - 2004. - Vol. 1. - P. 279-293.

Bce ctaTbun, nocTynatouwme B peaakumio, NPOXOAAT MHOrOCTyneHYa-
TOe peLeH3pPOoBaHMe, 3aMeyaHns PeLEeH3eHTOB HampaenalTca ABTOpy
6€e3 yKasaHMA UMEH peLieH3eHTOB. [Tocne NonyyYeHns peLeHsnin n oTeeToB
ABTOpa pefKonneris NPUHUMAEeT peLleHne o NyGamKaumm (am OTKIoHe-
HWK) CTaTby.

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

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

My6nukauua ctatei B XXypHane 6ecnnatHas.

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

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