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B ctaTbe npepacTaBieH MeToA ONTUMU3ALUN
rnapameTpoB J1a3epHOro 1sJly4eHnsa u onucaHue
pa3paboTaHHOW KOMMbIOTEPHOW NPOrpaMMbl
AN 60/1bHbIX C NATONOrMEeN aHOpeKTaIbHOM
30HbI, onpeaeneHbl KpUMTEpUU BbibOpa

YPOBHeM na3epHOro Bo3aencTeus. Ha ocHoBe
NpaKTUYECKUX Pe3y/IbTaTOB JieHeHUs 60/IbHbIX
NoKasaHo, YTO UCMNOJIb30BaHMe paspaboTaHHOro
MeTo/a No3BoJ/INA0 CHU3UTb YPOBEHb
BO34,eMACTBUS 1a3epHOro UssiyyeHusa y 58%
nauueHToB. B To Xxe Bpems y 16% 60/1bHbIX 6b1/10
yBe/In4YeHo BpeMsl BO34,eNCTBUSA, YTO obecneymnso
O[HOKPaTHOCTb Onepauuu.

KntoueBble C/10Ba: 1a3epHOE U3/yHeHUe,
TemnepaTypa TKaHu, NporpaMmMHoe obecrnedyeHue,
AVOLHbIV Nasep, reMoppoi, XMpyprus

Cratbs nonyyeHa: 22.10.2021
Cratbsa npuHaTa: 17.11.2021

a3epHble TEXHOJOTHMU AaKTHUBHO BHEIPSIIOTCS
n B COBPEMEHHYIO XHPYPTHIO, UYPe3BBIYANHO

KOHKYPEHTOCIIOCOOHBIMH B 067aCcTH MeIu-
LIMHBl B HACTOsIIee BpeMs SBISIOTCS IIOTYIIPOBO-
OHUKOBBIE (NUONHBIE) Ja3epbl. bBiaromaps MHOro-
06pa3sHi0 KOHCTPYKTHUBHBIX PeIIeHUN U MIHPOKOMY
CIIMCKY KCIIONB3yeMBIX B IIPOM3BOJCTBE MaTepHaIOB
CyILIeCTByeT MHOXKECTBO Pa3JIMYHBIX BHUIOB JTHOJHBIX
Na3epoB, 000X MIMPOKUM CIIEKTPOM BO3MOK-
HBIX MOIIHOCTeH YU MIUH BoaH (0,5-5 Mkm). OTIu-
YUTENTBHON OCOOEHHOCTBIO JUOAHBIX JIa3€POB SIBIIS-
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The article presents a method for optimizing the
parameters of laser radiation and a description
of the developed computer program for patients
with pathology of the anorectal area, as well

as determines the criteria for choosing the
levels of laser exposure. The practical results

of the treatment of patients showed that the
use of the developed method allowed reducing
the level of exposure to laser radiation in 58%

of patients. At the same time, 16 percent of
patients had the exposure time increased, which
resulted in carrying out a single surgery.
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modern surgery. Semiconductor (diode) lasers

are currently extremely competitive in the field
of medicine. Due to the variety of design solutions
and a wide list of materials used in the production,
there are many different types of diode lasers with
a wide range of possible powers and wavelengths
(0.5-5 microns). A distinctive feature of diode lasers is
their high efficiency, miniaturization, low price, and
significant life cycle (up to 50,000 hours). The diode
lasers are most commonly used in surgery. However,
due to the variety of output parameters and affordable
price, diode lasers are currently one of the most com-
mon types of lasers in coloproctology.

I aser technologies are extensively introduced into
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eTCSl BBICOKMH KO3QULIHMEHT I10/Ie3HOT0 [eLCTBUS
(KI1I), MHHHATIOPHOCTh, HM3Kasg LieHa W 3Ha4H-
TeJbHBIM pabounii pecypc (mo 50000 uacos). Hau-
foslee pacIpocTpaHeHO IPUMEeHEHHe [OHOJHBIX
Ja3epoB B XHUPYPrHH, OHAKO b6aromapsi MHOToo06-
PasUIo BBIXOJHBIX IIapaMeTpPoOB U [OCTYIIHOH LieHe
OUOAHBIE JIa3epbl B HACTOsIlee BpeMsl SBIISIIOTCS
OOHHUM H3 CaMBIX PacIPOCTPaHEHHBIX THUIIOB JIa3ePOB
1 B KOJIOIIPOKTOJIOTHH.

B mocienHee fgecsaTH/IeTHe aKTHUBHO HCIIOIb3YeTCs
B XUPYPTrU4eckor KOpPpeKLHMH reMOpposl ja3epHoe
H3/1y4eHHe. BBICOKOMHTEHCHBHOe JIa3epHOe U3Iy-
YeHHe YCIIeIIHO MCIIONb3yeTcsi B abJoMHHaIbHOMI
XUPYpruu yxe 6onee 40 ner [1-4]. B TeMaTH4ecKkoi
JUTepaType MOKHO BCTPeTUThb CO0b1IeH s 06 HCII0/Ib-
30BaHHU /i1 KOATYISILIMK I'eMOPPOUJAILHEIX Y3JIO0B,
KaBepHO3HBIX M COCYJUCTBIX 0Opa30BaHUM aHOPEK-
TaJIBHOM 06JIaCTHU Pa3/IMYHBIX ITapaMEeTPOB JIa3epPHOr0
u3ny4deHus [2, 5] Paspo3HeHHass MHOPMAIHS I10 IIPH-
MeHEeHHIO JIa3epoB B Je4eHHH aHa/JIbHBEIX TPeIllMH,
CBHUIIEHN IPSIMOM KHUIIKH, KOHAU/IOM, IIOJIMIIOB IIpsi-
MOM KHIIKK He II03BOJISIeT OIpefe/lUTh aJTOPUTM
XUPYPrHUYecKoro jedeHHUs. BrIlloHeHHe pa3IHUuHBbIX
Ja3epHBIX XUPYPrUYeCKHUX TAKTHK IIpH IIaTOJOTHU
AHOPEKTAJIbHOM 30HBl pa3paboTaHoO, OJHAKO UETKHUX
MeTOAMYECKHUX YKa3aHHUM IO peKUMYy PaboTel, MOII-
HOCTH H3/ly4eHHs], BpeMeHH BO3MEHCTBUS He IIpel-
CTaBjeHO. BooOIlle He yYMTBIBAIOTCS aHTPOIIOMETPH-
YecKkue JaHHbIe [AI[HeHTOB.

[TosToMy Lienpi0o paboTsl cTana paspaboTka Ipo-
IpaMMBl [JIsl ONTHMM3AllMU HCIIOIb30BAHUS JIa3ep-
HOTO M3/1yd4eHHUS B JeUeHHU 3abo/leBaHUN aHOPeK-
TaJbHOMW 30HBI. [I/I1 NOCTH KEHHUS LleIHd Hay4HOMY
KOJIeKTUBY OBUIM IIOCTaB/IeHBbI C/lefyloliye 3aJadyu
HCC/IeJOBaHHUS:

+ Co3maTh KOMIIBIOTEPHBIHM MOZY/Ib C Y4ETOM
AHTPOIIOMeTPHUYEeCKHUX MAAHHBIX, AJIS ONTHMHU-
3allMM MOILHOCTH JIa3epHOTO HM3/y4eHHUs U Bpe-
MeHH ero BO3[eHCTBUS

* IlepcoHMUIMPOBATL METOLOJIOTHI0 HCIIOb30-
BaHMUS JIa3epHOIO JIeUeHHUs NpU 3a60/1eBaHUSIX
AHOPEeKTaTbHOM 30HBI

* Hcrmonp3oBaTh reMOPPOUIATIBHYIO 60JIe3HBb KaK
6H0/IOruYecKyto MOZIe/b /Il HallMCaHUsI UHOOP-
MalLlIOHHOH KOMIIBIOTePHOH IPOIrPaMMBI

» Co3gaTh KOMIIbIOTEpPHYI0 6a3y MAaHHBIX IS
MHHHMU3HUPOBAHUS PHUCKOB IIPH HCIIOIB30BA-
HUU JIa3epoB B JleUeHUH 3a007eBaHUN aHOpeK-
TaJIbHOU 30HBI

MATEPWUAJIbI N METOAbI
JJisi co3maHHUs KOMITBIOTEPHOHM IIPOrpaMMBbl OBUIH
HCII0/Ib30BAHBl JAHHBIE HCCIENOBAHUU IO BBEIOOpKE

In the last decade, laser radiation has been actively
used in the surgical correction of hemorrhoids. High-
intensity laser radiation has been successfully used in
abdominal surgery for more than 40 years [1-4]. In the
issue-related literature, one can find reports on the
use of various laser radiation parameters for coagula-
tion of hemorrhoidal tumors, cavernous and vascular
formations of the anorectal area. [2, 5] Miscellaneous
information about the use of lasers in the treatment of
anal fissures, rectal fistulas, condylomata, rectal pol-
yps does not allow determining the algorithm of sur-
gical treatment. The implementation of various laser
surgical approaches in the pathology of the anorectal
area has been developed, but there are no clear guide-
lines as to the mode of operation, beam power, and
exposure time. The anthropometric data of patients
are not taken into account at all.

Therefore, the aim of the work was to develop
a program to optimize the use of laser radiation in the
treatment of diseases of the anorectal area. To achieve
the goal, the research team was assigned the follow-
ing research objectives:

« A computer module should be created, taking
into account anthropometric data to optimize
the beam power and the time of its exposure;

+ The procedure for using laser treatment for dis-
eases of the anorectal area should be personal-
ized.

« Hemorrhoidal disease should be used as a biolog-
ical model for writing an information computer
program;

« A computer database should be created to mini-
mize the risks of using lasers in the treatment of
anorectal diseases

MATERIALS AND TECHNIQUES

Research data on a sample of 362 patients treated
with a diode laser within 3 years (2018-2020) were
used to create a computer program. All patients had
pathologies of the anorectal area. Surgical treat-
ment of all patients was performed using a diode
laser. The creation of the program involved the use
of databases that contained anthropometric data of
patients - height and weight, technical parameters
of laser radiation - wavelength, beam power, and
exposure time.

When utilizing the device in test run mode, a laser
tool proves to be convenient for application: the
device is easy to use (PLUG & PLAY technology is used,
which simplifies the detection of a hardware compo-
nent in the system without the need for user inter-
vention), compact, convenient for transportation and
use in various medical facilities during the working
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13 362 manpeHTa, IIPOJIeYeHHBIX C KCII0Ib30BaHUEM
IHOMHOTO j1a3epa B TedeHHe 3 11eT (3a 2018-2020 roxsl).
Bce 60/1bHBIX IMeJIH IIaTOIOTHH AaHOPEKTATbHOL 30HBI.
Xupypruyeckoe je4yeHue BCeX IIALIMEHTOB BBIIIOJ-
HSJIM C IIOMOIIBIO JHOOHOIO jasepa. i co3maHus
IIPOrPaMMBbl HCIIONB30BAIK 6a3bl MAHHBIX, KOTOPHIe
cofiepsKa/id aHTPOIIOMeTpUYecKHe AaHHble MallHeH-
TOB — POCT U BeC, TeXHHUUYECKHEe [IapaMeTphl JIa3epHOro
M3JydyeHUs — OJHHa BOJHBI, MOIJHOCTh H3/IyYeHHUS
1 BpeMsI BO3JeHCTBHS.

[Ipu pabore ¢ mpubOpPOM B TECTOBOM pesKHMe
6bI0 OTMe4YeHO Ym0oOCTBO MCIIONB30BAHUS JIa3ep-
HOI0 MHCTPyMEHTA: alIapaT IIPOCT B MCIIONb30Ba-
HHUHU (I/ICHOHB3Y€TC5I TexHosorusa PLUGC & PLAY, 4Tto
yIpolaeT obHapysKeHHe aIllapaTHOTO0 KOMIIOHEHTa
B cucTeMe 6e3 Heo6XOAMMOCTH BMeIIaTe/lbCTBA I10/Ib-
30BaTenq), KOMIIakTeH, y[obeH IpHU TPaHCIOPTH-
POBKe W MCII0/JIb30BAHUHU B PA3THYHBIX MeAULIMHCKHX
IIOMeIlleHUSIX B TeueHHe pabodero mAHs. MHTepderic,
pasMellleHHbINl Ha CeHCOPHOM 53KpaHe, HCIIO/b3yeT
PYCCKHE A3BIK, II03BOJISIET OIIePAaTHBHO HCII0/Ib30BaTh
HeCKOJIBKO pabovHX Pe>KMMOB IPH BHIIIOTHEHHUH Olle-
PaTHBHBIX BMeIIATeIbCTB, MHOIAA Ja’ke U Y OLHOIO
nanueHTa. i BCeX ONEPAaTHUBHBIX BMeEIIATe/IbCTB
KCII0/Ib30BaJIKCh TOPLIEBbIE K paJa/IbHbIe CBeTOBOBI,
JUIMHA BOJIHBI M3/Iy4eHUs - 1,46 MKM.

B kauecTBe 6MOMIOrHYeCcKON MOZeNH IIPU HaIlKca-
HHUU IIporpaMMel ObUla BbIOpaHa reMOppoHajbHas
6one3Hs. B medueHUH reMopposi 6BITH HCIIOTB30BAHBI
TOpLIEBbIE CBETOBOJBI, IIPU 3TOM Habmomaercs adpdekt
«bemoN OeHaTypallMu» TKaHeH. HMHorma paHeBom
JedeKT NOMOIHUTEIbHO IIPOIIHBAJICS HUTHIO BUKPHUI
3-0 Ha KpYIJIOM HIJIe C Lebl0 [JOIIOJHHUTEIbHOIO
reMocTasa M JUQTHUHIA CIHU3UCTOH. IIpH KCIIONB30-
BaHUM paJMabHBIX CBETOBOAOB CBETOBOJ, BBOMHJICS
YpPe3KOKHO B IOACAM3UCTBIM CIOHM, M KOATYISILUSI
reMOPPOMLA/TIBHBIX y3/I0B IIPOBOJHJIACH BEEPHO.
PaboTa OCyIIeCTBISJIACh HAa MOLIHOCTH JIa3epHOIO
n3ydeHUs He 6onee 8 BT, npu 3ToM 3¢deKT «bemnoit
IeHaTypallul» TKaHeM He Habmromancs. IIpu mpoi-
Jarce CAIM3MCTOM BBIMOJNHSJCA ee JTUGTUHI HHUTLIO
Buxpun 3-0 Ha KpyIJIOM HIJIe. B mocieomnepanHoH-
HOM Ileprofe 00neBOM CHHApPOM OBUI MHUHHMaJIEH
U HCYe3aJl Ha 2-e CYyTKH I10CJIe ollepaliiH, a CpeIHUU
CPOK HeTpPyHO0CII0COOHOCTH cocTaBMI 10-12 nHeri. AHa-
nu3 60/1eBOro CHHAPOMAa IPOBOAUIM IO LIKPPOBOH
peTHHroBoOM miKane (NRS).

BoeBon CHMHJPOM COCTaBUI 3-4 banna npu
KCIIONB30BAHUHU TOPLIEBBIX CBETOBOAOB, 1-2 6ania
IIpY MCII0/Ib30BAHMHK paJHajibHBIX CBETOBOMOB, K 3-M
cyTkaM 60eBOI CHHIPOM OTCYTCTBOBaI. BceM 60/1b-
HBIM BBIIIOJIHSIIACh SIUAYPAIbHAs aHecTe3us (362
cay4as). JIJaHHBIM BHJ, aHeCTe3MM IpeAIloaraeT
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day. The interface placed on the touch screen uses
the Russian language, as well as makes it possible to
quickly use several operating modes when perform-
ing surgical interventions, sometimes even in one
patient. Straight and radial light guides were used
for all surgical interventions, with the 1.46-micron
radiation wavelength applied.

Hemorrhoidal disease was chosen as a biological
model when writing the program. Straight light
guides were used to treat hemorrhoids that resulted
in the response of “white denaturation” of tissues.
Sometimes the wounds were additionally stitched
with a 3-0 Vicryl suture by means of a round needle
for the purpose of additional hemostasis and mucosa
lifting. When using radial light guides, the light
guide was inserted percutaneously into the submu-
cosal layer, and coagulation of hemorrhoids was car-
ried out fanwise. The operation was carried out using
a laser beam power of up to 8 W, with no response
of “white denaturation” of tissues observed. Mucosal
prolapse was lifted with a 3-0 Vicryl suture by means
of a round needle. During the postoperative period,
the pain syndrome was minimal and subsided on
the 2nd day after the surgery, and the average period
of disability was 10-12 days. The analysis of the pain
syndrome was carried out using the Numeric Pain
Rating Scale (NPRS).

The pain syndrome was 3-4 points when using
straight light guides, 1-2 points when using radial
light guides, by the 3rd day no pain syndrome was
observed. All patients underwent epidural anesthesia
(362 cases). This type of anesthesia involves the intro-
duction of an anesthetic in the immediate vicinity
of the spinal cord. Therefore, they are united by the
concept of “central anesthesia”. In order to prevent
the development of arterial hypotension, patients are
subjected to volemic (infusion) load with solutions of
crystalloids or solutions of colloids if necessary. This
leads to an increase in preload and, consequently, to
an increase in venous return and normalization of
cardiac output. Dynamic monitoring of blood pres-
sure, pulse, respiratory rate, and pulse oximetry is
carried out during the initial examination of the
patient, during preparation and anesthesia, as well
as during the postoperative period.

It is implicit that devices that can be used for such
treatment have also been proposed previously. For
example, similar equipment using mechanical com-
pression, ultrasound diagnostics, and ultrasound
coagulation is proposed by Jimin Zhang et al [6].

The main difference between the use of laser radia-
tion and ultrasonic heating or non-monochromatic
photocoagulation is that it is capable of providing
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BBeZleHHe aHeCTeTHKAa B HeIIOCPeACTBeHHOM 65m30-
CTH OT CIIMHHOIO MO3ra, I[03TOMY HUX OOBeIUHSIOT
[IOHSATHEM «LleHTpaJbHasl aHecTe3us”». C IeIbio IIpel-
VIPeXAeHHS. Pa3sBUTHUS apTePUAIBHON THIIOTOHUHU
NalueHTaM IPOBOSUTCS BojaeMHuecKkas (MHOy3H-
OHHasi) Harpy3Ka pPacTBOpaMHU KpPHCTaJ/UIOMJOB, IIpHU
He0obXOAUMOCTH PACTBOPAMH KOJJIOUAOB. JTO BeleT
K YBeIHYEHHIO IIpeJHArpy3KX U TaKUM obpaszom -
K YBeJIHUYeHHIO BEHO3HOIO BO3BpaTa M HOpMalIH3a-
IIMM CeplevYyHoro BelOpoca. JMHAMHUYECKHHN MOHH-
TOPHHI apTepPUAJIPHOIO AABJIEeHHsI, IyIbCa, YaCTOTHI
OBIXaHUS, MYJIbCOKCUMETPUHU IIPOBOAMUTCS IIpH Iep-
BUYHOM OCMOTpe IaIlMeHTa, BO BpPeMs IIOATOTOBKHU
M IIpOBeJeHHs aHeCcTe3WH, B II0CIeOIepPalOHHOM
Ieproze.

PaszymeeTcs, paHee TakKe OBUIM ITpeJIO>KeHBI
YCTPOHCTBA, II03BOISIONIME IIPOBOAUTH I10H06-
Hoe JledeHHe. Hampumep, momobHast yCTaHOBKA,
HCIIONB3YIOIasl MeXaHHYeCKyl  KOMIIPecCHIo,
V3-IUarHOCTHKY M Y3-KOaryasaiuo, IIpeajoxkeHa
B pabote Jimin Zhang et al [6].

OCHOBHBIM OTJIMYHEM HCIIOIb30BAHUS Ja3ep-
HOTO M3/y4YeHHs OT y/JIbTPa3BYKOBOIO HarpeBa HJIHU
HeMOHOXPOMAaTH4eCcKoK (GOTOKOATY/ISILUHK SIBISIETCS
BO3MOXKHOCTh 0OeCIleueHMs CeJIeKTHBHOIO0 BO3/eM-
CTBUS Ha TKAaHU IIPH IIPABHJIBHOM BBIGOpe IIMHBEL
BOJIHBI U3/MydyeHUs. DTO O3HA4YaeT, UTO MCII0/Ib30Ba-
HUe JIa3ePHOT0 U3/Iy4eHHUs AJIs pellleHHs 3a1a4H Koa-
TYJSILUK KPOBU B COCyle IIPUBOAUT K OTHOCHTETIBHO
MaJIoMy Pa3orpeBy OKPYsKaIOIIUX TKaHeH [3].

Ona 3bbeKTUBHON KOATyJsLlMM KPOBU H3JIyde-
HHe [OO/IKHO 3PpPeKTHBHO IOIJIOIAThECS TeMOTJIO0-
OMHOM, IIpHM 3TOM IIOTJIOLIeHHE H3IyUeHHUSI OKpY-
SKAIOIIMMHU COCYL TKAaHSMH [OJIKHO OBITh MeHbIIe
it obecriedeHUs IIPUHLIMIIA CelleKUMK. Takke /s
pellleHHUsI 3afla4M JIa3epHOM KOATy/ISLHUH Lerecoo-
Opa3sHBIM SIBJISIETCS MCIIOJb30BAaHHE KMIIYIbCHO-
[IepUOSHUYECKOr0 PesKUMa BO3JIEHCTBUSI, KOTOPBIH
[I03BOJIMT IIOBBICUTH 3)PEeKTHUBHOCTh KOATYISILIUHU
KPOBH U obecrieduT 6e30I1aCHOCTh OKPY>KAIONIHX TKa-
HeM BBHJy MeHbIIEL 30HbI HarpeBa.

BakHO TakXke OTMETUTh MaJIOMHBA3UBHOCTD
1 ya06CcTBO Cr10c0O0B JOCTABKH JIa3epHOI0 U3/1yUeHUs
B 30HY BO3eHCTBUS. H31ydeHHe Jasepa IOJaeTCs
K MeCTy BO3/IeHCTBHS B TOJIe TKaHeM I10 TH6Komy
OIITOBOJIOKHY MAQJIOTO AXaMeTpa C HCIIOIb30BaHHEM
JTMH3, a CaM IIPOIecC KOATyISLIUK MOKeT OBITb 0Cy-
IeCTBIeH KaK 3H[0BA3aJIbHO, TaK M YepecTKaHHO (3,
5, 7-10].

JlazepHOe H3/lyueHHe HMeeT psifi UHBIX IIpeHuMYy-
IIeCTB: 30HA TEPMUYECKUX [IOBPEXKIEHUI CTEPHIbHA
1 MUHHMaIbHA (He 6omee 0,15 mm). Koarymsamus
KPOBH U NTHUMOBI B IIPOCBeTe MEJIKHUX COCYHOB [Ha-

i g

a selective effect on tissues with the right choice of
radiation wavelength. This means that the use of
laser radiation to solve the problem of blood coagula-
tion in a vessel results in relatively low heating of the
surrounding tissues [3].

For efficient coagulation of blood, radiation should
be absorbed by hemoglobin to good effect, while the
absorption of radiation by the tissues surrounding
the vessel should be less so that the principle of selec-
tion is in place. To solve the problem of laser coagula-
tion, it is also advisable to use a pulse-periodic mode
of exposure, which will increase the efficiency of
blood coagulation and ensure the safety of surround-
ing tissues due to a smaller heating zone.

It is also important to note the minimally invasive
and convenient ways of delivering laser radiation to
the affected area. Laser radiation is delivered to the
area of exposure in the tissue thickness via a flexible
optical fiber of small diameter using lenses, and the
coagulation process itself can be carried out using
endovasal laser obliteration and through the tissue 3,
5, 7-10].

Laser radiation has a number of other advantages:
the area of thermal damage is kept sterile and does
not exceed 0.15 mm. Coagulation of blood and lymph
in the lumen of small vessels with a diameter of
0.3-0.5 mm provides hemostasis and lymphosta-

JIMOIHBIN MeJUIIMHCKUMY 1a3ep ACE 1410
ACE 1410 Diode Medical Laser

G R

R T P

PafuaspHOe OIITUYEeCKOoe BOJIOKHO,
auameTp 800 MKM

Radial optical fiber,

diameter 800 microns

TopLieBas JIMH3a
Straight lens

Puc. 1. Pabouast ycmaHoeKa Ha 0UOOHOM MeJULUHCKOM Ad3epe
Fig. 1. Equipment on a diode medical laser
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Metpom 0,3-0,5 MM obecrieunBaer

remo- ¥ JIUMOCTa3, YTO IIOJIHO-
CTBI0O HMCK/IIOYaeT BO3MOKHOCTH
KPOBOTeUeHHUsI M3 paHbl U Pa3BH-
THSI 3aCTOMHBIX OTEKOB OKpY>Kalo-
IMX TKaHer [11, 12].

OMUCAHUE NIASEPHOW
YCTAHOBKMUA
B pabore 6blTa HCIIONB30BaHA
nasepHast ycTaHoBka (puc. 1)
Ha 6a3e [UOAHOIO MeIULIHH-
ckoro jnasepa ACT DUAL mpowus-
BoAcTBa OO0 «IOpHUKOH-I'pyIIIIa»
C BBHIBOJOM H3Jy4eHHs uepe3
panuanbHOe OITHYECKOe BOJIOKHO
c 1uH30H [12].

Hcmone3yeTcs U3JIyYeHUue

Vi T i S B i

s MdNE T i

Puc. 2. inmepgetic npozpammbi
Fig. 2. Program interface

IJIMHOM BOJHB 1470 HM. MoIil-
HOCTb U [JHUTEJIbHOCTH BO3IEH-
CTBUS BapbUpyeTCss B ILIMPOKHUX IIpelesax: MOIIL-
HOCTB 10 16 BT, OJIMTEIBLHOCTh BO3EHCTBUSI B OJHOM
uMmIynbce A0 1000 mc. CymMMapHOoe BpeMs BO3ZeH-
CTBUSI MOKeT OBITh YCTAHOBJIEHO JIIOOBIM, ITOCKOJIBKY
3amaercs 0b6oe  KOMHMYECTBO IIOBTOPSIOIIHXCS
MMIIYJIbCOB.

OMMNCAHUE NMPOTPAMMDI

PaspaboraHHasi IporpamMma OCHallleHa HHTYHUTHBHO
MOHSTHBIM HHTepdericoM (puc. 2). /I pacyeTa Iepco-
HUUIIMPOBAHHOM MaTeMaTH4YecKOH MofenHu Heobxo-
IOHMO BBECTH HECKOJIbKO BXOJIHBIX [1apaMeTpoB (IJIMHY

ses, which completely eliminates bleeding from the
wound and the development of congestive edema of
surrounding tissues [11,12].

DESCRIPTION OF THE LASER EQUIPMENT
To perform the research, the laser equipment is
used (Fig.1l) based on the ACT DUAL diode medi-
cal laser manufactured by Yurikon-Croup LLC with
radiation output through a radial optical fiber with
alens [12].

Radiation with a wavelength of 1470 nm is used.
The power and duration of exposure varies widely -
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BOJIHBI, TeMIIepaTypy BO3IeLCTBHUS, THUII KOXKH IallH-
eHTa, IMaMeTp Ja3epHOro Iy4YKa U MOIIHOCTB). Takke
HeobX0IMMO BBeCTH JaHHBIE IIAIlHeHTa, a HMMEHHO:
®HO, mon u Bo3pacT. Ilocne pacyeToB HMHTepderc
II03BOJISIeT XUPYPry BHETb, Kak OymeT HM3MeHSThCS
TeMIlepaTypa TKaHHU IIPU BO3JEHCTBUH Jla3epa Ha 61o-
TKaHb B PasHble MOMEHTBI BpeMeHH I Ha Pa3sHOM IJIy-
6rHe OT [IOBEPXHOCTH M I10 CeUYeHHUIO y4a.

PaccyMTaHHBIe IapaMeTphl, a TakKKe [JaHHEIe
IallMeHTa 3allMChIBAIOTCS B 623y JAHHBIX ITPOrPaMMBI
(puc. 3), HCIOMB30BAaHHE KOTOPOK II03BOJISIET COOH-
paTh AHOHHMMHYIO CTaTHCTHKY C Le/Ibl0 Ja/bHeHIIero
Pa3BUTHS IPOTPaMMEBL K METOLHKH.

1 pacdeTa MaTeMaTH4YeCKOH MOZEIH MCIIONb3Y-
eTCsl CIelyIOIIHUH aJITOPUTM

1. PaccyMThIBaeTCd H3MeHeHHe TeMIlepa-
Typbl PacCMaTpHBaeMOro LIMAHMHAPA IIOf BO3Jek-
CTBUEM JIa3epa B FOPU30HTA/JIbBHOM U BepTHKa/JIbHOM
HaIlpaB/IeHUIX:

AT:& 1)
C-m,
rge C - TeIUIOEMKOCTb OMOIOTMYEeCKOM TKAaHH, m; -
Macca pacCMaTpHUBaeMOro LMJIMHIpA Ha Ilare MHTe-
IpUPOBaHUA, Q; - KOJIMYECTBO I1epeJaBaeMoro Temia,
i - HoMep m1ara;
2. PaccyMTBIBAeTCSI KOIHMYECTBO IlepelaBaeMoro
TeIla MeKAy CJIOIMHU BCIeACTBHE TUGOY3UH:
S(d-d.,)
i -1
;=—X‘fdt, )
1
rge S - IUIOWAJb CedeHHs, d; - AHAMeTp CedeHHs
Ha 1mare, X - KO03QQUIIMEHT TeIIOIIPOBOJHOCTH,
dt - Bpems I1ara UHTETPHUPOBAHMUS;
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Tabnuua 1. 3aBMCUMOCTb FyBMHbLI pa3pesa OT ANHbI
BOJIHbI M LiBETA KOXM
Table 1. The dependence of the incision depth on the

wavelength and skin color

[O1nHA BOHbI LiBeT KOXW rnybuHa

nasepai, MKMm Skin color NMPOHUKHOBEHUS L, MM

Laser wavelength Penetration

A, pm depth L, mm

0.193 ArF 0.004

0.308 XeCl 0.04

0.488 Ar 0.230

0.510 MM 0.230

0.532 Nd:YAG 0.610

1.064 Nd:YAG 11.5
bneaHbin /

0.80841 TEMHbIN 771
Pale/dark

0.9804/1 6.6

1.53BON 7.7

1.9BON 21

2.09 Ho 0.580

2.94 Er 0.005

10.6 CO2 0.05

OuarHocTUKa M KOMNOHEHTEI

» DOTONPUEMHWEN C YCUAWTENEM, N2BMHHBIE, DanaHCcHBe
« Mzonatopel Gapanen 400-1250 Hw, po 60 ab, a0 15 mm
« Cenexkropsl MMNYNLCOR Ha 250-2700 Hm go 2 MTy

» Mameputeny gnvTensHoCTH MMnynecoe, SPIDER

« InekTporuka CAMY AnA CUHXPOHUIaLMK

« CnexTpomeTpel 190-3450 Hm

AAIEPL! A DNTHUECKHE CACTEME

fs@avesta.ru

www.avesta.ru

{DEMTGEEK}FHﬂHbIE nazepHele CMCTEMEI
« NapameTpryeckne reHepatoptl 340-4200 Hm
« BonokoHHble nazepsl Ha 780, 1030-1064, 1560 Hm
« llazepsl co cpegHeil MoWwHoCTEIo Ao 50 Br
« ONTUYECKKMIA CUHTE3ATOR YacToThl ("kKomb-reHepatop”)
« TuTaH-candupoesie reHepatope o1 6 A0 100 ¢
« CUCTEMBI € MMKOBOR MOWHOCTLIO 0o 15 TBT
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3. BeIUMCIeHHS II0 I.II. 1 1 2
PEeKYPCHBHO BBIIIOJHSIIOT [0 TeX
Iop, IIOKa PacCYMTaHHas TeMIle-
paTypa cios C 3aJaHHOH Inybu-
HoH (popmyina 3) He OymeT paBHa
YCTAHOBJ/IEHHOM :

[A1HA BOHbI
n3ny4yeHuns

Q nasepah, MKM
T=T +W' I}.\aserwavelength
3) f -
HeobxomuMmble s pacyera 0.308 XeCl
KOHCTAHTBI, HKCIIO/Ib3yeMBble IIPO- 0.488 Ar
rpaMmon (Ko3dGUIIMEHTH OTpa-
SKeHUSI, TeIUIOeMKOCTh U TeIlIO- 0.510/1MM
IIPOBOJHOCTh  OHONIOrHYeCcKoOt 0.578 INM
TKaHU), IIPUBE/IeHEI B Tab1I. 2.
0.532 Nd:YAG
OBCYXAEHUE 1.064 Nd:YAG
MOJIYHEHHDbIX
PE3YJIbTATOB ek
Huke mpezcTaB/ieHBl Pe3y/IbTaThl 0.980 4N
HCII0/Ib30BaHHUSI pa3paboTaHHOIro
QITOPUTMA M MPOrpaMMBl. Bcero 1.53BON
6pl710 IposnedeHo 362 MalLMeHTa, 1.9BOJI
pacmpeneneHre KOTOPBIX II0 IIOJY, 509 Ho
BO3pacTy U JHUarHo3y 3aboneBaHus
IIPeJICTAB/IEHO Ha PUC. 4-6. 2.94 Er
Eie3 MCIIO/Ib30BAHUSA pacyer- )
HOHM  IIPOTPAaMMBI  AJTOPUTM

]
— m NA3EPHAS MEAMLMHA

Tabnumua 2. Ko3ddPULMeHTbl OTPaAKEHMS, TEMNTOEMKOCTb M TEMIONPOBOAHOCTb
610N0rNYecKom TKaHM

Table 2. Physical parameters of biological tissue exposed to laser (reflection
coefficients, heat capacity, and thermal conductivity)

Tennoem-
KOCTb, C
Heat
capacity, C

LiBeT
KOXW
Skin color

KoadduruneHt
oTpaxkeHus, k
Reflection

coefficient, kyr,,

KoaduumeHT
TEenn0npoBO-
AHOCTH, X
Coefficient

oTp

of thermal
conductivity, x
0.1/0.05 3360 0.44
0.4/0.1 3360 0.44
0.43/0.12 3360 0.44
0.38/0.15 3360 0.44
0.36/0.13 3360 0.44
0.51/0.44 3360 0.44
bneaHbIn /
TEMHbIV 0.65/0.4 3360 0.44
Pale/dark
0.52/0.43 3360 0.44
0.1/0.1 3360 0.44
0.05/0.05 3360 0.44
0.055/0.055 3360 0.44
0.053/0.053 3360 0.44
0.05/0.05 3360 0.44

JeYeHHU IIpeAyCMaTpHUBal yCTa-
HOBKY BBIXOJHOI MOIIHOCTH AHUOAHOrO nasepa 10 Bt
U BapbHpOBaHUeE BpeMeHH BO3[IeHCTBUS B AHalla30He
800-3200 MC B 3aBHCHMOCTH OT AHameTpa obpaba-
TBIBA€MOM 30HBI KaK CyOBeKTHBHBIM BBIOOp XHpPYpra.
C OOHOM CTOPOHBI, 3TO IIPUBOAMIO K H3OBITOYHOMY
IIOBPEKIEHHIO TKaHeH, C JPYroHM — B HEKOTOPEIX CIIy-
yasix TpeboBanack moBTOpHas 0bpaborka.

Mcnonb3oBaHHUe pacueTHOM IMIPOrpaMMBI yCTpa-
HUJIO 3TOT HEeIOCTATOK, B pe3ysjbTare BHIOOP I1apame-
TPOB BO3[EHCTBYIOIIEro JIa3ePHOIO H3/Iy4eHHs CTall
mepCOHUGUIIMPOBAHHBIM. Kak BUIHO U3 JHYarpaMMBbl
Ha puc. 7, mns 41,45% manyeHTOB MOIIHOCTDb Jjlasep-
HOTO0 H3/1y4eHUs 6bpUIa CHIDReHA Ha 20%, a s 29,57%
MOIIHOCTB II0TPeb0BaIOCh CHU3UTD ke Ha 30%.

JuarpaMma Ha pHucC. 8 ITOKa3blBaeT, YTO IIOUTH I
16% manyeHTOB MPHILIOCH CyIleCTBeHHO YBeJIHNYHTb
BpeMsl BO3[EHCTBHS BILUIOTh Ao 12000 mc. 3aTo ome-
paums 6p1a 3aBepuieHa 3a 1 LUKI 6e3 IOBTOpeHUS
BO3[I€HCTBHS.

3AK/TIOYEHUE
YueT aHTPOIIOMETPHUYeCKHX I1apaMeTpPOB II03BOJISIET
ONTHUMH3HPOBATh MOLIHOCTh HM3/1yUeHHs, YTO B /b
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power up to 16 W, duration of exposure in one pulse
up to 1000 ms. The total exposure time can be set
by anyone, since any number of repetitive pulses is
set.

PROGRAM DESCRIPTION

The developed program is equipped with an intuitive
interface (Fig. 2). To calculate a personalized mathe-
matical model, several input parameters (wavelength,
exposure temperature, patient’s skin type, laser beam
diameter, and power) should be entered. It is also
necessary to enter the patient’s data, namely: full
name, gender, and age. After calculations are made,
the interface allows the surgeon to see how the tem-
perature of the tissue will change when the laser is
exposed to the biological tissue at different times and
different depths from the surface and along the beam
section.

The calculated parameters and patient data are
recorded in the program database (Fig. 3), which
can be used to collect anonymous statistics for the
purpose of further development of the program and
procedure.
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22,03% Temoppod | Hemorrhoids

49,28% | My>KYHHBEI 22,03% Tpom603 | Thrombosis
50,72% JKeHIIXHBL 20,00% = IMomum | Polyp

14,20% AHanpHas TpelluHa | Anal fissure

7,54% TpemuHH | Fissures
Puc. 4. PacnpedeneHue nauueHmos no noay

. S . . 6,67% Tpom603, remoppoti | Thrombosis, hemorrhoids
Fig. 4. Distribution of patients by gender

3,19% CBumg | Fistula

1,16% Kpunrur | Cryptitis

0,87% Tunepruiasus | Hyperplasia

24,06% 0,87% | 9KX | Pilonidal cyst

38,55% RN 0,58% IMamusnsl | Papillae

20,00% [40-50 zeT 0,29% Koupgumnnomsl | Condylomata

11,88%  50-60 et 0,29% Hapy>KHBIM TPOM6MPOBAHHKIE FeMOPPOLT

4,93% 60-70 neT External thrombosed hemorrhoids

0,58% | 70-80 et 0,29% Hesyc | Nevus

Puc. 5. PacnpedeneHue nayueHmos no 8o3pacmy Puc. 6. PacnpedeneHue nauueHmos no duazHo3y 3a601esaHus
Fig. 5. Distribution of patients by age Fig. 6. Distribution of patients by disease diagnosis
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Fig. 7. The power of the laser radiation used

HeHIeM yIydllaeT MoppomeTpHUUecKHe IapaMeTpsl
PaHeBOro IIpoliecca, a TaKKe II03BOJISIET COKPATHUTh
CPOKH 3a’KUBJIEHHS.

Bce 3TH JaHHBIe YYHUTHIBAJIKCH IIPU HAIIHMCAHUHU
KOMITBIOTEPHO IIPOrPaMMBbI, BBOLH/IKCH CIeyIOIIHe
IIapaMeTphl: POCT, BeC OOIBHOrO, BpeMs BO3JIEHCTBHS
B CeKyHIaX, AJIMHA BOJIHBI, MOIIHOCTb H3JIyueHMUSs
B eIUHHIIAX BAaTT — BCe TH JAHHbIe B JAJIbHENIIEM
obpabaTeiBanIKCh, M C HCIIOJB30BAHHEM MeETOJOB
MaTeMaTH4ecKOro MOJEeINPOBAHUS IIe€PCOHUPHULIHPO-
BaJIOCh JIa3epHOe BO3JEeHCTBHE.

R R RN R R R AR R RN N RN R R RN AR R R RN NN
m NASEPHAA MEOULIMHA =
R R RN R R R AR R RN N RN R R RN AR R R RN NN

The following algorithm is used to calculate the
mathematical model:

1. The temperature variation of the cylinder in ques-
tion that is under the influence of the laser in the
horizontal and vertical directions should be calculated
as follows:

Q
AT = cm @
where C is the heat capacity of the biological tissue,
m; is the mass of the cylinder in question at the inte-
gration step, Q; is the amount of heat transferred, i is
the step number.
2. The amount of heat transferred between the lay-
ers due to diffusion should be calculated as follows:

S-(d-d
Q- Sy, @
1

where § is the cross-section area, d; is the cross-section
diameter at the step, X is the coefficient of thermal
conductivity, dt is the time step of the integration;

2. Calculations, as specified in clauses 1 and 2,
should be recursively performed until the calculated
temperature of the layer with a given depth (For-
mula 3) is equal to the set temperature.

1.
T=T+ 3)

i

40
36,71

Il0J1sl TALIeHTOB B 0611IeM YHCJIe UCIIBITYeMBIX, %
The proportion of patients in the total number of subjects, %

35,26
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30|
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15
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0,87
0 - | | | |
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Puc. 8. PacnpedeneHue nauueHmos no epemeHu 8030elicmaus Ad3epH020 U3Ay4YeHus]
Fig. 8. Distribution of patients by time of exposure to laser radiation
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PaspaboraHHOe ITporpaMMHoe obecriedeHue [103BO-
NsleT IepCOHUPULIMPOBATL Jla3epHOe BO3/eNCTBHE
Ha TKaHHW MHAWBHUAYAJIBHOTO A/ KaKIOro MallueHTa.
Bronorudeckasi Mofenb - reMoppoil - TpebyeT manb-
HeHIIeHd Pa3paboTKU IUTONOTHMYECKUX U THCTOJIO-
FHYeCKUX I[1apaMeTpoB C Y4eTOM HHAMBUAYa/JIbHBIX
IOaHHBIX.

Pa3BUTHE COBEPLIEHCTBOBAHHUSI IIPOrPaMMHOro0 obe-
criedeHUst Ha 6a3e CO3MAHHOM MOJIEIH C YYeTOM PHCKO-
MeTpHUYeCKUX I1apaMeTpPOB II03BOJIMT PACIIMPHUTh
IIOTeHIMa/l MCII0/Ib30BAHMS JUOHBIX JIa3epOB B KOJIO-
IIPOKTOJIOTMH. M 3TOT MeToJ 1a3ePHOM XHUPYPrUH CTa-
HeT TPaJAULIKMOHHBIM HHCTPYMEHTOM [/Is Bpada.
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The constants used by the program (reflection coef-
ficients, heat capacity and thermal conductivity of
biological tissue) necessary for calculation are made
available in Table 2.

DISCUSSION OF THE RESULTS OBTAINED

The results of the developed algorithm employed and
the program applied are presented below. A total of
362 patients were treated, the distribution of which by
gender, age, and diagnosis of the disease is shown in
Figures 4-6.

Without using a calculation program, the treat-
ment algorithm provided for setting the output power
of the diode laser at 10 W and varying the exposure
time in the range of 800-3200 ms, depending on the
diameter of the treated area as a subjective choice of
the surgeon. On the one hand, this caused excessive
tissue damage, on the other hand, repeated treatment
was required in certain cases.

The use of the calculation program eliminated this
downside. Consequently, the choice of parameters of
the impacting laser radiation became personalized.
As can be seen from the diagram in Fig.7, for 41.45%
of patients, the laser radiation power was reduced
by 20%, and for 29.57%, the power had to be reduced
even by 30%.
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uM. M. @. Crenbmaxa», Mockea. BbinoAHEHHbIE 33fa4M: CO3AaHMe
Nn0M1b30BaTENLCKOW NPOrpamMMbl, 6a3bl AAHHBIX.

ORCID: 0000-0001-9381-0747

MBaHoB Makcum Anekceeiy, HayanbHuk nabopatopuu, AO «<HUW «Montoc»
um. M. @. Crenbmaxa», MockBa. BbINOHEHHbIE 33a4u: CO3AaHNe NPOrPaMMHOT0
ANrOpUTMA ANS peanu3almu MaTemaTinieckoin mogen.

ORCID: 0000-0003-2738-0990

Konbac IOpuii lOpbeBuy, 3am. Hau. HMK-470, AO «HWUW «Montoc»

M. M. @. Crenbmaxa», MockBa. BbInONHEHHbIE 33a4N: CO3AaHMe
MaTeMaTuyeckoi MOZenm.
ORCID: 0000-0002-6867-0065

Ky3HewoB EBrenui BukTopoBuy feHepanbHblil AMPEKTOP, AOKTOP TEXHUYECKUX HayK,
npodeccop, AO «HWW «Montoc» um. M. @. Crenbmaxa», MockBa. BbinonHeHHble
3a/ja4v: pa3paboTka MeTOANKM pacyeTa.

ORCID: 0000-0002-3530-478x

Hapexnaa AnekceesHa Ky3uHa, nHxerep, AO «<HUU «Montoc» um. M. @. Crenbmaxar,
Mocksa. BbinonHeHHble 3afa4n: pa3paboTka 6asbl AaHHLIX NALMEHTOB.

ORCID: 0000-0001-5594-1260

LLnbeko EneHa AHaTONbEBHA, 3aB. TepaneBTUYECKUM OTAeNeHNeM, DefepanbHblil
MeAULMHCKUIA LLEHTp PocMMYyLLecTBa. BbiNoAHeHHble 3a4auu: pa3paboTka
MeTOAMKI NOCTONEPALMOHHOI0 NeYeHms 1 CHOp AAHHBIX MALMEHTOB.

ORCID: 0000-0001-6356-0089
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The diagram in Fig.8 shows that the exposure time
had to be significantly increased up to 12,000 ms for
almost 16% of patients. But the surgery was com-
pleted in 1 cycle without having to apply the exposure
repeatedly.

CONCLUSION

Consideration of the anthropometric parameters facil-
itates optimizing the radiation power, which further
improves the morphometric parameters of the wound
process, as well as reduces the wound healing period.

All these data were taken into account when writ-
ing the computer program, the following parameters
were entered - the patient’s height, weight, expo-
sure time in seconds, wavelength, radiation power in
watts. All these data were further processed and laser
exposure was personalized using mathematical mod-
eling methods.

The developed software can be used to personalize
the laser effect on the tissues individually for each
patient. The biological model - hemorrhoids - requires
further development of cytological and histological
parameters, with individual data to be taken into
account.

The development of software improvement based on
the created model, taking into account the risk mea-
suring parameters, will expand the potential of the
application of diode lasers in coloproctology. And this
method of laser surgery will be widely used by doctors.
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