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AIM: to assess the effect of laser therapy on wounds healing after open hemorrhoidectomy.

PATIENTS AND METHODS: a single-centre, prospective, randomised study included 86 patients who underwent open
hemorrhoidectomy using an ultrasound scalpel. In addition to the standard use of water-based ointments daily from
days 1 to 7 after surgery and then once a week until the wounds were fully healed, laser treatment was performed
on the wounds in patients in the main group (n = 46). Patients in the control group (n = 40) received only standard
therapy (water-based ointments). Laser treatment was performed using a fibre laser with a wavelength of 970 nm
in a non-contact manner with a defocused beam. The beam power was 20 W, the power density was 0.038 W/cm? and
the mode was pulsed-periodic (impulse duration 50 ms, pause 100 ms). Each session lasted 4 minutes. Pain intensity
was assessed with visual analogue scale (VAS). The rate of wound epithelialisation on the 30" day after and QoL
using the SF-36 questionnaire. The microbiome of surgical wounds at various stages of treatment, a microbiological
study was studied as well.

RESULTS: on the 30th day after surgery, planimetric and cytological characteristics of wounds corresponded to com-
plete epithelization in 42/46 (91%) patients of the main group and in 7/40 (18%) controls, p < 0,001. The pain
intensity in the main group already from the 2nd day after surgery was 4 (4; 6) points and was significantly lower
than in the control group — 6 (5; 7) points, p < 0,001. When comparing the patients’ quality of life indicators
by SF-36 questionnaire on the 30th day after surgery, significant differences were revealed: physical functioning
(PF) — 85 (75; 95) points in the main group, 80 (70; 85) — in the control group (p = 0.030); pain intensity (BP):
51 (41; 64) in the main group, vs 41 (22; 51) in the control, (p = 0.008); and role functioning conditioned by
emotional state (RE) — 100 (66; 100) points vs 66 (17; 67), (p = 0.002). Microbiology showed that laser therapy
already on the 7th day contributes to a significant reduction of postoperative wound infestation in the patients
of the main group compared to the control group, and on the 21st day the difference becomes statistically sig-
nificant — positive growth was noted in 23/42 (54.8%) patients of the main group and in 38/40 (95.0%) of the
control group, p < 0.0001.

CONCLUSION: the use of laser therapy for wounds after open hemorrhoidectomy allows to achieve good clinical
results in healing time, decreased intensity of pain syndrome, decreased bacterial contamination of wounds, which,
in turn, contributes to the improvement of the quality of life of operated patients and shortening of rehabilitation.
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INTRODUCTION

The history of treatment of various postopera-
tive wounds dates back more than a century.
The most important thing in this case is the
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development of various methods of treating
wound infection, which would significantly fa-
cilitate and shorten the postoperative period.
This is especially true for patients who have
undergone anal canal and perineal surgery.

Laser therapy for wounds after open hemorrhoidectomy
(a single-center prospective randomized study)
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Severe pain syndrome, bacterial contamination
of wounds with intestinal microflora, and long
healing times can all complicate the course
of the postoperative period and lead to pro-
longed disability [1-5]. In addition, obviously
infected wounds of the perineum with their
characteristic healing by secondary tension,
prolonged inflammatory reaction, supported
by persistent infection, can often transform
into long-term non-healing chronic wounds
[6-8].

Therefore, the modern approach to the treat-
ment of anal canal and perineal wounds should
be comprehensive and contribute to reducing
pain, reducing the inflammatory response of
tissues, reducing bacterial contamination, and
accelerating healing processes. One of these
methods that meets all the requirements is
laser therapy. However, to date, there are no
studies that make it possible to evaluate the
effectiveness of laser therapy in the treatment
of postoperative wounds of the anal canal and
perineum.

AIM

Studied effectiveness and safety of the laser
therapy in the treatment of wounds after open
hemorrhoidectomy.

PATIENTS AND METHODS

In the period from September 2023 to October
2024, a randomized clinical trial was done to
estimate the effectiveness of the laser therapy
in the treatment of wounds after open hemor-
rhoidectomy. The study included patients over
the age of 18 with stage 4 combined hemor-
rhoids who expressed their consent to partici-
pate. Patients who had previously undergone
anal canal surgery; with acute hemorrhoids;
the presence of inflammatory bowel diseases;
concomitant diseases of the perianal region
and anal canal, as well as the presence of se-
vere somatic diseases in the decompensation
stage, were not included in the study. In case
of non-compliance with the recommendations
and refusal to participate, patients were ex-
cluded from the study.The primary endpoint
of the study was to determine the rate of
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Figure 1. Flow chart of the study
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Table 1. General information on patients in the main and control groups

. Main group Control group
Indicators N = 46 N = 40
Gender, n (%) 19 (41%) 10 (25%)
Female 27 (59%) 30 (75%)
Male
Age (years), Me (Q1; Q3) 47 (36; 57) 46 (40; 59)
Min—-Max 20-75 28-74
BMI (kg/m?), 27.4(22.9; 30.1) 25.5 (24.1; 28.8)
Me (Q1; Q3) 17.0-38.9 20.0-33.6
Min-Max
Duration of the disease (years), Me (Q1; Q3) 8 (4;12) 7 (5; 11)
Min-Max 0-50 0-40
Concomitant diseases, n (%) 20 (43%) 10 (25%)
Hospital stay (days)
Me (Q1; Q3) 7(6;7) 7(6;7)
Min—-Max 5-30 5-8
Surgery time (minutes)
Me (Q1; Q3) 20 (15; 30) 25 (18; 30)
Min—-Max 8-45 10-45

epithelialization of postoperative wounds on
day 30. The severity of the postoperative pain
syndrome, the rate of wound healing, microbi-
al contamination of perineal wounds, and the
quality of life of patients were assessed as sec-
ondary points.

The study included 107 patients with stage 4
combined hemorrhoids who underwent open
hemorrhoidectomy with an ultrasound scal-
pel. After the surgery, patients were random-
ly assigned to the main (N = 55) and control
(N =52) groups. Due to a violation of the study
protocol, namely, failure to attend follow-up
examinations, 9 patients of the main and 12
patients of the control group were excluded.
Thus, the final analysis included 86 patients:
46 patients in the main group and 40 in the
control group (Fig.1). The general characteris-
tics of the patients included in the study are
shown in Table 1.

Dressing of postoperative wounds using water-
soluble ointments was the basic treatment in
the main and control groups. In addition, the
patients of the main group were treated with
laser radiation daily from the 1st to the 7th
days after the surgery and then once a week

S¢pdeKTMBHOCTL NA3EPHO TepanuM B IeYEHUU PaH
nocne oTKpLITO reMOpPPOUAIKTOMUM (oaHOLLEHTPOBOE
NPOCNEeKTMBHOE PAHAOMM3UPOBAHHOE UCCNEAOBaHMeE)

until the wounds were completely healed.
Laser therapy sessions were performed using a
fiber laser with a wavelength of 970 nm. The
exposure was performed with a contactless de-
focused laser beam with a power of 20 W, in a
pulse-periodic mode with a pulse duration of
50 ms, a pause of 100 ms, and a power density
of 0.038 W/cm?. The time of one session was 4
minutes. All patients were examined at vari-
ous times after the surgery. The pain intensity
was assessed using a visual analog scale (VAS)
on days 1-7, 14, 21, and 30, and the quality of
life was assessed using the SF-36 question-
naire before the surgery and on day 30 after
the surgery.

Wound healing was assessed using macroscopic
(visual examination, digital examination, anos-
copy), planimetric and cytological methods. To
determine whether postoperative wounds had
an effect on the microbiota at various stages
of the treatment, microbiological (culture)
studies were performed in all patients on days
2,7, 14, and 21 after the surgery. The material
was taken after the treatment of wounds with
saline solution (0.9% NaCl) once in patients of
the control group and twice (before and after

Laser therapy for wounds after open hemorrhoidectomy
(a single-center prospective randomized study)
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Table 2. Pain levels in patients after hemorrhoidectomy

Pain intensity (points)
Me (Q1; Q3)
Day after the surgery p-value
Main group, Control group,
N =46 N =40

1 5(5;7) 6(5;7) 0.055
2 4 (4; 6) 6 (5 7) <0.001
3 4 (3;5) 6 (5;7) <0.001
4 3(3; 4) 5 (5; 6) <0.001
5 3(2; 4) 5(3; 6) <0.001
6 3(2;3) 5 (4; 6) <0.001
7 2(1;3) 4 (3;5) <0.001
14 1(1;2) 3(2; 4) <0.001
21 1(0; 1) 2(1;3) <0.001
30 0(0; 0) 1(0; 2) <0.001

the laser treatment) in patients of the main
group. The samples of the wound discharge
was carried out under conditions of a thermo-
stat, a CO, incubator and an anaerobic station,
which ensured the growth of obligate-aerobic,
facultative-anaerobic and obligate-anaerobic
bacteria, as well as fungi. The isolated cultures
were identified using a time-of-flight matrix-
associated laser mass spectrometer (MALDI-
TOF, Bruker, USA). The criteria for positive
growth were the detection of microorganisms
with a degree of contamination of 10° or more
colony-forming units (CFU).

Statistical Analysis

The information about the analyzed indica-
tors was entered into a relational database
in Microsoft Access (Microsoft Office 2021).
Statistical data processing was performed
in RStudio (R v. 4.4.1 (R Core Team, Vienna,
Austria)) using the libraries RODBC, dplyr, gt-
summary. All quantitative values were repre-
sented as medians, lower and upper quartiles
(Me (Q1; Q3)); qualitative values were repre-
sented by absolute and relative rates (n (%)

KOJIOMNPOKTOJIOTUS, Tom 24, N2 4, 2025

or n/N (%)). The groups were compared using
Wilcoxon’s rank sum test for quantitative and
qualitative ordinal values; binary qualitative
c? Pearson’s test for expected values > 10; for
lower values, the exact two-way Fisher'stest.
The differences were considered statistically
significant at p < 0.05.

RESULTS

The pronounced analgesic effect of the laser
therapy was noted from the first days of its
use, which was reflected in a decrease in the
intensity of pain syndrome from the second
day after the surgery in patients of the main
group — 4 (4; 6) points, compared with the
control group — 6 (5; 7) points, p < 0.001.
Also, during the early postoperative period,
the pain intensity was significantly lower in
patients of the main group, and by day 14 it
was characterized as weak (1-2 points), and by
day 30 it was absent at all (Table 2).

Another important property of the laser ther-
apy is the stimulation of regeneration pro-
cesses, which made it possible to accelerate

KOLOPROKTOLOGIA, vol. 24, N2 4, 2025
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Table 3. Change in wound area relative to second day

Percentage of reduction in wound area compared to the 2nd day,
Me (Q1; Q3)
Days after the surgery p-value
Main group, Control group,
N =46 N = 40

7 4(3;7) 3(2; 4) 0.024
14 31 (27; 39) 18 (12; 25) <0.001
21 68 (55; 80) 38 (28; 48) <0.001
30 100 (100; 100) 62 (50; 88) <0.001

the rate of wound healing. Based on the pla-
nimetric method, it was found that in the main
group, a decrease in the area of wounds on
day 7 compared to day 2 occurred by 4% in the
main group, and by 3% in the control group,
p = 0.024. On day 14, also compared with the
latter, a decrease in wounds occurred by 31% in
the main group and only by 18% in the control
group, p < 0.001. On day 21 — by 68% and 38%
in the main and control groups, respectively,
in addition, 4/46 (8.7%) patients in the main
group had complete wound healing. On day 30,
wounds healed in 42/46 (91%) patients in the
main group and only in 7/46 (18%) patients in
the control group, p < 0.001 (Table 3).

To assess the effect of the laser therapy on the
epithelialization process, a comparative analy-
sis was conducted between the groups based
on cytological studies. The type of cytogram

Figure 2. Cytologic picture on the 2nd day after surgery. A) Main group. P
cell elements, single leukocytes. Pappenheim staining x400; b) Control group. Patient K., 45 years old. Cytogram is represented by
blood cellular elements, single leukocytes. Pappenheim staining x400

D¢ PeKTMBHOCTb NA3EPHOIN TEPANMMU B NTIEYEHMN PAH
nocne oTKpLITOi remopponaskToMmMm (opHoLEHTPOBOE
NPOCNeKTMBHOE PAHAOMM3MPOBAHHOE UCCNEAOBAHME)

was determined by the severity of the inflam-
matory reaction and the cellular composition
of the smear-imprints. On the 2nd day after the
surgery, both groups were characterized by a
pronounced neutrophilic inflammatory reac-
tion with the presence of extracellularly and
intracellularly located microflora (Fig.2).

On day 7, in patients of both groups, the cy-
togram mainly corresponded to the inflamma-
tory type, that is, elements of neutrophilic in-
flammation, blood elements, leukocytes, single
histiocytes and fibroblasts prevailed. In the
main group, fibroblasts were detected in 4/46
(8.6%) patients, in the control group — in 2/40
patients (5.0%), p = 0.7 (Fig.3).

With the transition of wounds to the prolifera-
tive phase, the content of histiocytes and fi-
broblasts increases in smears. So, on day 14,
28/46 (60.8%) patients of the main group had

s o

atient N., 46 years old. Cytogram is represented by blood

Laser therapy for wounds after open hemorrhoidectomy
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fibroblasts in large numbers. In the control
group, this type of cells was detected in 8/40
(20.0%) cases, p < 0.001 (Fig.4).

The result of the healing process is the appear-
ance and maturation of epithelial cells in the
wound, which indicates the onset of the re-
generation (reconstruction) phase. On day 21,
epithelial cells of varying degrees of maturity
were detected in almost half of the patients
in the main group — 19/46 (41.3%), it is im-
portant to note that 4/46 (8.7%) patients had
complete wound healing. In the control group,

L & :

signs of the onset of epithelialization were
noted only in 8/40 (20.0%) cases, p = 0.037
(Fig.5).

Complete epithelialization of wounds on day
30, which was determined by visual character-
istics and confirmed by the detection of squa-
mous epithelial cells of varying degrees of ma-
turity, was observed in 42/46 (91.0%) patients
in the main group and only in 7/40 (18.0%) pa-
tients in the control group, p < 0.001 (Fig.6).
Consequently, laser radiation affects all phas-
es of the wound process, which is confirmed

Figure 3. Cytologic picture on the 7th day after surgery. A) Main group. Patient N, 46 years old. Cytogram is represented by neu-

trophilic inflammatory elements, histiocytes. Pappenheim staining x400; b) Control group. Patient K, 45 years old. Cytogram is
represented by neutrophilic inflammatory elements, blood elements. Pappenheim staining x400

Figure 4. Cytologic picture on the 14th day after surgery. A) Main group. Patient N, 46 years old. Cytogram is represented by neutro-
philic inflammatory elements, histiocytes and fibroblasts in large numbers. Pappenheim staining x400; b) Control group. Patient K,
45 years old. Cytogram is represented by neutrophilic inflammatory elements, single histiocytes. Pappenheim staining x400

KOJNOMNPOKTONOINS, Tom 24, N2 4, 2025
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by a higher rate of epithelialization on day 30
and accelerated healing rates on days 7, 14, 21,
and 30. To determine the effect of laser radia-
tion on the microbiota of perineal wounds, the
spectrum of microorganisms colonizing the
wound surfaces of the perianal region was de-
termined as the first stage. 179 strains of 42
different species of microorganisms were ob-
tained. Facultative anaerobes were predomi-
nantly found — 24/42 (57%), obligate anaer-
obes — 9/42 (21%), obligate aerobes — 7/42
(17%) and fungi — 2/42 (5%).

Subsequently, a comparative analysis was car-
ried out between the groups according to the
presence of microbial growth and the degree of
bacterial contamination on days 2, 7, 14, and
21.

L~ L TR QS

There were no significant differences between
the groups in terms of growth on the 2nd day
after the surgery (before exposure to laser
radiation): in the main group, growth was de-
tected in 100% of cases (46/46), in the control
group — in 92.5% (37/40), p = 0.097. Also, the
number of isolated species of microorganisms
in the group was comparable.: 1 type of mi-
croorganisms was isolated from 18/46 (39.1%)
patients in the main group and 11/40 (27.5%)
in the control group; 2 types — from 18/46
(39.1%) patients in the main group and 10/40
(25.0%) in the control group, 3 types of bacte-
ria were detected in 5/46 (10.9%) patients in
the main group and 8/40 (20.0%) — in the con-
trol; 4 or more types of microorganisms were
detected in 5/46 (10.9%) and 8/40 (20.0%)

Figure 5. Cytologic picture on the 21st day after surgery. A) Main group. Patient N, 46 years old. Cytogram is represented by
single fibroblasts and histiocytes, squamous epithelial cells. Pappenheim staining x400; b) Control group. Patient K, 45 years old.
Cytogram is represented by inflammatory elements in large amount, histiocytes and single fibroblasts. Pappenheim staining x400

Figure 6. Cytologic picture on the 30th day after surgery. A) Main group. Patient N, 46 years old. Cytogram is represented squa-
mous epithelial cells. Pappenheim staining x400; B) Control group. Patient K, 45 years old. Cytogram is represented by inflamma-
tory elements in large amount, histiocytes and single fibroblasts. Pappenheim staining x400

Laser therapy for wounds after open hemorrhoidectomy
(a single-center prospective randomized study)
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Table 4. The number of sown microorganism species on days 7, 14, 21

Number of Day 7 Day 14 Day 21
types of
microorganisms, MG?%:) 46 1\ £G40 p-value MG?,I:) 46 1\ :GI,O p-value MG?,:) 421y 5640 p-value
(%) (%) (%)
0 3(6.5) | 1(2.5) | 0.0053 | 4 (8.7) 0(0) |<0.0001| 19 (45.2) | 2(5) |<0.0001
1 24 (52.2) | 9 (22.5) 29 (63.0) |12 (30.0) 15 (35.7) | 12 (30)
2 11 (23.9) |16 (40.0) 11(23.9) |11(27.5) 4(9.5) |15 (37.5)
3 7(15.2) | 6 (15.0) 0(0) | 9(22.5) 2 (4.8) |8(20.0)
>4 1(2.2) | 8(20.0) 2(4.3) | 8(20.0) 2(4.8) | 3(7.5)
Table 5. Assessment of patients’ quality of life by SF-36 questionnaire before and 30 days after surgery
Before surgery On day 30 after surgery
Indicators Main group, Control group, Main group, Control group,
N =46 N =40 p-value N =46 N =40 p-value
Me (Q1; Q3) Me (Q1; Q3) Me (Q1; Q3) Me (Q1; Q3)
PF 90 (65; 100) 90 (78; 98) 0.7 85 (75; 95) 80 (70; 85) 0.03
RP 100 (25; 100) 100 (68; 100) 0.5 63 (25; 100) 38 (0; 75) 0.92
BP 94 (52; 100) 94 (42; 100) 0.7 51 (41; 64) 41 (22; 51) 0.008
GH 71 (45; 77) 77 (50; 77) 0.4 70 (52; 82) 77 (52; 86) 0.4
VT 65 (50; 85) 60 (40; 85) 0.2 65 (50; 75) 60 (50; 75) 0.3
SF 88 (62; 100) 75 (53; 88) 0.061 81 (50; 88) 62 (37; 88) 0.11
RE 100 (33; 100) 100 (33; 100) 1.0 100 (66; 100) 66 (17; 67) 0.002
MH 72 (56; 84) 72 (50; 86) 0.8 76 (64; 84) 70 (58; 86) 0.5

Note: PF — physical functioning; RP — role-physical functioning; BP —bodily pain intensity; GH — general state of health; VT — vitality; SF — social functioning;

RE — role-emotional functioning; MH — mental health.

patients of the main and control groups, re-
spectively, p = 0.095. Thus, at the start of
the treatment, the groups were comparable
in terms of the compared indicators. On day 7,
after regular laser therapy sessions, positive
growth was noted in the main group in 43/46
(93.5%) patients, in the control group in 39/40
(97.5%). At the same time, patients in the main
group already showed a significant decrease in

KOJIOMNPOKTOJIOTUS, Tom 24, N2 4, 2025

bacterial contamination of wounds compared
with the control group.

On the 14th day, the incidence of wounds in
patients of the main group was also lower than
in the control group.

On day 21, microbial growth was detected
in 23/42 (54.8%) patients in the main group
and in 38/40 (95.0%) in the control group,
p < 0.0001. In addition, patients in the main
group were more likely to be identified by only

KOLOPROKTOLOGIA, vol. 24, N2 4, 2025
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one type of microorganism, while in the con-
trol group 2 or more species were more often
detected (Table 4).

Thus, it was found that laser therapy helped to
reduce bacterial contamination of postopera-
tive wounds.

The analysis of quality of life indicators showed
that on day 30, patients in the main group
had significantly better indicators in terms of
physical functioning (PF), pain intensity (BP),
and criteria reflecting role functioning due to
emotional state (RE) than patients in the con-
trol group (Table 5).

DISCUSSION

Studies by both Russian and foreign authors
have shown the effectiveness and safety of
laser therapy in the treatment of wounds of
various etiologies. The method helps to accel-
erate wound healing, reduce inflammation and
reduce the intensity of pain. So, in a study per-
formed by Tang, D. and co-authors, the effects
of the laser therapy were demonstrated, name-
ly, stimulation of wound healing and analgesic
effect. The paper compared the results of the
treatment of patients with chronic wounds of
various etiologies [13]. The results of the study
showed a significant reduction in wound heal-
ing timein the diode laser treatment group and
a decrease in pain levels, which is comparable
to the data we obtained, which demonstrate a
significant decrease in pain intensity after the
first session of the laser therapy in patients in
the main group.

Another study also demonstrated the ability of
laser therapy to stimulate healing processes,
using the example of the treatment of diabetic
foot ulcers and non-healing wounds.

The laser therapy served as an additional
treatment method and was performed using
three lasers of different wavelengths (660,
800 and 970 nm), with an energy of 30 kJ for
3 minutes. The laser radiation contributed to
wound healing in 36.6% of cases, and in the

D¢ PeKTMBHOCTb NA3EPHOIN TEPANMMU B NTIEYEHMN PAH
nocne oTKpLITO reMOpPPOUAIKTOMUM (oaHOLLEHTPOBOE
NPOCNEeKTMBHOE PAHAOMM3UPOBAHHOE UCCNEAOBaHMeE)

remaining cases, there was a reduction in
wounds by 68.2-99% [14]. To achieve maxi-
mum effect, the authors used laser radiation
of three different wavelengths. In this study, it
was demonstrated that the use of a laser of one
wavelength (980 nm) is sufficient to stimulate
reparative processes, which is reflected in a re-
duction in wound healing time.

Being an effective physiotherapy method, la-
ser therapy has been used for many years in
the treatment of wounds of the anal canal and
perianal area. However, to date, there is no
consensus on the parameters of the laser de-
vice used, the methods of performing wound
treatment, as well as the need to combine the
laser therapy with other treatment methods.

A number of authors consider it necessary to
use different types of laser radiation depend-
ing on the phase of the wound process: low-
energy ultraviolet radiation in the 1st phase of
the wound process and helium-neon radiation
in the 2" phase in patients after surgeries on
the anal canal. At the same time, the results of
our study indicate the effectiveness of the use
of infrared laser radiation throughout the en-
tire period of wound treatment, as evidenced
by the accelerated rates of wound healing on
days 7, 14, 21 and 30 [9-11].

Kovalev, S.A. et al. used laser therapy as a part
of the comprehensive physiotherapy treatment
for wounds after hemorrhoidectomy, including
intravenous ozone therapy, rectal laser thera-
py, rectobialmyostimulation, and biofeedback
therapy. The results obtained during the study
demonstrated the effectiveness of the pro-
posed treatment package [12]. However, in this
study it is not possible to assess the degree
of direct influence of laser therapy on the re-
sults obtained. At the same time, the results
obtained during our study allow us to conclude
that laser therapy can be used as an indepen-
dent physiotherapeutic method for treating
wounds of the anal canal and perineum.
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CONCLUSION

The use of the laser therapy for wounds after open
hemorrhoidectomy with the following laser radia-
tion parameters: wavelength 970 nm, power 20 W,
power density 0.038 W/ cm?, pulse-periodic mode
with a pulse duration of 50 ms and a pause du-
ration of 100 ms allows achieving good clinical
results in reducing wound healing time, reducing
pain intensity, reducing bacterial contamination
of wounds, which, in turn, contributes to improv-
ing the quality of life of those operated on. Thus,
laser therapy is an effective, non-invasive method
that can be used in the physiotherapy treatment
of wounds after surgeries on the anal canal and
perianal area.
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