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B cTaTbe npeacTaB/ieH KpaTkun 063op
NpUMeHeHU na3epoB B XUPYPruu, caenaH
AKL,EHT Ha UCMOJ/Ib30BaHUM N1a3epHbIX
MHCTPYMEHTOB B 06/1aCTU KOJIOMPOKTOJIOMUMU.
MpepcTaBneHbl Mopgposiornyeckme

OaHHble, No/ly4YeHHble NpU NccnesoBaHUNAX
BO34,eMCTBUS /1Ia3epHOro U3/ly4eHUs Ha
6noTKaHU. OTMevaeTcs, YTO penapaTuBHas
peakuus pasindHbIX TKaHeu B OTBET Ha
BbICOKOMHTEHCUBHOE Jla3epHoe BO3aencTeme
OAHOTUMHA M 3aK/IloYaeTcsa B o6Len nx
pereHepauunun Cc OKOH4YaTe/ibHbIM 3aXXUBJ1ieHNeM
K 20-21 cyTKaM.
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€3y/IbTaThl [IPUMEeHeHHUS JIa3epPHOT0 M3/1yYeHHs

B MeJULIMHEe M3BeCTHHI JABHO, C MOMEHTAa H30-

6pereHus ynasepa [1, 2]. B ypreHTHON XHUPYpruu
AKTHBHO MCIIOJIb3yIOTCSI HOBBbIE BHU/BL JIa3€POB B Kaye-
CTBE /IbTePHATHUBLI IIPSMBIM XHPYPTUYeCKHM MeTO-
JaM. XapaKTepPUCTHKU BBIXOLHBIX [IapAMeTPOB Jla3ep-
HOT'O H3/Iy4eHUs U MX KOPpelsaliys C IIOIJIOUeHHeM
PA3TUYHBIX XPOMOQOPOB OHMONTOTMYECKHUX TKAHEH
yejloBeKa (puc. 1) olpesensiioT BO3MOXKHOCTb K MeXa-
HH3M KIMHHUYeCKOIo IIpUMeHeHH s Pa3TUYHbIX TUIIOB
nasepoB. OCHOBY 3d)eKTOB, BO3SHHUKAIIIUX B OKMOTKA-
HSX II0J AeHCTBHEeM JIa3epHOIO H3JIydeHHs, COCTaB-
nsieT TemtoQU3UYecKoe BO3JEHCTBHe M3JIydeHHs Ha
IIOIJIOIAIOLIHe TKAHHU.

[TosiBlieHHMe KaKOOIO HOBOIO BHJA JIa3epPHBIX
HHCTPYMEHTOB CBSI3aHO C Pa3sBUTHEM HOBBIX MeJH-
LMHCKUX TeXHONOTHi. ONHHUMH K3 IIePBBIX THIIOB
MeIHIIMHCKHX J1a3epoB cTaiu CO, 1a3epsl. s Meau-
UMHCKUX IIPUMeHeHUH MCIIONb3YIOT TeHepalHIo
M3JIy4YeHHs Ha JauHe BoaHEBL 10,6 MKM. Bopa u opra-
HUYeCKHe COefMHEeHHS aKTHBHO IIOIVIOIIAIOT 3TO
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The article provides an overview of the
applications of lasers in surgery, special
attention is paid to the use of laser instruments
in the field of coloproctology. The morphological
data obtained in studies of the effect of laser
radiation on biological tissues are presented.

It is noted that the reparative reaction of
various tissues in response to high-intensity
laser exposure is of the same type and consists
in their general regeneration with final healing
by day 20-21.
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he results of the use of laser radiation in medi-

cine have been known for a long time, since the

invention of the laser [1, 2]. In urgent surgery,
new types of lasers are actively used as an alternative
to direct surgical methods. The characteristics of the
output parameters of laser radiation and their corre-
lation with the absorption of various chromophores
of human biological tissues (Fig. 1) determine the
possibility and mechanism of clinical application of
various types of lasers. The basis of the effects that
occur in biological tissues under the action of laser
radiation is the thermophysical effect of radiation on
absorbing tissues.

The emergence of each new type of laser instru-
ments is associated with the development of new
medical technologies. One of the first types of medi-
cal lasers was CO, lasers. For medical applications
use the generation of radiation at a wavelength of
10.6 microns. Water and organic compounds actively
absorb this radiation. A variety of CO, lasers operat-
ing in the continuous mode of generation of radiation
or in the mode of generation of pulses, allows you to
choose laser instruments for a wide range of medical
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usnydyeHude. PasHoobpasue CO,
Na3epoB, paboTalIIUX B HeIpe-

4
PHIBHOM PpeXHMe TeHepaluu 10

M3Ty4eHHUs WM B PeKMMe reHepa-
IIMK1 MMIIYJIbCOB, II03BOJISIET MO0~
6paTh /a3epHble HHCTPYMEHTEHI
IJIs. LIHMPOKOro AMaIrla3oHa Memu-
LMHCKUX [IPUMeHeHHH. [nybuHa
IIPOHUKHOBEHMS U3/IydeHHUs IS
6HOTKaHeH Pa3JTUYHOrO THIIA
Jocturaer Ao 100 MKM, IIOBepX-

Absorption Coefficient

Ko3ddULieHT MO0 eHUS

HOCTHOE BO3JEHCTBHEe H3JIy4YeHHs 1072
[103BOJISIeT IIPOU3BOAUTHL 3PdeK-
THBHOE HCCeYeHHe TKaHel 6e3
HeraTUBHBIX TePMHYECKUX 3ddex-
TOB. JaHHBIM BHU[ JIa3epoB IIpU-
MEHSeTCs  IPerMMYILEeCTBeHHO
B TMHEKOJIOTHH, OTOPHHOJIApHUH-
TOJIOTUY, KOCMETOJIOTHU U 0bIer
Xupypru# (3] (puc. 2).

JpyruM cambIM PpacIIpoCTpa-
HEeHHBIM THIIOM MeIUIIMHCKUX

Puc. 1. Cnexmp noznouwieHusi Ad3epH020 U3Ay4eHuUs 6U0A02U4ecKUMU MKAHIMU:
Kpueas 1- noznouwieHue 800bl; Kpusasi 2 — No2AoLWeHuUe 0KCU2emMo2A06UHA;

Kpugas 3 — nozAouieHue MeAaHuHa

Fig. 1. Absorption spectrum of laser radiation by biological tissues: curve1- water
absorption; curve 2 — oxyhemoglobin absorption; curve 3 — melanin absorption
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JIMHA BOTHBI JIa3ePHOI0 U3TYYeHHUsI, MKM
Laser radiation wavelength, pm

71a3epOB  ABJISIOTCS TBEPHOTENb-
HBle JIa3epel Ha IpaHaTe HJIM CTeKe, JerMpoBaH-
HOM HeopuMmoM (Nd). Cpenu HeOIHMOBBIX JIa3epoB
HauboJBIIUM CIIPOCOM MJISI MeNUIIMHCKHUX Lieei
nonb3yercs Nd:YAG-nasep (pabodast ATHHA BOJIHBEI
usnydeHus: 1064 HM). MHCTpyMeHT paboTaeT Kak
B HEIPEePHBHOM, TaK W B HMIIYJIbCHOM peKHUMeE.
YacToTa IIOBTOPEHHS MMIIY/JIbCOB BapbUpyeTCs

applications. The radiation penetration depth for bio-
logical tissues of various types reaches up to 100 pm,
the surface radiation exposure allows efficient tis-
sue excision without negative thermal effects. This
type of laser is used mainly in gynecology, otorhi-
nolaryngology, cosmetology and general surgery [3]
(Fig. 2).

Puc. 2. Kocmemuueckuti annapam AcuPulse Ha ocHose CO,-
Aazepa (npou3sodcmao Lumenis)

Fig. 2. AcuPulse cosmetic device based on a CO, laser

(by Lumenis)

Puc. 3. Nd : YAG-aa3ep 0as opmanbmonozuu Q-Las A.R.C.
(npoussodcmao Laser GmbH)

Fig. 3. O-Las A.R.C. Nd :YAG ophthalmology laser (by Laser
GmbH)
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[0 COTeH KMJIOrepl, a JJIMTeIbHOCTb HMIIY/IbCOB -
MeHee 1 1ic. IT03TOMY MOIIHOCTb B UMITyJIbCE MOSKET
COCTaBAATh COTHM MBT. OTaHuUTeNbHass 0CobeH-
HOCTh Nd:YAG-71a3epoB IPOSIBUIACH B TOCTYIIHOCTH
TeXHHUUYeCKUX PelleHUH AJIs eHepHUpaLuU HU3/lyde-
HUS Ha JIMHAX BOJH 532, 355, 266 1 213 HM. OCHOB-
HBIM HaIlpaBieHHeM puMeHeHHs Nd:YAG-mazepoB
B MeJHIIMHe C(TaJo TepameBTHYecKoe. TexXxHHKa
UX IpUMeHeHHS BKIIOHaeT INyboKylo u o0bbeM-
HYI0 KOAaryIsIIUI0, KOTOPYIO obecriedrBaeT BBICO-
Kasi ITpPOHHUKAIoIas CIoCobHOCTH (1o 10 MM) H3Iy-
YeHUS B Pa3IUYHBle bHOIOTHMYecKHe TKAaHU. ITO
5Ke CBOMCTBO CII0COOCTBOBAIO LIIMPOKOMY BHEJPEHUIO
Nd:YAG-na3epoB B [epMaTOJOTHI0 U KOCMETOJIO-
ruio [4]. OgHaKko OHO >Ke OTPaHHYMBAET HCIIOJb30-
BaHHe Nd:YAG-1a3epoB B XUPYPruu (KpoMe odTaIb-
MOJIOTMH), IIOCKOJIBKY JIa3epPHBIH IIy4OK 3aTparuBaeT
CIUIIKOM 6osbiire 061acT 6MOTKAHH,

IKCHUMepHBIe naseps C H3/y4eHHEeM
B Y®-nuamasoHe (A=157-351 HM) HAIIK CBOe IIpHU-
MeHeHHe B 0QTIBMOIIOTHH (PHUC. 4), IZle UX HUCIIOJb-
30BaHHMe HaIlpaBJIeHO Ha MpeLU3HOHHOe HCIapeHHe
poroBuLsI [5] WK TepameBTHYeCKUI 3¢deKT [6]. Pas-
Hoobpa3re HCIIOIb3yeMBIX 3KCHMEPHBIX JIa3epOB CBSI-
3aHO C COCTaBaMM aKTHUBHOM Cpefbl (ra30BOM CMeCH).
JUIMHBL BOJMH H3/Iy4YeHHUSI 3aBUCIT OT HaIlOJHEHHS
pabouell cpensl ja3sepa: Ha OCHOBe OUMePOB ¢Topa
WA CcoeMHEeHHM ¢Topa, OpoMa MM X/I0pa C apro-
HOM, KPUIITOHOM KJIH KCEHOHOM.
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The other most common type of medical lasers are
garnet or neodymium (Nd) doped solid-state lasers.
Among neodymium lasers, the Nd:YAG laser (operat-
ing radiation wavelength 1064 nm) is most in demand
for medical purposes. The tool works both in con-
tinuous and in pulsed mode. The pulse repetition rate
varies up to hundreds of kilohertz, the pulse dura-
tion is less than one ps. Therefore, the power in the
pulse can be hundreds of MW. A distinctive feature
of Nd:YAG lasers is the availability of technical solu-
tions for generating radiation at wavelengths of 532,
355, 266 and 213 nm. The main area of application of
Nd : YAG lasers in medicine has become therapeutic.
The technique of their application includes deep and
volume coagulation, which provides high penetrat-
ing ability (up to 10 mm) of radiation into various
biological tissues. The same property contributed to
the widespread introduction of Nd:YAG lasers in der-
matology and cosmetology [4]. However, it also limits
the use of Nd:YAG lasers in surgery (except for oph-
thalmology), since the laser beam affects too large
areas of tissue.

Excimer lasers with radiation in the UV range
(A=157-351 nm) are used in ophthalmology (Fig. 4),
where their use is aimed at the precision evaporation
of the cornea [5] or therapeutic effect [6]. The variety
of excimer lasers used is associated with the composi-
tions of the active medium (gas mixture). The radia-
tion wavelengths depend on the filling of the work-

Puc. 4. SxcumepHbie Aazepbl: a) «MukpockaH Busym» (npou3sodcmao «OnmocKaH»);
b) Schwind Amaris (npouzgodcmeo SCHWIND)
Fig. 4. Excimer lasers: a) Microscan Visum (by Optoscan); b) Schwind Amaris (by SCHWIND)
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Upe3BBIUAKIHO KOHKYPEHTOCIIOCOOHBIMU B 0671acTH
MeIHLIMHBl B HaCTOslllee BpeMsl CTIM IIOJIYIIPOBO-
OHUKOBBIE (IMOAHBIE) 7a3epbl. brnaromaps MHoro-
00pa3sui0 KOHCTPYKTHUBHBIX pelIeHHH U IIHPOKOMY
Habopy HCIIONB3yeMBIX B HMX IIPOM3BOACTBE Marte-
PHaJIOB IIOSIBMJIOCH MHOKECTBO PA3/IM4YHBIX BH[O0B
OUOHBIX JIa3epoB. OHU 00/MafaloT IIHPOKUM CIIeK-
TPOM [JIMH BOJIH (A=0,5-5 MKM) U GOJBIIMM OUa-
[1a30HOM HCII0/Ib3yeMBIX MOILIHOCTeH. BO3MOKHOCTB
paboThl B HeENpPephIBHOM M HMIIYJbCHOM PeXHMax
(c 4acTOTOM C/IefOBAHUS HMMIIYIbCOB 0 HECKOJIBKHX
Merarepl, U IJIMTeJbHOCTBIO MMIIY/IBCOB 0 1 MKC)
PacKphIBaeT IIOTeHLIMAJI KCIIONb30BAaHHS B PA3HBIX
MeJVIIMHCKUX TeXHOJOTUAX. OTIMYUTeNIbHAsI 0CO-
OeHHOCTb AHOMHBIX JIa3epOB - BBICOKHUM KOIQHUITH-
eHT 1rojesHoro geucrsusa (KI1J mo 90%), MHHHATIOP-
HBle pa3Mephl, HHU3Kas LleHa, COBMeIleHHe B OJHOM
KOpIIyCe [0 4YeThIpex ja3epoB C PAa3IUYHBIMU [JIH-
HaMU BOJH U C BO3MOXKHOCTBIO KX OZHOBpeMeHHOM
paboThl, a TaKKe 3HAUUTE/NbHBIM pabouUIl pecypc
(o 50000 wacoB). Hawubosnbllee pacrnpocTpaHeHHe
IIOJIyYH/I0 IIPUMeHeHHe JUOLHBIX J1a3epoB B 06/1acTu
IepMaToJIOTHH M KocMeTosnoruu. OpgHako 6raromaps
MHOroobpa3Hio BBIXOAHBIX I1aPaMeTPOB U JOCTYITHOM
LleHe JHOJHBIe JIa3ephl B HACTOsIee BpeMs SIBJISIOTCA
OJHMM M3 CAaMBbIX PACIIPOCTPAaHEHHBIX THIIOB JIa3€POB
B MefuLMHe (pUC. 5).

JlasepHOe H3/IyYeHHEe aKTHBHO HMCIIONb3yeTCs
B XHUPYPrHUecKoM KOPpPeKLHH TremMopposi. Bbico-
KOMHTEHCHBHOe JIa3epHOe H3JIydeHHe YCIIelIHO
KCIIO/Ib3yeTcsl B abJOMUHANBPHOM XHUPYPTUHU YiKe
bonee 40 ner [7, 8]. B TeMaTH4ecKoH JHUTepaType
MOKHO BCTPETHTh CO0OIIeHMs 00 HCII0/Ib30BaHUU
IUIs KOAryIsaLlMK TeMOPPOUJAJIBHBIX Y3JI0B, KaBep-
HO3HBIX M COCYZHUCTBIX OOpa30BaHHI AHOPEKTaIb-
HOHM 00/1aCTH Ppa3IUYHBIX II1aPaMeTPOB JIA3epPHOIO
usnydenus [6, 9, 10].

PanHue nybnuranuu 80-90-X TOZOB IIPOILIOTO
BeKa IIOCBSLIEHBI OTKPBITOMY MCII0/Ib30BaHHIO CO,
7a3epoB BO BpeMs TeMOPPOMASKTOMHH — IJISL HCCe-
YeHMs WM Ballopu3allUu y37oB [11-13]. [I1s 5TOM Ke
Ll UCIonb30oBanuch Nd-YAG-nmaseps! [14]. C mosis-
neHHeM B 90-X rojax IIPOILJIOTO BeKa IOPTaTHBHBIX
U IIPOCTHIX B 3KCIIIyaTallUX JUOMHBIX BBICOKO3HEP-
reTHYeCKHUX JIa3ePOB CyIEeCTBeHHO PaCIIMpHU/ICI Aya-
[Ia30H JJIMH BOJH JIa3ePHOT0 H3/1y4eHHS, ITOBBICH-
JIach HAJIEKHOCTB JIa3epHBIX IPHOOPOB, CHU3UIACh X
CTOUMOCTS [15].

MexaHN3M B3aMMOAEHCTBUSL BBICOKOIHEpreTHUe-
CKHX 7Ia3€POB [JOCTATOYHO XOPOILIO M3y4eH 1 IoJpo6HO
OCBeIlleH B MHOTOYHMCIEHHBIX Imybmukanusx (16, 17].
V3nydeHHe 3THUX JIa3epoB BBI3BIBAET B IIEPBYIO O4e-
penb TepMHYeCKUH 3pdeKT, 0b6yCI0BIeHHBIN IIOIJIO-

i g

ing medium of the laser: based on fluorine dimers
or compounds of fluorine, bromine or chlorine with
argon, krypton or xenon.

Semiconductor (diode) lasers have become
extremely competitive in the field of medicine. Due
to the variety of design solutions and the wide range
of materials used in their production, many different
types of diode lasers have appeared. They have a wide
spectrum of wavelengths (A=0.5-5 pm) and a wide
range of powers. The ability to work in continuous
and pulsed modes (with a pulse repetition rate of up
to several megahertz and a pulse duration of up to
one ps) reveals the potential for use in various medi-
cal technologies. A distinctive feature of diode lasers
is a high efficiency (efficiency up to 90%), miniature
size, low price, the combination of up to four lasers
with different wavelengths and with the possibility
of their simultaneous operation in one housing, as
well as a significant working life (up to 50,000 hours).
The most widespread use of diode lasers in the field
of dermatology and cosmetology. However, due to
the variety of output parameters and affordable price,
diode lasers are currently one of the most common
types of lasers in medicine (Fig. 5).

Laser radiation is actively used in the surgical cor-
rection of hemorrhoids. High-intensity laser radia-
tion has been successfully used in abdominal surgery
for more than 40 years [7, 8]. In the subject literature,
one can find reports on the use of different parame-

Puc. 5. JlazepHbill 0uodHbIl annapam A/TOA-01 6AuxkHezo
MK-duano3soHa (npousgodumenb «AJIKOM meduka»)

Fig. 5. Laser diode device ALOD-01 of the near infrared range
(by ALKOM Medic)
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IleHHeM TKaHSMH KBaHTOB CBeTa C TpaHcdopma-
LIKelt CBETOBOH SHEePrHHU B TeIlJIOBYI0. Kak pe3ysbTar,
[IOBBIIIeHHe HCKIIOYHTEeIbHO BBICOKOLK TeMIIepaTyphl
[IPOSIB/ISIeTCSl Ha Ype3BBhYaMHO Majou IUIOIIAfH.
B pesyibraTe IIPOMCXOLUT MOMEHTAJ/IbHOE HKCIIape-
HHe TKaHeBOH SKMAKOCTH C KOAry/aslHen KIeTOYHBIX
CTPYKTYP W Pa3sBUTHEM KOArY/ISLIMOHHOIO JIA3€PHOIO
HeKpo3a TKaHeH. M3/lyueHHe C IJIMHOM BOJHBI BUIU-
MO¥ 4YacTH crekTpa (ot 0,40 1o 0,70 MKM) CelIeKTUBHO
IIOIJIOIIAeTCsl TaKMMH IMHIMEHTHBIMU CyOCTaHLIM-
SMH, KaK MeJaHHWH, KAapOTHH, IeMOIJIOOHMH, MHO-
rnobun (cMm. puc. 1). HauMmeHbIIeN NPOHUKAIOIIEH
criocobHOCThIO ObnazaeT u3nydeHHe B (HONIETOBOM
1 ronybo YacTH CIeKTpa 3JIeKTPOMArHUTHBIX BOJH,
HaubompIIel - B KPAaCHOH.

HsnyueHue 6mmwxkHero HMK-guamasoHa (mIMHBL
BoinH 0,70-1,40 MKM), Haubosee r1yboko ITpOHHKAs
B TKAaHM, IIpeXK[e BCero IIOIJIOIIAeTCS KIETOYHBIMU
benkamu. IIpH 3TOM UYeTKO YCTAHOBJIEHO, YTO IS
OIUHBL BOAHBL 0,81 MKM XpomMobOpOM-MHUIIEHBIO
sBJIsieTcs okcuremornobun [18]. IIpu BBeoeHUU CBe-
TOBOJA B IIPOCBET COCy[a M BO3JEeHCTBHH H3Jyde-
HHeM JAaHHOMU JJIMHEI BOJIHEL [IPOMCXOAMT JIOKAJIBHOR
3aKHIIaHHEe KPOBU C 06pa3oBaHHEM ITy3BIPHKOB rasa,
KOTOpble IIOBPEeKIAIOT TeIlJIOBOM 3HeprHeHr CTeHKY
cocyla, HauyWHasg C MHTUMBI. [loBpekIeHHe C/IoeB
BEHO3HOM CTeHKH CO3/laeT YCIOBHUS ISt GOPMHPO-
BaHHSL OKK/IIO3UBHOTO QUKCHPOBAHHOIO IIPOTSIKEH-
HOro Tpombo3a C IOC/IeAyoIHUM (QHOPO3HBIM Iepe-
POKAEHHEeM CTeHKH W IIpeKpalleHHeM KPOBOTOKa II0
cocyny. JlazepHoe u3nly4dyeHHe B auarasoHe 0,81-1,06
MKM [JIMH BOJIH XapaKTepH3YyeTCs BBICOKMM IIOIJIO-
IeHHeM B reMorsobriHe KPoBU KM HH3KHM IIOIJIONIe-
HHeM B Bojie (XOTs /10 IoC/IelHero BpeMeHH MMeHHO
OHO IIMPOKO HCIIONB30BANIOCh IJIs Ja3epHOU ¢preboo-
6autepanuu) [19]. YKa3aHHBIE OJIUHBL BOMH OTHOCST
K «TeMOITIOOHHIIOIIOMAeMbIM» JIa3ePHBIM CHCTeMaM
(H-nmasepsl). IIpH HCHIONB30BAaHUKU HX MPOUCXOLUT
obnuTepanys HebONBIINX 10 THAMETPY BeH B 90-97%
ciny4aes [20].

B 2003 rogy Ha MeskayHapogHoOM KoHrpecce B CaH-
Iuero M. Goldman monoskun 06 HUCIIONb30BaHUU 1
dnebokoarynsuuu Nd: YAG-1a3epoB ¢ IJIMHON BOJTHEI
1,32 MKM, H3/7y4YeHHEe KOTOPOro ysKe 3aMeTHO IIOIJIO-
IIAeTCsl He TOJIbKO B OKCHUIeMOITIOOKHe, HO U B BOJe.
I[TornommeHye H3/y4eHMs 5TON JJIMHBI BOJHBL B OKCH-
remoryiobrHe ellle BCe-TaKU IpeobnafaeT Haf IOIJIO-
IeHueM B Bofe [21], II03TOMy OTHeceHHe JAHHOIO
M3/ly4eHHs] K ¢BOMOIIOIJIOIIAeMOMY» HJIH “BOJOCIIe-
UUPUUHOMY» He coBCeM KoppeKTHo [10, 22]. Boiee
[IPAaBHJIBHO HKCIIO/Ib30BaTh 3TOT TePMHH [JIsl Jlase-
POB C [UIMHAMH BOJH, O/1MKe K 1,5 MKM, B KOTOPBIX
IorjomeHue B Bofe 6yner mpeobnagaromum. Takue
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ters of laser radiation for coagulation of hemorrhoids,
cavernous and vascular formations of the anorectal
region [6, 9, 10].

Early publications of the 80-90s of the last century
were devoted to the open use of CO, lasers during
hemorrhoidectomy - for excision or vaporization of
nodes [11-13]. For the same purpose, Nd-YAG lasers
were used [14]. With the advent of portable and easy-
to-use diode high-energy lasers in the 90s of the last
century, the range of laser radiation wavelengths
expanded significantly, the reliability of laser devices
increased, and their cost decreased [15].

The mechanism of interaction of high-energy
lasers has been well studied and is described in detail
in numerous publications [16, 17]. The radiation of
these lasers primarily causes a thermal effect due to
the absorption of light quanta by the tissues with the
transformation of light energy into thermal energy.
As a result, an increase in exceptionally high temper-
ature appears on an extremely small area. As a result,
instantaneous evaporation of tissue fluid occurs with
coagulation of cellular structures and the develop-
ment of coagulation laser tissue necrosis. Pigment
substances such as melanin, carotene, hemoglobin,
myoglobin (see Fig. 1), selectively absorb radiation
with a wavelength of the visible part of the spectrum
(from 0.40 to 0.70 pm). Radiation in the violet and
blue parts of the spectrum of electromagnetic waves
has the smallest penetrating power, and the greatest
in red.

Near-infrared radiation (wavelengths 0.70-
1.40 microns) penetrating the tissue most deeply,
is primarily absorbed by cellular proteins. It was
clearly established that, for a wavelength of 0.81
pm, the target chromophore is oxyhemoglobin [18].
With the introduction of the fiber into the lumen
of the vessel and exposure to radiation of a given
wavelength, local boiling of blood occurs with the
formation of gas bubbles, which damage the ves-
sel wall with thermal energy, starting with intima.
Damage to the layers of the venous wall creates
the conditions for the formation of an occlusive
fixed extended thrombosis with subsequent fibrous
degeneration of the wall and the termination of
blood flow through the vessel. Laser radiation in the
range of 0.81-1.06 pm wavelengths is characterized
by high absorption in hemoglobin and low absorp-
tion in water (although until recently it was widely
used for laser phlebobliteration) [19]. The indi-
cated wavelengths are referred to as «hemoglobin-
absorbing» laser systems (H-lasers). When using
them, obliteration of small diameter veins occurs in
90-97% of cases [20].
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Ja3epsl C IJIMHOM BOMHBEI 1,47-1,5-1,56 MKM (0603Ha-
4JaeMble KaK W-j1a3epbl) aKTUBHO HCIIONB3YIOTCS [JIs1
dneboobnutepanuu [23]. M3nyueHHe AJTUHOM BOTHBI
oT 10,6 MKM IIOYTH IIOJIHOCTBIO IIOIJIOIAETCS MOJIEKy-
JIAMH BOZBI, HEe3HAUHTETBHO PACCEMBASICh B TKAHSX.
9To o3HauyaeT MPaKTU4YeCcKH II0JIHOe IOIJIOlIeHHe
3TOr0 M3/y4eHHs B BEPXHHUX C/I0SIX TKaHeHM obnyda-
eMoro obbekTa. OCOGEHHOCTH [HEHCTBUS JIa3epHOIO
H3/y4eHHs Ha TKaHHU TakKe OIlpeleNsieTcsl ILIOTHO-
CTBIO €r0 MOIHOCTH, CTelleHbI0 GOKYCHPOBAHHUS Ty4a
Y 3aBHUCUT OT GU3UKO-XUMHYECKUX U OHOTOTHYecKUX
ocobeHHOCTeF 0b6/1ydaeMbIX TKaHeH (8, 14].

TepMmuueckul 3PPeKT BBICOKOIHEPreTHUYeCKOIro
Nasepa SIBASeTCS OCHOBHBIM MeXaHH3MoOM, obecrie-
YMBAIOIIUM B3aHMOZENCTBHE U3Ty4eHHUs C TKAaHSIMHU.
TeMmepaTypHas peaKLHsl TKaHek 3aBUCHT OT MOILIHO-
CTH JIa3epHOr0 HM3/Iy4eHHUs, ero JJIMHBI BOJHBI, AHa-
MeTpa jy4a, BpeMeHU BO3[EHCTBHS, a TaKKe COfep-
KaHHSI B 00/ydaeMBbIX TKaHSX BOABI U IIHTMeEHTA.
Camort r1abo¥d M YaCcTUYHO 0OPAaTHMOM PpeakLHer
SB/ISeTCsl JeHaTypauusi 6efka, HacTylamoolias MOpU
HarpeBaHUH TKaHel [0 TeMIepaTypsl 40-53 °C. IIpu
3TOM IIPOMCXOJUT HapylleHHe IIPOKOJIIareHOBEIX
1 QUOPUHOBBIX OeNIKOBBIX CBSI3€M C JeHaTypaluern
Y pacIylaBJieHHeM KojlareHa. TeM He MeHee CBS3H
ITPOKOJJIAT€HOBBIX Lielell OelKOBBIX MOJIEKY/ COXpa-
HSIIOTCSL U IIPU [IpeKpallleHHH 1a3epPHOr0 BO3IeHCTBHS
BHOBb BOCCTaHABJIMBAIOTCS, XOTSI M C HEKOTOPBIM IIepe-
YCTPOMCTBOM MAaTpPHKCa. IIOBBHIIIEHHEe TeMIIepaTyphl
B TKaHSIX B YCJIOBHSIX BO3JEHCTBHS JIa3epPHBIM H37Y-
yeHHeM 6osee 53 °C IPUBOAUT yKe K HeoOpaTHMBIM
noBpeXkaeHusIM. IIposiBneHue 3ddeKTa Ja3epHOH
boTomecTpyKIMH HauKHAeTCsl IPU TeMIlepatype 55 °C
B 00/1ydaeMbIX TKaHAX. HauanbHas dasa gecTpyKLUH
TKaHel - 6eykoBas Jerpajalys — pa3sBHUBAeTCS IIPU
TemIiepatype 63 °C. IIpu 3TOM BCe CTPYKTYphI KOJjIa-
TeHOBOIO0 MaTpHKCa IpeTepIieBaloT KOJUIAIIC U Jerpa-
Januo (B KjieTkax MOPQOIOrHYecKH BBISIBISIOTCS
INUKHOTHYeCKHue H3MeHeHHUs sizep). Ilocie mpekpa-
IIeHHs /1a3epHOI0 BO3JEHCTBUS II0JIHOTO BOCCTAHOB-
JeHus KJIeTOK M 0OPaTHOIo Pa3sBUTHS IOBPEXKIEHHUMH
He mpoucxoguT. IIpu Temmepatype 63 °C B TKaHAX
[oJ, BIMSHHEM JIa3ePHOTO H3/y4eHHUs] pa3BUBAIOTCS
IIPOLIeCCBl KOATY/ISILIUHK, UTO, HApsAY C AeHaTypalhen
U JeruzpaTaiyerl 6elKkoB, COIIPOBOXKIAETCSI UX KOH-
TpaKIjyel C YIUIOTHEHHeM U YyMeHblIeHHeM B obbeme
OCHOBHOTO BelllecTBa (THMCTOJIOTMYECKH 3TO XapaKTe-
pu3syetcs 6a30MIBHBIMU U TUKHOTHYECKHMMHU H3Me-
HEeHUSIMHU B KJIeTKaxX C HaTU4YHeM CeTelomobHOM cy6-
CTaHIIMM, BO3HHUKAWOLIEH B IIpoliecce KOATY/ISLHU
KpoBu) (21, 23].

[loBEIIeHHe TeMIIepPaTypbl B TKaHSX, IOABEpra-
IOIIMXCSI BBICOKOMHTEHCHBHOMY Ja3epHOMY BO3[eH-

In 2003, at the International Congress in San Diego,
M. Goldman reported the use of 1.32 pm Nd:YAG
lasers for phlebocoagulation, the radiation of which
is already noticeably absorbed not only in oxyhemo-
globin, but also in water. Absorption of radiation of
this wavelength in oxyhemoglobin still predominates
over absorption in water [21]; therefore, assigning
this radiation to «water-absorbing» or «water-specific»
is not entirely correct [10, 22]. It is more correct to use
this term for lasers with wavelengths closer to 1.5
pm, in which absorption in water will be predomi-
nant. Such lasers with a wavelength of 1.47-1.5-1.56
pm (denoted as W-lasers) are actively used for phle-
bobliteration [23]. Radiation with a wavelength of
10.6 microns is almost completely absorbed by water
molecules, slightly scattering in the tissues. This
means an almost complete absorption of this radia-
tion in the upper layers of the tissues of the irradiated
object. Features of the action of laser radiation on tis-
sue is also determined by the density of its power, the
degree of focusing of the beam and depends on the
physicochemical and biological characteristics of the
irradiated tissues [8, 14].

The thermal effect of a high-energy laser is the
main mechanism for the interaction of radiation
with tissues. The temperature reaction of tissues
depends on the power of laser radiation, its wave-
length, beam diameter, exposure time, as well as
the content of water and pigment in the irradiated
tissues. The weakest and partially reversible reaction
is protein denaturation, which occurs when tissues
are heated to a temperature of 40-53 °C. In this case,
there is a violation of procollagen and fibrin protein
bonds with denaturation and melting of collagen.
Nevertheless, the bonds of the collagen chains of
protein molecules are preserved and, when the laser
exposure ceases, they are restored again, although
with some rearrangement of the matrix. An increase
in temperature in tissues under conditions of expo-
sure to laser radiation of more than 53 °C leads to
irreversible damage. The manifestation of the effect
of laser photodestruction begins at a temperature of
55 °C in the irradiated tissues. The initial phase of
tissue destruction (protein degradation) develops at a
temperature of 63 °C. At the same time, all structures
of the collagen matrix undergo collapse and degrada-
tion (pyknotic changes in the nuclei are morphologi-
cally revealed in the cells). After the termination of
the laser exposure, complete restoration of the cells
and the reverse development of damage does not
occur. Coagulation processes develop in tissues under
the influence of laser radiation at a temperature of
63 °C, which, along with denaturation and dehydra-
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ctBuIo bornee 90 °C IPUBOAUT K 3PeKTy HCIApeHHUs
TKaHU. TKaHeBas SKUAKOCT 3aKUITaeT C 06pa3oBaHUEM
MeJIKHUX I1y3bIPbKOB-BaKyoJer, 0OHAPYKHMBaeMBbIX IIPU
THCTOJIOTMYECKOM MCCIefJlOBAaHUU. IIpU JasepHOM
BO3/IeHCTBHUH, IIPOBOLIUPYIOIIEM IIOBBIIIEHHE TeMIIe-
paTypel B TKaHAX 10 100 °C, SKUAKOCTh 3aKHUITAeT MIHO-
BeHHO ¢ obpa3oBaHHEeM I1apa, Pa3pblBOM H paspylile-
HHeM KJIeTOK. Mopdooruiecky B 30He BO3/JI€HCTBUS
obHapysKHBaeTCsl KOATYISILMOHHBIM HEKpo3 U JeHa-
Typanusi 6eIKOB ¢ HATUYHEM B OKPYKAIOIIUX TKAHSX
OTeKa, COCYIMCTBIX PACCTPOUCTB, KPOBOU3MHUSIHHUH.
[Ipu IOBBIIIEHHU U TeMIIEPATYpPHl B TKAHSX, 00yCI0B-
JIEHHOM JIa3epHBbIM BO3ZeHCTBUEM, OT 500 °C u boiee,
IIPOMCXOAUT KapbOoHM3aLMs TKaHeH ¢ o6yrIMBaHHEeM
U IIOJIHBIM paspyllleHHeM MOPGOIOrHYecKoH CTPYK-
Typbl. Mopdonorus u MopPOMeTpUsi paH, BO3HHU-
KaloIUX IPHU BO3OEHCTBUHU BBICOKOMHTEHCHBHBIX
JIa3epoB Ha pasJIM4yHble TKAaHHU, AOCTATOYHO XOPOIIO
usydeHa (3, 19] U MMeeT LenblH psifi OOIIKMX YePT,
B 3HAYUTEJIbHOM Mepe OT/IMNYasICh OT TUCTO/IOTHYeCKOU
KapTHHBl paH [APYroro IpoHCcXoXIeHHs. Hemocpen-
CTBEHHO B 30He JIa3epHOr0 BO3ZeHCTBUS HabnomaeTcs
KOaryJSILMOHHBIM HeKpo3 TKaHel ¢ OpMHPOBaHHEM
B IIOC/IeAYIOIIeM XapaKTepHoro crpyna. Ha rpanue
C HEeKpO30M OIlpefie/isieTCsl OTeK, PacCTPOMCTBA Kpo-
BooOpallleHUSs B BUIE THIIEpEMUH, CTa30B, JHAIeLe3-
HBIX KPOBOM3IHSIHHUN. OOBIYHO 30HA TepPMHUECKHX
IIOBPEXKIEHUI CTepH/IbHA U MHUHHMAaIbHA, He bosee
0,15 mMm. Koarynsauus KpoBH U JTHUMOBI B IIPOCBETE
MeJIKMX CcocymoB, nuamerpoMm 0,3-0,5 MM, obecrieuu-
BaeT reMo- U TUMQOCTa3, UYTO MMOJTHOCThIO UCK/II0OYAET
BO3MOXHOCTb KPOBOTEUEHHSI W3 PaHBl U Pa3BUTHUS
3aCTOMHBIX OTEKOB OKPY’KAIOIIHX TKaHEeH.
Mopdosiorudeckyd BBIIEJISIOT CJleAyoIlre 30HBL
7a3epHOro BO3ZEMCTBUS Ha TKAaHH: 30HA KOAryJIsSLH-
OHHOTI'O HEeKpo3a B BH/IE O>KOTOBOM KalMBbl; 30HA PBIX-
JIOTO ¥ KOMIIAKTHOI'O CJIOEB HeKpo3a M 30HA BOCIIAJIM-
TeJIbHOIO oTeKa. IllMprHa 3THX 30H 3aBUCHUT OT BHJA
7a3epa U JJIKMHBL BOJIHBI FeHepHUpPyeMOoro MM Jyd4a,
a Tak>ke OT THIIAa TKAaHH. BaSKHBIM CBOMICTBOM BBICOKO-
MHTEeHCHUBHOIO JIa3ePHOI0 U3/1y4eHUs SBJISIeTCs MOII-
Hoe GaKTepUIIUAHOE NEeNCTBHUE, IMPOSBIEHUE KOTO-
POro MCK/IIOYaeT CelITHUYeCKoe BOCIIa/IeHHe B TKaHSX
30HBI BO3JEHCTBHSI, UMeHyeMoe 0ObIYHO «J1a3epHBIMH
paHamu». Cnabas 3KCCymalldsi U3 MHUKPOLIUPKYJIS-
TOPHOIO pyCjla Ja3epHBIX PaH, OTCYTCTBHe BbIfe-
JIeHHS KMHUHOB WM JPYTHUX BAa30aKTUBHBIX BeLIeCTB
M3 KOATYJIHPOBAaHHBIX TKaHeH INPHUBOIUT K C1aboi
JeVKOLUTAapHOM HMHuMIbTpanvu ux [14, 16]. Acerm-
THYecKoe BOCIaJIeHHe K OTCYyTCTBHE OTeKa B TaKHUX
TKaHSX OOyC/IAaBIMBAIOT PaHHIOK IIPoJHdepalrio
Makpodaros, GubpobracToB, UTO B CBOIO OUYepedb
cr1ocobcTByeT aKTHMBH3ALMKU HMMYHHOM CHCTEMBI
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tion of proteins, is accompanied by their contraction
with compaction and a decrease in the volume of the
main substance. Histologically, this is characterized
by basophilic and pyknotic changes in cells with the
presence of a network-like substance that occurs in
the process of blood coagulation [21, 23].

An increase in temperature in tissues exposed to
high-intensity laser radiation of more than 90 °C
leads to the effect of tissue evaporation. Tissue fluid
begins to boil with the formation of small vesicle
vacuoles detected by histological examination. With
laser exposure, which provokes an increase in temper-
ature in tissues up to 100 °C, the liquid boils instantly
with the formation of steam, rupture and destruction
of cells. Morphologically, coagulation necrosis and
protein denaturation with the presence of edema,
vascular disorders, and hemorrhages in the surround-
ing tissues are detected in the affected area.

With an increase in temperature in tissues caused
by laser exposure, from 500 °C or more, carbonization
of tissues occurs with carbonization and complete
destruction of the morphological structure. The mor-
phology and morphometry of wounds arising from
the action of high-intensity lasers on various tissues
has been studied quite well [3, 19] and has a number
of common features, significantly differing from
the histological picture of wounds of other origin.
Directly in the zone of laser exposure, coagulation
necrosis of tissues is observed with the formation of a
characteristic scab in the future. On the border with
necrosis, edema, circulatory disorders in the form
of hyperemia, stasis, diapedetic hemorrhages are
determined. Typically, the area of thermal damage is
sterile and minimal, not more than 0.15 mm. Coagu-
lation of blood and lymph in the lumen of small ves-
sels, with a diameter of 0.3-0.5 mm, provides hemo-
and lymphostasis, which eliminates the possibility
of bleeding from the wound and the development of
congestive edema of the surrounding tissues.

Morphologically, the following zones of laser expo-
sure to tissues are distinguished: a zone of coagula-
tion necrosis in the form of a burn border; the zone
of loose and compact layers of necrosis and the zone
of inflammatory edema. The width of these zones
depends on the type of laser and the wavelength
of the beam it generates, as well as on the type
of tissue. An important property of high-intensity
laser radiation is a powerful bactericidal effect, the
manifestation of which eliminates septic inflam-
mation in the tissues of the affected area, usually
referred to as «laser wounds». Weak exudation from
the microvasculature of laser wounds, the absence of
the release of kinins and other vasoactive substances



U CHHTe3a KOoJUIareHa U KeHJIOHOB, OTBETCTBEHHBIX 3a
pereHepaLMIo TKaHeH. BBICTpoe HAaKOIIEHHE B TKa-
HSX IJIMKO3AaMHHOIJIMKAHOB, SIB/ISIONIUXCSI OCHOB-
HBIM BeINEeCTBOM COeJUHMTETbHON TKAaHH, CIaboBBI-
PaKeHHasl 3KCCyAALMs, OTCYTCTBHE JIEMKOLIUTAPHOM
MHOUIBTPALIMU C IIPeHMMYIIeCTBEHHON peaKLHel
MakpodaroB u GuOHpob1aCTOB CIIOCOOCTBYET 3asKUB-
JIEHHIO JIa3ePHBIX PaH MEePBUYHBIM HaTsDKeHHeM 6e3
rpybeix pybrioBBIX 06pa3oBaHHi. CilemyeT OTMETHUTB,
YTO perapaTHBHAas PeaKLUHs Pa3THYHBIX TKaHeH
B OTBeT Ha BBICOKOMHTEHCHBHOE JIa3epHOe BO3feH-
CTBHe OOHOTHUIIHA [8, 10, 11] u 3axIro4daeTcs B obieit
UX pereHepallMd C OKOHYATEeJbHBIM 3a’KHBJIEHHEM
K 20-21 cyTKaM.

Hcrmonb30BaHMe AHONHBIX J1a3€POB B XHUPYPrUHU
[103BOJITeT MaJOTPAaBMATHYHO, C MHHHMAJIBHBIM
60/eBBIM CHHAPOMOM, ONTHMHU3HPOBATh XHPYPIHU-
YeCcKyl0 TaKTUKy B Jle4eHUH 3a0071eBaHUI aHOPeK-
TaJIbHOM 30HBI. LluToMopdosoruyeckue KpHUTEpPUHU
IIPY BO3JEHCTBHUU JIa3€PHOIO M3/IyYeHHs HA TKAHU
OpraHH3Ma XapaKTepH3YIOT ero Kak abaKkTephaabHOe
U obnazaromee 6BICTPBIM CIIEKTPOM 35KHBJIEHHs, 6e3
rpy6bIX PyOIIOBBIX IIOBPEKIEHHUH.

He BBI3BIBaeT COMHEHHUH, UTO HUCIIOJIb30BAHUE Ia3e-
POB B MeJUIIMHe [IepPCIIeKTUBHO, HO TpebyeT mayibHel-
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from coagulated tissues leads to a weak leukocyte
infiltration of them [14, 16]. Aseptic inflammation
and the absence of edema in such tissues cause
the early proliferation of macrophages, fibroblasts,
which in turn contributes to the activation of the
immune system and the synthesis of collagen and
chalones responsible for tissue regeneration. The
rapid accumulation in the tissues of glycosaminogly-
cans, which are the main substance of the connec-
tive tissue, mild exudation, the absence of leukocyte
infiltration with a predominant reaction of mac-
rophages and fibroblasts, promotes the healing of
laser wounds by primary intention without rough
scar formation. It should be noted that the repara-
tive reaction of various tissues in response to a high-
intensity laser exposure is of the same type [8, 10, 11]
and consists in their general regeneration with final
healing by 20-21 days.

The use of diode lasers in surgery allows for less
traumatic, with minimal pain syndrome, optimiza-
tion of surgical tactics in the treatment of anorectal
diseases. Cytomorphological criteria when exposed to
laser radiation on body tissues characterize it as non-
bacterial and having a fast healing spectrum, without
gross scarring.
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IIero M3y4deHHUs B3aHMMOJEMNCTBUS JIa3epHOIO H3Jyde-
HUS C OMOTKAHSIMH. [IS HCIIOTB30BAHUS JIa3ePHBIX
HHCTPYMEHTOB B IIHPOKOM XHPYPrHYecKOM IpaK-
THKe HeobxomuMma pa3paboTKa KIMHHUYECKUX METO-
JHK MCIIO/b30BaHUSA OUOLHBIX jIa3epoB. B jeuenun
06IIeITPOKTONIOrUYeCKUX 3a60eBaHUM aHOPEKTAJIb-
HOM 30HBI He0OX0JUMO IPOBOLUTH IIPOLIECCH MOPdO-
JorH4Yeckoll BepudUKAlLlMKM paHeBOro Ipoliecca TKa-
HeM IIPSIMOM KMIIKH U aHAJIBHOIO KaHala AJis LieeH
ONTUMH3ALUYU MeJIUKAMEHTO3HOIO JIeUeHUs .

Kpome TOro, BakHO He 3abbIBaTh O TEXHHUYECKHUX
mpobiieMax BBOJA M3/y4eHHS OT AUOLHOILO ja3epa
B BOJIOKHO. He Bce M3/1y4yeHHe, BBIXOAAIee U3 jas3ep-
HOI0 AHOJA, IOIafaeT B BeAyIlyl0 MOAY, YacTh U3JIy-
YeHHs IIPOXOOUT MHMO BOJIOKHA, YacTh IIONajgaer
B 000JIOUKY M [ajsiee BBIXOOUT HApYXy. BaskHO BHe-
IPUTH COBpeMeHHBbIe TeXHOJIOTUU BBOAA M3/1y4YeHHs
B OIITHYECKOe BOJIOKHO [jis obecrieueHUs 3dPeKTHB-
HOT'0 TepalleBTU4YeCcKoro spdexra.
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There is no doubt that the use of lasers in medi-
cine is promising, but require further study of the
interaction of laser radiation with biological tissues.
To use laser instruments in wide surgical practice,
it is necessary to develop clinical methods for using
diode lasers. In the treatment of general proctologic
diseases of the anorectal zone, it is necessary to carry
out the processes of morphological verification of the
wound process of the tissues of the rectum and anal
canal in order to optimize drug treatment.

Furthermore, it is important not to forget about
the technical problems of introducing radiation from
a diode laser into a fiber. Not all radiation coming out
of the laser diode enters the leading mode, a part of
the radiation flies past the fiber, and a part falls into
the shell and then flows out. It is important to intro-
duce modern technologies for introducing radiation
into the optical fiber to ensure an effective therapeu-
tic effect.
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