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Abstract

Despite the progress in modern surgery, the number of patients with purulent finger and hand diseases keeps growing these days in the clinical
practice of surgeons. In recent years, there has been a tendency to develop more severe forms of panaritium and phlegmon in an increasingly
young contingent of patients. Increasingly, doctors refuse to use the classical method of managing a postoperative wound of the hand involving
the installation of drainage tubes. This phenomenon is polygenic and calls for special attention due to the frequent deplorable consequences of
a treatment failure. The high urgency of this issue in Moscow Hospital No. 4 has become a rationale to study the effect of photodynamic therapy
(PDT) on the course of the wound process in patients with this pathology.

The purpose of this work is to develop a technique to advance the treatment outcomes for patients with purulent finger and hand diseases in case
of open postoperative wound treatment.

This study includes a comparative analysis of the wound process dynamics in 49 (49.5%) patients who underwent a photodynamic therapy session
in the postoperative period and in 50 (50.5%) patients who received an open wound treatment after the operation. Photodynamic therapy was
performed on the second postsurgical day by a laser apparatus “Atkus-2" (wave length 661 nm) with a gel form of the chlorin-series photosensitizer
photoditazin in the form of an application at the rate of 1 g ml per 3-5 cm? of the wound surface. The power density was chosen in the range of
0.1-1 W/ cm?, and the time of exposure to the wound varied from 30 to 400 seconds, depending on the area of the wound.

To assess the dynamics of the wound process in the postoperative period, we took measurements of all the patients’ wound areas on the 1st and
5th days, monitored the gross impression daily. In the patients who received PDT, we observed an earlier wound cleansing and remitting of the in-
flammatory process, acceleration of the edge epithelization, and earlier appearance of the granulation tissue by an average of 2 days. In the group
of patients who were treated with PDT in the postoperative period, on the 5th day, the wound defect decreased by an average of 1 cm?, which
amounted to 22.4%, in the control group — by 18%. The analysis of cytological and morphological patterns also revealed an accelerated switch
from the inflammatory stage of the wound process to the reparative one - the reparative processes in the PDT group began earlier by 2 days. The
microbiological analysis of wound exudate showed a downregulation of microflora after a PDT session - only in 6 cases pathogens were identified
in the repeated seeding, which amounted to 12.24% of the group compared to 38% of the control group. After a session of photodynamic therapy,
patients noted a significant reduction in pain, including during dressings. The pain syndrome immediately after the session decreased by 2-3
points. By the 5th day it became moderate — 4-5 points. In the control group, this indicator on the 2nd day was 8 points, decreasing by the 5th day
to 6 points. For all analyzed indicators, the groups had statistically significant differences (p <0.001).

Acceleration of postoperative wounds healing enabled to shorten the inpatient stay by 6 days and bring a vastimprovement to the treatment qual-
ity for this group of patients, which allows considering photodynamic therapy as a high potential method for postoperative treatment of purulent
finger and hand diseases.
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Pesiome
HecmoTpa Ha BbICOKMIA YyPOBEHb Pa3BUTUA COBPEMEHHON XMPYPrun, B KIMHUYECKOW NPaKTUKe COBPEMEHHbIX XUPYProB NPOAOSIXKAET pacTu
KOJINYECTBO NaLMEHTOB C FTHOVHbIMI 3a60/1eBaHNAMY ManbLEB 1 KUCTWU. B nocneaHve rogbl OTMEYAETCs TeHAEHUMA K Pa3BUTUIO Oonee Tsaxe-
nbIX GOPM NaHapuLMeB 1 GIerMoH y BCE 6osiee MONOA0ro KOHTUHIEHTa 60MbHbIX. Bce yalle Bpaun 0TKasbiBalOTCA OT UCTONIb30BaHMA Kac-
CUYECKOro MeTofja BefieHns NocneonepaLioHHON paHbl KUCTY € YCTAHOBKOM APEHaXHbIX TPYOOK. ITO ABIEHNE NOIMSTUONIOTUYHO 1 TpebyeT
0Cc060ro BHMMaHUA B CBA3W C HEPeAKUMM NeYasibHbIMU NMOCEACTBUAMMN HEYAAUHOTO fleueHnAX. Bbicokas akTyanbHOCTb AJaHHON Npobiembl B
I'BY3 KB N2 4 r. MOCKBbI CTafla OCHOBaHMeM 15 NPOBEAEHNA UccnefoBaHnA BNuAHMA GoTtoarHammnyeckon tepanum (OAT) Ha TeyeHne paHe-
BOrO NpoLecca y naumeHToB C JaHHOWN NaToNornei.
Llenbto faHHON paboTbl ABNAETCA pa3paboTKa MeTOANKM C ncrnonb3oBaHem QAT ana ynyyweHna pesynbTaToB NeveHnsa naLmeHToB ¢ rHon-
HbIMM 3360/1eBaHVAMN KACTU NPV OTKPLITOM BEAEHMN NOC/IEONEPALNOHHBIX PaH.
B maHHOM nccnefoBaHVM MPOBeLEH CPaBHUTENbHBIN aHANIM3 AVHAMUKN PaHeBOro npouecca y 99 605bHbIX, 13 Hux 49 (49,5%) naumeHTam B
nocneonepalmoHHoM nepuoge BbinonaHAnn kypc OAT, 50 (50,5%) nocneonepaLoHHyo paHy Besin OTKPbITbIM crocob6om. OT BbinonHANM
Ha 2—-e cyTKu nocne onepauun. Ana OAT ncnonb3osany renesyio Gopmy poToanTasnHa (GoToceHCNOMN3ATOP XIOPYHOBOTO PAAA) B BUAE
annavKauum u3 pacyerta 1 mi renis Ha 3-5 cm? paHeBoi moBepxHoCTH. CeaHc 06/yUYeHrs NPOBOAMIIN C KCMOJNIb30BAHMEM fla3epHOro annapara
«ATKyC—2» (An1Ha BOfHbI 661 HM). M10THOCTL MoLHOCTY cocTasnsana 0,1-1 BT/cm?, Bpems Bo3L4elCTBUA Ha paHy Bapbuposany ot 30 go 400
CEeK B 3aBUCMOCTI OT MJIOLLAAN PaHbl.
[inAa oueHKM AUHAMMKIM paHEBOro MpoLecca B MociieonepaLlioHHOM Neproge BCeM NaumeHTam BbIMOJHANN U3MEPEHE NoLWaaM PaHeBOrO
fedekTa Ha 1-e 1 5—-e CyTKM, exkeJHeBHbIVi KOHTPOJIb MaKPOCKOMMYECKOW KapTyHbI. Y NaumeHToB nocse BbinonHeHnsa OAT otmeueHo 6onee
paHHee ouYMLLEHVE PaHbl U KyNMPOBaHWe BOCMAIMTENbHOIO NMPOLIECCa, YCKOPEHVE KpaeBOW SNuUTenm3aLmmn 1 6onee paHHee NoABNEHNE rpa-
HYNALVOHHON TKaHW B CPeHEM Ha 1BOE CYTOK B CPaBHEHUV C KOHTPOJIbHOW rpynmno. B 3Toi rpynne Ha 5—-e cyTKu niowajb paHeBoro fedek-
Ta YMeHblUMMach B cpefHeM Ha 22,4% (1 cv?), B KOHTPOsbHO rpynne — Ha 18%. MNpwu aHann3e uuTonornyeckon 1 Mopdonornyeckon KapTuH
BbIIBJIEHO YCKOPeH/e nepexofa OT BOCMa/IMTENIbHOW CTafuny pPaHeBOro npoLecca K penapaTMBHON: penapaTyiBHble NMpoLecchl B rpynne ¢
OAT HaumHanuUcb paHblle B CpefjHEM Ha ABOE CYTOK, B CPAaBHEHWM C KOHTPOJIbHOW rpynnoii. Mpy MUKPO6VONOornieckom aHanmse paHeBoro
SKCCyAaTa OTMEYaNioCh CHIPKEHKE Konnyectsa MuKpodopbl nocne Kypca OAT, nuwb B 6 cnyyasx (12,2%) B NOBTOPHOM MOCEBE BbIABIIEHDI
BO30YyAMTENM, B KOHTPOJIbHOW rpynmne faHHbI/ NoKasaTenb coctaBun 38%. Mocne kypca OAT 60nbHble OTMEYANM CYLECTBEHHOE CHIKEHME
6051€BOro CMHAPOMa, B TOM UKC/Ie 1 NMpU NepeBaskax. boneson cuHapom cpasy nocsie Kypca OAT cHuKanca Ha 2-3 6anna, K 5-M cyTKam cTa-
HOBWJICA YMepeHHbIM: 4-5 6asnna. B KOHTPOIbHOW Fpynne AaHHbI MOoKa3aTeslb Ha 2—e CYyTKU COCTaBnAn 8 6anfioB, CHKAACh K 5-M CyTKam 0
6 6annoB. Mo Bcem aHanM3vpyemMbIM NoKasaTenamM rpynbl UMeNN CTaTUCTUYECKI 3HauMMble pa3nuuus (p<0,001).
YcKopeHue 3aXKMBJIEHUA MOC/EoNePaLMOHHbIX paH NO3BOMNIO COKPATUTb CPOKU CTaLMOHAPHOIO NpebbiBaHUA Ha 6 CYTOK U CyLLeCTBEHHO
YRYULWNTb KaYeCTBO IeYeHUA AaHHON rpynnbl NauneHToB, Uto no3sonAeT cuntatb OT BblIcOKONEPCNeKTUBHBIM METOLOM MOCAeonepaLioH-
HOTO JIeYeHWs THOVHbIX 3a60N1eBaHNI MasibLieB 1 KUCTH.
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Introduction

Over the past decades, certain successes have been
achieved in developing an integrated approach to the
treatment of purulent pathology of the hand [1]. How-
ever, many doctors note a tendency to increase the
number of deep forms of panaritium and severe forms
of phlegmon, rapid progression of inflammation of the
superficial forms of panaritium, which is associated with
adecrease in the immune system resistance to infections,
insufficient level of medical care at the outpatient stage,
the neglect of microtrauma by patients, a tendency to
self-medication, and the appearance of antibiotic-resis-
tant strains of microorganisms. At the same time, the
contingent of patients has become significantly younger
[2].

Purulent pathology of the hand requires special
attention due to the fact that unsuccessful treatment
frequently has sad consequences, and surgery does not
prevent disability [2, 3, 4].

Currently, the main method of treating this pathol-
ogy is surgery. The application of primary sutures after
the most radical necroectomy and drainage is the best
option for completing the surgical intervention. How-
ever, despite the progress in modern pharmacology
and the emergence of new drugs with a wide range of
antibacterial effects, many surgeons still choose open
wound management in many cases. The time of wound
healing with this tactic is significantly longer than with
the installation of drainage and irrigation systems. In
addition, bandages with this method are very painful,
and the probability of secondary infection of the post-
surgical wound with the development of mixed infec-
tions with nosocomial flora increases significantly [5, 6].
Often, the cause of open wound management can also
be an extensive tissue defect after necroectomy and
the impossibility to simultaneously reduce the edges
of the wound without significant tension. Quite often,
there are cases of widespread diffuse purulent lesions, in
which it is impossible to perform a single-stage radical
necroectomy. Pronounced tissue edema, extensive skin
damage up to necrosis of all its layers require the use
of open wound management. The use of open wound
management makes it possible to achieve good results,
but requires a balanced and energetic approach of the
attending physician.

Doctors increasingly use photodynamic therapy
(PDT) in the treatment of purulent diseases [7, 8]. The
evolutionary development of this method of treatment, a
large selection of photosensitizers (PS) and laser devices
[9], the absence of severe adverse reactions makes PDT
one of the advanced methods for the treatment of puru-
lent wounds. A good anti-inflammatory effect, bacterio-
static effect, and a positive effect on the course of the
wound process [10-12] gives grounds for studying the
use of PDT in purulent hand surgery as well.

In the literature sources available for study, there is no
data on the use of PDT in the treatment of purulent pa-
thology of the hand, which was the reason for this study.

Materials and methods

From June 2018 to March 2020, the results of treat-
ment of 99 patients aged from 18 to 90 with purulent
diseases of fingers and hand were studied at the Puru-
lent Surgery and Clinical Diagnostics Department of the
State Medical Institution City Clinical Hospital No. 4 of
the Healthcare Department of Moscow.

Depending on the method of wound management,
the patients were divided into 2 groups: in the control
group (n=50), patients underwent classic surgical treat-
ment followed by open wound management; patients
of the study group (n=49) did not have their wound
sutured either, but on the 2nd day after surgical treat-
ment, a course of PDT was administered.

All patients were given a detailed written (in the form
of patient brochure) and oral explanation about the
method used, after which they were offered to sign a vol-
untary informed consent. The criteria for inclusion in the
trial were the patient’s written voluntary consent, age
over 18, the presence of purulent hand disease, exten-
sive wound defect after surgery or contraindications to
suturing the wound (bitten, crushed wounds), question-
able viability of the wound tissues. Patients who refused
to participate in the study or refused further observation
and hospital stay were excluded from the study.

A random sample was taken from the studied popu-
lation, with randomization based on random numbers
method. The control and study groups were equal in
number and composition.

According to the results of the study, men of working
professions suffer most often from purulent diseases of
the hand (27.3%), there is a high incidence among pen-
sioners (30.3%), while elderly women suffer from puru-
lent diseases of the hand more often than men: 16% vs.
14.1%. This may be explained by the tendency of older
women to self-medication and more frequent concomi-
tant diseases that significantly aggravate the course of
purulent pathology (polyarthritis, diabetes mellitus); in
addition, women of this category do more household
chores than men. High numbers of cases among the
unemployed (36%) are due to domestic injuries.

We analyzed the causes of purulent diseases of the
hand, from which it follows that the most common cause
of this pathology is microtrauma (24%), as well as wounds
of various etiologies (19%); often patients (13.6%) do not
remember or deny the fact of injury.

The most frequently detected pathology in the study
was deep forms of panaritium (40.9%), whereas surface
forms of panaritium were significantly less common.
This is due to the fact that in the absence of adequate
therapy, the latter very quickly develop into more severe
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forms, transforming into deep forms within a few days. In
addition, about a third (35%) of patients were hospital-
ized for a hand phlegmon.

The first stage of treatment in all patients was surgi-
cal treatment, performed urgently in the first hours after
the patient’s admission to the hospital. The volume and
nature of the surgical intervention were determined tak-
ing into account the prevalence and localization of the
purulent focus; they differed depending on the nosologi-
cal form. Purulent foci were accessed with classic incisions
described in traditional methods. If possible, efforts we
made to avoid cuts on the working surfaces of the fingers
and hand. Incisions should be optimal in localization and
size to ensure the necessary wound revision and a com-
prehensive necroectomy. Only the skin was dissected
with a scalpel; all the underlying tissues were pushed
apart with hooks and clamps to maximize the integrity of
important anatomical structures (neurovascular bundles,
tendons). In the presence of long-term non-healing puru-
lent wounds, a gentle excision of the turned-in or callous
edges of the wound was performed. After the removal of
pus, a radical necroectomy was performed, with a careful
treatment of tissues that were inflamed but viable. Then
local treatment of postoperative wounds was performed:
daily dressings with antiseptic solutions, antibacterial
therapy with cephalosporin-type drugs and fluoroqui-
nolones (with medication adjustment according to the
results of bacteriological research), infusion, and detoxi-
fication therapy. Analgesic therapy was administered if
necessary (at the request of the patient) with standard
non-steroidal anti-inflammatory drugs. In the presence of
concomitant pathology, adequate symptomatic therapy
was administered after consultation with corresponding
specialists. The purpose of all therapeutic measures was
to eliminate the purulent focus and create optimal condi-
tions for the fastest possible healing of purulent wounds
with good functional and cosmetic results.

The first dressing with full-fledged wound rehabili-
tation was performed on day 2 after the operation (on
the first day only the upper layers of the bandage were
removed, the condition and viability of the skin of the
surrounding tissues were evaluated, and the underlying
layers of the bandage were left intact for fear of bleeding
and severe pain). Subsequently, debridement of wounds
was performed daily.

The PDT course involved the use of photoditazine e6
of chlorin type as PS (OO0 «Veta-Grand») in the form of
a gel in applications at the rate of 1 ml of gel per 3-5 cm?
of the wound surface. The irradiation was provided with
Atkus-2 laser device (ZAO «Poluprovodnikovyie Pribory»,
St. Petersburg), with the wavelength of 661 nm. The expo-
sure of the wound to drug was according to the manufac-
turer’s instructions: 15-20 minutes in lightless conditions.
The irradiation time during external light supply with the
use of light guides with a polished end or microlens was

calculated according to a standard formula depending
on the power density.

T (sec) = D (J/cm?)/Ps(W/cm?), where
T is the irradiation time,
D is the required light dose (energy density),
Ps is the power density.

The energy density applied to the wound should be on
average 30-40 J/cm?. At an energy density of less than 30
J/cm?, a weak effect was observed, the wound microflora
was not destroyed completely, and at an energy density of
more than 40 J/cm? and necrotization of healthy wound
tissues was observed. The power density of the light emit-
ted by the semiconductor laser was selected in the range
of 0.1-1 W/cm?, the time of exposure to the wound varied
from 30 seconds to 10 minutes, depending on the area of
the wound. The power density was chosen depending on
the size of the light spot. For the convenience of conduct-
ing PDT courses, the power density values for the most
commonly used laser output power values and light spot
sizes were presented in the power density table for differ-
ent spot sizes and laser power [7].

The PDT course was performed in a dressing ward. The
distance from the end of the light guide to the wound
surface was 1.5-2 cm (Fig. 1).

A macroscopic assessment of the dynamics of the
wound process was carried out on a daily basis, with the
recording of the condition of the edges, walls and bot-
tom of the wound (color, number of necrosis areas, fibrin-
ous pellicle), the condition of the surrounding tissues
(the degree of hyperemia, edema, infiltration), the nature
of the wound discharge (purulent, serous, sanioserous),
the amount of exudate (abundant, moderate, scanty),
its smell and color, the dynamics of granulation tissue
development (timing, color, shine, granularity, bleeding),
the dynamics of epithelization at various stages of the
wound process.

Puc. 1. CeaHc dAT
Fig. 1. Session of PDT
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The dynamics of the wound process was assessed in
the study based on M. I. Kusin's classification (1977) [14]:
1. Inflammation phase (wound cleansing, vascu-
lar changes).
2. Regeneration phase (formation and maturation
of granulation tissue).
3. Epithelialization phase.

To assess the healing time of purulent wounds, the
area of the wound surface was measured immediately
after the surgery and on the day 5 with the determina-
tion of the healing acceleration rate.

The area of an irregular wound was calculated by the
formula (Khotinyan V. F,, 1983) [15]:

S =0.25Lk - C, where
S is the area of the wound;
L is the perimeter of the wound;
k is the regression coefficient (for wounds close to a
square in shape: 1.013; for wounds with irregular con-
tours: 0.62);
Cis a constant, equal to 1.29 and 84.34, respectively.

Wound healing V (%) was estimated by the formula:

V=(S,-S,)/(t* S) *100, where
S, is the area of the wound determined during the previ-
ous measurement;
S, is the area of the wound at the moment;
tis the number of days between measurements.

During the normal course of healing, the daily
decrease in the wound area is 4%.

In both groups, intraoperatively and on day 5, micro-
biological material was taken for culture seeding to
determine the wound microflora. The bacteriological
material was collected with a cotton swab and placed in a
sterile test tube with a medium, after which it was seeded
in culture medium in Petri dishes.

To study the effect of the treatment on the course of
the wound process, a cytological study was used by the
method of taking smears/prints of the wound surface.
During each period of the study, two smear prints were
taken from one area of the wound surface. Smears/
prints were obtained during dressing after preliminary
removal of liquid exudate from the wound surface dur-
ing the surgery, on days 2 and 4 after the start of treat-
ment. The study took into account the dynamics of
cellular elements: unchanged neutrophilic leukocytes,
altered neutrophils, immature mononuclear elements,
macrophages, young and mature fibroblasts and fibro-
cytes. The cytogram was calculated with oil immersion
method. 400 cells in each case were considered in the
study.

Morphological examination of tissues from the puru-
lent wound area in all patients was performed at the

beginning of treatment, on the days 3, 5 and 7 days after
the start of treatment.

To assess the subjective pain syndrome in the postop-
erative period, the patient was asked to assess the degree
of pain syndrome in points according to the standard
visual analog scale [16] daily during dressing.

Statistical processing of the obtained data of our own
observations was carried out with Microsoft Office 2017
applications package (Word, Excel). The calculations were
performed in MedCalc Statistical Software version 17.0.4
(MedCalc Software bvba, Ostend, Belgium; https://www.
medcalc.org; 2017). The work uses the methods of descrip-
tive statistics. The parameters are specified with the use of
the median of the standard square deviation. The medians
of the minimum and maximum values were used for the
nonparametric distribution of the studied indicators.

When comparing the data, an analysis of variance
(the Kruskal-Wallis test) was applied, and for repeated
changes, an analysis of variance of repeated measure-
ments was used.

The average values were compared with the determi-
nation of the measurement error and the reliability of the
parameter differences between the studied groups. The
significance level (p) is assumed to be less than 0.05.

Results

During irradiation, patients did not notice discomfort
or pain; some patients (n = 21) noticed paresthesia of
«light tingling» type in the area of exposure to the beam.
No hyperthermia and no local inflammatory reaction
were observed during the PDT course and after it.

Due to the abundant innervation of the hand area,
all patients experienced a high level of pain syndrome at
admission, with the average evaluation of 9 (8-10) points.
Initially, there were no significant differences in the sever-
ity of pain syndrome between the groups (p=0.23). In the
traditional treatment group, the severity of the pain syn-
drome averaged 8 (7-10) points. On day 5, the patients
noted that a high level of pain syndrome remained, with
average severity level of 6 (4-8) points. On day 9, the
severity of the pain syndrome averaged 5 (3-9) points.

In the PDT group, patients also noted severe pain
on the day after surgery, but after performing the PDT
course, there was a significant decrease in pain syndrome
to 6 (4-8) points, including during wound dressing. The
pain syndrome became moderate by day 5, at an average
of 4.5 (3-7) points, and then decreased to an acceptable
level. On day 9, the severity of the pain syndrome was 4
(2-6) points (Fig. 2).

In the group of patients who underwent PDT, the
dynamics of the wound process was significantly better:
perifocal inflammatory phenomena subsided faster, and
the wound defect was cleared of purulent detritus, the
appearance of granulation tissue and marginal epitheli-
zation began earlier (Table 1).
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Ta6nuua 1

AVHaMHUKa KAMLHUYECKOWN KapTUHbI paHeBoro npouecca B OCHOBHOM 1 KOHTpO/\bHOﬁ rpynnax

Table 1

Dynamic of clinical pattern of the wound process in the control and experimental groups

CruxaHue nepudokanbHOro

Tpynnbi BOCMaJieHNA, CYyTKN

be3z OOT

OuniieHune paH,
CYyTKMN

Hauano
anuTenusayum, CyTkm

lMosBneHne
rpaHynaunn, CyTKkn

Without PDT (n=50) 7(5-1) 8(5-12) 8(4-10) 8 (6-10)

oaT

PDT (n=49) 5(2-10) 5(2-8) 5(3-12) 6 (3-13)

p <0,00071 <0,0001 <0,0001 <0,0001
Ta6nuua 2

M3meHeHWe pa3MepoB paH B OCHOBHOW U KOHTPOALHOM rpynnax
Table 2

Changing the size in groups of the open wounds in the control and experimental groups

Mpynnbi Mnowapb paHbl

MIHTPaonepauynoHHO, CM?

Mnowapp paHbl,
5-e cyTKm, cm?

A3meHeHne pasmepa,
5-e cyTKm, %

be3s OAT

Without PDT (n=50) 4,3(0,9-146,2)
oaT

Without PDT (n=49) 4,4 (0,6-134)
P 0,99

3,4(0,9-126,9) 18,8 (10,7-22,9)

3,4(0,5-105,1) 22,4 (15,0-41,7)

0,77 <0,001

The area of wounds in patients immediately after the
surgical stage of treatment ranged from 0.63 cm? to 146
cm?, depending on the nosological form of the disease.
In the group with the traditional method of postopera-
tive wound management, the surface area of the wound
defect decreased by an average of 0.9 cm? over 5 days,
amounting to 18.8% of the initial size of the postopera-
tive wound, which indicates a sluggish wound process. In
the group of patients who underwent PDT in the postop-
erative period, on the day 5, the wound defect decreased
by an average of 1 cm? (22.4%) (Table 2).

The analysis of the results of cytological examination
of wound prints allows us to evaluate the nature of the
wound process and the effectiveness of the treatment.

The cytological picture in the materials obtained from
surgical wounds on the day of surgery was characterized
by a pronounced inflammatory reaction standard for the
purulent process, the presence of purulent-necrotic exu-
date in the area of the wound bottom, a large number of
dystrophically altered neutrophil leukocytes are found in
smears/prints from the wound surface, and the free-lying
microflora is observed (Table 3).

In traditional surgical treatment with open manage-
ment of purulent wounds, the cytological picture is that
of a delayed course of the wound process with a pro-
longed period of purification of wounds from pathogenic
microorganisms and foreign particles, with a longer
phagocytosis process, the prolonged presence of dystro-
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Ta6nuua 3

AVHaMKKa LMTONOrMUYECKMX NOKa3aTEAEN THOMHBIX paH B OCHOBHOM 1 KOHTpOI\bHOﬁ rpynnax, %

Table 3

Dynamic of the cytological indicators of purulent wounds in the control and experimental groups, %

AnTpaonepaunoHHo
BO BCeX rpynnax

SnemMeHTbl gurtorpammbli

Heiitpodunbli, 3 Hux: 97,9+2,1
Neutrophils incluing:
Hewn3meHeHHble 12,5+1,1
Unchanged
Aunctpoduryeckn
N3MEHEHHbIe 85,4 +3,5
Dystrophic altered
MoHoHyKneapHbie paroyunTbl, 1,940,3
U3 HUX:
Mononuclear phagocytes
incluing:
MoHouuTapHble 1,7+0,1
Monocytic
3penble makpodaru 0,2+0,1
Mature macrophages
OubpobnacTbi: Orc.
Fibroblasts: abs.
fOHbIe Orc.
Young abs.
3penble Orc.
Mature abs.
OnbpouuTs Orc.
Fibrocytes abs.
onuTtenun Orc.
Epithelium abs.
Hetput /
Detritus* A
OunbpurH
Fibrin* A
Mukpodnopa
Microflora* i
He3aBepLueHHbI harounTos et

Incomplete phagocytosis*

" CTeneHb BbIPaXX€HHOCTU MCTO-XMUYECKON peakumm
"The rate of the histochemical reaction

96,5+£2,3 93,2+2,3 93,8+2,2 76,7+2,3
20,3+£2,3 40,1+4,8 65,3+2,2 56,5+1,1
76,2+3, 53,1£3,6 28.5+2,2 20,2+2,2
2,840,3 5,6+0,4 4,5+0,2 13,5+0,4
1,9+0,1 4,0+04 3,3%£0,2 8,4+0,4
0,9+0,1 1,6%0,3 1,2+0,1 4,1+0,2
0,7+0,1 1,2+0,1 1,620,1 5,9+0,1
0,7£0,1 1,2%0,1 1,3%£0,1 4,8%0,1
OTc. OTc. 0,3+£0,1 1,1£0,1
abs. abs.
Orc. Ortc. Ortc.
abs. abs. abs. =l
OTc. OTc. OTc.
abs. abs. abs. 19401
B AR +/- ore.
abs.
+++ +++ + +/-
ot ++ +/- O,
abs.
Orc.
+++ ++ +/- abs.

phically altered neutrophils, as well as with the preserva-
tion of a pronounced amount of both microflora, fibrin
and necrotic detritus. A low content of macrophages
indicates a sluggish inflammatory process in the exuda-
tion stage. The delayed appearance of a small number
of cellular elements of the fibroblastic series indicates a
delayed onset of the proliferative stage of inflammation.

Changes in the studied cytological patterns after
PDT showed an accelerated transition from the inflam-
matory type cytogram: previously, there was a progres-
sive decrease in the number of neutrophil leukocytes, an
increase in the number of monocytic and mature macro-
phage elements. Fibrous structures of connective tissue
appeared earlier, and the number of fibroblasts increased,

mainly due to juvenile forms. There were no phenomena
of incomplete phagocytosis or free-lying microflora; the
amount of fibrin progressively decreased. The cells of the
squamous epithelium also appeared faster.

The obtained results of the analysis of the cytological
picture indicate a positive effect of PDT on the healing
process of postoperative wounds due to the acceleration
of the processes of cellular differentiation of the fibro-
blastic series, and the early onset of epithelialization.

In terms of microbiological picture, monoculture
was detected in 79 cases (79.8%) in cultures seeded
intraoperatively, whereas associations of pathogens
were found in 20 patients (20.2%). Among all patho-
genic organisms, Staphylococcus aureus was most
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Puc. 3. [McTonornyeckoe nccnegoBsaHne 6uontata U3 TKaHemn
paHbl Bo Bpems onepauuun. HentpodunbHas MHGUNLTPaALUS, OTEK
TKaHeil. HeKpo3 MbllleYHbIX BOOKOH. OKpacKa reMaToOKCU/IMHOM
Y 903UHOM. YBenunyeHue x120.

Fig. 3. Biopsy from wound tissue during surgery. Neutrophilic
infiltration, tissue edema. Muscle fiber necrosis. Hematoxylin
and eosin staining. Maghnification x120.

R e S0
el o —

& S ol

Puc. 4. luctonornyeckoe uccnegoBaHne 6uontata U3 TKaHeun
paHbl NauMeHTa KOHTPObHOM rPyNMbl Ha 3-U CyTKKU nocne
onepauuu. JlenkouyutapHas uHdunbTpauus (onpegensiorcs
HeNnTpodubl), NONHOKPOBHbIE COCYAbl, CO CTa3aMu U
nnasmaTU4eCKUM NPONUTbIBAHUEM CTEHOK. OKpacka
remMaToKCU/IMHOM U 303UMHOM. YBenuyeHue x200.

Fig. 4. Biopsy from the tissue of the wound of control group on the
3 day after surgery. Leukocyte infiltration (neutrophils are pres-
ent), congested vessels, with stasis and plasma impregnation of
the walls. Hematoxylin and eosin staining. Magnification x200.

often found in cultures, in 35 cases (35.6%), Escherichia
coli was detected in 11 patients (11.1%), epidermal
staphylococcus in 7 (7.1%), pyogenic streptococcus in
5 (5.05%) and group B streptococcus (Str. agalacticae)
in 6 (6.06%). Much less often (1-2%), Pasteurella, Acti-
nomycetes, Klebsiella, Enterobacter, as well as Asper-
gillus mold fungi were found in the culture. In 25 cases
(25.8%), sterile cultures were obtained, and the analy-
sis of the data revealed that all patients with this result
were operated on an outpatient basis or received anti-
bacterial therapy.

In associations, the most common microorganisms
were E. coli (2%), Streptococcus agalactiae (2%) and Can-
dida fungus (2%). The less common ones were Enterobac-
ter (1.52%), Klebsiella aerogenes (0.51%), Streptococcus
viridans (0.51%), and Proteus (1%). It is noteworthy that
Klebsiella, Proteus and Candida fungi were not detected
as a monoculture, forming an association with Staphylo-
coccus aureus in all cases.

In the study group, immediately after the PDT course
on day 2, new cultures were seeded. In all cases, the
results were sterile.

Then, cultures were seeded from patients of both
groups on day 5 of inpatient treatment. The results of the
analysis of microbiological findings differed significantly
depending on the treatment method. In the control
group, repeated microbiological examination revealed
initial microflorain 19 cases (38%), despite daily dressings
with antiseptics and antibacterial therapy received. In the
group that underwent PDT, pathogens were detected in
6 cases in repeated cultures, which was 12.24%. Thus, the
results of the microbiological study demonstrate a posi-
tive effect of PDT on the contamination of the wound
surface.

All patients underwent intraoperative histological
examination, with the condition similar in both groups:
during surgical treatment, pronounced alterative/exuda-
tive changes were detected. Necrotically altered tissues
with massive infiltration by leukocytes with a polymor-
phic nuclear structure were found in the bottom of the
wound and its walls. The necrosis zone was separated
from intact tissues by a torus demarcationis of leukocytes
with full-blooded vessels, the permeability of the walls
of which was increased; the impregnation with plasma
proteins and blood corpuscles was determined, with
pronounced stasis and multiple focal perivascular hem-
orrhages against the background of fibrinoid necrosis of
the vascular wall of the microcirculatory bed, which indi-
cated a significant disorder of microcirculation (Fig. 3).

In the group with traditional treatment, on day 3
after surgery, the bottom and edges of the wound are
covered with a scab consisting of necrotic tissues and
fibrinous exudate. Deeper than this layer is a layer of
fibrin fibers with leukocyte infiltration and focal hem-
orrhages; the neutrophils of this layer are dystrophi-
cally altered. The vessels in this zone are characterized
by pronounced fullness with microthrombs of various
nature, and the phenomena of lymphostasis are deter-
mined (Fig. 4).

On day 5, a fibrino-purulent plaque with signs of
fragmentation was detected on the wound surface. In
various areas of the wound surface, the initial signs of
granulation formation appear: chaotically located capil-
laries with multiple macrophages and rare undirected
fibroblasts are formed at various stages of development.
Well-expressed perivascular and focal neutrophil infil-
trates persist. In the deep layers of the wound edge, the
content of neutrophilic leukocytes decreases, and the
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number of undirected fibroblasts increases, but macro-
phages prevail in quantity.

On day 7 (Fig. 5) of the postoperative period, there is a
decrease in the number of fibrinous overlays and necrotic
tissues, the degree of neutrophil infiltration in the sur-
face zone decreases, microthrombs and sludge syn-
drome phenomena in the vascular lumen are less often
detected, the phenomena of tissue edema and perivas-
cular diapedesis hemorrhages disappear. The number of
microcirculation disorders decreases. In the perivascular
areas, when stained with toluidine blue, rare granule cell
with degranulation phenomena are detected. In the area
bordering on intact tissues, small foci of granulation tis-
sue appear with small vessels forming, macrophage cells
with signs of proliferation, fibroblasts and numerous
polymorphonuclear leukocytes.

In patients who underwent PDT, on day 3 after
the session (day 5 of the postoperative period), the
wound surface is covered with a narrow necrotic scab
with fibrinous inclusions, but the thickness of fibrin-
ous deposits is significantly less, there is an intensive
cleansing of the surface from necrotic scab elements.
Foci of granulation tissue begin to form under the
scab, with newly formed capillaries and cellular ele-
ments of the macrophage and fibroblastic series. At
the border with the underlying healthy tissues, a zone
of hemo- and microcirculation disorders is deter-
mined, with moderate intravascular fullness and sta-
sis, and an insignificant number of circulatory diape-
detic hemorrhages is detected. Edema and neutrophil
infiltration are significantly less pronounced, but the
number of macrophages and undirected fibroblasts is
much higher (Fig. 6).

The functional activity of the macrophage compo-
nent increases significantly after a course of PDT, which
is confirmed by the PAS-positive foamy cytoplasm in
cells. The Brachet reaction determines the pyroninophilia
of the cytoplasm and nucleoli of fibroblasts and young
endotheliocytes, which indicates a pronounced RNA
activity (Fig. 7).

By day 5 after PDT (day 7 of the postoperative period),
the wound surface is completely cleared of necrotic ele-
ments and fibrin, granulation tissue is actively formed in
all areas with newly formed vertically oriented capillaries
and fibroblasts between them, and pronounced fibrillo-
genesis (Fig. 8).

The morphological studies conducted indicate that
the use of PDT in the treatment of purulent wounds
significantly accelerates the wound process and
improves the purification of wounds from fibrinous/
purulent exudate and scab elements, which is associ-
ated with both reparative processes stimulation due
to activation the transport of oxygen and nutrients
in the forming granulation tissue, and the creation of
conditions conducive to earlier and active formation

of granulation tissue and faster healing of a purulent
wound.

During irradiation, patients did not notice discomfort
or pain; some patients (n=21) noticed a slight tingling in
the area of exposure to the beam.

The use of PDT made it possible to stop the inflam-
matory process faster, accelerate the development of
the regenerative phase, which was noticed in the shorter
duration of treatment. The patients of the control group
were in the hospital for an average of 14 (7-29) days, after
which they received outpatient medical care for 7 (4-10)
days. Wound healing in the group was slowed down
by an average of 22 (13-36) days. In the group where
patients received PDT, the terms of inpatient treatment
averaged 8 (4-21) days, with the outpatient stage aver-
aging 7 (5-9) days; wounds healed completely by day 14
(10-27) (p<0.0001).

In the traditional open management of postopera-
tive wounds, repeated amputation in the early postop-
erative period was performed in 21 patients (42.0%), and
amputation was required in 2 patients with pandactylite
of the first and second fingers during repeated surgery, 1
patient with anaerobic phlegmon of the hand and fore-
arm had surgery five times. Patients who underwent a
course of PDT required repeated surgical treatment in 4
cases (8.2%), while 1 patient with anaerobic phlegmon of
the hand and forearm underwent repeated necroectomy
4 times.

There were no complications or allergic reactions
during PDT. No hyperthermia and no local inflamma-
tory reaction were observed during the PDT course and
after it.

None of the patients who participated in the study
applied again with the development of recurrent puru-
lent inflammation. It should be noted that patients from
the group with classical treatment more often noted a
restriction of the function of the finger or hand due to
the development of a dense scar fused with the under-
lying tissues. Patients whose wounds were exposed to
laser radiation, on the contrary, noted the formation of
soft scars that did not fuse to the surrounding tissues, did
not limit the function and visually seemed neat.

We provide a clinical example illustrating the success-
ful use of PDT.

Patient B, 58 years old, was undergoing inpatient
treatment in the department of purulent surgery for pan-
dactylite of the first finger of the left hand.

4 days before admission to the hospital, he was
operated on an outpatient basis for subcutaneous pan-
aritium. He receives conservative therapy for type 2 dia-
betes. Upon admission, the patient’s condition was of
moderate severity. On examination, a transverse post-
surgical wound of a linear shape with abundant puru-
lent discharge was noted. The edges of the wound are
severely edematous, with areas of necrosis. A distinct
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Puc. 5. [McTonornyeckoe uccneposaHme 6uonrtara U3

TKaHel paHbl NauMeHTa KOHTPONbHON FPynMbl Ha 7—€ CYyTKU
nocsne onepauuu. MetaxpomaTuyHble TY4YHbIE KNETKU B
nepuBacKynsipHoi o6nactu. OKpacka ToNyMANHOBbLIM CUHUM.
YBenunyenune x900.

Fig. 5. Biopsy from the tissue of the wound of control group on
7™ day. Metachromatic mast cells in the perivascular region.
Toluidine blue staining. Magnification x900.
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Puc. 7. [ucTtonornyeckoe uccnegoBaHme ouontata U3 TkaHen
paHbl nocne ®T Ha 5-e cyTKU nocneonepaumMoHHOro nepuoaa.
MupoHMHODUAMA UUTONNA3MbI U AAPbLILEK IHAOTENMOLUTOB U
¢u6po6nacToB. OKpacka Ha PHK no Bpawe. YBenuyenune x900.
Fig. 7. Biopsy from the tissue of the wound of experimental
group on 5" day of postoperative period. Pyroninophilia of the
cytoplasm and nucleoli of endotheliocytes and fibroblasts. RNA
staining according to Brachet. Maghnification x900.

Puc. 6. lMcTonornyeckoe uccnegosaHune 6uontara u3

TKaHe#n paHbl nauMeHTa uccneayemMon rpynnol Ha 5-e

CYTKM nocneonepauuoHHoro nepuoga. Cocygucrbie

anemMeHTbl ¢ MaKpodaranbHbIMU KNeTKaMu U OTAESNbHble
HeopUeHTUpoBaHHble pubpobnacTbl. OKpacka reMaTOKCUIIMHOM
¥ 303UHOM. YBenunyeHue x900.

Fig. 6. Biopsy from the tissue of the wound of experimental
group on 5" day of postoperative period. Vascular elements with
macrophage cells and some non-oriented fibroblasts. Hematoxy-
lin and eosin staining. Magnification x900.

Puc. 8. [McTonornyeckoe nccnegosaHue 6uontata U3 TKaHewn
paHbl Ha 7—e CYTKU NneyveHus nocne onepauuu. CospeBaHue
rpaHyNILMOHHOW TKaHU C BEPTUKaIbHbIMU COCyaaMu,
rOPU30HTaIbHO OPUEHTUPOBAHHbLIMU pUGpoGRacTamm U
Bblpa*KeHHbIM puépunnoreHeaomM. OKpacka reMaToKCUIMHOM U
303uHOM. YBenudeHue x400.

Fig. 8. Biopsy from the tissue of the wound of experimental
group on 7" day of treatment after surgery. Maturation of granu-
lation tissue with vertical vessels, horizontally oriented fibro-
blasts and pronounced fibrillogenesis. Hematoxylin and eosin
staining. Magnification x400.

crepitation was detected in the interphalangeal joint.
The X-ray showed destruction in the area of the inter-
phalangeal joint. The glucose level at admission was
15.8 mmol/l. Surgical treatment, necrosequestrectomy
was performed urgently; due to the pronounced swell-
ing of the wound edges, it was not possible to suture
the wound defect. On day 2, examination (Fig. 9) found
tissue swelling, pronounced perifocal inflammation,
cloudy discharge, and persisting multiple necrosis. A
course of PDT with photoditazine was performed (appli-

BIOMEDICAL PHOTONICS T.10, N22/2021

cation of 3.5 ml of gel, exposure of 10 minutes, power
density of 1 W/cm?).

In intraoperative culture, St. pyogenes was isolated, sen-
sitive to vancomycin, amoxiclav, ciprofloxacin, levofloxacin,
erythromycin. On day 2 after the course, a dry black scab
was noted in the wound (Fig. 10a), perifocal inflammatory
phenomena decreased, the amount of discharge decreased.

Further, the inflammatory phenomena gradually sub-
sided (Fig. 10 b, c¢). When the new culture was seeded,
microflora from the wound was not detected, after
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Puc. 9. MaHaakTMAMT NepBoro nasjbLa IeBOW KUCTU Ha 2—e CYTKM Nocie onepaunn, akcnosuumsa poroceHcubunmsartopa.
Fig. 9. Pandactylitis of the 1st finger of the left hand on the 2nd day after surgery, exposure of the photosensitizer.

Puc. 10. MMaHgaKTMAMT NnepBoro nanbLa 1€BOK KUCTU:
a — Ha 2-e CyTKM;
b — Ha 4—e cyTKu;
¢ — Ha 5-e cyTku nocne ®AT.

Fig. 10. Pandactylitis of the 1st finger of the left hand:
a -2nd day;
b - 4th day;
¢ — 5th day after PDT

which secondary stitches were applied to the wound.
The patient was discharged on day 9 after surgery, with
sutures removed on day 6 after the third surgery. The
wound completely healed on day 14. During the control
examination: an irregular scar on the lateral surface of
the finger without signs of inflammation, soft, not fused
to the underlying tissues, pinkish in color. The finger is
somewhat shortened after joint resection (Fig. 11), its
function is partially limited.

Discussion

This study is part of a previously conducted scientific
work [17, 18] aimed at studying the effect of laser radia-
tion on the results of treatment of patients with purulent
pathology of the hand.

Currently, there is a wide range of different methods
to improve treatment outcomes for this pathology. For-
eign scientists widely use open management of postop-
erative wounds with various auxiliary techniques (plasma

14
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Puc. 11. PeHTreHorpamma cycraBa nocse pe3ekuuu.
Fig. 11. X-ray of the joint after resection.

therapy, wound management in a liquid environment,
cryotherapy, vacuum therapy, etc.). Active use of physical
factors in practice, such as ultrasound irradiation, hyper-
baric oxygenation, direct current, contributed to improv-
ing the effectiveness of treatment of patients with puru-
lent pathology.

Russian and foreign doctors increasingly use plasma
flows in the treatment of deep forms of panaritium; the
effect of argon plasma intensifies the development of
granulation tissue. In recent years, the physical and bio-
stimulating activity in relation to the wounds of the NO-
containing plasmodynamic gas flow has been actively
studied. One of the new methods used in the treatment
of both acute and chronic wounds is the local use of vac-
uum dressings: the Vacuum-assisted closure (VAC-ther-
apy) method, the principle of ToFig.al negative pressure
(TNP). However, the high cost of consumables and the
anatomical features of the hand currently create limita-
tions that do not allow for the wide use of this technique
in hand surgery.

To date, in the treatment of purulent wounds, an
arsenal of technical means is used that have a particular
physical effect on the wound, for example, the treatment
of wounds with a pulse jet. The technique of using low-
and medium-frequency ultrasound in the treatment of
purulent wounds has proven itself well. Due to the fact
that ultrasound propagates differently in living and devi-
talized tissues and is reflected at the interface between
them, it accelerates the processes of necrotic tissues
rejection. At the same time, many authors point to the
damaging effect of ultrasound on healthy tissues, which
limits its use in hand surgery due to the concentration of

important functional structures in a small volume of tis-
sues. Lasers have also achieved great popularity, having
become widely used in surgery. The convenience of high-
energy lasers, diode laser scalpels in surgical treatment,
as well as their high efficiency, allows us to consider their
use as a promising technique. Due to the flexibility and
elasticity of the light guide and the contact method of
diode laser scalpel use, surgery can be performed in
hard-to-reach parts of the operated area, which is its sig-
nificant advantage over other laser systems. In the appli-
cation of a carbon dioxide laser, a significant factor is its
non-contact use and the fact that no consumables are
required.

Among the conservative methods in recent years,
enzymatic debriming, methods of influencing the
wound process with gas flows in the NO therapy mode
and low-intensity laser radiation have been widely used
to prepare wounds for plastic surgery. However, the use
of high-energy lasers and plasma streams in hand sur-
gery requires the development of a technique to exclude
damage to delicate anatomical structures that determine
the functioning of the entire hand.

All of the above methods require a balanced approach
due to the impact on the surrounding tissues, which is
critical due to the small volume of tissues in the hand
area, and due to the fact that the equipment and con-
sumables used for the treatment are expensive, and the
repairs of the equipment are also difficult.

In addition to having a positive effect, the use of PDT
is also a relatively safe method. PDT produces a pro-
nounced anti-inflammatory effect, stimulates phagocy-
tosis and accelerates granulation formation due to the
absorption of laser energy by tissues; it has a positive
effect on microcirculation, which activates the repair
process. PDT is characterized by selectivity of exposure,
which is due to the absorption of PS by tissues with high
proliferative activity, enhanced metabolism and bacte-
rial agents. The specifics of the application of this tech-
nique is the absence of pronounced destructive lesions
of the wound tissues, the relative painlessness of the pro-
cedure, and the possibility of treating deep tissues. The
bactericidal effect is limited to the zone of laser irradia-
tion of sensitized tissues, which helps to avoid the side
effect observed when using antibiotics and antiseptics
for the treatment of surgical infection with local PDT.
After a course of PDT, there is a decrease in bleeding dur-
ing wound dressing.

PDT has a fairly narrow range of contraindications
(the presence of severe, non-correctable pathology in
patients: hypersensitivity to the drug; severe renal or
hepatic failure; decompensated phase cardiovascular
diseases; pregnancy and lactation; childhood; the threat
of bleeding due to blood clotting disorders), so the treat-
ment can be administered to the absolute majority of
patients.
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The introduction of PDT into a wide clinical practice
will not only improve the results of treatment, but also
make it possible to abandon the use of systemic antibac-
terial drugs and create opportunities for a rapid tranfer of
inpatients to outpatient treatment [19, 20].

Conclusions
According to the findings of the study, it can be
concluded that PDT has a beneficial effect on the

REFERENCES

Bernada |, Berroa F. y Maria Pilar Gil. Diagndstico a primera vista
Infeccion crénica en la mano. Enfermedades Infecciosas y Mi-
crobiologia Clinica, 2017, Vol. 35, (2), pp.125-126. https://doi.
org/10.1016/j.eimc.2015.06.009

2. Kraynyukov P. E., Matveev S. A. Surgery of purulent diseases of
the hand. A guide for doctors. Training manual. Planeta, 2016,
pp.272.

3. Kulchiev A. A. Tigiev S. V. Khestanov A. K. et al. Purulent-infec-
tious diseases in diabetes mellitus. Almanac of World Science,
2016, Vol. 4, pp. 69-75.

4.  Kenneth M. Shaw, Michael H. Cummings Diabetes. Chronic Com-
plications John Wiley & Sons, 2012, pp. 352.

5. Goldstein-Ellie J., Citron D.M., Goldman P.J., Goldman R.J. Na-
tional hospital survey of anaerobic culture and susceptibility
methods: lll. Anaerobe, 2008, Vol. 14(2), pp. 68-72.

6.  Geynits A.V.,, Moskvin S.V. Laser therapy in cosmetology and der-
matology, Moscow-Tver: Publishing House “Triada”, 2010, pp. 67.

7. Stranadko E. F. The main stages of the development of photody-
namic therapy in Russia. Photodynamic therapy and photodiag-
nostics, 2015, Vol. 4(1), pp. 3-10.

8.  Lukyanets E. A. Search for new photosensitizers for photody-
namic therapy. Photodynamic therapy and photodiagnostics,
2013, Vol. 2(3), pp. 3-16.

9. Megna M., Fabbrocini G., Marasca C, Monfrecola G. Pho-
todynamic therapy and skin appendage disorders: A Re-
view. Skin Appendage Disord, 2017, Vol.2.(3-4), pp. 166-176.
doi:10.1159/000453273.

10.  Karwicka M., Pucelik B., Gonet M., M. Elas, Dabrowski J.M. Ef-
fects of photodynamic therapy with redaporfin on tumor oxy-
genation and blood flow in a lung cancer mouse model. Sci rep,
2019, Vol. 9(1), pp.12655. doi: 10.1038/541598-019-49064-6

11. Csaba Laszlo Complete Healing from Cancer Diabetes Leukemia
and Other Chronic Disorders. Lulu Press, 2014.

12. LuzAF, Pucelik B., Pereira M.M. et al. Translating phototherapeu-
tic indices from in vitro to in vivo photodynamic therapy with
bacteriochlorins. Lasers in surgery and medicine, 2018, Vol. 50,
pp. 451-459.

13.  Maksimova N. V. Tikhonov V. E. Evaluation of the effectiveness
of photodynamic antibacterial therapy in the complex treat-
ment of chronic generalized periodontitis in patients requiring
orthodontic treatment. In the world of scientific discoveries, 2016.
Vol. 11(83), pp. 99-107.

14. Kuzin M. |, Kostyuchenok B. M. Wounds and wound infection: a
guide for doctors. Moscow, 1990, pp. 592.

15.  Savchenko Yu. P. Fedosov S. R. Methods for determining the
size of the wound surface. Bulletin of Surgery, 2007, Vol. 166(1),
pp. 101-104.

16. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult
pain: Visual Analog Scale for Pain (VAS Pain), Numeric Rating
Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ),

course of the wound process, contributing to the
normalization of microcirculation, early cleansing of
wounds from detritus, the appearance of granulation
tissue and marginal epithelization. In the absence of
the possibility of wound suturing, PDT significantly
accelerates healing, and, therefore, reduces the dura-
tion of hospital stay, which allows us to consider this
method highly promising and justified for use in clini-
cal practice.

HI/ITEPATVPA

Bernada |, Berroa F. y Maria Pilar Gil. Diagnéstico a primera
vista Infeccion crénica en la mano // Enfermedades Infecciosas
y Microbiologia Clinica. - 2017. -T. 35 N, N° 2. - C. 125-126.
https://doi.org/10.1016/j.eimc.2015.06.009.

2. KpaiiHiokos M.E., MatBeeB C.A. Xvipyprusi THOMHbIX 3aboneBa-
HWUIA K1CTW. PykoBoacTBo Ana Bpaye. YuebHoe nocobue. Mo-
ckBa // MnaHeta. - 2016. - C.272.

3. Kynbumes A.A. Turnes C.B. XectaHoB A.K. n gp. THonHO-nHbeK-
LIOHHble 3aboneBaHA Npu caxapHom AviabeTe //AnbmaHax Mu-
poBo HayKu. — 2016. — N°4. - C. 69-75.

4.  Kenneth M. Shaw, Michael H. Cummings Diabetes//Chronic
Complications John Wiley & Sons. - 2012 . - P352.

5.  Goldstein-Ellie J., Citron D.M. Goldman PJ., Goldman R.J.
National hospital survey of anaerobic culture and susceptibility
methods: Il // Anaerobe. - 2008. - Vol. 14(2). - P. 68-72.

6.  TenHuny A.B., MocksuH C.B. JlazepHas Tepanusa B KOCMETONOMN 1
nepmatonorun. // M. - Teepb: 3patenbctso «Tpragar. — 2010. -
C.67.

7. CipaHagko E.O. OcHOBHble 3Tanbl pa3BuTUA GpOoTOAMHAMUYE-
cKol Tepanuu B Poccun // DotopmHammueckas Tepanus n ¢oto-
anarHoctmka. —2015.-T.4,N2 1. - C. 3-10.

8. JlykbaAHel E.A. [loncK HOBbIX pOTOCEHCMOMNIM3ATOPOB AN GoTo-
AnHammnyeckol Tepanumn // GotoguHammyeckas Tepanua n Go-
ToAamarHocTuka. — 2013.-T. 2, N2 3. - C. 3-16.

9. MegnaM. FabbrociniG., MarascaC.,MonfrecolaG.Photodynamic
therapy and skin appendage disorders: A Review //
Skin Appendage Disord. - 2017. -Vol. 2(3-4). - P. 166-176. doi:
10.1159/000453273.

10. Karwicka M., Pucelik B, Gonet M., M. Elas, Dabrowski J.M. Effects
of photodynamic therapy with redaporfin on tumor oxygenation
and blood flow in a lung cancer mouse model // Scirep. - 2019. -
Vol. 9(1). - 12655. doi: 10.1038/541598-019-49064-6

11. Csaba Laszlo Complete Healing from Cancer Diabetes Leukemia
and Other Chronic Disorders,Lulu Press. - 2014.

12. Luz AF, Pucelik B., Pereira M.M. Dabrowski J.M., Arnaut
L.G. Translating phototherapeutic indices from in vitro to in
vivo photodynamic therapy with bacteriochlorins // Lasers in
surgery and medicine. - 2018. - Vol. 50. - P. 451-459.

13. MakcumoBa H.B. TuxoHoB B.3. OueHka adpdekTmBHoCcTU $oTO-
[MHaMNYecKol aHTubaKTepuanbHOW Tepany B KOMMIEKCHOM
JIEYEHUN XPOHMYECKOTO reHepanu3oBaHHOrO MapPOAOHTUTA Yy
NaLMNEeHTOB, HYXAAaloLWUXCA B OPTOJOHTUYECKOM neveHun // B
MMpPe Hay4YHbIX OTKPbITUIA. — 2016. - N2 11(83). - C. 99-107.

14.  Ky3uH M.W., KocTioueHok B.M. PaHbl 1 paHeBas nuHbekums: pyKo-
BOZACTBO ANnA Bpayen /Mocksa. — 1990 . - C. 592.

15. CaBueHko O.MN. ®epocos C.P. MeToabl onpefeneHna pamepos
paHeBol nosepxHocTy // BecTHuk xupyprum. — 2007. - T 166,
Ne1. - C.101-104.

16. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult
pain: Visual Analog Scale for Pain (VAS Pain), Numeric Rating

16

BIOMEDICAL PHOTONICS T.10, Ne2/2021



Chepurnaya J.L., Melkonyan G.G., Gu’'muradova N.T., Sorokin A.A.

The effect of photodynamic therapy on the wound process dynamics in patients with purulent hand diseases

17.

18.

19.

20.

BIOMEDICAL PHOTONICS T.10, N22/2021

Short-Form McGill Pain Questionnaire (SF-MPQ), Chronic Pain
Grade Scale (CPGS), Short Form-36 Bodily Pain Scale (SF-36
BPS), and Measure of Intermittent and Constant Osteoarthritis
Pain (ICOAP). Arthritis Care Res (Hoboken), 2011, Vol. 63(11),
pp. 240-252.

Chepurnaya Yu. L., Melkonyan G. G., Gulmuradova N. T, etc.
The use of laser necrosequestrectomy in the treatment of deep
forms of panaritium, Moscow Surgical Journal, 2019, Vol. 4,
pp.5-11.

Chepurnaya Yu. L., Melkonyan G. G., Gulmuradova N. T, et al.,
Photodynamic therapy in the treatment of purulent diseases
of the hand. Biomedical Photonics, 2020, Vol. 9(1), pp. 13-19.
https://doi.org/10.24931/2413-9432-2020-9-1-13-20
Kostyukov A. A., Pozdnyakova N. V., Shevelev A. B. et al. Com-
plexes of alpha-fetoprotein and serum albumin with biscar-
bocyanine dye. Chemistry of High Energies. 2017, Vol. 51(3),
pp. 248-250.

Granville D.J., Hunt D.W.C. Porphyrin-mediated photosensitiza-
tion - taking the apoptosis fast lane. Curr Opin Drug Discov Dev,
2016, Vol. 3, pp. 232-243.

20.

Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ),
Short-Form McGill Pain Questionnaire (SF-MPQ), Chronic Pain
Grade Scale (CPGS), Short Form-36 Bodily Pain Scale (SF-36 BPS),
and Measure of Intermittent and Constant Osteoarthritis Pain
(ICOAP). Arthritis Care Res (Hoboken). -2011. - Vol. 63(11). -
P.240-252.

YenypHasa f0. /1, MenkonaH I. T, T'ynbmypagosa H. T. n gp. MNpu-
MEHEeHVe NTa3ePHO HEKPCEKBECTPIKTOMMUN B IEUEHUN TTyOOKUX
dopm naHapuuma // MockoBckuin Xupypruyeckuin KypHan. —
2019.-No4. - C.5-11.

YenypHas f0. /I, MenkonsaH I. T, H. T. Tynbmypagosa u gp., Oo-
TOVHAMMUYeCKasa Tepanus B NeYeHnn THOWHbIX 3aboneBaHui
kuctn // Biomedical Photonics. — 2020. - T.9, Ne1, — C. 13-19.
https://doi.org/10.24931/2413-9432-2020-9-1-13-20
KocTiokoB A.A., MNo3aHsikoa H.B., LLeenes A.b. n coasT. Kom-
nnekcobl anbpa-PpeTonpoTenHa 1 CbIBOPOTOYHOTO anbbymuHa ¢
6rcKapOoLMaHNHOBBIM KpacuTenem // XMMuA BbICOKMX SHep-
rmi. —2017.-T. 51, Ne 3. - C. 248-250.

Granville D.J., Hunt D.W.C. Porphyrin-mediated photosensitiza-
tion - taking the apoptosis fast lane // Curr Opin Drug Discov
Dev.-2016.-Vol. 3. - P.232-243.

ORIGINAL ARTICLES

17



Vasilev PV., Erofeev N.P., Shishkin A.N.
Diagnostic capabilities of different methods of laser doppler flowmetry
spectral indexes assessment in patients with diabetic microangiopathy

DIAGNOSTIC CAPABILITIES OF DIFFERENT
METHODS OF LASER DOPPLER FLOWMETRY
SPECTRAL INDEXES ASSESSMENT IN PATIENTS
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Abstract

The article contains the results of a study of two different methods for calculating the spectral parameters of laser Doppler flowmetry
in patients with diabetic microangiopathy caused by type 2 diabetes mellitus (main group) and those with excluded diabetes mellitus
(control group). Spectral indices were calculated using either average or maximum amplitudes of the frequency ranges. When comparing
the contribution of respiratory and pulse fluxmotions using average amplitudes, there were significant (p < 0.05) differences between the
main and control groups. On the contrary, when using the maximum amplitudes, no significant differences were noted (p > 0.05). Also,
significant correlations were found between the contributions of respiratory and pulse fluxmotions and the estimated glomerular filtra-
tion rate in the main group, using both calculation methods. These studies indicate the feasibility of using a technique based on the analy-
sis of average amplitudes to increase the specificity of laser Doppler flowmetry as a method for diagnosing diabetic microangiopathy.
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ONATHOCTHUNHECKUE BO3MOXHOCTH PA3JTMYHbIX
METOOMK OLIEHKM CMEKTPAJIbHbIX MOKA3ATEJIEM
NTA3EPHOM OOMMJIEPOBCKOU ©JIOYMETPUM

Y NAUMEHTOB C AMABETUHECKOM MUKPOAHTMOMNATUEN

M.B. Bacunbes'?, H.MN. Epodees’, A.H. LnwkuH'

'DOIBOY BO «Catkr-lNeTepbyprckuit rocynapCTBEHHbIN YHUBEPCUTETY,
Cankr-letepbypr, Poccus

2CIM6 IbY3 «lopoackas 6onbHuua Ceatoro Benmkomyuenmka leopruay,
Cankr-lNetepbypr, Poccus

Pesiome

B paboTe npefcTaBieHbl pesynbTaTbl NCCEA0BaHNA ABYX Pa3fINUYHbIX METOAMK PacUéTa CrieKTpasbHbIX MOKa3aTenel na3epHol JOMnIepoB-
CKOW ¢pnoymeTpun y naumeHToB C AnabeTnyeckon MUKpoaHronaTern Ha ¢oHe caxapHoro Anaberta 2 Tmna (OCHOBHaA rpynna) 1 any, c Ao-
CTOBEPHO VCKIOYEHHBIM CaxapHbIM AnabeTom (KOHTPOsIbHasA rpynmna). Pacuér cnekTpanbHbIX NMoKasaTeseli BbINOJIHANCA C CMONb30BaHVEM
6o cpefHUX, TMBO MakcMManbHbIX aMMINTY[, YaCTOTHbIX AMana3oHoB. [py cpaBHeHMM BKIaAa AbIXaTeSIbHbIX U NMyfbCOBbIX (GakcMOLMiA C
MCMONb30BaHNEM CPEeHNX aMMNTYA OblIn MosTyYeHbl 3HaunMble (p < 0,05) pasmumna mex gy OCHOBHOW U KOHTPONbHOW rpynmnamu, TOrAa Kak
NpY NCNob30BaHNM MaKCUManbHbIX aMMIUTYA 3HaUYMMbIX Pa3nnynia He otmeyvanoch (p > 0,05). Mpy npoBeaeHNN KOPPENALMOHHOTO aHanm3a
BK/afa AbIXaTesbHbIX U MybCOBbIX GNIAKCMOLUMI N PAaCYETHON CKOPOCTM Kiy6oUKOBOM GUIbTPaLMM B OCHOBHOW rpynne Obliv BbisiBEHbI
3HauVMble KOPPENALMN NPV NCMOIb30BaHUM 06enx PacuéTHbIX MeToAvrK. [laHHble nccnefoBaHVA CBUAETENbCTBYIOT O LiesiecoobpasHocCTH
MCMOJIb30BaHNA METOAMKM, OCHOBAHHOW Ha aHanu3e CPeAHUX aMnTya, AJ1A NMOBbILEHNA CNeLMpUUHOCTY Ia3ePHON AONMIEPOBCKOM GIoy-
MeTPUM Kak MeTofa ANarHoCTMKN AnabeTnyeckorn MUKPOaHrMonaTum.

KnioueBble cnoBa: nasepHas JonnnepoBckasn GproymeTpus, caxapHblil Anabet 2 Tvna, AuabeTnyeckas MUKPOAHIMONaTHA, CNeKTPabHbIN
aHanus, pacyéT cnekTpasibHbIX NoKasaTenen.
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Introduction

The relevance of the development of diagnostic
methods for microvascular complications of diabetes
mellitus is beyond any doubt. In 2019, according to
the International Diabetes Federation, there were 463
million patients with diabetes in the world aged 20-79
years (9.3% of this age group), and by 2045 the projected
incidence will be 700 million [1]. The total number of
patients with diabetes in Russia as of 01.01.2019 was
4,584,575 people (3.12% of the population), of which
patients with type 2 diabetes accounted for 92.4% (4.24
million). According to NATION national epidemiologi-
cal study, the proportion of undetected cases of type 2
diabetes in Russia is on average 54% [2]. Cardiovascular
diseases, resulting from or aggravated by vascular com-
plications of diabetes, are the main cause of mortality in
this group of patients [3, 4].

For the diagnosis of diabetic microangiopathy, inten-
sive research is done into the possibilities of laser Dop-
pler flowmetry (LDF) [5-8]. The wavelet analysis of the
amplitude-frequency spectrum of the LDF signal allows
us to identify groups of oscillations (harmonics) in cer-
tain frequency ranges, the amplitudes of which provide
information about the function of local and systemic
mechanisms of microcirculation modulation. In particu-
lar, with the help of LDF, it was shown that insulin therapy
can affect the state of microcirculation even in the short
term [9].

The large-scale application of LDF in the diagnosis of
microcirculatory disorders is complicated not only by the
relatively high cost of equipment, but also by the lack of a
unified algorithmic approach to the interpretation of the
data obtained. In this regard, there is an urgent need to
develop new methods and numerical indices that char-
acterize changes in the parameters of LDF in patients at
different stages of diabetic microangiopathy.

The purpose of this work was a comparative analy-
sis of the use of two different methods for calculating
the spectral parameters of LDF in patients with diabetic
microangiopathy.

Materials and methods

The study was conducted on the basis of St. Peters-
burg State Medical Institution «City Hospital of St.
George the Great Martyr» (St. Petersburg, Russia) among

patients receiving treatment on the basis of the Surgical
Departments 2 and 4 (the main group) and Cardiology
Department 1 (the control group). All patients signed a
voluntary informed consent to participate in the study.

The main group included 40 patients. The criteria for
inclusion in the main group were: the established diag-
nosis of type 2 diabetes mellitus, the presence of mani-
fest signs of diabetic microangiopathy (diabetic foot
syndrome) and age over 50 years. The following criteria
were chosen as non-inclusion criteria: the presence of
primary renal diseases in the anamnesis, oncological
diseases, systemic connective tissue diseases, admin-
istration of nephrotoxic or immunosuppressive drugs,
morbid obesity, the presence of varicose vein disease
of the lower extremities and post-thrombophlebitic
disease, the consequences of acute cerebral circulatory
disorders in the form of spastic lower para- and tetra-
paresis.

For the control group, 30 patients over 50 years of age
with reliably excluded diabetes mellitus were selected, in
compliance with the above non-inclusion criteria. The
summary characteristics of the groups of the surveyed
patients are given in the table.

Laser Doppler flowmetry was performed with the
diagnostic system «BIOPAC LDF 100C» (Biopac, USA)
with a probing radiation wavelength of 830 nm. In each
patient, a 10-minute registration of the LDF-gram was
performed, in the supine position. The sensor was placed
on the skin of the back of the foot in the distal part of the
first metatarsal space.

To process the obtained LDF signals, a spectral wave-
let analysis based on the Morlet wavelet was used. The
following were taken as the boundaries of the corre-
sponding frequency ranges: slow-wave flaxmotion (LF):
0.05-0.2 Hz, respiratory flaxmotion (HF): 0.2-0.4 Hz,
pulse flaxmotion (CF): 0.8-1.6 Hz. The calculation of the
indicators was based on the methodology proposed by
V. I. Kozlov et al. [10].

The contribution of the corresponding frequency
range (v: vLF, vHF, vCF) was determined as the percent-
age ratio of the square of the amplitude of this range (A)
to the total power of the spectrum (M), which is the sum
of the squares of the amplitudes over 3 ranges.

M = A2LF + AHF + A2CF
v=A2/Mx 100%
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Ta6nuua

XapakTepucTUka 06cAep0BaHHbIX NALUEHTOB
Table

Characteristics of investigated patients

MapameTtp

KonunuectBo 06cnenoBaHHbIX

Number of examined

Bo3pacrT, net (cpepHee + CT. OTKIOHEHME)
Age, years (mean =+ st. deviation)
MpopomxutensHoctb CA, net

Duration of diabetes, years

OcHoBHasA rpynna

N=40 (20 My>kuuH, 20 >KEHLLMH)
n=40 (20 male, 20 female)

67,6 +6,7

>5

KoHTponbHas rpynna
n=30 (20 my>kunH, 10 KeHLLKH)
n=30 (20 male, 10 female)
652+6,3

He NPUMEHNMO
not applicable

CaxapocHu»Kalollasn Tepanms
Hypoglycemic therapy

MepopanbHble npenapartbl
Oral medications
NHcynuHoTepanus

Insulin therapy

n=>5

n=37

He NPUMEHNMO
not applicable

®opma crHApOoMa ArabeTnyeckoi CTonbl
Diabetic foot syndrome form

Hemponatnyeckas
Neuropathic
Henpowuwemnyeckasn
Neuroischemic
[MnepToHuyeckas 6one3Hb
Essential arterial hypertension

n=14
He NPUMEHNMO
not applicable
n=26 oA
n=40 n=30

The calculation of these spectral indicators was per-
formed with two different methods. In one case, the
average amplitudes of the corresponding frequency
ranges were used, in the other, the maximum ones.

One of the manifestations of diabetic microangiopa-
thy is diabetic nephropathy, which leads to the devel-
opment of chronic kidney disease with a progressive
decrease in the filtration function of the kidneys. In this
regard, it was of interest to evaluate the correlations of
the spectral parameters of LDF with the calculated glo-
merular filtration rate (eGFR). To determine eGFR, the for-
mula CKD-EPI was used, based on the concentration of
creatinine in the blood serum.

Statistical processing was performed with the Graph-
Pad Prism 8 software package. The intergroup differ-
ences were evaluated with the Mann-Whitney criterion.
The Spearman correlation coefficient was used for the
correlation analysis. The differences were considered sta-
tistically significant at p < 0.05.

Results and discussion

In both groups, the spectral parameters of the contri-
bution of slow-wave (vLF), respiratory flaxmotions (VHF)
and the contribution of pulse flaxmotions (vCF) were
analyzed, obtained with the average or maximum ampli-
tudes of the corresponding harmonic components.

When comparing the contribution of slow-wave flax-
motions in patients of the control and main groups, cal-

culated with average and maximum amplitudes, no sig-
nificant differences were found in either case (p>0.05).
There were also no intergroup differences in the flaxmo-
tion index (p>0.05), with both calculation methods.

The comparison of the contribution of respiratory
flaxmotions with the use of average amplitudes showed
that the indicator was significantly higher in the main
group (p<0.05) (Fig. 1), with no significant differences
observed with the use of maximum amplitudes (p>0.05)
(Fig. 2).

On the contrary, the contribution of pulse flaxmo-
tions with the use of average amplitudes was signifi-
cantly higher in the control group (p<0.05) (Fig. 3), while
no differences were detected with the use of maximum
amplitudes (p>0.05) (Fig. 4).

The correlation analysis revealed significant correla-
tions of the contribution of respiratory and pulse flaxmo-
tions with the estimated glomerular filtration rate in the
main group with both calculation methods (p<0.05). A
negative correlation was observed for the contribution
of respiratory flaxmotions (Fig. 5), while a positive cor-
relation was observed for the contribution of pulse flax-
motions (Fig. 6). In the control group, there was no sig-
nificant correlation between the LDF indicators and the
calculated glomerular filtration rate (p> 0.05).

The obtained data can be interpreted as follows.
According to our previous studies [11], a decrease in the
contribution of slow-wave flaxmotion and the flaxmo-
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Puc. 3. Bknaa nynbcoBbiX GlaKCMOLIUIA B OCHOBHOW 1
KOHTPOJ/IbHOW rpynnax npy UCNosb30BaHUU CPEeAHUX aMNAnTya
Fig. 3. The contribution of pulse fluxmotions in the main and
control groups when using average amplitudes
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amMmnanTyn

Fig. 4. The contribution of pulse fluxmotions in the main and
control groups when using the maximum amplitudes
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Fig. 5. Correlations of the contribution of respiratory fluxmotions
with the estimated glomerular filtration rate using the mean (a)
and maximum (b) amplitudes

Fig. 6. Correlations of the contribution of pulse fluxmotions with
the calculated glomerular filtration rate using the mean (a) and
maximum (b) amplitudes
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tion index was observed in various pathologies of micro-
circulation, including those not associated with diabetes
mellitus. The reason for this lies in the integration of the
circulatory, lymphatic and interstitial compartments of
the internal environment of the body at the level of the
microcirculatory bed. Changes in the microcirculatory
blood flow can be caused by pathological processes both
at the level of the microvessels themselves and by disor-
ders of arterial inflow or venous outflow [13]. The balance
of factors of modulation of microcirculatory blood flow in
the case of a decrease in the role of local factors is shifted
towards systemic factors, such as the suction effect of the
chest and the propulsive activity of the left ventricle.

As it was shown earlier [11], it is the nature of the
relationship between the systemic factors of microcircu-
lation modulation, which is displayed by the indicators
of the contribution of respiratory and pulse flaxmotions,
that is the criterion for differentiating pathogenetic vari-
ants of microcirculatory dysfunction.

In the present study, the calculation using the maxi-
mum amplitudes of harmonics did not reveal significant
differences in microcirculatory dysfunction in patients of
the main and control groups, despite the fundamentally
different mechanisms of its development. It was possible
to differentiate between microcirculation insufficiency
caused by diabetic microangiopathy and other causes
only when using a calculation algorithm based on aver-
age amplitudes.

At the same time, the contribution of respiratory flax-
motions was significantly higher in patients of the main
group (with diabetic microangiopathy), whereas in the
control group the contribution of pulse flaxmotions was
higher. This can be explained by the formation of persis-
tent disorders of venous outflow with stasis phenomena
[10, 12]. The reverse situation in patients with essential
arterial hypertension and excluded diabetes mellitus
may be due to remodeling of the arteriole wall with a
decrease in the number of myocytes in the middle layer
of the vessel wall (tunica media), a decrease in the com-
pliance of the vascular wall and an increase in its rigidity.

It is worth paying attention to the fact that the
patients of the main group also had essential arterial
hypertension, and, therefore, the wall of the arterioles
in them was also highly likely to undergo remodeling.
Moreover, according to available data [13], changes in
arterioles caused by diabetic microangiopathy are similar
in their morphomechanical properties to those caused
by primary arterial hypertension: in both cases, the phe-
nomena of hyalinosis and sclerosis are noted, which often
complicates morphological identification of the particu-
lar type of damage. Type 2 diabetes mellitus itself is a risk
factor for the development of primary arterial hyperten-
sion, so in patients of the main group, remodeling of the
walls of arterioles may have a dual pathogenesis (due to
diabetic microangiopathy and essential arterial hyper-

tension) [4]. From our point of view, the lower values of
the contribution of pulse flaxmotions in the main group
are due to the fact that the lesion of arterioles becomes
somehow less important in connection with the lesion of
the venous link, which causes an increase in the contribu-
tion of respiratory flaxmotions.

An additional factor in reducing the contribution
of pulse flaxmotions in patients with type 2 diabetes is
the atherosclerosis-type lesions of large arterial vessels.
At the same time, the transmission of the pulse wave to
the periphery becomes difficult or completely impos-
sible. This explains the decrease in the contribution of
pulse flaxmotions to the total power of the amplitude-
frequency spectrum of the LDF signal in these patients
when registering LDF in the basin of the above-men-
tioned arteries.

The revealed correlations in the main group can be
explained in the framework of the pathogenesis of dia-
betic microangiopathy. As it was shown earlier [7, 11], in
diabetic microangiopathy, there is a progressive dysfunc-
tion of local microcirculation mechanisms caused by a
decrease in the number of pacemaker myocytes in the t.
media of arterioles, the phenomena of neuropathy and
endothelial dysfunction. At the same time, the role of
systemic factors of microcirculatory blood flow modula-
tion, such as the pulse wave and the suction effect of the
chest, increases in the compensatory manner.

An increase in the contribution of respiratory flaxmo-
tions is associated with an increase in the phenomena
of venous stagnation [5]. Venous stasis with subsequent
formation of microcirculatory stasis is a natural compo-
nent of the progression of diabetic microangiopathy [13].
The increase in the contribution of cardiac flaxmotions,
apparently, is a consequence of remodeling of the wall of
blood vessels, primarily arterioles. It is known that in dia-
betic microangiopathy, there is a decrease in the number
of smooth myocytes in the t. media of arterioles, sclerosis
and hyalinosis [13, 14]. As a result, the rigidity of the arte-
riole wall increases, which makes it difficult to transmit
the pulse wave to the periphery and reduces the ampli-
tude of fluctuations in the microcirculatory blood flow
under the influence of the pulse wave. Diabetic nephrop-
athy is a particular variant of diabetic microangiopathy
and at the same time a factor in its progression due to
increased activation of local renin-angiotensin-aldoste-
rone systems [14]. In this regard, it can be assumed that
the severity of the above processes: remodeling of the
arteriole wall and the progression of venous congestion,
will correlate with the estimated glomerular filtration rate
as an indicator of the progression of diabetic nephropa-
thy, which is confirmed by the data obtained.

Conclusion
In connection with the obtained results, in our opin-
ion, for the differential diagnosis of diabetic microangi-
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opathy, it is advisable to use a technique that allows to
obtain higher values of the contribution of respiratory
flaxmotions and lower values of pulse flaxmotions. This
requirement is largely met by the method using the aver-
age amplitudes of harmonic components. This feature
can increase the specificity of laser Doppler flowmetry as
a method for diagnosing diabetic microangiopathy.

The revealed correlations are: the negative contribu-
tion of respiratory flaxmotions and the positive contribu-
tion of pulse flaxmotions, indicate that as chronic kidney
disease progress, the changes in the nature of microcir-
culation modulation described above are increasingly
observed. Therefore, the data of laser Doppler flowmetry
are consistent with the ideas about the pathogenesis of
diabetic microangiopathy. Thus, laser Doppler flowmetry
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allows us to identify the progressive nature of diabetic
microangiopathy.

Based on the above, it can be concluded that laser
Doppler flowmetry can be considered as a potential
method of dynamic monitoring of microcirculation, in
particular, in patients with diabetic microangiopathy. By
improving the methods of spectral analysis results pro-
cessing, it is possible to significantly expand the diag-
nostic potential of the method and its value for practical
medicine.
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ANTITUMOR EFFICIENCY OF CONTACT RADIOTHERAPY
IN COMBINATION WITH A CHLORIN-BASED
PHOTOSENSITIZER IN EXPERIMENT

Tzerkovsky D.A., Protopovich Ya.L., Kozlovsky D.I., Suslova V.A.
N.N. Alexandrov National Cancer Centre of Belarus, Lesnoy, Republic of Belarus

Abstract

Authors have studied the antitumor efficacy of contact radiation therapy (CRT) in combination with a chlorin-based photosensitizer (PS)
in an experiment on laboratory animals with transplanted tumors. The experimental study was performed in 50 white outbred rats weighing
250+50 g. Subcutaneously transplanted Pliss lymphosarcoma (PLS) and alveolar liver cancer PC1 (PC1) were used as tumor models. Chlorin-
based PS photolon (RUE «Belmedpreparaty», Republic Belarus) was injected intravenously at a dose of 2.5 mg/kg. The radiation sessions were
carried out 2.5-4 hours (depending on the tumor model) after the administration of the PS using the device «microSelectron HDR V3 Digi-
tal» («Nucletron», Netherlands) with a 192-Ir radiation source in single focal doses 5 and 10 Gy. All laboratory animals (for PLS and PC1) were
subdivided into 5 groups of 5 animals each: intact control, CRT 5 Gy, CRT 10 Gy, PS + CRT 5 Gy, PS + CRT 10 Gy. For the PLS tumor model -
on the 14" day from the beginning of the experiment V_. in groups were 26.31+5.81; 22.45+6.97; 18.99+4.86; 10.75+5.18 and 28.06+2.85 cm? re-
spectively (p<0.05). The coefficients of tumor growth inhibition in the experimental groups were 14.67%, 27.82%, 59.14% and 6.65%, respectively.
The frequency of complete tumor regressions 60 days after the start of the experiment was 0%, 20%, 20%, 60%, and 20%, respectively. On PC1
tumor model - on the 14™ day from the beginning of the experiment V_.in groups were 4.48+1.03; 0.80+0.21; 0.29+0.09; 0.19+0.07 and 0.32+0.08
cm?, respectively (p=0.009). The coefficients of tumor growth inhibition in the experimental groups were 82.14%, 93.53%, 95.76% and 92.86%,
respectively. The frequency of complete tumor regressions 60 days after the start of the experiment was 0%, 0%, 20%, 0%, and 0%, respectively.
Systemic administration of chlorin-based PS before the CRT session increases the antitumor efficacy of radiation therapy in animals with trans-
plantable tumors of different histological structure and growth patterns. The data obtained indicate that further studies of the radiosensitizing
properties of PS are promising.

Key words: experimental study, laboratory animals, transplanted tumors, contact radiotherapy, photosensitizer.
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MPOTUBOOIMYXOJIEBAY SPPEKTUBHOCTb
KOHTAKTHOWM JTYSMEBOWU TEPATNTNU B KOMBMHALUU

C POTOCEHCUBHNITNM3ATOPOM XJTIOPUHOBOTO PAOA
B OKCMEPUMEHTE

O.A. Uepkosckun, E.J1. NMpoTtonosuny, [.U1. Koznosckui, B.A. Cycnosa
PecnybnmnkaHCkmit HOYYHO-NPAKTUYECKMUI LEHTP OHKONOMM M MEAMLIMHCKOM
paguonormun um. H.H. Anekcarnaposa, JlecHoi, Pecnybnuka Benapycs

Pesiome
ABTOpamMM M3yyeHa NpoTrBOONyXoseBasd 3pGEKTUBHOCTb KOHTaKTHOM JiyyeBor Tepanun (K/IT) B KOMOUHaUMn ¢ poToCeHCMOUImn3aTopom
(®C) xnoprHOBOro pAAa B IKCNepUMEHTE Ha JTabopaTOPHbIX XKMUBOTHbIX C MEPEBUBHbIMK onyxonAMU. PaboTa BbinonHeHa Ha 50 nabopatop-
HbIX >KMBOTHbIX (6enble 6ecnopofHble Kpbicbl) ¢ Maccor Tena 250150 . B kauecTBe onyxoneBbix MOAENel NCMoNb30Banu IMMpocapkomy
Mnucca (ICMN) n anbBeonsApHbIi pak nedenn PC (PC1), nepeBuTble nogkoxHo. OC xnoprHoBoro psaga ¢potonoH (PYIN «benmepnnpenapartbi»,
benapycb) BBOAUNCA BHYTPMBEHHO KanenbHO B fo3e 2,5 Mr/Kr maccbl Tena. CeaHc KJTT nposogmnm yepes 2,5 — 4 4 (B 3aBUCMMOCTM OT OMyXosie-
Bol mopaenu) nocsie BBeaeHna OC c ucnonb3osaHrem annapata «microSelectron HDR V3 Digital» («<Nucletron», HuagepnaHabl) ¢ UICTOUHMKOM
n3nyyeHna 192-Ir B pa3oBbix ouarosbix fo3ax (POM) 5 n 10 p. Bce nabopatopHbie XMBOTHbIE, Kak B noarpynne c JICM, Tak v B nogrpynmne ¢
PC1, 6binn pa3geneHbl Ha 5 rpynn no 5 ocobeil B KaXAON: MHTaKTHbIM KOHTposb, KITT PO 5 p, KNT POA 10 p, ®C + KJIT PO 5Tp, ®C + KNT
POJ 10 I'p. Ha mopenn JICI Ha 14-e cyTKv OT Hauana BO3[eNCTBUI CPefHUIA 0O6beM Omnyxonu (ch) B rpynnax coctasun 26,31+5,81; 22,45+6,97;
18,99+4,86; 10,75+5,18 1 28,06+2,85 cm?, cooTBeTCTBEHHO (P<0,05). KoadpduumeHT TopmoxkeHUs pocta onyxonu (TPO) B oMbITHBIX rpymnnax
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coctaBun 14,67%; 27,82%; 59,14% v - 6,65%, COOTBETCTBEHHO. YacToTa NOMHbIX perpeccuii onyxonein yepes 60 CyTOK Nocne Havana sKkcnepu-
MeHTa coctasuna 0%, 20%, 20%, 60% 1 20%, cootBeTcTBeHHO. Ha Mogenn PC1 Ha 14-e cyTKM OT Hauana BO3AeNCTBUMN ch. B rpynnax coctaBu
4,48+1,03; 0,80+0,21; 0,29+0,09; 0,19+0,07 1 0,32+0,08 cm®, cooTBeTCTBEHHO (p=0,009). KoadpPpuumeHT TPO B OMbITHBIX FPynnax coctaBun
82,14%; 93,53%; 95,76% 1 92,86%, cCOOTBETCTBEHHO. YacToTa MOMHbIX perpeccui onyxosnein yepes 60 CyToK Nocne Havyana SKCnepumeHTa co-
ctaBuna 0%, 0%, 20%, 0% v 0%, cooTBeTCTBEHHO. Pe3ynbTaTbl NcCnefoBaHNA NoKasanu, 4to BBeaeHne OC xI0pUHOBOrO pAfa nepes ceaHcoM
KNT yBennumBaeT NpoTrBOONyXxoneByto 3GPeKTMBHOCTb Jly4eBO Tepanum y >KMBOTHbIX C Pa3/INYHbIMY MO FUCTONOrMYECKON CTPYKTYpe U Xa-
paKkTepy pocTa nepeBrBHbIMU OMyxXonAMu. MonyyeHHble AaHHble CBUAETENbCTBYIOT O MEPCNEKTUBHOCTY fallbHENLWNX NCCIE[0BaHNI paano-
ceHcnbunusnpytowmx csorcts OC.

KnioueBble c/ioBa: 3KCrepYMeHTaibHOE MCCeoBaHNeE, 1abopaTopHble KIBOTHbIE, MEPEBUBHbIE OMYyXONM, KOHTAKTHas Ny4yeBas Tepanus,
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Introduction

Radiomodifiers are used in clinical oncology in the
treatment of patients with malignant tumors in order
to selectively enhance the antitumor effect of radiation
therapy (RT) or to weaken its negative impact on normal
tissues. The radiomodifying agents used are electron
acceptor compounds (metronidazole, mesonidazole,
etc.), hyperthermia (general and local), and artificial
hyperglycemia. The use of radiomodifiers makes it possi-
ble to increase the radiosensitivity of tumor cells located
in hypoxic zones of the tumor, without increasing the
degree of radiation damage to normal oxygenated cells
[11.

At the end of the twentieth century, the results of
the first clinical studies were published, which demon-
strated that the combined use of RT with antimetabolites
(5-fluorouracil, methotrexate) significantly improves the
results of treatment of patients with squamous cell car-
cinoma of head and neck. Cytostatic drugs, ultrasound
and laser radiation in low-intensity modes, magnetic and
electric fields are used as physico-chemical factors that
modify the radioresistance of tumors [1].

In recent years, the method of photodynamic therapy
(PDT) has been increasingly used in clinical practice [2-8].
Of particular interest are studies into the radiosensitizing
properties of photosensitizers (PS) used in photodynamic
therapy. The first PSs whose radiosensitizing activity was
proved in experimental studies in vitro and in vivo were
hematoprophyrin and photofrin 11 [9-11].

The main scientific idea of this study is to examine and
prove new properties of the photolon chloride series PS in
an invivo experiment on laboratory animals with inoculated
tumours. The paper studies the possibility of enhancing
radiation damage to inoculated tumors due to the com-
bined use of ionizing radiation and PS as a radiomodifier.

It is for the first time that research in this direction
is conducted in the Republic of Belarus and in the CIS

countries. In the available literature sources, there are
only a few publications (by author groups from Germany,
Lithuania, and Japan) on the study of the radiosensitizing
effect of PS (hematoporphyrin, photofrin Il, 5-aminolev-
ulinic acid) [10-13].

There are no works devoted to the treatment of ani-
mals with induced tumors using photolon chloride series
PS, which makes this study relevant and promising for
experimental oncology.

Materials and methods

Laboratory animals

The pilot study was performed on 50 white mon-
grel rats of both sexes, obtained from the vivarium of
the N. N. Alexandrov RRPC of OMR, with a body weight
of 250450 g, aged 2.5-3 months. The duration of quar-
antine before the inclusion in the experiment was 14
days. Laboratory animals were kept in standard con-
ditions in terms of food and drinking rations, with a
12-hour lighting mode, at a temperature of 20-22° C
and a humidity of 50-60% in cages with 5 individuals in
each.The indicators of humidity, temperature, and illu-
mination in the room complied with the current sani-
tary rules for the device, equipment and maintenance
of vivariums [14].

Tumor strains

The study used tumor strains (Pliss lymphosarcoma,
PLS) [15] and PC alveolar liver cancer (PC1) [16] obtained
from the Russian collection of cell cultures (Institute of
Cytology of the Russian Academy of Sciences, St. Peters-
burg, Russian Federation).

Tumor model

The tumor model in laboratory animals was created
by subcutaneous passivation in vivo. Subcutaneous graft-
ing included the introduction of 0.5 ml of a 10% suspen-
sion of tumor cells in a 0.6% Hanks’ solution subcutane-
ously in the left inguinal region. Laboratory animals with
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PLS were included in the experiment on the 7th day after
the transfer, and those with PC1, on the 21st day after the
inoculation.

Ethical aspects

The experimental studies were conducted in accor-

dance with the international legislation and the regula-
tory acts in force in the Republic of Belarus on conducting
experimental studies with laboratory animals, namely:

1. The European Convention for the Protection of
Vertebrate Animals used for Experimental and
other Scientific Purposes (Strasbourg, France,
dated 18.03.1986), as amended in accordance
with the provisions of the Protocol (SED No. 170
of 02.12.2005).

2. Directive 2010/63/EU of the European Parliament
and of the European Union on the protection
of animals used for scientific purposes (dated
22.09.2010).

3. TPC 125-2008 «Good Laboratory Practice» (GLP)
(Resolution of the Ministry of Health of the
Republic of Belarus No. 56 of 28.03.2008).

Laboratory animals were put under anesthesia (neu-

roleptanalgesia: 0.005% fentanyl solution + 0.25% dro-
peridol solution, in a ratio of 2:1, 0.2 ml per 100 g of body
weight, intramuscularly). After the end of the observa-
tion period for laboratory animals, they were put to death
with generally accepted methods of euthanasia (aether
pro narcosi) with the observance of humane methods of
laboratory animals treatment.

The radiosensitizer

Photolon (RUE «Belmedpreparaty», Minsk, Republic

of Belarus), which is a trisodium salt of e6 chlorine with
povidone K17, was used as a radiosensitizing agent. The
PS was a lyophilized powder for the preparation of intra-
venous solution in the form of a porous mass of greenish-
black color, 100 mg (registration number 16/11/886 of
08.11.2016). The PS was introduced by intravenous infu-
sion in a darkened room at a dose of 2.5 mg/kg of body
weight (according to the instructions for medical use).

The contact radiation therapy session

The animals were exposed to ionizing radiation once,

with «microSelectron HDR V3 Digital device (the Neth-
erlands) with 192-Ir microSelectron V2 radiation source.
Irradiation was performed in single focal doses (SFD) of
5 and 10 Gy. The activity of the radiation source at the
beginning of the experiments was 5.2 Ci. The irradiation
time was 73.1 seconds and 146.2 seconds, respectively.
Irradiation was started 2.5-3 hours after the end of the
PS infusion (on the PLS model) and 3.5-4 hours after
the infusion (on the PC1 model). The time between the
completion of the PS infusion and the beginning of the
irradiation sessions was determined in previous studies,
which showed exactly these time intervals for inoculated
tumors as the time to reach the maximum concentration
of PS in the tumor tissue.

The design of the research

All the treatments were performed after the tumor
node reached the diameter of at least 4-5 mm: on the 7th
day after PLS transplantation and on the 21st day for PC1.
The study was performed on 25 laboratory animals ran-
domly distributed into groups of 5 animals each (for each
of the tumor strains). The characteristics of the experi-
mental groups are presented in Table 1.

Ta6nuua 1

Av3aiH uccnepoBaHUA
Table 1

Study design

lpynna nccnepoBanuns

WHTaKTHbIN KOHTPOSb
Intact control

, KITPOASTP
CRT, single focal doses 5 Gy
3 KNT, POO 10 Ip
CRT, single focal doses 10 Gy
4 OC poTonoH 2,5 mr/kr + KIT, POA 5 p
PS photolon 2.5 mg/kg + CRT, single focal doses 5 Gy
5 OC dpoTonoH 2,5 mr/kr + KINT, POA 10 p

PS photolon 2.5 mg/kg + CRT, single focal doses 10 Gy

Criteria for evaluating antitumor efficacy

The antitumor effectiveness of exposure was evalu-
ated according to the indicators characterizing the
dynamics of volume changes (V), the coefficient of
absolute tumor growth (K) and the coefficient of tumor
growth inhibition (TG/).

The volume of tumors was calculated by the formula (1):

=g x dyx dyx ds, where

d, , , are three mutually perpendicular diameters of the
tumor (in cm);
/6 = 0.52 is a constant value;

Vis the volume of the tumor (in cm3).

The absolute tumor growth coefficient (K) was calcu-
lated by the formula (2):
V=¥
K: | A

Ve where

V,is the initial volume of the tumor (before the introduc-
tion of the chemotherapy drug);
V. is the volume of the tumor at a certain period of obser-
vation.
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The coefficient of tumor growth inhibition (TGl) was
calculated by the formula (3):

TGI%= (V control = Vexperiment)/ V contror*100 , Where

V . — the average volume of the tumor in the control
group (cm?);

experiment ™ the average volume of the tumor in the main
group (cm?).

The quantitative criteria for evaluating the inhibitory
effect on inoculated tumors in laboratory animals were
as follows (Table 2) [17].

The dynamics of the growth of inoculated tumors was
recorded starting from day 7 after the inoculation of the
tumor strain of PLS and from day 21 for PC1, for 2 weeks
with an interval of 2-3 days.

The frequency of complete regressions (CR) was esti-
mated 60 days after the performed exposures. In each
group, the share of animals (%) with no visual and palpa-
tory signs of tumor growth was evaluated [17].

Statistical data processing

Statistical processing of experimental data and
graphical representation of the results were carried out
with Excel 2010, Origin Pro (version 7.0) and Statistica
(version 8.0) software. The results are presented in the
form M+m, where M is the arithmetic mean and m is the
error of the mean. To assess the reliability of the differ-
ences, the Mann-Whitney U criterion was used. The dif-
ferences were considered statistically significant at the
significance level of p<0.05.

Results

The inoculation rate of both tumor models (PLS and
PC1) in laboratory animals was 100%.

The study compared the antitumor effectiveness of
CRT as an independent therapy and the combination of
CRT with the use of chlorin-type PS as a radiosensitizer.
The results of the CRT effectiveness evaluation after sys-
temic administration of photolon on the PLS model are
presented in Fig. 1 and in Table 3.

As can be seen from the presented data, CRT in the
SFD 5 Gy caused a slight inhibition of the growth of inocu-
lated tumors, compared with the intact control group. An
increase in the SFD to 10 Gy enhanced the effect of CRT,
but the differences in the average tumor volumes (V_.)
in the groups of animals exposed to radiation at doses
of 5 Gy or 10 Gy were statistically insignificant (p=0.69).

Intravenous administration of photolon at a dose of
2.5 mg/kg of body weight, followed by CRT in the SFD
of 5 Gy, increased the antitumor effect of the radiation
exposure, compared with CRT with the same SFD with-
out a sensitizer. Thus, on the 14th day after the irradiation
session in the group of rats receiving combined treat-
ment,V__ was 2 times lower than in the group of animals
subjected to only CRT (10.75+£5.18 cm® and 22.45+6.97
cm?, respectively), although this difference did not reach
a statistically significant level (p=0.19).

Intravenous administration of photolon preceding
CRT with the SFD of 10 Gy did not lead to an increase in
the antitumor effect of radiation exposure, compared
with CRT with SFD of 10 Gy without a sensitizer.

Thus, the optimal treatment regimen for the PLS
model was intravenous administration of photolon at a
dose of 2.5 mg/kg of body weight, followed, after 2.5-3

Taonuua 2

KpuTepum oLeHK1 NpoTUBOONYXOAEBOM 3PPEKTUBHOCTU
Table 2

Evaluation criteria for antitumor efficacy

TPO*<20% 0
TGl <20%
TPO<20-50% "
TGl <20-50% -
TPO<51-80% +
TGl <51-80%
TPO<81-90% o
TGI <81-90%
TPO<91-100% + MNP"<50% n
TGl <91-100% + CR<50%

~1009 9
TPO<91-100% + NP>50% P

TGl <91-100% + CR>50%

MprimeyaHune: TPO — KO3PPULIMEHT TOPMOXKEHUA POCTa OMYXONW;
MNP - nonHan perpeccus.
Note: "TGI - tumor growth inhibition; CR - complete regression

OdLem omyxoaeii, em?
Tumor volume, cm?*
by

CYTKH noc/ie mepeBHBKH omyxoaeii
Days after tumor transplantation

s | THTAKTHBIT KOHTPOE / Intact control
e KJIT POJT 5 [p/ CRT 5 Gy
====FJIT POO 10Ip /CRT 10 Gy

@C +KIT POJ[ 5Tp/PS + CRT 5 Gy

Puc. 1. luHaMmuKa pocta nepeBUBHbIX onyxonen mogenu JICI
npu uccnepyembix cxemax TepaneBTUHECKOro BO3elCTBUSA

Fig. 1. Dynamics of growth of transplanted tumors of the PLS
model under the studied therapeutic regimens
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Ta6naumua 3

AP PEKTUBHOCTb A€UEHUSA AaBOPATOPHbIX XMBOTHBIX C NEPEBUBHbLIMM OnyXoAsivu ACT

Table 3

Effectiveness of treatment of laboratory animals with transplantable PLS tumors

HanmeHoBaHune
rpynnbi

V_ onyxonu
<p.
A0 Hauyana
3KCNepuMeHTa, cm>

VIHTaKTHbIN KOHTPOMb

ch onyxonu Ha 14-e cyTkun
3KCMepuMeHTa, cm®

Mokasarenu

K
Ko3pduumeHT
a6contoTHOro npupocra

TPO, % MNP, %

onyxonen

0,83+0,12 26,3145,81 30,70 - 0
Intact control

KIIT POAL 5 Tp

CRT 5 Gy 0,48+0,19 22,45+6,97 45,77 14,67 20
KIIT PO 10 Tp

CRT 10 Gy 0,51£0,13 18,99+4,86 36,24 27,82 20
OC +KNTPOA 5 Tp

PS4 CRT 5 Gy 0,4620,15 10,75+5,18 22,37 59,14 60
OC+KNTPOA10Tp 0,75+0,48 28,06+2,85 36,41 665 20

PS + CRT 10 Gy

hours, by a single exposure to ionizing radiation with the
SFD of 5 Gy. On the 14th day after the treatment of ani-
mals, the K coefficient was 22.37%, the value of TGI, com-
pared with the intact control group, was 59.14%, and the
frequency of CR was 60%. The effectiveness of the treat-
ment corresponded to «+» on a semi-quantitative assess-
ment scale (Table 2).

The evaluation of the effectiveness of the combined
use of CRT and photolon as a radiosensitizer on the PC1
model in rats showed the following.

As can be seen from the data presented in Fig. 2 and
in Table 4, CRT in the SFD of 5 Gy caused a statistically
significant inhibition of the inoculated tumors growth
compared with the intact control: on day 14 of observa-
tion,V__inratsin the control group was 4.48+1.03 cm3,
while in the group of animals after a session of CRT in
the SFD 5 Gy it was 0.80+0.21 cm?. An increase in SFD to
10 Gy led to an increase in the antitumor effectiveness
of exposure, and the difference in the values of V__in
the groups of animals receiving CRT with the SFD of 5
Gy and 10 Gy approached the level of statistical signifi-
cance (p=0.053).

Intravenous administration of photolon at a dose of
2.5 mg/kg of body weight, preceding radiation exposure,
significantly potentiated the antitumor effect of CRT in
the SFD 5 Gy: on the 14th day after the irradiation ses-
sion,V__in this group of animals was 0.19+0.07 cm?3. was
0.19+0.07 cm?. The differences in the values of V__ in the
group of rats that were injected with photolon before
CRT, and in the group of animals that received only CRT
with the SFD 5 Gy, are statistically significant (p=0.022).

As in the PLS model, in rats with an inoculated PC1
tumor, intravenous administration of photolon, pre-

ceding CRT with the SFD of 10 Gy, did not lead to an
increase in the therapeutic effectiveness of radiation
exposure.

Thus, the optimal combined treatment regimen
for the PC1 rat model was intravenous administra-
tion of PS at a dose of 2.5 mg/kg of body weight, fol-
lowed, after 3.5-4 hours, by a single exposure to ion-
izing radiation with the SFD of 5 Gy. On the 14th day
of the follow-up after the treatment session, the K
coefficient was 5.33%, and the value of TGIl, compared
with the control group of animals, was 95.76%. The CR
of tumors in rats with an inoculated PC1 tumor after

Obbem omyxoeii, em*
Tumor volume, em?

CYTRH moc/ie NepeBHBKN OMyXoaeil
Days after tumor transplantation
== [[HTAKTHBI KOHTpONS / Intact control
~===KJIT POOSp/CRT 5 Gy
===IJIT PO 10Tp / CRT 10 Gy
@C + KJT PO STp / PS + CRT 5 Gy
=——®C+KITPOJ 10Ip/PS CRT 10 Gy

Puc. 2. luHamuKa pocTta nepeBuBHbIX onyxonein mogenu PC1 npu
nccneayeMbix cxemax TepaneBTM4eCcKoro BO3aencTBus

Fig. 2. Dynamics of growth of transplanted tumors of the PC1 model
under the studied therapeutic regimens
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Ta6nuua 4

APPEKTUBHOCTb ACUEHUS AaBOPATOPHbIX XXMBOTHBIX C NEPEBUBHBIMM onyxoasivu PCL

Table 4

Effectiveness of treatment of laboratory animals with transplantable PC1 tumors

HanmeHoBaHune

rpynnbI \"/ . ONYXONU A0 Ha4aNa

JKCcnepu-meHTa, cwm’

NHTaKTHbIN KOHTPOSb

Mokasatenn

Vv . ONyX0Nn Ha 14-e
CYTKW SKCNepuMeHTa, cm?

K
Ko3¢punumeHT
abconoTHOro

TPO,% | MNP, %

npupocTa onyxoner

0,05+0,02 4,48+1,03 88,60 - 0
Intact control

KNT POLL 5 p

CRT5 Gy e 0,800,21 19,00 82,14 0
KNT POJL 10 Ip

CRT 10 Gy 0,03+0,01 0,29+0,09 8,67 93,53 20
OC +KNTPOJ 5 Tp

PS4 CRT5 Gy 0,03+0,01 0,19+0,07 5,33 95,76 0
OC +KNT PO/ 10 Tp 0,0340,01 032008 06r 0256 .

PS+ CRT 10 Gy

treatment was not registered. The effectiveness of the
impact corresponded to « ++ » on the semi-quantita-
tive assessment scale.

Discussion

Studies into the radiosensitizing properties of vari-
ous classes of PS are currently relevant and promising.
The overwhelming number of publications devoted to
the consideration of this area of therapy, in experimen-
tal studies in vitro and in vivo, use hematoprophyrin and
photofrin Il as PS [9-11].

The main mechanisms of the antitumor response in
the combined use of RT and PS have not been sufficiently
studied. According to Shaffer M. et al., on the one hand,
PS (for example, photophrine II), when exposed to ion-
izing radiation, can enhance the radiolytic effect due to
oxygen species formed in the tumor cell under the influ-
ence of radiation itself [18]. On the other hand, RT leads
to sublethal and lethal damage to tumor cells. In the
future, sublethal changes are usually reversible based on
the mechanisms for restoring the functions of the tumor
cell. In the case of activation of photofrin Il by ionizing
radiation, the oligomeric components of this PS, inter-
acting with intermediate free radicals (hydroxyl radicals)
formed in the tumor cell during irradiation, prevent the
development of these processes and, consequently, this
combination creates antitumor effects [18, 19].

The results of experimental studies of the radiosensi-
tizing effect of photosensitizing agents are presented in a
number of research publications by other authors.

For instance, the study Kulka U. et al.,, performed on
the cell lines of bladder cancer RT4 and glioblastoma
U-373 MG, evaluated the effectiveness of the combined

use of ionizing radiation with SFD from 2 to 8 Gy and pho-
tophrine. The maximum antitumor effect, expressed in a
statistically significant decrease in the number of viable
tumor cells, was noted when using PS and irradiation with
SFD of 6 and 8 Gy. The percentage of viable U-373 MG
tumor cells in the groups «PS + SFD 6 Gy» and «PS + SFD
8 Gy» was 2.7+1.1% and 0.2+0.1%, respectively, and was
statistically significantly lower than when irradiated with
the same parameters without adding PS to the nutrient
medium (3.9+£1.1% and 0.5+0.2%, respectively; p<0.05).
The percentage of viable RT4 tumor cells in the groups
«PS + SFD 6 Gy» and «PS + SFD 8 Gy» was 4.7+2.3% and
0.9+0.5%, respectively, and was statistically significantly
lower than when irradiated with the same parameters
without adding PS to the nutrient medium (6.7+1.1%
and 1.7+0.7%, respectively; p<0.05). The authors came to
the conclusion that irradiation of tumors sensitized by PS
and in maximum concentrations adsorbed in mitochon-
dria leads to the formation of a large number of reactive
oxygen species and, as a result, the initiation of oxidative
stress, which causes lethal and sublethal cell damage by
apoptosis [20].

Shaffer M. et al., based on the results obtained in in
vivo experiments on linear mice with a subcutaneous
model of bladder cancer RT4, concluded that the com-
bined use of photophrine and ionizing radiation (10 Gy)
allows to increase the time of tumor volume doubling
from 6.2 to 10.9 days compared with single-mode irra-
diation (p<0.05) [21].

Rutkovskiené L. et al. studied the radiosensitizing
properties of hematoporphyrin (1 mcg/ml) and temo-
porphin (0.1 mcg/ml) derivatives on glioma C6 cell cul-
ture. The irradiation of the cell culture in the monolayer
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was carried out with gamma rays using cobalt-60 (dose
rate: 1.1 Gy/min) with a variation of SFD from 2 to 8 Gy.
The authors showed that the use of PS without irradia-
tion did not have a toxic effect on glioma C6. Irradiation
without PS with the SFD of 2 Gy reduced the number of
viable cells by 20%, and with the TFD of 4 Gy, by 50%.
Radiosensitization with a hematoporphyrin derivative
in combination with irradiation with TFD of 2-8 Gy sig-
nificantly reduced this indicator compared to the single-
mode irradiation group (p<0.05). Temoporphine did not
show radiosensitizing properties [22].

In the research of Schaffer M. et al., attempts are made
to test the treatment regimens developed in the experi-
ment in patients with malignant neoplasms [10, 23-25].

In 2002, the results of treatment of 2 patients with
unresectable recurrent bladder cancer were published.
Photofrin Il was used as PS, and irradiation (remote RT)
was carried out with TFD of 44.8+14 Gy 24 hours after the
introduction of PS at a dose of 1 mg/kg of body weight.
The method used made it possible to reduce the volume
of tumors by 35% and 40%, respectively, and perform
surgery at the end of the RT course [23].

In 2006, Schaffer M. et al. presented the experience of
clinical use of photofrin Il in combination with RT in 12
patients (7 with unresectable solid pelvic tumors, 3 with
malignant gliomas, 1 with a relapse of oropharyngial car-
cinoma, 1 with a relapse of sphenoidal sinus adenocar-
cinoma). Irradiation (remote RT) was performed in TFD
30-50.4 Gy 24 hours after intravenous administration of
PS at a dose of 1 mg/kg of body weight. The median fol-
low-up time was 12.9 months. No serious adverse events
were observed. The frequency of CR was in 33.3% cases (4
patients), a decrease in the volume of the tumor by 45%
or more was in 33.3% (4 patients), and the stabilization
of the process in 33.3 % (4 patients). Only in 1 patient, 5
months after treatment, the occurrence of a local relapse
of the disease was observed [10].

In 2013, a group of scientists published the results
of treatment of a patient with grade Ill astrocytoma
using remote RT (TFD 60 Gy) with a preliminary intra-
venous infusion of photofrin Il at a dose of 1 mg/kg of
body weight. The PS was administered 24 hours before
the start of irradiation. The authors note a long progres-
sion-free follow-up period (106 months), the absence of
adverse events and phenomena [24].
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According to the authors, a local relapse of the disease
was detected 30 months after the end of the course of
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It is worth noting that the overwhelming majority of
studies is aimed at studying the antitumor effectiveness
of the combined use of PS and remote RT. In the available
literary sources, we found only one publication dedicated
to the use of contact RT. A. Morandi et al. presented the
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Conclusion

The pilot data obtained from the analysis of the imme-
diate and long-term results of an experimental study on
various models of inoculated tumors in rats indicate a
pronounced tendency to a higher antitumor effect of
combined treatment, including the use of PS followed by
CRT sessions at certain radiation doses, compared with
CRT alone. No experimental studies were found in the
available literature sources that examine the effective-
ness of the combined use of chlorine-type PS and ion-
izing radiation and demonstrating positive results, which
brings us to the conclusion that more in-depth research
in this direction is necessary and will be promising.

Experimental studies of the effects of combined treat-
ment on laboratory animals with inoculated tumors will
be continued in order to further optimize the CRT regi-
mens with the use of chlorin-series PS as a radiosensitizer.
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PHOTOBIOMODULATION OF ACUTE PAIN SYNDROME
AFTER SEPTOPLASTY
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Abstract

The paper evaluates the effectiveness of the use of therapeutic laser exposure (photobiomodulation therapy - PBMT) to minimize acute
pain in the early postoperative period in patients after septoplasty. The study included two groups of patients. Patients of the first group
(31 patients) underwent septoplasty with standard management in the postoperative period. Patients of the second group (31 patients)
also underwent septoplasty, and then added PBMT to the standard measures of the postoperative period at 3, 6 and 24 h after septoplasty
(A=10.890 pm, P =10 W, 2 min) and then intranasally 48 h after septoplasty (A = 0.630 pm, P = 8 W, 2 min). In patients of both groups, heart
rate variability and pain were assessed using a visual analog scale within 48 hours after septoplasty. In patients of the second group, after
the use of PBMT, the indicators of heart rate variability had a significantly lower total power, compared with patients of the first group. So,
after PBMT, the ultra-low-frequency component of the spectral analysis of heart rate variability in the first group was 18580 + 2067 ms?,
which is significantly higher than in the second group (8086 + 3003 ms?) (p <0.001). The low-frequency component of heart rate variability
was also significantly higher in the first group (1871 £ 405 ms?) compared to the second (1095 + 190 ms?) (p <0.005), which indicates an
increase in the tension of the sympathetic part of the autonomic nervous system in the group without the use of PBMT. In the first 3 hours
after surgery, the severity of pain between the groups did not differ significantly (p = 0.07). In the period from 6 to 24 hours after surgery,
patients who did not undergo PBMT experienced significantly higher pain than patients with PBMT (p <0.001). Thus, in our study, the
group of patients with PBMT showed better results in pain and heart rate variability compared to the classical rehabilitation of patients
after septoplasty.
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dOTOBMOMOAYNAUNA OCTPOIO BOJIEBOIO
CHUHOPOMA MOCIJIE CEMTOIMJTIACTUKH

U.B. Kacteipo', KO.C. Pomanko?, .M. Mypagos', B.A. Monaatok!, N.K. Kanmbikos',
M.T. Kocrseea', O.LU. T'ywmna', C.I. OparyHosa’

"Pocemitckuin YrmeepauteT apyxbsl Hapopos, Mocksa, Poccus

Mepebit MTMY um. .M. Ceuernosa Munsapasa Poccnn, Mocksa, Poccus

Pesiome
B pabote oueHeHa 3ppeKTBHOCTD poTobMOMOAynALmMoHHO Tepanun (DBMT) Ana MMHMMM3aLMKU OCTPOro 601eBOr0 CUHAPOMA B PaHHEM
rocTonepaLMoHHOM Nepuofe y NaLyneHToB Nocsie NpoBeAeHNA CenTonnacTuku. B nccnefosaHmne 6bin BKIOUYEHbI ABE rPyNMbl HAGAOAEHNA
B Konnyectse 31 naumeHT Kaxpaas. B nepsoii rpynne 6bina NnpoBefeHa CenTonnaTtrka co CTaHAaPTHbIM BEAEHNEM B MOC/IeonepaLMoHHOM
nepvope. Bo BTopoii rpynne K cTaHAapTHbIM MEPONPUATUAM NocneonepaloHHoro neproga fobasnanu OBMT uepes 3, 6 n 24 4 nocne
centoractuky (A=0,890 mKm, P=10 BT, 2 MUH) 1 ganee nHTpaHasanbHo yepes 48 4 nocse onepauun (A=0,630 mkm, P=8 BT, 2 MuH). B 06eunx
rpynnax oLeH1Banv BaprabenbHocTb ceppeuHoro putMa (BCP) n 6oneBoii CHAPOM Mpy MOMOLLY BU3YaribHO-aHaoroBOW WKasbl B TeUeHve
48 4 nocne cenTonnacTUKL. Y naLMeHTOB BTOPOW rpynnbl Ha poHe npumeHeHna OBMT nokasatenv BCP nmenn 3HauMo mMeHbLuyto obLyto
MOLLHOCTb MO CPaBHEHWIO C MaLmeHTamy nepsoii rpynnbl. Mocne nposegeHna OBMT ynbTpaHU3KOYACTOTHbIV KOMMIOHEHT CMEeKTPasibHOro
aHanu3sa BCP B nepBoi rpynne coctaBun 18580+2067 mc?, Bo BTopoi rpynmne — 8086+3003 mc? (p<0,001). Hu3Ko4acToTHbI KOMMOHeHT BCP
Tak>Ke 6bln1 3HaUMMO Bbille B nepBoi rpynne: 1871+405 mc? 1 1095+190 mc? cooTBeTCTBEHHO (p<0,005), YTO CBUAETENCTBYET O MOBbILLEHNN
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HanpPsXXeHNA CMMMaTUYeCKOro OTAeNa BEreTaTVBHOW HePBHOW cMcTeMbl B rpymnne 6e3 npumeHeHns OBMT. B nepBbie 3 4 mocse cenToniaTukm
VNHTEHCUBHOCTb 60NN MeXxay rpynnamu He nMesia JOCTOBEPHbIX pasnnymnin (p=0,07). B neprog oT 6 4o 24 4 nocne XMpypruyeckoro BMella-
TenbCTBa NaLMeHTbl, KOTOpbIM He npoBogunace OBMT, ucnbiTbiBany 6onee MHTEHCUBHYIO 60Mb, YeM MaLMeHTbl BTOpoK rpynnbl (p<0,001).
Takum 06pa3om, B Hallem UccieaoBaHuy rpynmna nauyeHto ¢ O®bMT nokasana nyuiuve pesysnbTaTbl MO BblpaXKeHHOCTV 601eBoro CMHApoma
1 BCP no cpaBHEHMIO C KNAacCUYEeCKON peabunutalmen naumeHToB nocse CenTonaacTukim.

KnioueBble cnoBa: centoniactuka, 60}'Ib, ¢OT06I/IOMO,D.y}'IHLlI/Iﬂ, Bapl/laGeanOCTb cepaeyvyHoro putma.

Ana yntuposaHua: Kactoipo W.B., PomaHko t0.C., Mypagos M., MNMonaaiok B./., Kanmbikos W.K., Koctaesa M.I,, NywwmHa 0.1, IparyHosa
C.I[. DoTobromopynauma ocTporo 6oneBoro cMHapoma nocne centonnactuky // Biomedical Photonics. — 2021. - T. 10, N2 2. - C. 34-41. doi:
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Introduction

Nasal septoplasty is one of the most commonly per-
formed procedures in rhinosurgery. Frequent complica-
tions after the intervention are nasal bleeding, septal
hematoma, acute rhinosinusitis, and pain syndrome [1,
2].

Septoplasty consists in the separation of the muco-
supraperichondrial and/or muco-periosteal leaves and
the removal of curved areas of the cartilaginous and/or
bony parts of the nasal septum. As a rule, smooth sec-
tions of the extracted part of the nasal septum are placed
back between the two leaves of the perichondrium. The
nasal cavity is tamponed after surgery to avoid complica-
tions [3].

A special position is occupied by the issue of rehabili-
tation of patients after septoplasty, including high-qual-
ity anesthetic aid, analgesic therapy, and the use of topi-
cal medicines. We previously demonstrated that septo-
plasty as such [4], as well as with poor-quality anesthetic
aid, provokes the development of the distress syndrome:
an imbalance of the autonomic nervous system (ANS), a
pronounced pain syndrome and a deterioration of the
quality of life in the early postoperative period, which is
confirmed by changes in the ANS balance and changes
in HRV [5].

In order to reduce the manifestation of side effects
after septoplasty, such as pain, tissue edema, inflamma-
tion, ecchymosis, photobiostimulation has recently been
increasingly used [6], which improves and accelerates
tissue repair, and, consequently, the healing of the sur-
gical wound. These effects of photobiostimulation are
based on improving intracellular calcium metabolism
and accelerating the synthesis of ATP in mitochondria
[7, 8]. Photobiomodulation therapy (PBMT) is a form of
light therapy. In PBMT, light sources such as lasers or
light-emitting diodes (LEDs) with a wavelength of 0.6-1
microns and a power of less than 500 MW per diode are
used [9] to cause a photochemical reaction that leads
to an increase in ATP synthesis in mitochondria, signal
transmission in biological membranes and cells, DNA
synthesis, cell proliferation, differentiation and modula-

tion of pro-and anti-inflammatory mediators that reduce
pain and inflammation [10, 11, 12]. PBMT is widely used
for the treatment of various diseases: diabetic ulcers,
blood diseases, musculoskeletal complications, coronary
heart disease, as well as for wound healing, reducing
pain and inflammation, restoring and regenerating tis-
sues [13, 14].

It is known that after septoplasty, PBMT is used intra-
nasally after the removal of tampons, or immediately in
the case of splints [15]. At the same time, there are practi-
cally no data where the effectiveness of PBMT was evalu-
ated with the exposure during tamponade in the first
two days after septoplasty.

Taking into account the above, this study was con-
ducted to evaluate the effectiveness of photobiomodu-
lation (PBM) to minimize acute pain syndrome in the
early postoperative period in patients after septoplasty.

Materials and methods

Rhinosurgery

Septoplasty under general anesthesia was per-
formed in 62 patients, including 40 men and 22 women
aged 18to 44 years.The patients were randomly divided
into 2 groups of 31 patients each, with an equal number
of men and women. Women underwent septoplasty
during the periovulatory period, since it is known that it
is during this phase of the menstrual cycle that the risk
of nosebleeds after rhinosurgery is minimal [16]. Imme-
diately after the operation, all patients had an anterior
nasal packing with gauze swabs in glove rubber for two
days. All patients underwent septoplasty using local
infiltration anesthesia with 1% procaine solution (250
mg) with 0.1% epinephrine solution (10 mg) and gen-
eral anesthesia, for which Fentanyl (30 mcg/ml), Pro-
pofol (150 mq), cisatracurium besilate (nimbex) (6 mg),
tranexamic acid (Tranexam) (1000 mg), atropine (0.5
mg) and metoclopramide (Cerucal) (10 mg) were used.
In order to prevent the development of acute bacterial
inflammation of the paranasal sinuses, oral antibacte-
rial therapy with azithromycin was prescribed accord-
ing to the scheme: 500 mg once in the morning for
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three days with the first administration in the morning
on the day of surgery.

Photobiomodulation therapy

After 3 hours, 6 hours, and 24 hours after septoplasty,
laser therapy was performed in patients of the second
group. The emitter heads generated infrared pulsed laser
radiation with a wavelength of 890 nm and an installed
power of 10 W (LASMIK-01 device, Russia). The emitter
heads were installed in the projection of the lateral car-
tilage and the large cartilage of the ala of nose on both
sides for 2 minutes.

48 hours after the operation, patients had nasal tam-
pons removed in both groups. In the second group, an
intranasal PBMT with a nozzle was performed in a con-
tinuous, modulated mode of operation in the red opti-
cal range, with a wavelength of 630 nm and a radiation
power of 8 MW. The heads were installed in both nostrils
for 2 minutes (LAZMIK-01 device, Russia).

Analysis of heart rate variability and pain syndrome

To assess HRV, a daily Holter ECG monitoring was
performed with MT-200 devices (Schiller, Swiss). The
ECG monitoring system was put on patients 30 minutes
before the septoplasty and removed 24 hours after it.
HRV parameters were studied in the frequency range:
low frequencies (LF, ms?), ultra-low frequencies (ULF,
ms?), high frequencies (HF, ms?) and total power (ms?).

Pain syndrome was assessed with a visual analog
scale (Fig. 1) in 1, 3, 6, 12, 24 and 48 hours after septo-
plasty, and in the second group, immediately after laser
therapy sessions. Patients were asked to put a vertical
line or a dot in the place on the scale that, in their opin-
ion, corresponded to the pain they were experiencing.
The scale length was 100 mm. The pain intensity was
measured in mm [5].

Statistic analysis

All statistical data processing was performed with
the JASP software package, version 0.14.0 (University
of Amsterdam, the Netherlands) for Windows’. Continu-
ous variables (pain value, LF, ULF, HF, Total power) were
presented as the mean * error of the mean (M£SE) and
analyzed using the t-test of independent samples after
checking normality with the Shapiro-Wilk test. Normally
distributed data were evaluated with Student’s t-test of
independent samples, and abnormally distributed data
were evaluated with Mann-Whitney U-test. Values of
p<0.05 were considered statistically significant.

Results

Heart rhythm variability

After PBMT sessions, the ultra-low-frequency com-
ponent of HRV spectral analysis was significantly lower
in the second group (8086+3003 ms?) than in the first
(18580+2067 ms?) (p<0.001) (Fig. 2a). The low-frequency
HRV component was significantly higher in the first
group (1871+405 ms?) than in the second (1095+190

Photobiomodulation of acute pain syndrome after septoplasty

Puc. 1. BusyanbHo—-aHanorosas WKasna OLeHKU UHTEHCUBHOCTHU
ocTporo 601eBOro CUHApPOMa

Fig. 1. Visual analog scale for assessing the intensity of acute
pain syndrome

ms?) (p<0.005), which indicates increased tension of the
sympathetic part of the ANS in the group without PBMT
(Fig. 2b). Based on the analysis of the high-frequency
component of HRV, a decrease in the activity of the
parasympathetic nervous system during the periop-
erative day was also recorded in the second group as a
whole: 1157+220 ms? versus 1630+263 ms? in the first
group (p<0.01) (Fig. 2¢). In the second group, the total
HRV power (13498+3226 ms?) was significantly lower
(p<0.001) than in the first (26808+2371 ms?) (Fig. 2d).

The pain syndrome

In the first 3 hours after the surgical intervention, the
pain intensity did not differ between the groups (p=0.07).
In the first group, the intensity of pain increased after 6
hours compared to 3 hours after surgery, but no signifi-
cant difference was found (p=0.01). After 6 hours, in the
second group, the intensity of the pain syndrome began
to decrease compared to the previous period (p<0.05)
(Fig. 3). Further, the intensity of the pain syndrome con-
tinued to decrease in both groups, and 48 hours after the
septoplasty, the patients either did not feel pain or it was
very low and did not cause noticeable discomfort. At the
same time, in the period from 6 to 24 hours after surgery,
patients who did not undergo PBMT experienced pain
that was significantly higher than in patients who under-
went PBMT (p<0.001) (Fig. 3, table).

Discussion

It is known that the removal of tampons is advisable
two days after surgery, when there is a decline in inflam-
matory processes and the restoration of the mucous
membrane, normalization of blood supply to cartilage
and bone tissues begin [1, 2], so we considered it impor-
tant to use PBMT during the first two days. In the available
literature, we have not found any works where PBMT was
performed in patients after septoplasty with intra-nasal
tampons and with a high frequency of therapy sessions
on the first day after the rhinosurgical intervention.

The generally accepted theory on the mechanism of
the biological effect of PBM is the absorption of light by
chromophores [17]. PBMT leads to the following effects:
reduction of edema and inflammation, reduction of pain,
collagen synthesis, increased elasticity, increased tissue
perfusion and increased tissue vascularization, increased
cell proliferation, especially of fibroblasts, which gener-
ally contributes to the restoration of damaged tissues
[6]. Recent studies have shown that PBMT is effective
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Ta6nuua

WHTEHCHMBHOCTb OCTPOro 60AeBOro CMHAPOMa NOCAe CENTONAACTU
Table

Intensity of acute pain after septoplasty

KU

AnHaMvKa MIHTEHCMBHOCTM ocTporo 6oneBoro CHAPOMa nocse onepayun, MM

lpynna

1 rpynna 17,15+2,46 21,82+2,83
1*t group
2ngpynna 14,16+2,31 18,88+2,45
2" group

25+2,02

21,64+2,36 16,68+1,01 3,68+1,01

16,43%2,08 12,83+2,38 10,84+1,15 3,84£1,15

for various conditions: from diabetic foot to androgenic
alopecia and mucositis after chemotherapy, as well as for
wound healing and inflammation [7, 8, 17, 18, 19]. PBMT
can play a role in reducing the number of new hemor-
rhages after surgical interventions in the maxillofacial
region. At the same time, PBMT is positioned as a new
alternative to other interventions, since it is an easy-to-
use and minimally invasive method [6].

Hersant et al. evaluated the effect of a low-intensity
laser on the results of graft survival in facial plastic sur-
gery. The authors have shown that PBMT contributes to
a higher survival rate of the graft and accelerates wound

healing [20]. Enwemeka et al. found that PBMT is effec-
tive in promoting the restoration of damaged tissues
during all three phases and reduces pain syndrome [21].

The effects of PBMT described above, especially the
restoration of damaged tissue and neovascularization,
provide a reduction in edema and inflammatory reac-
tions, a decrease in the likelihood of hemorrhage [6]
and, therefore, of pain in the tissue after septoplasty.
With the intranasal use of laser therapy, systemic effects
are also achieved through cells and blood components
[22], which can probably contribute to a positive neu-
rotherapeutic effect [23]. The tissues around the nasal
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cavity have an abundant blood supply with a relatively
slow blood flow. It was shown that PBMT improves blood
rheology [24], reduces its viscosity [25] and improves the
blood clotting status [26] in various pathological condi-
tions. A significantly lower intensity of pain syndrome
was observed in the second group compared to patients
of the first group, indicates relatively low inflammatory
reactions from the blood system in the damaged area
after the use of PBMT [271].

In patients who had PBMT, HRV indicators had signifi-
cantly lower overall power compared to patients who did
not receive laser therapy. Thus, the ultra-low frequency
component, which is often associated with circadian
rhythms [28], was lower in the second group. An increase
in the ULF power indicates a failure of circulatory rhythms
as a result of surgical traumatization against the back-
ground of inflammatory phenomena in the group which
did noy have PBMT. The high-frequency (HF) component
of HRV shows the tone of the parasympathetic nervous
system, while the low-frequency (LF), according to a
number of authors, can reflect both sympathetic (mainly)
and parasympathetic tone [29]. The decrease in LF and HF
after septoplasty with the use of PBMT reflects a decrease
in sympathetic and parasympathetic tone after correc-
tion of nasal septum deviation. The shift of the balance
of the ANS towards its sympathetic component is physio-
logically justified and corresponds to the degree of sever-
ity of the stress factors impact. An increase in the tone

of the parasympathetic nervous system under stress may
indicate the body’s inadequate response [30], which may
reflect the degree of surgical damage in the maxillofacial
region [31]. It has been shown that after septoplasty LF
HRV can sharply decrease [29]. In our study, in a group of
patients with the classical variant of postoperative reha-
bilitation, the activity of both the sympathetic and para-
sympathetic parts of the ANS was increased. Studies have
shown a relationship between blood rheology, cognitive
functions [27] and mood improvement [32]. It was sug-
gested that the systemic effects of PBMT after blood irra-
diation may also ultimately have a neuroprotective effect
[23, 33, 34]. It is known that intranasal blood irradiation
has the same neurological consequences as intravenous
or intravascular PBMT [35]. These facts may facilitate the
understanding of a lower level of pain syndrome, smaller
changes in the balance of the ANS in response to surgical
damage after septoplasty in patients with the use of PBM
in the early postoperative period.

Conclusion

In our study, a group of patients who had PBMT
showed better results when the indicators of pain syn-
drome and HRV were evaluated compared to the clas-
sical rehabilitation of patients after septoplasty. In our
opinion, it is necessary to further develop protocols for
the rehabilitation of patients after septoplasty with vari-
ous types of nasal cavity tamponade.
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PHOTODYNAMIC THERAPY FOR FACIAL SKIN CANCER
DEVELOPED IN THE ZONE OF PREVIOUS RADIOTHERAPY
(CLINICAL CASE)

Filonenko E.V.!, Grigoryevykh N.I.", Ivanova-Radkevich V.I.2

'P.A. Herzen Moscow Oncology Research Center — branch of FSBI NMRRC of the Ministry
of Health of the Russian Federation, Moscow, Russia

Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia

Abstract

The results of a 13-year clinical observation of a patient after treatment for basal cell carcinoma of the skin of the right cheek Ist cTINOMO are presented.
The history of the course of the disease is associated with the fact that the patient underwent radiation therapy in early childhood for hemangioma of the
lower eyelid of the right eye and right cheek. In 2008, against the background of post-radiation changes in the area of the right cheek, basal cell carcinoma
was diagnosed at the Moscow Oncological Research Institute. PA. Herzen. At the Center for Laser and Photodynamic Diagnostics and Tumor Therapy, the
patient underwent organ-preserving PDT treatment. A course of photodynamic therapy (PDT) with 5-aminolevulic acid was carried out. Subsequently,
the patient was followed up until 2021 without relapse in the PDT area. In 2016, the patient was diagnosed with a relapse of the disease in the form of
a new focus of basal cell carcinoma of the upper eyelid skin on the right last cTINOMO. The patient underwent a course of PDT with a chlorin e6-based
photosensitizer. Complete regression of the tumor was achieved, the period of relapse-free follow-up was 5 years.

Keywords: basal cell skin cancer, photodynamic therapy, radiation therapy, photosensitizer, chlorin e6, 5-aminolevulinic acid, induced cancer.
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OOTOANHAMUNYECKASA TEPATUA MPU PAKE KOXMU
JIMUA, PA3BMBLLUErOCS B 30OHE NPEALLECTBYOLLEM
JTYYEBOM TEPANMUU (KITMHUYECKOE HABJTIOAEHME)

E.B. ®unonenko', H.U. Tpuropseesix', B.1. MUsaHosa-Papkesuy?

"MOCKOBCKMIM HOYYHO-MCCIEAOBATENLCKMI OHKONOTMYECKMI MHCTUTYT UM. [T.A. Tepuera —
dununan PIBY «HaumoHanbHbIM MEAMUMHCKMIA MCCEN0BATENLCKMM LIEHTP PAAMONOTMMY
Munmncrepcrsa sgpasooxpanenus Poceuiickon Pepepaumu, Mockea, Poccus
2Pocceuitckmit Yuusepeutet apyxbbl Haponos, Mocksa, Poccus

Pesiome

MpuBeneHbl pe3ynbrathbl 13-ne€THEro KNMHWYECKOro HabloAeHNA NaLMEeHTKY nocse edyeHrsa 6a3anbHOKIETOYHOrO paka KoXu npaBoin Wweku | ct
cT2NOMO. AHamHe3 3a6oneBaHViA CBA3aH C TeM, YTO NaLMEHTKe B paHHEM AETCTBE MO NMOBOJY reMaHroMbl HVKHEro BeKa NpaBoro rnasa 1 npasom
LLieKM BbIMOJIHEHa NyyeBas Tepanus. B 2008 r., Ha GpoHe NoCTyyeBbIX U3MEHEHWI B 0611aCTU NMPaBOA WEeKU, AUarHOCTUPOBaH 6a3anbHOKIETOUHbI
pak B8 MH/OW um. MN.A. lepueHa. B LieHTpe nasepHoin 1 $oTogMHaMMUYeCcKon ANarHoCTMKIA 1 Tepaniun onyxosiei nauneHTKe NpoBefeHo opraHo-
coxpaHstoLee neyeHne metogom OAT. MposeaeH Kypc poToguHammyeckon Tepanum (OAT) ¢ 5-amyvHONEBYNbHOBOW KMCNOTON. B nocnepyoLlem
6onbHasA Habnoganackb 13 net 6e3 peurarea B 3oHe OAT. B 2016 r y nauMeHTKN ANAarHoCTMPOBaH peunans 3abonieBaHus B BU4E HOBOrO oyara
6a3anbHOKNETOYHOrO paka Koxu BepxHero Beka crnipasa |A ct cTTNOMO. MauveHTke nposefeH Kypc OAT ¢ poToceHcnbrnmsaTopom Ha OCHOBe
XJIOpUHa e6. [loCTUrHyTa NONIHaA perpeccus onyxonu, Cpok 6e3peLnarBHoro HabnoaeHna — 5 ne.

KnioueBble c/ioBa: 6a3anbHOKIETOUHbIN PaK KOXWn, ¢0T0,qVIHaMVILIECKaH Tepanuna, nyyeBan TepanuA, ¢OTOCGHCM6W‘IVI3&TOP, XJIOPUH €6, 5-aMNHO-
JNieBy/IMHOBaA KUCNOTa, VIH,CIyLlVIpOBaHHbIVI pPak.

Ana untuposaHmna: OunoHeHko E.B., Mpuropbesbix H.W., MBaHoBa-PagkeBuu B./. QotofmHammueckas Tepamnva Npu pake KOXu nuua, pas-
BMBLUErOCA B 30He NpepLlecTBytoLlel nyyeBo Tepanun (KnnHuyeckoe HabnogeHwue) // Biomedical Photonics. — 2021. - T. 10, N 2. — C. 42-50.

doi: 10.24931/2413-9432-2021-10-2-42-50

KonTaktbi: QuinoHeHko E.B., e-mail: derkul23@yandex.ru
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Introduction

Photodynamic therapy (PDT) is a method of anti-
tumor therapy successfully used in clinical practice.
In several decades of its use in Russia, the method
has proven to be effective and safe for the treatment
of patients with cancer of various localizations. PDT
is used for malignant neoplasms of the skin, genito-
urinary system organs, gastrointestinal tract, brain,
bronchi, and other nosologies [1-3]. In recent years,
the range of indications for the use of the method has
been constantly expanding, and new effective photo-
sensitizers and PDT methods have appeared [4-6].

Clinical example

We present a clinical observation of the treat-
ment of a patient with a diagnosis of primary multiple
metachronous cancer: 1) basal cell skin cancer (BCSC)
of the right cheek, | degree, cT2NOMO, the condition
after PDT in 2008; 2) BCSC of the upper eyelid of the
right eye IA deg. cTINOMO, the condition after PDT in
2016.

In 1991, patient Sh., DOB: 1986, aged 5, underwent
radiation therapy in connection with a hemangioma
of the right cheek spreading to the lower eyelid of
the right eye, at Helmholtz Moscow Research Insti-
tute of Eye Diseases.

In 2008, the patient noted a lesion on the skin of
the right cheek in the area of previous treatment,
and applied independently to P. A. Hertsen Mos-
cow Oncology Research Center. When examined, the

patient was found to have, against the background
of post-radiation skin changes, an area of superfi-
cial tumor infiltration of the skin with fuzzy borders,
with a maximum size of 2.3 cm (Fig. 1a). A cytologi-
cal study of the lesion was performed, and BCSC was
diagnosed. The patient was discussed at an extended
medical board, and PDT was recommended.

In May 2008, the patient underwent a course of
PDT with a drug based on 5-aminolevulinic acid. The
patient tolerated treatment satisfactorily, without
complications. Complete regression of the tumor
was achieved after one course of PDT (Fig. 1c). Sub-
sequently, the patient was observed without tumor
recurrence in the treatment area with periodic confir-
mation of the achieved effect by control cytological
studies from the PDT zone (Fig. 1d; 2¢, d).

In September 2015, the patient noted the appear-
ance of a lesion on the skin of the upper eyelid of
the right eye; a biopsy of the tumor mass was per-
formed in the ophthalmological clinic; BCSC was
diagnosed according to the histological test. In
December 2015, the patient independently applied
to P. A. Hertsen Moscow Oncology Research Center.
During examination, a trace from the tumor biopsy
and a tumor infiltration of the skin of the upper eyelid
is visualized in the upper eyelid area. The data of the
revision of histology slides No. 51232/15 showed the
presence of BCSC (Fig. 2a). The patient was discussed
at a medical board, and PDT of the skin tumor on the
upper eyelid of the right eye was recommended.

Puc. 1. JleueHne BKPK npaBo#i WwekKu:
a — onyxoJib NPaBoOM LWEKN A0 NeYEeHHUS;
b — HeKpo3 onyxonu Yyepes Hegento nocne OAT;

C — nojiHas perpeccus onyxosu yepes mecauy nocne ®OT;

d — cocTosiHMe 6e3 peunaunBa nocne sieyeHus Yepes 6 net nocne AT (2014 r.)
Fig. 1. Treatment of basal cell carcinoma of the skin of the right cheek:

a — tumor of the right cheek before treatment;
b — tumor necrosis a week after PDT;
¢ — complete tumor regression one month after PDT;

d - condition without relapse after treatment 6 years after PDT (2014)

CASE REPORTS
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Puc. 2. JleueHne BKPK BepxHero Beka npasoro rnasa:
a — onyxonb go ®AT (nocne Guoncum);

6 — pnyopecueHuUs onyxonu npu nposeaeHuun ®f (onpeseneHune rpaHuL, onyxosnm);
B, I — NOJIHasA perpeccus onyxoJiu BepxHero Beka cnpaBa 4yepe3 1 rog nocne ®AT, cocTossHMe 6Ge3 peunamMBa Onyxou npaBow

weku yepes 9 net nocne AT (2017 r.)

Fig. 2. Treatment of basal cell skin cancer of the upper eyelid of the right eye:

a — tumor before PDT (after biopsy);

b — tumor fluorescence during PD (definition of tumor boundaries);
¢, d — complete regression of the tumor of the upper eyelid on the right 1 year after PDT, condition without tumor recurrence

in the right cheek 9 years after PDT (2017)

On 26.01.2016, a course of PDT with chlorin e6 as
photosensitizer was performed on the skin tumor of
the upper eyelid of the right eye. Before the laser irra-
diation session, a fluorescence diagnostics (FD) ses-
sion was performed. The boundaries of the upper eye-
lid tumor were evaluated for planning radiation fields
(Fig. 2b), and other skin areas were examined, includ-
ing the area of scarring after PDT of the tumor on the
right cheek. No additional areas of increased fluores-
cence were detected. A laser irradiation session was
performed with due account for the boundaries of
the tumor lesion determined by the results of FD. The
patient tolerated treatment well, without complica-
tions. Complete regression of the tumor was achieved
(Fig. 2¢, d). The patient has had follow-up monitoring
and has been found relapse-free after PDT in the area
of tumor treatment on the upper eyelid on the right
eye for 5 years, and on the right cheek, for 13 years.

Discussion

The patient was diagnosed with two foci of skin
cancer in areas that were located either directly in
the radiation exposure zones or along the edge of the
irradiation zone 22 years and 29 years after radiation
therapy for a benign skin pathology. Is it possible to
see the development of these foci of skin cancer as a
consequence of previous radiation therapy?

One of the most significant effects of radiation
therapy (RT) on normal tissues is mutagenesis, which
is the basis for the development of radiation-induced
malignant neoplasms. Radiation-induced malignant
neoplasms are late complications that occur after RT,
the frequency of which increases among survivors,
including both children and adults [7].

There are three main criteria by which malignant
neoplasms are classified as RT-induced: the occur-
rence at the site of previous irradiation, a latent period
of at least 2 years after the start of RT, and a histology
different from the primary tumor (if present) [8-10].

Friedman D. L. et al. (2010) conducted a retrospec-
tive study to evaluate the frequency of the develop-
ment of second primary multiple neoplasms in survi-
vors of childhood cancer [11]. Of the 14,359 patients
with a 5-year overall survival, 1,402 subsequently
developed 2703 neoplasms. Cumulative incidence
at 30 years after the childhood cancer diagnosis was
20.5% for all subsequent neoplasms, including 7.9%
for second malignant neoplasms (excluding non-
melanoma skin cancer), 9.1% for nonmelanoma skin
cancer, and 3.1% for meningioma. The association of
RT with an increased risk of developing second neo-
plasms was proved by the authors by use of multivari-
able Poisson regression. Cumulative incidence at 30
years after childhood cancer diagnosis was 20.5% for
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Puc. 3. KymynsiTuBHasi HacTtoTa BTOpbIX HOBOOGpa3oBaHui Yepe3 30 neTt nocne nepBoro pakay nauueHtoB ¢ JIT u 6e3 JIT (Friedman
D.L. u coaBT., 2010 [11]); RT — IT; No RT - 6e3 JIT; SN — BTopoe HOBooGpa3oBaHue (4OGpOKayecTBEHHOE UK 3/I0Ka4YeCcTBEeHHoe);
SMN - BTOpOEe 3/10KayecTBEHHOe HoBooGpa3oBaHue; NMSC — HeMenaHOMHbIM paK KOXu

Fig. 3. Cumulative incidence of second neoplasms (SNs) at 30 years after initial cancer diagnosis, stratified by radiation therapy
(RT) treatment or no RT (Friedman D.L. et al., 2010 [11]); SN - second neoplasm; SNM - second malignant neoplasm; NMSC -

nonmelanoma skin cancer

all first of the subsequent neoplasms and was higher
for patients treated with radiation therapy for their
primary cancer than for those not receiving radiation
therapy (Fig. 3). The results of the study showed that
RT increased the risk of any subsequent neoplasm by
2.7 times. The analysis confirmed that the effect of
RT was associated with an increased risk of second
tumors of the central nervous system, soft tissue and
bone sarcomas, as well as thyroid cancer [11].

After the brain is included in the irradiation zone,
the most common RT-induced second tumors are neo-
plasms of the central nervous system. For instance, in
1991 Neglia J. P. et al. [12] conducted a retrospective
study including 9720 children who had previously
been diagnosed with acute lymphoblastic leukemia
and who were treated in accordance with the thera-
peutic protocols of the Children’s Cancer Research
Group using radiation of the cranial and craniospinal
zones. The average follow-up time was 4.7 years (from
2 months to 16 years). The authors found that 43 sec-
ond neoplasms occurred in the children included in
the study, including 24 (55.8%) had neoplasms of the
central nervous system (14 patients with high-grade
astrocytoma and glioblastoma multiforme, 3 with
primitive neuroectodermal tumor, 2 with meningi-

oma, 2 with astrocytoma or low-grade glioma, 1 with
medulloblastoma, 1 with brain stem glioma, 1 with
ependymoma), 10 (23.3%) new leukemias and lym-
phomas (6 patients had non-Hodgkin's lymphoma, 2 -
acute non-lymphoblastic leukemia, 1 — immunoblas-
tic sarcoma, 1 — Hodgkin’s disease) and 9 (20.9%) had
other neoplasms (3 cases of thyroid cancer, 2 cases
of mucoepidermoid carcinoma of the parotid gland,
1 of dysgerminoma, 1 of melanoma, 1 of ganglioneu-
roblastoma, 1 of leiomyosarcoma of the ileum). The
authors point out that these figures represent a 7-fold
excess of all cancers and a 22-fold excess of neo-
plasms of the central nervous system compared to the
general population of this age. All neoplasms of the
central nervous system occurred in children who had
previously undergone radiation therapy. There was no
association with the effects of cyclophosphamide or
anthracyclines. This proves the inducing effect of RT
on the development of tumors of the central nervous
system [12].

In their study, Armstrong G. T. et al. (2011) ana-
lyzed the incidence of primary multiple metachro-
nous malignancies in patients who had treatment for
childhood cancer [13]. Of the 14,358 childhood can-
cer survivors, 1382 (9.6%) patients were diagnosed

CASE REPORTS

BIOMEDICAL PHOTONICS T.10, N22/2021

45



)
'_
o
O
o
L
o
L
)
<
@)

Filonenko E.V., Grigoryevykh N.I., Ivanova-Radkevich V.I.

Photodynamic therapy for facial skin cancer developed in the zone of previous radiotherapy (clinical case)

with one metachronous multiple primary tumor. Of
these, 386 (27.9%) patients, after treatment of their
tumors, subsequently developed other metachronous
primary multiple tumors. At the same time, among
patients with a subsequent repeated metachronous
tumor, 153 (39.6%) were diagnosed with more than
two metachronous primary multiple tumors. The
cumulative incidence of repeated primary multiple
metachronous tumors 20 years after the diagnosis of
the first primary multiple metachronous tumor was
38.8%. At the same time, the cumulative frequency of
repeated primary multiple metachronous tumors in
the group of patients who survived RT of the first can-
cer was 41.3% after 15 years, compared with 25.7% for
patients who did not receive RT [13].

The study by Travis L. B. et al. (2003) presents the
results on the association of RT with the development
of second tumors in patients with Hodgkin's disease
[14]. Hodgkin's disease usually affects cervical and
mediastinal lymph nodes, and classical RT in Hodgkin’s
disease targets the areas of the lymph nodes, which
leads to irradiation of the breast and lung tissues. The
authors showed that the risk of breast cancer after
RT+CT in Hodgkin's disease depends on the radiation
dose, while a dose of 4 Gy or more is associated with
a 3.2-fold increase in risk compared to patients receiv-
ing lower doses, and the risk increases up to eight
times at doses of more than 40 Gy. The authors con-
clude that the risk of breast cancer after CT+RT seems
to be primarily associated with RT, since treatment
with alkylating agents alone led to a decrease in the
risk of developing breast cancer. The probability of
developing breast cancer decreased with an increase
in the number of cycles of alkylating agents and a
reduction in the use of RT in these patients [14].

A review by Braunstein S. et al. (2013) presents data
on the frequency of second tumor development after
RT of primary neoplasms of various localization. The
authors point to an increased risk of developing RT-
induced tumors after irradiation of the pelvic organs
and abdominal cavity. Thus, patients after RT of tes-
ticular cancer are at an increased risk of developing
RT-induced tumors of the intestinal and genitourinary
tracts, and patients after RT of cervical and endome-
trial cancer are at an increased risk of a second cancer
of the colon and rectum, bladder and genitals. People
who have survived prostate cancer are also at risk of
developing radiation-induced tumors, which is espe-
cially important, given that these patients usually
receive treatment at a much older age than patients
with testicular or cervical cancer. A study of men with
prostate cancer treated in the period from 1988 to
2003 showed that the relative risk of developing a sec-
ond bladder cancer is 1.88 for patients who received
remote RT, compared with prostatectomy. Patients

after RT of head and neck cancer are at an increased
risk of developing RT-induced tumors in the head and
neck, esophagus or lungs, with 15% probability of
occurrence of an RT-induced tumor within 5 years [7].

The most common type of induced skin cancer in
patients after RT is BCSC [15]. At the same time, RT-
induced BCSC usually occurs with the use of low and
moderate doses of radiation, e. g., when RT is used
for the treatment of pathology other than malignant
neoplasms: shingles, hypertrophic tonsillitis, common
acne, atopic dermatitis, and hyperthyroidism. There
is evidence indicating that squamous cell skin can-
cer (SCSC) develops more often after higher doses of
radiation [10, 16-18].

There are both radiation-dependent and inde-
pendent risk factors for developing RT-induced skin
cancer. Radiation-dependent risk factors include a
higher total radiation dose, the RT technique (two-
dimensional conformal RT > RT with intensity modula-
tion > 3-dimensional conformal RT > proton therapy),
increased sensibility to ultraviolet light / lighter skin
type and a younger age during radiation exposure.
Risk factors that do not depend on radiation include
genetic predisposition to malignant neoplasms, life-
style aspects (alcohol, tobacco, and medications) and
exposure to other carcinogens [8].

The development of RT-induced malignant neo-
plasms is characterized by a number of features. Thus,
carcinogenesis in this case is induced by fairly low
levels of radiation doses, and the risk increases with
the dose. At higher radiation doses (as well as when
exposed to sunlight on previously irradiated areas),
the duration of the latency period is significantly
lower [7, 10]. The second feature is the fact that young
age during exposure to RT is a risk factor for carci-
nogenesis [7, 19, 20]. There are also indications that
the incubation period between exposure to ionizing
radiation and the appearance of BCSC symptoms is
shorter in young patients [10]. Another feature is that
the development of RT-induced tumors is character-
ized by a long latency period, which is usually several
years, but can be decades [7]. The literature describes
cases of induced skin cancer 2 to 65 years after radia-
tion therapy. Most often, according to literary data,
this period is 20-45 years [10]. Finally, although BCSC
is usually characterized by slow growth, minimal inva-
siveness into the underlying tissues and high cure
rates, RT-induced BCSC tends to be more aggressive
and more prone to relapses [19, 21, 22].

There are few studies describing the molecular
mechanism underlying the pathogenesis of aggres-
sive radiation-induced BCSC [19]. A few years ago,
Boaventura P. et al. found that the frequency of the
D-Loop D310 mitochondrial mutation was associated
with a higher radiation dose, although the role of this
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mutation in the development of BCSC in children has
yet to be shown [23].

Previously, indications for the clinical use of radia-
tion therapy included various benign conditions, for
example, rheumatological, dermatological, and infec-
tious diseases. This is an important context in which
late radiation effects can be identified, because, unlike
malignant diseases, the long survival of these patients
allows us to track radiation-induced malignant neo-
plasms with a long latent period [7].

Before the advent of antifungal drugs in the 1950s,
X-ray irradiation was widely used for the treatment of
shingles. It is estimated that about 200,000 children
worldwide have received X-ray treatment for this dis-
ease [19]. The first study of the long-term effects of RT
in dermatomycosis on the head was reported by Albert
R.E.etal.in 1968. Among 2,043 children treated at the
New York University Hospital, 14 cases of malignant
tumors were detected, 7 of which were cases of BCSC
[19, 24]. A subsequent study involving 2,215 patients,
the results of which were published in 1976, con-
firmed that RT in children with shingles infection on
the head was associated with an increased risk of skin
cancer (including BCSC), as well as malignant neo-
plasms of the brain, parotid gland, bones, and thyroid
gland. In all subsequent studies, BCSC was the main
type of skin cancer affected by therapeutic radiation,
while the frequency of SCSC and melanoma did not
change significantly. The treated patients had a high
prevalence of multiple forms of BCSC, most of which
were of the nodular type [19, 25].

In the study of Shore R. E. et al., 2224 children who
received RT for dermatomycosis on the head (ring-
worm of the scalp) were observed for 50 years to
determine the incidence of cancer. The control group
consisted of 1380 patients with shingles of the scalp
who received only topical medications. The study
assessed the relative risk of developing BCSC during
irradiation of the scalp as the ratio of the probability
of developing BCSC in the group exposed to RT to
the probability of its development in the unexposed
group. BCSC developed in 124 patients in the group
that had RT, and in 21 patients in the group without
RT.Thus, with scalp irradiation at a total dose of 4.8 Gy,
the relative risk of developing BCSC was 3.6. Cases of
the development of melanoma of scalp and neck were
not observed, isolated cases of SCSC were registered.
Among patients with BCSC, about 40% had multiple
forms. The study also showed that the level of risk for
developing BCSC is approximately constant over time
from the moment of exposure, which suggests that
the risk is likely to persist throughout life [20].

In a multicenter retrospective study by Ron E. et
al., it was shown that CT of the scalp in children with
dermatomycosis led to a four-fold increase in the inci-
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dence of skin cancer, primarily BCSC, and to a three-
fold increase in the incidence of benign skin tumors.
However, as in previous studies, the risk of develop-
ing malignant melanoma in such patients was not
increased [26].

Maalej M. et al. reported on 98 patients who devel-
oped RT-induced cancer of the scalp after irradiation
in childhood for shingles, including 81 (82%) patients
who had only one RT session. In 98 patients, 150 foci
of malignant neoplasms were registered, 125 of which
were BCSC, 16 SCSC, 2 malignant non-Hodgkin’s lym-
phomas, 4 foci of melanoma, and 3 other tumors. The
period from RT to the development of skin cancer
averaged 36+14 years [15].

The study by Mseddi M. et al. describes 33 patients
with BCSC induced by previous RT of shingles foci. The
latency period was 21-51 years [27].

Currently, a significant group of patients with RT-
induced skin malignancies are patients who have
undergone radiation for oncological diseases in
childhood. Thus, the study of Watt T. C. et al. showed
the connection between eadiation therapy and an
increased risk of developing BCSC. The study included
199 childhood cancer survivors, who subsequently
developed BCSC. The comparison group consisted of
597 childhood cancer survivors without BCSC. This
study revealed a dose-response relationship show-
ing an increase in the incidence risk ratio with a coef-
ficient of 1.09 per 1 Gy. Thus, in patients who received
a dose of 35 Gy, the risk of developing BCSC was 39.8
times higher than in survivors who did not receive
radiation therapy [28].

Over 40 years of the use of hematopoietic cell
transplantation, another large cohort of patients who
have undergone RT and have high risks of develop-
ing induced malignant neoplasms has appeared. In
these patients, an increased frequency of malignant
neoplasms was detected, the most frequent being
BCSC [19]. Many of the patients undergo preliminary
total irradiation of the entire body as a preparation for
hematopoietic cell transplantation. Leisenring W. et
al. reported that the use of a regime with total body
irradiation was a significant risk factor for the devel-
opment of BCSC, but not for SCSC, in a study involv-
ing 4,810 survivors with allogeneic hematopoietic
cell transplantation who received treatment between
1969 and 2003. A single or fractional dose of 14 Gy
significantly increased the frequency of BCSC: more
than 1.8 times compared to regimens without total
irradiation [29]. Schwartz J. L. et al. present the results
of a study in which the risks of developing BCSC were
assessed in 6306 patients treated with hematopoietic
cell transplantation with or without total body irra-
diation, and reported that the overall relative risk of
developing BCSC was 1.76 in patients with total irra-
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diation who were exposed to prescribed radiation
doses from 7.5 to 18.4 Gy. The risk of developing BCSC
was highest in patients exposed at the age of under
10 years, and decreased by 10.9% per year for patients
older than 10 years. There was no increased risk of
developing BCSC associated with total whole-body
irradiation for patients over the age of 40 years during
hematopoietic cell transplantation [30].

The authors of all the described studies indicate
the need for careful monitoring of patients with a
history of RT. Unfortunately, as already noted, RT-
induced BCSC tends to be more aggressive, more dif-
ficult to treat, and more prone to relapses than spo-
radic lesions. Patients with a history of RT are recom-
mended to undergo regular lifelong examination of
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