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Aim: to improve treatment outcomes for patients after open hemorrhoidectomy.

Materials and methods. The results of treatment of 62 patients after open hemorrhoidectomy by ultrasonic scal-
pel, who were randomized into the main and control groups, 31 persons in each group, were analyzed. The patients

of the main group underwent dressing of postoperative wounds using water-soluble ointments in combination with

laser irradiation daily from day 2 after the surgical intervention and further on days 14, 21 and 30. In the control group

only dressing with the use of water-soluble ointments was performed. In the postoperative period the terms of wound

healing were determined based on the data of visual inspection, anoscopy, planimetric and cytologic methods of ex-
amination. Microbiological (culture) examination, assessment of pain syndrome intensity using visual analog scale

ondays 1-7, 14, 21, and 30 after surgical treatment and quality of life using SF-36 questionnaire before hemorrhoid-
ectomy and on day 30 after it were also performed.

Results. On day 30 wound healing occurred in 29/31 (94 %) patients of the main group and only in 5/31 (16 %) pa-
tients of the control group (p < 0.001). The growth of microorganisms in the main group was noted on day 2 in 31/31

(100 %) cases, on day 21 — in 20/28 (71 %) cases (p = 0.001); in the control group: on day 2 — in 27/31 (87 %),
on day 21 — in 30/31 (97 %) cases, although the significance of differences was not achieved (p = 0.4). The level

of pain syndrome was already lower from the second day after surgical treatment in patients of the main group

and amounted to 5 (4; 6) points, in the control group — 6 (5; 7) (p = 0.016), and on day 30 — 0 (0; 0) points in the

main group and 1 (0; 2) point in the control group (p < 0.001). Before treatment, the groups were comparable in qual-
ity of life; on day 30, statistically significant differences were noted in three indicators: physical functioning (PF) —
80 (75; 93) points in the main group vs. 80 (70; 80) points in the control group (p = 0.041); the criterion of role func-
tioning due to emotional state (RE) — 100 (66; 100) points vs. 66 (17; 67) points (p = 0.002), and the criterion reflect-
ing the intensity of pain and its impact on daily activities (BP) — 51 (37; 62) points vs. 41 (22; 51) points (p = 0.023).

Conclusion. Application of laser therapy after hemorrhoidectomy with ultrasonic scalpel promotes stimulation

of reparation processes, shortening of postoperative wound healing time, reduction of bacterial contamination

of wounds, reduction of pain syndrome intensity and improvement of quality-of-life indicators in patients of the main

group in comparison with the control group.
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Llenb: yny4winTb pesdynibTaThl JlIe4eHUs 60JIbHbIX MOCIE OTKPbLITON FEMOPPOULSIKTOMUN.

Martepuanbl U meToabl. [poaHanM3npoBaHbl pedynbTaThl JlIedeHns 62 nauMeHTOB NOCAE OTKPbLITON reMoppoun-
9KTOMUU YNbTPA3BYKOBbLIM CKaJibneneM, KOTopble ObM paHOOMN3NPOBaHbI B OCHOBHYIO M KOHTPOJIBHYIO FPYMbI.
MaumeHTaM OCHOBHOW rpynmbl BbIMO/HEHA NMEPEBS3KA MOCNE0NePaLMOHHbLIX PaH C NCMOJSIb30BAaHMEM BOLOPACTBO-
PUMbIX Ma3€el B CO4ETAHUN C BO3OENCTBMEM Na3epPHbIM U3JTyYEHMEM €XEOHEBHO CO BTOPbIX CYTOK NMOC/IE XMPYpPrn-
4YecKkoro BmeluatenbcTea v ganee Ha 14, 21 n 30-e cyTku. B KOHTPOLHOW Fpymnne BbiMOJIHANACh TOJIbKO NepeBs3ka
C UCNONb30BaHMEM BOOOPACTBOPUMBIX Ma3ei. B nocneonepaumoHHOM nepuone 6b11m onpeneneHbl CPOKM 3aXuB-
JIEHUS1 PaH Ha OCHOBAHUW AaHHbIX BU3YyaslbHOr0 OCMOTPa, aHOCKOMNUMU, NMAIAHUMETPUYECKOrO N LMTONIOrMYEeCcKoro
MEeTOO0B UCCNEeAOBaHUs. BbINONHEHO MMKPOOMONOrMieckoe (KynbTypasbHOE) NCCNeAO0BaHNE, OLEHKA NHTEHCHUB-
HOCTK BONEBOro CMHAPOMA C NMPUMEHEHNEM BU3YanbHOM aHanoroeown wkansl Ha 1-7, 14, 21 n 30-e cytku nocne
XUPYPrMYeCcKOoro Ie4eHNS N Ka4eCcTBa XXM3HM C MOMOLLIbIO ONpPocHUKa SF-36 Ao remopponaskTomMum 1 Ha 30-e CyTKn
nocne onepauuu.

Pe3ynbtaTbl. Ha 30-e cyTkn 3axumBneHue paH npomsowio y 29/31 (94 %) naumeHToB OCHOBHOWM rpynnbl 1 NLlb
y5/31 (16 %) naumeHToB KOHTPONbLHOW (P < 0,001). POCT MMKpPOOPraHM3MOB B OCHOBHO Fpynne OTMEYEH Ha 2-e CyT-
kn B 31/31 (100 %) cnyyae, Ha 21-e cytku — B 20/28 (71 %) cnyyasx (p = 0,001); B KOHTPONLHOW rpynne: Ha 2-e CyT-
kn — B 27/31 (87 %), Ha 21-e cytkn — B 30/31 (97 %) cnyyasnx, XOTs 3HAYUMOCTM pa3nunynii He ocTUrHyTo (p = 0,4).
YpoBeHb 601EBOro CUHAPOMA Y>KE CO BTOPLIX CYTOK MOCJIE XMPYPrMYeCKOro IeHeHnst Obi1 HUXE Y MaLMeHTOB OCHOB-
HOW rpynnbl 1 coctaBnsn 5 (4; 6) 6annos, B KOHTponbHOM — 6 (5; 7) (p = 0,016), a Ha 30-e cyTkn — 0 (0; 0) 6annos
B ocHoBHOM 1 1 (0; 2) 6ann B kKOHTposbHOM rpynne (p < 0,001). o neyeHns rpynnbl ObIM CONOCTaBMMBbI MO Kaye-
CTBY XM3HU. Ha 30-e CyTKM CTaTUCTUYECKM 3HAYMMbIE PA3/INYNS OTMEYaNNCh Mo TPeM nokasaTtensam: Gusanyeckomy
dyHKUMoHuposaHuto (PF) — 80 (75; 93) 6anno B ocHoBHOW 1 80 (70; 80) 6annoB B KOHTpOsbHOM rpynne (p =0,041);
KPUTEPUIO PONIEBOr0 PYHKLIMOHNPOBAHNS, 0OYCNOBIEHHOIO 3MOLMOHaNbHBIM cocTosHneM (RE), — 100 (66; 100)
6annoB 1 66 (17;67) 6annos (p = 0,002) COOTBETCTBEHHO, a TAKXe KPUTEPMIO, OTPaXaoLLEMY NUHTEHCMBHOCTbL 60K
1 ee BNUsiHME Ha NOBCEOHEBHYIO AeaTenbHocTh (BP), — 51 (37; 62) 6ann B ocHOBHOM 1 41 (22; 51) 6ann B KOHTPOJIb-
Howm rpynne (p = 0,023).

BbiBOAbI. [IpMMEHEHVE NA3EPHON TEpanun NOCcne reMoppPOUA3IKTOMUN YNLTPA3BYKOBbLIM CKaslbMNesieM CocoOCcTBy-
€T CTUMYNSIUUM NPOLLECCOB penapauumn, COKpaLLEHNIO CPOKOB 3aXXUBIEHNS NOCIE0NEPALMOHHbBIX PaH, CHUXEHMIO
OakTepuanbHON 0O6CEMEHEHHOCTU pPaH, YMEHbLUEHMIO MHTEHCUMBHOCTU 60NIEBOr0 CUHAPOMA U YNYYLLEHMIO NOKa3a-
Tenemn Kka4ecTBa XNU3HN Yy NauMeHTOB OCHOBHOW FPynnbl B CPaBHEHUM C KOHTPOJTbHOA.

KnioueBble cnoBa: nasepHas Tepanus, na3epHoe nanyyeHne, GrusnoTepaneBTUYECKOe evYeHne paH, KoOMOUHMPO-
BaHHbI FEMOPPON, rEMOPPOUNAIKTOMMUS

KOH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ana yutnposanua: dponos C.A., Boiweropoaues [.B., KyabMmuHoB A.M., Koponuk B.1O., MenkymsiH A.P., UrHateHko M.A.,
Bopobbesa WN.B., Maromepnosa C.I. MNepBblii ONbIT MPUMEHEHUS NAa3ePHOr0 U3Ty4EHNS B IEHEHUN PaH Nocie OTKPbLITON remop-
poungakTomun. Poccuiickuii XXypHan racTtpoaHTeponoruu, renartonorun, kononpokrtonorun. 2025;35(1):53-63. https://doi.
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Hemorrhoids are still one of the most wide-
spread human diseases, which is undoubtedly a
socially significant problem, since among the
patients young and middle-aged people of work-
ing age predominate [1—3]. In 25 % of cases,
patients with hemorrhoidal disease seek medi-
cal help only at stage IV of the disease, when
hemorrhoidectomy remains the only justified
method of treatment [4]. Despite the radical-
ity and effectiveness of surgical intervention,
the postoperative period causes significant
moral and physical suffering to patients due
to the presence of wounds in the anal canal
and perianal area, constant bacterial contami-
nation, marked inflammatory response and in-
tense pain syndrome. The healing time of post-
operative wounds is quite long. All these facts
determine the long-term disability of patients
who have undergone hemorrhoidectomy.

Today, the arsenal of coloproctologists has a
wide range of modern dressings, creams and oint-
ments that help to improve tissue regeneration and
have antibacterial action. However, the intensive
use of antibiotics has led to the emergence of bac-
terial resistance, as a result of which antibacterial
therapy becomes ineffective, and the healing time
is still long [5]. In this regard, physical methods
of treatment of postoperative wounds that would
significantly reduce the above negative factors and
shorten the healing time after hemorrhoidectomy
are becoming increasingly important. One of such
methods is laser treatment of postoperative wounds.

The aim of the study was to improve patient
outcomes after open hemorrhoidectomy.

In National Medical Research Center of Colopro-
ctology named after A.N. Ryzhikh from September 2023
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to December 2023, 62 patients with combined hem-
orrhoids stage IV were surgically treated. All pa-
tients signed a consent to participate in the study.

The study was single-center, prospective, ran-
domized. Patients were randomized 1:1 using the
Internet resource RandStuff.ru. The primary end-
point of the study was the frequency of epitheli-
alization of postoperative wounds on day 30 after
open hemorrhoidectomy.

Prior to surgery, patients underwent a stan-
dard complex of preoperative examination. All
patients underwent open hemorrhoidectomy with
ultrasound scalpel. After the operation the pa-
tients were randomized into the main (n = 31)
and control (n = 31) groups.

Patients of the main group underwent daily
dressing of postoperative wounds using water-sol-
uble ointments in combination with laser thera-
py sessions daily from day 1 to day 7 after the
surgery, then once a week — on days 14, 21, 30,
and until complete wound healing. Laser therapy
sessions were performed on a fiber laser with a
wavelength of 970 nm produced by the company
“IRE-Polus” (Russia). The device has an adjust-
able nozzle, which helps a change in the diameter
of the laser beam.

The patient was in the lithotomy position
during the procedure. The distance between nozzle
and wound surface was 15 cm. A defocused laser
beam with a diameter of 15 cm, 20 W power, in
pulse-periodic mode with pulse duration of 50 ms
and pause of 100 ms, power density of 0.038 W ,/cm?
was applied to the wound without contact. The
duration of one session was 4 min (Fig. 1).

Patients in the control group underwent only
dressing of postoperative wounds using water-sol-
uble ointments.

Figure 1. Laser device

Pucynox 1. JlasepHblii armapar

The age of the patients was 51 (44; 57) years
in the main group and 46 (43; 60) years in the
control group (p = 0.8). There were 20 (65 %)
men and 11 (35 %) women in the main group, 21
(68 %) men and 10 (32 %) women in the control
group. According to anthropometric data, presence
of comorbidities, duration of the disease, length of
hospitalization, and duration of surgical interven-
tion, the patients of the main and control groups
did not differ statistically significantly (Table 1).

Pain intensity was assessed using visual analog
scale (VAS) on days 1-7, 14, 21, and 30. The
methods of determining the wound healing were
visual inspection, finger examination of the rec-
tum, anoscopy, planimetric method and cytologic
examination of impression smears from the surface
of postoperative wounds, the only method allow-
ing to reliably judge the regeneration. The area
of the postoperative wound was calculated using

Table 1. General characteristics of the patients in the main and control groups
Ta6auua 1. O6as XapakTepUCTUKA NAIIMEHTOB OCHOBHOW M KOHTPOJIBHOU TPYIIT

Main group Control group
Parameter
I Ocnoenas epynna Koumpoavnasa epynna p
oxasamenv o o
n=31 n=31
Gender / ITox
male / myxcroil 20 (65 %) 21 (68 %) 0.8
female / sencxuu 11 (35 %) 10 (32 %)
Age, years / Bospacm, aem 51 (44; 57) 46 (43; 60) 0.8
Body mass index, kg,/m? . .
e P 27.7 (24.3; 30.9) 25.5(24.1; 28.9) 0.3
Bed days / Kouxo-onu 7(7;,7) 7(6;7) 0.2
Operation duration, min 20 (15: 30) 25 (15: 30) 0.4
[aumenvrocmo onepayuu, mun
Duration of the disease, years . .
Jaumenvrocme 3abo0ae6anus, 200b 7(4;10) 5 (55 10) 0.7
Number of patients with comorbidities
Koauuecmeo nayuenmos ¢ conymcmey- 13 (42 %) 8 (26 %) 0.2
HOUUMU 3A001CEAHUAMU
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the Ip_square 5.0 program. To determine the ef-
fect of laser radiation on the microbial spectrum
of postoperative wounds, all patients underwent
microbiologic (culture) examination. Material
collection was performed after wound treatment
with physiologic solution (0.9 % NaCl) once in
patients of the control group and twice in patients
of the main group: before and after laser radiation
treatment. Quality of life was determined using
the SF-36 questionnaire before surgery and on day
30 after the surgery.

Statistical analysis

Information on the analyzed indicators was
entered into a relational database in Microsoft
Access (Microsoft Corp., USA). Statistical data
processing was performed in RStudio (R v. 4.4.1;
R Core Team, Austria)) using RODBC, dplyr,
and gtsummary libraries. All quantitative values
were presented as median, lower and upper quar-
tiles (Me (Q1; Q3)); qualitative values were pre-
sented as absolute and relative frequencies (n (%)
or n/N (%)). Groups were compared by Wilcoxon
rank sum criterion for quantitative and qualitative
ordinal values; binary qualitative — by Pearson’s
¥’ at expected values > 10, at lower values — by
two-sided Fisher’s exact test. Differences were
considered statistically significant at p < 0.05.

Results

The laser therapy procedure was well tolerated
by all patients and did not cause adverse reactions
or complications.

When analyzing the distribution of pain inten-
sity, it was noted that the level of pain in patients
of the main group was statistically significantly
lower than in the control group: on day 2 — 5 (4; 6)

points in the main group and 6 (5; 7) points in the
control group (p = 0.016), on day 30 — 0 (0; 0)
points in the main group and 1 (0; 2) points in the
control group (p < 0.001) (Table 2).

When comparing the planimetric indices be-
tween the groups, the area of postoperative
wounds from day 2 to day 7 did not differ sig-
nificantly (p = 0.4). However, already from day
14 the wound area in the patients of the main
group was statistically significantly smaller than
in the control group: 107 (97; 124) mm? vs. 128
(107; 142) mm? (p = 0.014), and on day 30 —
0 (0; 0) mm? vs. 64 (23; 87) mm? (p < 0.001),
which allows to judge about the ability of laser ra-
diation to stimulate reparative processes (Table 3).

The cytomorphologic picture in the main and
control groups on day 2 did not differ significantly
and was represented by inflammatory elements of
predominantly neutrophilic character with blood
elements and mixed flora (Fig. 2).

On day 7 the morphologic picture in the pa-
tients of the main and control groups correspond-
ed to the cytogram of inflammation. However,
histiocytes (in 17 (54.8 %) patients) and fibro-
blasts (in 7 (22.6 %) patients) were detected more
often in the main group, which indicates active
cleansing processes and initial signs of wound re-
pair. In patients of the control group histiocytes
were found in 15 (48.4 %) cases, fibroblasts were
found three times less frequently compared to the
main group — 2 (6.5 %) cases (Fig. 3).

On day 14 after the surgery, the morpholog-
ic picture in the patients of the main group pre-
dominantly corresponded to the cytogram of pro-
liferative type, as evidenced by the detection of
histiocytes and fibroblasts in large numbers in im-
pression smears — in 21 (67.7 %) patients. At the

Table 2. Pain intensity by VAS on days 1—7, 14, 21 and 30 after the surgery
Tabauua 2. Vnrencusnoctsb 6osesoro cunapoma o BAI na 1—7, 14, 21 u 30-e cyTKu nocJjie onepaimn

Pain intensity (points)
Humencuenocms 601e6020 cunopoma (6anawt)
Days after the surgery :
Cymicu nocae onepauuu Main group Control group P
Ocnoenas epynna Koumpoavnasa epynna
n=31 n=31

1 6(4;7) 6 (6; 8) 0.075
2 5 (4; 6) 6 (5 7) 0.016
3 4 (3; 6) 6(5;,7) < 0.001
4 3(3;5) 6 (5; 6) < 0.001
5 3(3;4) 5(5; 6) < 0.001
6 3(2; 4) 5(5; 6) < 0.001
7 3(2; 4) 5 (4; 5) < 0.001
14 201;2) 4 (2; 4) < 0.001
21 1(0; 1) 2(2;3) < 0.001
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Table 3. Area of postoperative wounds on days 2, 7, 14, 21, and 30 after the surgery
Tab6auua 3. [lnouaas nocieonepainonubix pan Ha 2, 7, 14, 21 u 30-e cyTKu 1ocse onepaiuu

Wound area, mm? ,
Days after the surgery Mai H.10wads pan, s
Cymicu nocae onepauuu ain group Control group P
Ocnoenas epynna Konmpoavsnuas epynna
n=31 n=31
2 159 (145; 175) 157 (137; 168) 0.4
7 149 (135; 173) 151 (130; 162) 0.4
14 107 (97; 124) 128 (107; 142) 0.014
21 54 (27; 75) 101 (83; 114) < 0.001
30 0 (0; 0) 64 (23; 87) < 0.001

Figure 2. Cytologic picture on day 2 after the surgery: A — the main group (patient K., 43 years old; cytogram is rep-
resented by blood cell elements, single leukocytes; Pappenheim staining, x400); B — the control group (patient T.,
49 years old; cytogram is represented by blood cellular elements, single leukocytes; Pappenheim staining, x400)

Pucynox 2. Tlurosornyeckas KapTuHa Ha 2-e CyTKU mocje onepaiuu: A — ocHosHas rpymna (nmamument K., 43 roza;
IUTOTPaMMa TIPe/ICTAaBIeHA KJIETOYHBIMI dJIeMEHTaMHi KPOBH, eIMHUYHBIMI JIEHKOIIUTAMU; oKpalBanue mo [lammenreii-

My, x400); B — konrposbhag rpynna (naiuent T., 49 JjieT; qurorpamMma IIpe/iCTaBeHa KJIeTOYHbIMU 9JIeMEHTaMU KPOBH,
€IMHIYHBIMY JIefikoLuTaMy; OKpalBaHue no Ilanmnenreiimy, x400)

Figure 3. Cytologic picture on day 7 after the surgery: A — the main group (patient K., 43 years old; cytogram
is represented by neutrophilic inflammatory elements and histiocytes; Pappenheim staining, x400); B — the control

group (patient T., 49 years old; cytogram is represented by neutrophilic inflammatory elements and blood elements;
Pappenheim staining, x400)

Pucynox 3. Turosornyeckass KapTuHa Ha 7-e CyTKU Hocje onepaiuu: A — ocHosHas rpynna (mamument K., 43 ropa;
MUTOTPaMMa TIPE/ICTAaBJIeHA dJIeMeHTaMI BOCTIAJIEHNsT HeHTPO(UIBHOTO XapaKTepa, TUCTHOIUTAaMI; oKpaiuBanue mo [amn-
neHreimy, x400); B — KOHTpOJIbHas rpynma (nmanment T., 49 jeT; MTOrpaMMa IIpeACTaBIEHa SIEMEHTaMU BOCIAJIEHHST
HeTPOPUIBHOrO XapaKTepa, sJleMeHTaMU KPOBH; OKpaumBanue 1o Ilammenreiivmy, x400)

Poc xypH ractposuTepos renaros komonpokrot 2025; 35(1) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(1) 57



Original articles / OpurnHanbHbIe MCCIEOBAHUS

www.gastro-j.ru

same time in the control group the indicated type
of cytogram was determined only in 9 (29.0 %)
cases (Fig. 4).

By day 21 after the surgery, in addition to
histiocytes and fibroblasts, squamous epithelial
cells of different maturity stages were detected
in 15 (48.4 %) patients of the main group and
8 (25.8 %) patients of the control group. At the
same time, complete wound healing occurred in

three patients of the main group, which was con-
firmed by the detection of mature squamous epi-
thelium cells in smears (Fig. 5).

On day 30 after the operation, the type of cy-
togram, where there were no signs of inflamma-
tion and mature squamous epithelium cells were
detected, which corresponds to the stage of repair,
was determined in 29 (93.6 %) patients of the
main group and only in 5 (16.1 %) patients of the

Figure 4. Cytologic picture on day 14 after the surgery: A — the main group (patient K., 43 years old; cytogram
is represented by neutrophilic inflammatory elements, histiocytes and fibroblasts in large numbers; Pappenheim stain-
ing, x400); B — the control group (patient T., 49 years old; cytogram is represented by neutrophilic inflammatory
elements, single histiocytes; Pappenheim staining, x400)

Pucynox 4. Iluronornyeckas kaptuia Ha 14-e cyTkn nocse onepamun: A — ocuosaas rpynma (mamment K., 43 roxa;
LUTOTPAMMa TIPEJICTaBJIeHA dJIeMEHTAMK BOCHAJIEHUsT HeATpodUIbHOrO Xapakrepa, rucruoiuramu u (dubpobaactaMu
B GOJIBIIIOM KOJUYECTBE; OKpainuBanue 1o Ilanuenreiimy, x400); B — xourposbhas rpymna (naiument T., 49 ser; muro-
rpaMMa IIPE/ICTAaBICHA eMeHTAMI BOCTIAJIEHNS HEHTPOMIUIbHOTO XapaKkTepa, eMHIYHBIMI THCTHOIUTAMIT; OKPAIBaHNe
no ITarmenreiimy, x400)

A

Figure 5. Cytologic picture on day 21 after the surgery: A — the main group (patient K., 43 years old; cytogram is rep-
resented by single fibroblasts and histiocytes, squamous epithelial cells; Pappenheim staining, x400); B — the control
group (patient T., 49 years old; cytogram is represented by inflammatory elements in large amount, histiocytes and
single fibroblasts; Pappenheim staining, x400)

Pucynox 5. luronornueckas kaptuna Ha 21-e cyTkn nocae onepamu: A — ocHoHag rpyrma (mamment K., 43 roza;
UTOrpaMMa Mpe/ICTaBIeHa eMHNYHBIMU (DUOPOOIACTAMU M THCTUOIUTAME, KIETKAMU ILIOCKOTO SIUTEIHST; OKPAIINBAHNE
no IMammenreiimy, x400); B — xonTtpoabnas rpynna (mamuent T., 49 jer; murorpaMMa Irpe/ICTaBIeHa 9J1eMEHTaMI BOC-
HajieHyst B GOMIbIIOM KOJIMYECTBE, THCTUOLMTAMU M eIMHUYHbIMK (puGpobaactamu; okpammpanne no [ammenreiiMy, x400)
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Figure 6. Cytologic picture on day 30 after the surgery: A — the main group (patient K., 43 years old; cytogram
is represented by single fibroblasts and histiocytes, squamous epithelial cells; Pappenheim staining, x400); B —
the control group (patient T., 49 years old; cytogram is represented by inflammatory elements in large amount,
histiocytes and single fibroblasts; Pappenheim staining, x400)

Pucynox 6. Iuronormueckas kaptuaa Ha 30-e cyTku nocne omepaiun: A — ocrosHas rpymma (mamment K., 43 roxa;
IIITOrpaMMa MpeJICTaBIeHa eMHNIHBIMI (PUOPOOTACTAMI M THCTHOITUTAMH, KJIETKAMH IIJIOCKOTO SIHTEJINS; OKPAIIBaHIe
no IMammenreiimy, x400); B — xoutposbhag rpynna (mamuent T., 49 jier; muTorpaMMa mpejcraBieHa 31eMeHTaMu BOC-
najieHust B GOMIbIIOM KOJUYECTBE, TUCTUOLMTAMU U efuHuyHbiMU (ubpobaacramu; okpammsanye 1o Ianmnenreiivy, x400)

control group (Fig. 6). The data obtained indicate
a positive effect of laser radiation on the rate of
wound healing.

On the basis of macroscopic (visual inspection,
finger examination, anoscopy), planimetric and
cytologic characteristics, the terms of wound heal-
ing were determined. On day 30 wound healing
occurred in 29 (94 %) patients of the main group
and only in 5 (16 %) patients of the control group
(p < 0.001). By day 40 epithelization of wounds
was observed in all patients of the main group and
only in 10 (32 %) patients of the control group
(p < 0.001). In the control group, wound healing
in all patients occurred only on day 45 (Table 4).

The bacterial culture of wound discharge was
performed to consider the growth of microorgan-
isms in aerobic and anaerobic conditions. The
study revealed growth of culturable aerobic bac-
teria, obligate anaerobic bacteria and fungi colo-
nizing the wound surface and being an etiological

factor for the development of wound infection.
The wound microbiota of this area was formed
from representatives of both the intestinal micro-
biota and the skin microbiota. The study moni-
tored changes in the composition of the wound mi-
crobiota at various stages of treatment and healing.
When assessing the microbial spectrum of postop-
erative wounds before treatment, the groups were
comparable by the presence of growth and species
composition of microorganisms. Escherichia coli,
Staphylococcus epidermidis, Staphylococcus au-
reus, Enterococcus faecalis, Staphylococcus hae-
molyticus were the most common.

If on day 2 after the operation the growth of
microorganisms was noted in 100 % of the cases,
then by day 21 after the laser exposure microor-
ganisms were detected in only 71.4 % (p = 0.001)
cases. At the same time, both the quantitative and
species composition of microorganisms changed:
the number of isolated microorganisms on day 2

Table 4. The frequency of wound healing on days 14, 21, 30, 40, and 45 after the surgery

Tabauua 4. Yacrora 3askuBnenus pan Ha 14, 21

, 30, 40 u 45-e cyTku nocJie onepanuu

The frequency of wound healing
Days after the surgery . Yacmoma 3a:Kuaenust pax
Cymxu nocae onepauuu Main group Control group p
OcHogHnas epynna Konmpoavnas epynna
n=31 n=31
14 0 0 —
21 310 %) 0 0.2
30 29 (94 %) 516 %) < 0.001
40 31 (100 %) 17 (55 %) < 0.001
45 31 (100 %) 31 (100 %) =
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was 60, on day 21 — 32, the number of microor-
ganism species decreased from 22 on day 2 to 12
on day 21. In the control group, no significant
changes were noted (Table 5).

Thus, a comparative analysis of the microbial
spectrum between the groups showed a statisti-
cally significant decrease in the number of micro-
organisms cultured during laser therapy of post-
operative wounds, which indicates a decrease in

postoperative period (day 30) statistically signifi-
cant differences were revealed in three indicators:
physical functioning (PF) — 80 (75; 93) points in
the main group, 80 (70; 80) points in the control
group (p = 0.041); pain intensity (BP) — 51 (37,
62) points in the main group, 41 (22; 51) points in
the control group (p = 0.023), and role function-
ing due to emotional state (RE) — 100 (66; 100)
points and 66 (17; 67) respectively (p = 0.002)

wound colonization by microbial associations and, (Table 6).
in turn, reduces the risk of developing wound in-
fection [14]. Discussion

Analysis of patients’ quality of life accord-
ing to SF-36 questionnaire before treatment
showed comparability of groups, however, in the

Laser therapy is widely used as a treat-
ment method to achieve a reduction in pain and

Table 5. Comparative assessment of the microbial spectrum of postoperative wounds on days 2 and
21 in the main (before laser treatment) and control groups

Tabauua 5. CpaaurenbHas OlleHKAa MUKPOOHOTO CIEKTPA IIOCJEONEPAIMOHHBIX paH Ha 2-e u 21-e
CYTKH B OCHOBHOH (/10 06paGOTKN JTa3epHBIM M3Jy4eHHEM) M KOHTPOJIBHOI TpyIme

Main group Control group
OcHnognas epynna Konumpoavnasn epynna
o arameter Day 2 Day 21 Day 2 Day 21
2-e cymku | 21-e cymxk P 2-e cymku | 21-e cymx P
n=31 n =28 n=231 n=31
Presence of microbial growth o o o o
Hanuuue pocma muxpoopeanuanos 31 (100 %) | 20 (71.4 %) | 0,001 | 27 (87 %) | 30(97 %) | 0.4
II\{Iumber of microorganism strains 60 39 _ 65 58 _
0JUYECTNEO WMAMMOB MUKDPOOP2AHUIMOE
Number of microbial species
(microbial diversity) 29 " . 23 18 _
Konuuecmso 6udog muxpoopeanuzmos
(muxpobnoe pasuoo6pa3uejp

Table 6. Assessment of the quality of life of patients according to the SF-36 questionnaire before
and 30 days after the surgery

Tab6auua 6. Onenka KavyecTBa KU3HMU NAIMEHTOB 110 onpocHuky SF-36 no onepanun u vepes 30 cy-
TOK TOCJIe Hee

Before the surgery Day 30 after the surgery
o onepauuu 30-e cymxu nocae onepauuu
Parameter Main group Control group Main group Control group
IToxasameav Ochnognas Koumpoavnasn OcnoeHas Koumpoavnas
epynna epynna p epynna epynna P
n=31 n=31 n=31 n=31
PF 90 (63; 100) 90 (78; 95) 0.9 80 (75; 93) 80 (70; 80) 0.041
RP 100 (13; 100) 100 (43; 100) 0.3 50 (0; 88) 25 (0; 75) 0.2
BP 64 (52; 100) 94 (47; 100) 0.7 51 (37; 62) 41 (22; 51) 0.023
GH 62 (44; 75) 77 (47; 77) 0.2 57 (52; 77) 72 (51; 77) 0.4
VT 55 (48; 85) 60 (43; 85) 0.4 65 (50; 75) 65 (50; 75) 0.7
SF 87 (56; 88) 87 (53; 87) 0.2 75 (50; 88) 62 (37; 88) 0.2
RE 100 (33; 100) 100 (50; 100) 0.3 100 (66; 100) 66 (17; 67) 0.002
MH 60 (54; 86) 64 (48; 88) 0.8 76 (60; 82) 64 (56; 88) 0.5

Note: PF — physical functioning; RP — physical role functioning; BP — bodily pain; GH — general health; VT — vitality;
SF — social functioning; RE — emotional role functioning; MH — mental health.

IIpumeuanue: PF — usuueckoe ¢ynxyuonuposanue; RP — poaesoe ¢ynxyuonuposanue. 06ycio8aenH0e GUIUUECKUM COCINOS-
nuem; BP — unmencusnocmo 6oau; GH — obuwee cocmosiue 300posvs; VT — xusnennas axmusnocmov, SF — couuanvroe pynx-
uuonuposanue; RE — ponesoe (pynxyuonuposanue. o6ycio6ieHnoe IMOYUOHAIbHIM cocmosnuem; MH — ncuxuueckoe 300pogve.
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inflammation, helping to stimulate tissue heal-
ing processes [6].

The possibilities of laser technology appli-
cation in the therapeutic treatment of long
non-healing wounds are known. There are a
number of studies proving the effect of laser
radiation on wound healing. V.V. Stupak and
E.N. Rodyukova in a randomized study applied
laser radiation for treatment of patients with
trophic ulcers and bedsores. According to the
results of the study, the rate and percentage
of epithelization of superficial bedsores in the
main group were higher than in the control
group by 2.1—8.0 and 2.6—6.5 times, respec-
tively. In deep pressure sores the picture was
similar: the epithelization rate was 4.1-7.4
times higher, and the percentage of epitheliza-
tion was 2.7—4.7 times higher compared to the
control group [7]. The obtained results indicate
the stimulating effect of laser radiation on the
process of tissue epithelization, which is also
confirmed by our study, where wound healing
in 94 % of patients in the main group occurred
on day 30, while in the control group only on
day 45.

A number of mechanisms explaining the
effects of laser radiation on biological tissues
have been described in the literature.

According to one theory, laser radiation trig-
gers photochemical reactions in target cells con-
taining chromophores. The main chromophore
in mitochondria that absorbs light photons is
the enzyme cytochrome C oxidase, which is lo-
cated in the fourth block of the mitochondrial
respiratory chain. The interaction of infrared
radiation with cytochrome C oxidase leads to
an increase in the proton gradient, resulting
in increased production of calcium ions (Ca?"),
reactive oxygen species and adenosine triphos-
phate. Radiation in the near infrared range
(810—1064 nm) activates light-sensitive ion
channels, and the interaction of reactive oxygen
species and cyclic adenosine monophosphate
with calcium ions occurs. These photochemical
reactions result in activation of cell differentia-
tion, proliferation and migration [8, 9].

There are studies proving the effect of laser
radiation on the proliferative activity of fibro-
blasts. For example, in one of the studies, his-
tological examination of skin samples exposed
to laser treatment showed an increase in the
number of dermal fibroblasts, mitochondria, in-
termediate filament vimentin, and collagen and
elastin content [10].

Another positive property of laser radiation
is stimulation of angiogenesis and microcircula-
tion. In the study by T.V. Konchugova et al.,
patients with trophic ulcers of the lower ex-
tremities underwent a course of laser therapy.
The data of subsequent computer capillarosco-
py showed that the therapeutic efficacy of laser
treatment is based on its positive effect on all
links of microcirculation [11].

Thus, the study of the cytological character-
istics of the wounds obtained by us confirms the
above and indicates the positive effect of laser
radiation on all stages of the wound process.

There are many studies describing the effect
of laser radiation on the microbiota of wounds.
According to the results of one of them, laser
radiation stimulates the immune response to the
presence of microorganisms by improving the
bactericidal activity of neutrophils, monocytes,
and macrophages. The mechanism of action is
explained by an increase in the production of
hydrogen peroxide, which is then converted
into chemicals with high reactivity under the
influence of the enzyme myeloperoxidase [12].

Another mechanism explaining the bacteri-
cidal effect of laser radiation is the activation
of endogenous photosensitizers (e.g., porphy-
rins and flavoproteins), which can increase the
production of free radicals that have a cytotoxic
effect on bacterial cells [13]. This is confirmed
by a 21.8 % decrease in microorganism seeding
from day 2 to day 21 after laser therapy, as well
as by the change in the quantitative and species
composition of microorganisms of postoperative
wounds demonstrated in our study.

Arising out of the lack of data on the physio-
therapeutic effect of laser radiation on wounds
after open hemorrhoidectomy, we have devel-
oped a safe, effective, non-invasive technique
that can be actively used in the postoperative
period in coloproctology patients.

Conclusions

Thus, the obtained preliminary results prove
that the use of laser irradiation in the postoper-
ative period allows to reduce bacterial contam-
ination of wounds, which contributes to the re-
duction of inflammatory reaction in tissues and
pain syndrome. In addition, the effect of laser
study on all phases of the wound process al-
lows to achieve a reduction in the wound heal-
ing time and thus improve the quality of life of
operated patients.
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