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Experimental Choice of the Regime
of the Targeted Impact of High-Intensive Laser
Radiation in Endoscopic Interventions on the Colon

JKCNepUMEHTaNbHbIN BEIOOP PeXxirma LieneBoro
BO3[EMCTBMA BbICOKOUHTEHCUBHOIO N1a3ePHOM0 13Ny4YeHus
NPV SHAOCKOMMYECKINX BMELLATeNbCTBAX Ha TONICTOM KUMLLIKe

Abstract

Introduction. The literature lacks a unified methodology for safe use of various laser
systems for endoscopic devitalization of epithelial neoplasms. No sources were found, where the
experimental development of laser coagulation of the colon would be performed in conditions as
close as possible to clinical conditions (during intraluminal endoscopy).

Purpose. To evaluate the coagulating properties of various parameters of high-intensity laser
radiation with the wavelength of 1.06-1.34 uM in animal testing, to work out the optimal modes
of safe intraluminal laser exposure to the rectal and colon mucosa in animal testing.

Materials and methods. The authors of the article carried out the experiment on laboratory
animals (rabbits), which was aimed at the development of optimal modes of laser influence on
intestinal tissues. The depth of the lesion of the intestinal wall was studied depending on the
power of laser radiation in a constant time of remote exposure. There were selected the optimal
parameters of safe mode of laser destruction of neoplasms of the colon mucosa during endoscopic
intervention.

Results. In the course of the experiment, it was shown that the dose of laser radiation with
a wavelength of 1.34 um (power — 15 W, exposure — 2 seconds) is sufficient and optimal for
destruction of tumor tissue of the mucous membrane, limiting the zone of destruction with
only mucous membrane, without thermal damage to the muscular layer of the intestinal
membrane.

Conclusions. Experimental in vivo evaluation of various modes of exposure of high-intensity
laser radiation on the colon mucosa allows predicting adverse outcomes of thermal ablation of
benign tumors in clinical settings and establishing effective and safe modes of exposure.
Keywords: villous tumor, rectal and colon polyps, laser destruction, thermal ablation.
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3KCI'IepVIMeHTaJ1beII7I Bbl60p pPeXxuMa Lenesoro BO34eNCTBMA
BbICOKOMHTEHCUBHOTIO J1a3€pPHOro Usny4vyeHna npu sH4OCKONUYeCKNX BMeLlaTeIbCTBaX Ha TONCTOW KULLKe

Peslome

BBegeHue. B nutepatype OTCYyTCTBYET €AMHasA MeTOA0NOMA 6€30MacHOro NCNoNb30BaHNA pas3nny-
HbIX JTa3epHbIX CMCTEM AJIA SHAOCKONMYECKON AeBUTaNM3aLmy SNuTenranbHbIX HOBOOOpa3oBaHui,
He HaliieHO MCTOYHMKOB, B KOTOPbIX IKCNepUMeHTalbHas oTpaboTKa pexrma fa3epHom Koaryns-
L TONICTON KMLLKK BbINOAHANACH Obl B YCNOBUAX, MAaKCMMANIbHO MPUOAVMKEHHBIX K KNMHUYECKUM
(BO BpemA BHYTPMNPOCBETHOWN SHAOCKONMUN).

Llenb. B skcnepumeHTe Ha NabopaTOPHbIX *KMBOTHbIX OLIEHWTb Koarynvpyolme cBONCTBa pasnuny-
HbIX NapaMeTPOB BbICOKOUHTEHCUBHOIO Nla3ePHOro U3nyYeHnsa AAMHON BOMHbI 1,06-1,34 MKM, OT-
paboTaTb ONTUManbHble PEXUMbl 6€30MacHOro BHYTPUMPOCBETHOIO JIa3ePHOro BO3AeNCTBUS Ha
CIIM3UCTYIO NPAMOW 1 060J0YHOW KMLLKM B SKCMEPUMEHTE Ha >KUBOTHbIX.

Marepuanbl n metoabl. ABTOpamy CTaTbW MPOBEAEH SKCMEPUMEHT Ha nabopaTopHbIX »KUBOT-
HbIX (KpOnuKax), HanpassieHHbI Ha OTPaboTKy ONTMMasbHbIX PEXMMOB Na3epHOro BO3LENCTBUA
Ha TKaHW KWLWeYHuKa. M3yyeHa rnybrHa nopa}xeHUa CTEHKU KULLKK B 3aBUCUMOCTY OT MOLLHOCTU
Jla3epHOro M3lyyeHns Npy NOCTOSHHOM BPeMeH) AUCTaHLUOHHOMO BO3AeNCTBUS, BbiOpaHbl ONTu-
MaJibHble NapameTpbl 6€30MacHOro peXxxnma JlazepHol AecTPYKLUMM HOBOOOPa3oBaHWIA CIM3MCTON
TONCTON KNLWKK BO BPeMsA SHAOCKOMMYECKOro BMeLaTesbCTBa.

PesynbTratbl. B X04€e BbINOMIHEHHOrO 3KCNepMMEHTa MOKa3aHo, YTO J03a la3epHOro n3syyeHus
ONMHON BOJHBI 1,34 MKM (MOLHOCTb 15 BT, 3Kcno3numa 2 ceKyHAbl) ABNAETCA AOCTaTOUHON 1 on-
TUMaNbHOW ANA AeCTPYKUMUN TKaHen OMyxXOnu CIM3NCTON, OrpaHnyYmBas 30HY AECTPYKUMW TONbKO
CNM3UCTON 0605104KOI, 6€3 TEPMaNbHOTO NOBPEXAEHWA MbILLEYHOTO CNTOA KNLLUKW.

BbiBoAbl. JKCcneprMeHTanbHaa OLeHKa in Vivo pasfinyHbIX PeXMMOB BO3AENCTBUA BbICOKOMHTEH-
CUBHOTO NIa3ePHOrO N3JTyYeHNA Ha CIIN3UCTYIO TONCTON KMLLKM NO3BOJIAET MPOrHo3MpoBaTtb Hebna-
ronpuATHbIE NCXOAbI TEPMasbHON abnAunm O6pPOKaYeCTBEHHbIX OMNyXoNel B KIIMHNYECKNX YCNo-
BUWAX, YCTaHOBUTb 3 PeKTMBHbIE 1 6e30MacHble peXxrMbl BO3AENCTBUA.

KnioueBble cnoBa: BOpCMHYATasA OMyxosib, NOAWM MPAMOA 1N 060J0YHON KULIKK, Na3epHaa ae-
CTPyKUUA, TepMasibHas abnsayus.

B INTRODUCTION

At present, there are not any conservative methods for the treatment of
polyps and villous adenomas of the colon, only the removal of the lesions
(by surgery or destruction with the use of thermal ablation technology)
can guarantee the success of the treatment. Timely removal of benign
colon neoplasms helps to reduce the incidence of colorectal cancer by
almost 80%, as the risk of malignancy increases with an increase in the size
of polyps (statistical indicators: 1 cm - less than 1%, 1-2 cm - 9.5%, more
than 2 - cm 46%) [1, 2]. In the arsenal of an endoscopist, polypectomy
remains the most common intervention for villous tumors and colon polyps
[3, 4]. Electroexcision technologies, the use of electrocoagulation after
loop excision of the tumor do not allow us to speak about the complete
safety of the method due to the rather wide spread of electric current
from the application zone, the vast heating zone of the intestinal tissues,
which creates the danger of coagulation damage to the deep layers of the
intestinal wall with the possibility of its perforation [5, 6]. More preferable
in this regard is the possibility to use high-intensity laser radiation for
coagulation and vaporization of colon polyps [7, 8]. At the same time, in
the literature, one can find discrepancies when using various parameters
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of laser radiation for the destruction of intraluminal tumors of the colon,
there is no unified methodology for the safe use of various laser systems for
endoscopic devitalization of epithelial neoplasms [9-13]. In many respects,
the differences take place due to the fact that a number of experimental
studies were carried out on a non-vascularized section of the intestine (after
its resection) or in the condition of an open operation (after enterotomy),
as well as on pathological material. We have not found literature sources in
which the development of the laser coagulation of the colon was performed
in conditions as close as possible to clinical conditions (during intraluminal
endoscopy).

B PURPOSE OF THE STUDY

To evaluate the coagulating properties of various parameters of high-
intensity laser radiation with a wavelength of 1.06-1.34 uM in animal testing,
to work out the optimal modes of safe intraluminal laser exposure to the
rectal and colon mucosa in animal testing.

B MATERIALS AND METHODS

The experimental part of the research was carried out at the Department
of General, Private and Operative Surgery and Microbiology of the Vitebsk
State Academy of Veterinary Medicine (Vitebsk State Academy of Veterinary
Medicine). The study was conducted using 10 male rabbits in the age group
from 2 to 2.5 years (median 2.2 years, interquantile latitude from 2.1 years
to 2.3 years), live weight from 2.0 to 3.0 kg (median 2.4 kg, interquantile
latitude from 2.1 to 2.6 kg). By the method of random distribution ("envelope
method"), the animals were divided into two groups of 5 animals each,
comparable by) sex, weight and age (p<0.05). In dynamics, the external
signs, behavioral and nutritional activity of the animals were assessed. An
experimental assessment of various modes of intraluminal exposure of laser
radiation of individual parameters to the wall of the rectum and sigmoid
colon in vivo has been carried out. The depth of lesion of the intestinal
wall in a rabbit was studied depending on the power of laser radiation at
a fixed (constant) exposure time (t=2 sec.). The experiment was carried
out under intravenous anesthesia (sol. xylozini 2% 0.2 ml per kilogram of
animal body weight). Animals of group 1 (n=5) were exposed to a laser with
a wavelength of 1.34 um (L-1.34 um). In group 2 animals (n=5), exposure on
the colon mucosa was performed with a laser with a wavelength of 1.06 um
(L-1.06 um). A laser apparatus ("Mediola-Endo" model Fotek LK-50) was used.
The large intestine was prepared in advance (hunger for a day). In animal
lateral position an endoscope (EC-3890 LZi endoscope with a Pentax i7010
K10 processor) was inserted into the rectum (Fig. 1).

A laser light guide was passed through its biopsy channel of the
endoscope.

A local laser exposure on the mucous membrane was performed with
a power of 10, 15, and 20 W in the area of the rectum and sigmoid colon.
The diameter of the optical fiber is 1 mm. (1F.600.SMA remote light guide,
at a distance of 9-12 mm to the object, the diameter of the light spot is
~1.5 mm). The first exposure site was located at a distance of 2 cm from
the anus. Subsequent foci were staggered at a distance of 2 cm from each
other. The animals were monitored for three days. Behavior, water schedule,
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a b

Fig. 1. Conducting colonoscopy in a rabbit: a - insertion of the endoscope into the rectum; b - lumen
of the rabbit rectum

temperature reaction were noted. On the 4th day the rabbits were taken out
of the experiment (euthanasia was carried out by intravenous administration
of an excess amount of thiopental sodium). After resection of the intestine
with the sites of exposure, gross specimen, including the removed internal
organs (liver, kidneys, heart, spleen, lungs, brain), were placed in separate
vials with formalin (Fig. 2).

Sections of the small and large intestine of experimental animals were
fixed in formalin, washed, transferred to alcohol of increasing concentration,
and embedded in paraffin.

Sections 3-4 pym thick were cut from paraffin blocks, the latter were
dewaxed with xylene, stained with hematoxylin and eosin, and placed
under a cover glass with a balsam. At the light-optical level, when studying
histological preparations using a Zeiss microscope (magnification x50,
X100, X200, X300 and x400), morphological changes were assessed, while
a mathematical analysis of the depth of the intestinal wall lesion was
performed depending on the mode of laser exposure.

Fig. 2. Gross specimen of rabbit colon with mucosal defects after laser exposure
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Areas of the small and large intestines of experimental animals were fixed
in formalin, washed, passed through alcohols of increasing concentration,
and embedded in paraffin. Sections 3-4 um thick were cut from paraffin
blocks, the latter were dewaxed with xylene, stained with hematoxylin and
eosin, and placed under a cover glass with a balsam. At the light-optical
level, when studying histological preparations using a Zeiss microscope
(magnification x50, X100, x200, x300 and x400), morphological changes
were assessed, while a mathematical analysis of the depth of the intestinal
wall lesion was performed depending on the mode of laser exposure...

To assess the changes, nonparametric methods of statistical analysis
were used. The data obtained are presented as median and interquartile
interval. Comparison of the research results was carried out using the
methods of nonparametric statistics (Mann - Whitney, Fisher). To compare
the reliability of changes in the frequencies of the trait in two independent
groups, x> was used with Yates’ correction for continuity. The results were
considered statistically significant at p<0.05.

All animals were kept on a standard vivarium diet. Experimental studies
were carried out in full compliance with modern principles and bioethics
standards, including the "European Convention for the Protection of the
Rights of Vertebrate Animals used in Experiments and for Other Scientific
Purposes” (1986), "International Recommendations for Biomedical Research
Using animals", the CIOMS Ethical guidelines (1985), "Universal Declaration
of Animal Rights" adopted by the International League for Animal Rights on
23 September 1977 in London and announced on October 15, 1978 at the
headquarters of UNESCO in Paris), Directive 2010/63 / EU of the European
Parliament and the Council of the European Union of 22 September
2010 on the protection of animals used for scientific purposes, as well as
the conclusion of the Ethical committee of the Vitebsk State Academy of
Veterinary Medicine.

B RESULTS AND DISCUSSION

With an output power of 20 W remote exposure of laser radiation L-1.34
pm and L-1.06 um led to the phenomenon of "boiling" with simultaneous
wrinkling and mucous membrane destruction, which contributes to the
formation of tissue defects in the affected area. The severity of these changes
at an output power of 15 W decreased until the appearance of superficial
tissue defects from the side of the mucous membrane without changes of
the surrounding tissues in the form of "white" edema and infiltration. At a
laser output power of 10 W, all changes were superficial.

The behavior and general condition of the animals did not change after
the procedure, their body temperature was 38.6+1.5°C.

External changes were comparable during a macroscopic assessment
of the defects of the mucous membrane of the large intestine of rabbits,
obtained after the exposure of laser with a wavelength of 1.34 ym and a
wavelength of 1.06 um. The dimensions of mucous membrane defects (cm)
after destruction of the mucous membrane by the L-1.34 um laser for two
seconds at a power of 10 W were 0.7 (0.6-0.7) cm, at a power of 15W - 0.8
(0.7-0.8) cm, at a power of 20 W — 0.9 (0.8-0.9) cm (Table 1).

«Xupyprua. Boctounaa EBpona», 2021, Tom 10, N° 3

323
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Table 1

Dimensions of the defects in the colon mucosa after endoscopic laser exposure on colon mucosa
with the wavelength of 1.34 pm (exposure of 2 seconds), cm

Animal, Laser power (W)

no. 10 15 20
1 0.7 0.8 0.9
2 0.6 0.7 0.8
3 0.7 0.7 0.8
4 0.6 0.8 0.9
5 0.7 0.9 1.0

Table 2

Dimensions of the defects in the colon mucosa after endoscopic laser exposure on colon mucosa
with the wavelength of 1,06 pm (exposure of 2 seconds), cm

Animal,
no.

Laser power (W)

10

15

20

0.8

0.9

1.0

0.7

0.8

0.9

0.7

0.7

0.8

0.6

0.8

0.9

uibhlw|iNn | =

0.8

1.0

1.0
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Dimensions of the defects in the colon mucosa (cm) after laser
vaporization L-1.06 microns during two seconds at the power of 10 W were
0.7 (0.7-0.8) cm, at the power 15W - 0.8 (0.8-0.9) cm, at the power 20W - 0.9
(0.9-1.0) cm (Table 2).

The study helped to determine the average sizes of the resulting
mucosal defects: after laser exposure L-1.34 um for two seconds at a power
of 10 W, its amounted to 0.7 (0.6-0.7) cm, after laser exposure L-1.06 pm of
the same parameters - 0.7 (0.7-0.8) cm. The average size of laser radiation
defects L-1.34 um for two seconds at a power of 15 W was 0.8 (0.7-0.8) cm,
laser radiation L-1.06 um of the same parameters — 0.8 (0.8-0.9) cm. After
exposure to laser radiation L-1.34 um for two seconds at a power of 20 W,
the average defect size in the mucous membrane of the colon was 0.9 (0.8—
0.9) cm, laser radiation L-1.06 pm of the same parameters — 0.9 (0.9-1.0) cm.

Histological examination of the colon wall after laser exposure L-1.34 um
with a power of 10 W (Fig. 3) revealed neutrophil infiltration, lymphocyte
infiltration and eosinophil infiltration of the lamina propria (upper part of
the image). Considering the superficial nature of the coagulation lesion of
the colon mucosa under this laser exposure, this power and exposure is
clearly insufficient for photodestruction of the surface tissues of the colon.

Histological examination of the intestinal wall after laser exposure with
L-1.34 um radiation with a power of 15 W revealed neutrophil infiltration,
lymphocyte infiltration and eosinophils infiltration of tissues at the level of
the deep mucosa (up to the level of the muscle layer). In Fig. 4, it is visible at
the top of the photo. Since below this level muscular and serous layers of the
intestine with this mode of exposure are not involved in the inflammatory
and destructive process, these parameters of radiation L-1.34 ym can be
considered optimal (safe in terms of excluding the possibility of intestinal
perforation).
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Fig. 3. Superficial necrosis of the colon mucosa (with bright pink staining in the lower part
of the histogram) 3 days after laser exposure to L-1.34 um. with the power of 10 W. Staining

with hematoxylin and eosin (a - increase x125, b - increase x250)

Fig. 4. Superficial necrosis of the colon mucosa (with bright pink staining in the lower part
of the histogram) 3 days after laser exposure to L-1.34 um with the power of 15 W. Stained

with hematoxylin and eosin. Increase x500

Histological examination of the intestinal wall after laser exposure
with L-1.34 um with a power of 20 W revealed total necrosis of the mucous
membrane (the latter is visualized as total necrotic detritus with small areas
of glands). In the muscle plate, there is abundant infiltration of lymphoid
cells. The muscular membrane of the intestine is swollen, edematous,
fragmented in some areas and is in a state of lysis (Fig. 5).

In the process of histological study of the results of laser exposure L-1.06
pum with a power of 10 W, it was found that the morphological picture of
damage to the intestinal wall corresponds to that when using radiation
L-1.34 um with a power of 15 W, and the results of a histological study of the
effect of this radiation with a power of 15 W were identical to the effect of
radiation L-1.34 um with a power of 20 W. That is, reducing the wavelength
of laser radiation to 1.06 um increases its damaging capabilities, while the
target indicators of optimal (safe) destruction of the mucous membrane
provide a radiation power of 10 W.
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Fig. 5. Total necrosis of the colon mucosa (with bright pink staining in the lower part of the histogram)
with the signs of destruction and fragmentation of the intestinal muscle layer 3 days after laser
exposure to L-1.34 microns with the power of 20 W. Staining with hematoxylin and eosin (a - increase

%125, b - increase x250)
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B CONCLUSIONS

1.

The data indicate that in colon mucosa at remote exposure of laser
radiation with a wavelength of 1.34 uM, the maximum energy absorption
occurs at a radiation power of 20 W and 2 second exposure. In this case,
the depth of the lesion completely captures the mucous membrane
(total coagulation necrosis) and spreads to the muscle layer, leading to
its partial devitalization and fragmentation. This mode of exposure when
performing laser significantly increases the risk of bowel perforation and
peritonitis development when performing vaporization of benign colon
neoplasms.

Reducing the power of remote laser radiation with a wavelength of
1.34 um to 15 W allows to limit the maximum thermal (coagulating)
effect only the mucosa (to the level of the muscular plate of the mucous
membrane) without affecting the muscular layer of the intestine. Due to
the insufficient coagulating effect of laser radiation with a wavelength
of 1.06 pum and 1.34 um 10 W with a surface effect of destruction of the
mucous membrane, the achievement of the target effect on ablation of
tumor formation of the mucosa becomes doubtful, dictating the need
to increase the radicality of the intervention by increasing the radiation
power.

In the course of the experiment, it was shown that the dose of laser
radiation with a wavelength of 1.34 um (power 15 W, exposure
2 seconds) is sufficient and optimal for the destruction of tumor tissue
of the mucous membrane, limiting the zone of destruction only mucous
membrane, without thermal damage to the muscular layer of the
intestinal membrane.

The morphological picture of damage to the intestinal membrane
by laser radiation with a wavelength of 1.06 um and a power of 10 W
corresponds to that when using radiation with a wavelength of 1.34 pm
and a power of 15 W, and the results of a histological study of the
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effect of this radiation with a power of 15 W are identical to the effect
of radiation L-1, 34 um with a power of 20 W. Reducing the wavelength
of laser radiation to 1.06 uM increases its damaging capabilities, and
the target indicators of optimal (safe) mucosa destruction provide a
radiation power (output) of 10 W.
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