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JlasepoTepanua B KOMNJIEKCHOM Jle4eHUM NaLUEHTOB
c nuMdeneMod HUMHUX KOHEYHOCTEH

. B. fposenko™, C. E. KatopKuH

CaMapcKui rocyaapcTBeHHbIA MeauLMHCKMUI YHuBepcuTeT, Camapa, Poccuiickaa QOepepauma

AHHOTAUNA

BaedeHue. [lpuMeHeHVe MeTogoB (M3MOTEPANEBTUHECKOr0 BO3LEWCTBMA C WCMOSIb30BAHWEM BHYTPUBEHHOTO
nasepHoro ocseunBaHue Kposu (BJ1IOK), BnuAlowero Ha pa3nuuHble 3BeHbA NaToreHesa nuMdedeMbl, M0o3BoaAET
nony4nTb Heob6xoAMMbIN NevebHbIN IGDEKT U CBUAETENLCTBYET O €r0 NEPCNEKTUBHOCTM.

Lens. OueHka 3p¢extnBHOCTM npumeHenna BJIOK ona ymeHblieHMA NUMdeneMHOr0 06beMa Ha HUMKHUMX
KOHEYHOCTAX.

Mamepuaner u Memodsr. B 2020-2022 rr. npoBedeHO KOMMEKCHOE KOHCEPBATMBHOE JieYeHUe, BKIKYaloLLee
KOMMpeccuoHHylo Tepanuio, dapmakoTepanuio 1 BJIOK 60 naumentam c -l ctagnamu numdenemsl, cpegHuin Bo3pact
45,3 £ 1,6 net. B 1 rpynny BKAOYEHbI MaLMeHTb ¢ NepBMYHOM (n = 8), BO 2 — co BTOpMYHOM (n = 52) nuMdeaemon
HUMHUX KOHeyHocTeW. [pMMeHANOCh M3nyyeHWe AAMHOW BONHbI 632 HM MO CTaHLapTU3MPOBaHHLIM NapaMeTpaM:
MoLLHocTbio 0T 3 go 15 MBT, yactoton umnynbcoB ot 80 go 2000 My, gnuTenbHocTbio npoueaypbl oT 5 40 15 MuH.,
¢ Kypcoson (go 10 pas), eweOHEBHOM MAWM WHTepBaNbHOWM Harpyskon (vepe3 1 AeHb). [nA OMHAMWUYECKOM OLEHKM
NMMPOOTTOKA, MUKPOLIMPKYNALMKU, MATKUX TKAHEW MOParKEHHOW KOHEYHOCTW MCMOMb30BaNMCh 31EKTPOKoarynorpadus,
YNbTPa3BYKOBOE WCCNIEA0BaHUE NaxoBblX NUMPATUUECKUX Y3M0B M MATKUX TKaHEMW, TPUMSIEKCHOE CKaHWPOBaHMe,
TennosuaeHue v npoba Mak-Kniopa n Ongpuya.

Pesynemamer. OTMevanocb yMeHbLUEHWE NEpUMETPOB KOHEYHOCTM Ha YPOBHe CpefHei TPeTU TOneHu Ha
14,8 + 0,7% (ot 48,7 £ 5,3 cM fo 41,4 + 0,9 cM) B KoHLEe Kypca NedeHus. IneKTpoKoarynorpaguyecky nocne 4 ceaHcos
W Kypca NeyeHns BbIABAANACh MMMoKoarynauma ¢ GopMMpPOBaHUEM PbIXIIOTrO CryYCTKa C paHHeW peTpakuuen. AHanus
Cn1pMeHa nokasan npAMyl B3aMMOCBA3b MeXay U3MeHEHUAMU GUOPUHONIUTUYECKOWM aKTUBHOCTU KPOBM M AaHHBLIMU
nepuMeTpa Ha roneHuny naunentos 2 rpynnbl I-Il cragum 3abonesanma (p < 0,005). Mpu TepMorpadvu HUMKHUX KOHEYHOCTe
YCTaHOBJIEHO MOBbILIEHWE YPOBHA MH(PAKpacHOro M3My4YeHUA CO CTaTUCTMYecKM 3HaunMbiM (p < 0,001) yeennueHneM
nnowlagm runepTepMuM B OUCTanbHOW YacTu TONEHEM WM BHYTPeHHen noBepxHocTv bepdep. Mo pesynbtatam npobbl
Mak-Kniopa 1 Ongpuya nocne okoHyaHuA BJIOK Bo 2 rpynne 3aduKcMpOBaHO CTaTUCTUYECKM 3HAYMMOe 3aMmepsieHune
paccacblBaHWA KOXHOM Nanynbl B AMCTanbHoW vact ronewu ¢ 27,13 + 2,77 muH. go 35,72 + 3,11 muH. (p < 0,05)
B | cTagum 3aboneBaHus.

3arnoyeHue. BJIOK Bo3geincTByeT Ha BHYTpeHHWE $aKTopbl MMMQOOTTOKA M CMOCOBCTBYET ero OnTUMM3aLMu
B KOMMJIEKCHOM JTIeYEeHUW MaLMUeHTOB B HaYanbHOW CTagMK BTOPUYHON MMdeSEMbl HUMHUX KOHEYHOCTEN.

KnioueBble cnoBa: luMpedeMa HUXCHUX KOHeYHOCMel; BHYmMpUBeHHOe Jla3epHoe 0b/1yyeHue Kposu; y1bmpa3eyKosoe
uccnedosaHue; mepmozpadus; 2udpo@unsbHasa npoba
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Laser Therapy in Comprehensive Treatment of Patients
with Lymphedema of Lower Limbs

Galina V. Yarovenko™, Sergey E. Katorkin

Samara State Medical University, Samara, Russian Federation

ABSTRACT

INTRODUCTION: Methods of physiotherapy using intravenous laser irradiation of blood (ILIB) that affects various
pathogenetic factors of lymphedema, permits to achieve the required therapeutic effect and shows its promising
perspectives.

AIM: Evaluation of the effectiveness of ILIB to reduce the lymphedema volume in the lower limbs.

MATERIALS AND METHODS: In 2020-2022, a comprehensive conservative treatment including compression therapy,
pharmacotherapy and ILIB, was conducted in 60 patients of the mean age 45.3 + 1.6 years with |-l stage lymphedema.
Group 1 included patients with primary (n = 8) and group 2 (n = 52) with secondary lymphedema of the lower limbs.
Laser radiation at 632 nm wavelength was used with standardized parameters: power 3 to 15 mW, pulse rate 80 to 2,000
Hz, exposure time 5 to 15 min, with a course (up to 10 sessions), daily, or interval (every 2" day) load. Lymph outflow,
microcirculation, soft tissues of the affected limb were evaluated using electrocoagulography, ultrasound examination of
inguinal lymph nodes and soft tissues, triplex scanning, thermal imaging and McClure-Aldrich test.

RESULTS: At the end of the treatment course, a reduction of the limb perimeter at the level of the middle third of
the lower leg by 14.8 + 0.7% was noted (from 48.7 + 5.3 cm to 41.4 + 0.9 cm). After 4 sessions and a treatment course,
electrocoagulography revealed hypocoagulation with the formation of a loose clot with early retraction. Spearman test
showed a direct relationship between changes in the fibrinolytic activity of blood and the perimeter of the lower leg in
patients of group 2 with I-Il stage of the disease (p < 0.005). Thermography of the lower limbs showed increased IR
radiation with a statistically significant increase (p < 0.001) in the area of hyperthermia in the distal parts of the lower legs
and the inner surface of the thighs. The results of McClure-Aldrich test showed a statistically significant slowdown of a
skin papule resolution in the distal part of the lower legs from 27.13 + 2.77 min to 35.72 + 3.11 min (p < 0.05) after ILIB in
| stage of the disease.

CONCLUSION: ILIB affects the internal factors of lymph outflow and contributes to its optimization in the comprehensive
treatment of patients in the initial stage of secondary lymphedema of the lower limbs.

Keywords: lymphedema of the lower limbs; intravenous laser irradiation of blood; ultrasound examination; thermography;
hydrophilic test

For citation:
Yarovenko GV, Katorkin SE. Laser Therapy in Comprehensive Treatment of Patients with Lymphedema of Lower Limbs. I. P. Pavlov Russian Medical
Biological Herald. 2023;31(4):563-572. DOI: https://doi.org/10.17816/PAVLOVJ217680

Received: 10.02.2023 Accepted: 17.10.2023 Published: 31.12.2023
V-2
ECOeVECTOR The article can be use under the CC BY-NC-ND 4.0 license

© Authors, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/

OPATHATIBHBIE MCCTIEAOBAHNA

LIST OF ABBREVIATIONS

CDI — color Doppler imaging

ILIB — intravenous laser irradiation of blood
LL — lower limbs

US — ultrasound examination

INTRODUCTION

Lymphedema is a common, complex and
underappreciated human disease [1]. According to
Stanford Center for Lymphatic and Venous Disorders,
about 200 thousand cases of lymphedema are
diagnosed annually. The disease affects about 90
million people worldwide, and in combination with
chronic venous insufficiency, the number of patients
reaches 300 million [2]. This pathology most commonly
affects (80%-90%) women and young individuals.

In the last decade, there has been a significant
increase in the insight into the pathogenesis and
approaches to the problem of treatment of lymphedema.
Significant advances have been achieved in experimental
studies, diagnostics and clinical methods of treatment.
This progress owes the advances in the field of
genetics, lymphatic imaging and lymphatic surgery.
New molecular ideas of lymphedema pathogenesis are
being studied, as well as their connection with future
molecular [3] and cell therapy [4].

The lymphatic system is one of the most complex
systems of the body. It performs 3 main functions:
maintaining the fluid balance, nutritional function
(fat absorption), and protective function. Lymphatic
vessels return the capillary ultrafiltrate and plasma
proteins escaped from the most tissues, back into
the bloodstream. Therefore, lymphatic system is
responsible for maintaining the tissue (and plasma)
volume homeostasis. Impairment of lymph outflow
results in peripheral edema (lymphedema) and can have
serious consequences for cardiovascular diseases (in
particular, arterial hypertension and atherosclerosis),
infections and immune status, cancer and obesity —
the four main healthcare problems of the XXI* century [5].

Preventive surgical methods, biopsy of signaling
lymph nodes, microsurgical preventive approach to
the treatment of lymphedema, reduce the morbidity,
but do not always bring the desired result [6, 7].
Lymphedema is a chronic disease that requires a
combination of surgical and conservative treatment
(combined therapy). Standardization of lymphedema
staging, key outcome parameters and quantitative data
will be crucial for establishing the best methods of its
diagnosis and treatment [8, 9].
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The list of conservative treatment methods includes
physiotherapy providing a complex decongestant
effect [10, 11]. Currently, there is a wide use of such
methods as pneumatic compression, sinusoidal simulated
currents, electrophoresis with enzymes (lidase, ronidase,
trypsin), radiofrequency stimulation of the lymphangion
contractility, barotherapy (chamber in chamber), gravity
therapy, as well as low-intensity intravenous laser
therapy [12, 13]. In the complex treatment of patients
with pathological edema of the lower limbs (LL), a
combination of simultaneously performed manual
massage, electromechanical lymphatic massage and
elastic compression is used [14].

However, improving the effectiveness of treatment
of patients with lymphatic LL edema remains a
relevant task. The physiotherapeutic methods, first
of all those using ILIB, affect various pathogenetic
factors of lymphedema, activate the contractile
ability of lymphangion, affect fibrinolytic activity
and microvasculature, which permits to achieve the
required therapeutic effect and shows the prospects
of this direction.

The aim of this study assessment of the
effectiveness of intravenous laser irradiation of blood
to reduce lymphedema volume in the lower limbs.

MATERIALS AND METHODS

In 2020-2022, on the base of Hospital Surgery Clinic
of Samara State Medical University, a comprehensive
conservative treatment was conducted including IlI
class compression therapy, pharmacotherapy and ILIB.
Lymphatic drainage massage was not used. Before
implementation of medical interventions, a written
informed consent to participation in the study was
received from each patient. The study is approved
Ethics Committee of Samara State Medical University
(Protocol No. 12 of November 11, 2020).

Therapeutic irradiation of blood was performed
with a Matrix-ILIB device (Lasermedservis, Russia)
in 60 patients (of them 7 men (11.7%)) of the mean
age 45.3 = 1.6 years, body mass index from 23.4 to
36.8 (28.8 + 3.3) kg/cm?.
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Inclusion criteria: age above 18; confirmed
diagnosis of LL lymphedema, a voluntary informed
consent to participate in the study.

Exclusion criteria: refusal of a patient from
participation in any stage of treatment; existence of any
type of diabetes mellitus; clinically significant arterial
pathology of LL; breakage of the integrity of skin of
any genesis; pregnancy; renal pathology; thrombotic
complications.

Preconditions to lymphedema were surgeries
followed by radiotherapy on the regional lymph nodes
or their removal — in 7 (23.1%) patients, traumas and
fractures — in 3 (5.8%), pregnancy and childbirth,
gynecological diseases in 2 (3.8%) female patients.
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Most patients with secondary lymphatic edema of
LL had a past erysipelatous inflammation of LL —
35 (67.3%). The degree of LL lymphedema depended
on the form and frequency of erysipelatous
inflammation. An unspecified cause of lymphatic edema
was also registered (n =5, 9.6%).

The patients were divided into 2 groups. Group 1 —
(primary lymphedema established on the basis of
anamnesis and genetic analysis data) included only
patients (n = 8) with Il stage of the disease with
duration of 24.4 + 8.2 years. Group 2 — (secondary LL
lymphedema, Table 1) included 52 patients (5 patients
with | stage, 29 with Il stage and 18 with Ill stage) with
the average duration of the disease 15.2 + 7.1 years.

Table 1. Causes of Secondary Lymphedema in Group 2 Patients (n = 52), n (%)

Cause of Lymphedema Unilateral Lesion Bilateral Lesion
Post-irradiation sclerosis of inguinal lymph nodes 3(5.8) 4(7.7)
Fractures and injuries 3(5.8) -
Pregnancy, childbirth (3.8) -
Unspecified cause (3.8) 3(5.8)
Erysipelatous inflammation 35(67.3) -

Before inclusion in the study, the patients of
both groups had not been given any regular
standardized pathogenetic treatment, but only its
separate elements, because of the absence of qualified
recommendations at the outpatient level and low
adherence to treatment.

A complex of therapeutic measures included
drug treatment. Conservative therapy was selected
individually for each patient and depended on the stage
of LL lymphedema with obligatory consideration of the
somatic state. The list of medications for all patients
included drugs improving the rheological properties
of blood, facilitating metabolic, neuroprotective
and microcirculatory effects, antiplatelet drugs,
benzopyrons, nonsteroidal anti-inflammatory drugs,
antihistamines, as well as therapeutic gymnastics
and obligatory class |ll elastic compression.
Immunocorrectors, auto-ultraviolet blood irradiation
and antibacterial agents were prescribed on indications.
In patients with primary LL lymphedema, the treatment
was aimed at a possible increase in passive lymph
outflow, and in patients with secondary lymphedema —
at stimulating the motility of preserved lymphangions.

DOl https://doi.org/10.17816/PAVLOVI217680

All patients of the comparison groups were prescribed
ILIB according to the scheme.

ILIB was used at 632 nm wavelength, power from
3 mW to 15 mW, pulse rate from 80 Hz to 2000 Hz,
exposure from 5 minutes to 15 minutes, with a course
(up to 10 times), daily or interval load (after 1 day).
The procedure was performed using sterile lightguides
connected to the device, with power control and digital
indication of the procedure.

The study included:

1) history taking;

2) examination of the patient by a lymphologist;

3) measurement of the limb cirumference at
standard levels;

4) color Doppler imaging (CDI) of LL vessels (Aloka
SSD 1700, Japan and Logic 7, USA devices);

5) general clinical and biochemical blood analysis;

6) electrocoagulography (N-334 self-recording
portable coagulograph (Etalon, Russia);

7) McClure-Aldrich resorption test;

8) ultrasound (US) of the skin, soft tissues and
lymph nodes of the affected limb (Aloka SSD 1700,
Japan and Logic 7, USA);
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9) thermal imaging in dynamics on a computer
thermograph IRTIS-2000 IU (Irtis, Russia);

10) dynamics of the disease regression —
assessment of lymphatic edema on the 12" day after
ILIB;

11) study of the outcome of the disease —
assessment of clinical manifestations on the 14%
day (end of inpatient treatment) and on an outpatient
examination after 1 month. The follow-up period was
14.0 + 2.4 days of inpatient treatment and further
examinations according to the study program.

The effectiveness of treatment of patients was
controlled by the electrocoagulography (as a method
of express diagnostics of the functional state of
the hemostasis system), measurement of limb
circumferences at previously established levels (foot,
shin at 3 standard levels, hip at 3 standard levels). The
state of venous outflow was evaluated by ultrasound
duplex scanning of venous trunks with CDI in real time
with the determination of their geometry, patency,
developmental abnormalities, velocity and direction
of blood flow. Soft tissue US was conducted to study
the condition of the skin, subcutaneous tissue of the
lower legs (in the middle and lower third), inguinal
lymph nodes (linear size and structural composition)
[15, 16]. The microvasculature of the LL was studied by
thermography of a limb or a part of it with registration
of hyperthermia areas, calculation of their area in
pixels, contrast in the desired gradient range with
the construction of diagrams and dynamic analysis.
Experimentally, the ratio of the number of pixels per
1 cm? was determined to be 22.73 [17]. The thermal
imaging study was carried out at a room temperature
of 23.0 + 1.0°C, air velocity of no more than 0.25 m/sec,
relative humidity of 50%-75%, in the morning hours.
The control of reliability of the obtained results was a
‘black body’ with a constant temperature of 33.0°C. The
examination was carried out in a standing position, at
the distance from the device 1.5-2.0 meters, depending
on the area of study. The resorptive effect of lymph
outflow from the affected limb was determined by
McClure-Aldrich hydrophilic test.

Statistical data processing was carried out
using parametric Student's test and Spearman's rank
correlation analysis.

RESULTS

In the complex treatment of LL lymphedema using
ILIB, all the patients noted a subjectively positive
effect characterized by a decrease in a heavy feeling
and swelling in the affected limbh. When using ILIB, no
systemic or local side effects were identified. When
measuring the circumference of the affected limb at
standard levels before and immediately after the laser
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therapy session, no positive dynamics was detected,
but after 4 sessions, a decrease in the circumference
of the foot, lower third and middle third of the lower
leg by 1.6 £ 0.32 cm was noted in Group 2 patients
with the initial stages (I-1I) of lymphedema. In patients
with anatomically preserved lymph node basin, the
circumferences of the affected limb at standard levels
at the end of the course of complex treatment
statistically reduced by 14.8 + 0.7% (from 48.7 £ 5.3 cm
to 41.4 + 0.9 cm), and insignificantly reduced by
5.2 + 0.8% in patients with stage Ill secondary LL
lymphedema with significant transformations. All of the
above changes were not registered in Group 1 patients.

US of the soft tissues of the limbs performed in
18 patients after the 4th and final ILIB session, showed
reduction of echogenicity of the subcutaneous tissue
at the level of foot and in distal part of medial surface
of the lower leg, and also reduction of extension
and size of interlymphatic spaces in the subcutaneous
tissue. When studying the external inguinal lymph
node structure of the lower group, the paracortical
layer was reduced and the medullary layer was
statistically increased (p < 0.05) and was located in
the central part without hypoechoic and hyperechoic
inclusions, with the linear dimensions of the lymph
node remaining the same (Table 2).

All the above manifestations were observed only
in patients of Group 2 at | and Il stages of secondary
lymphedema of LL. US of patients with Ill stage
showed that thickness of soft tissues decreased only
in 4 patients, which indicates a buildup of fibrous
restructure, although lymphatic lacunae between the
areas of sclerosed tissues changed in size and shape.

Electrocoagulography conducted in all patients
before, after 4 sessions and at the end of ILIB, showed
a statistically significant (p < 0.001) tendency to
hypocoagulation with formation of a loose clot with
early retraction.

Using Spearman correlation analysis, we
established a direct close relationship between
changes in the blood coagulation system (fibrinolytic
activity) and the circumferences of lower and middle
third of shin in Group 2 patients with |-Il stage of the
disease. The required coefficient was 0.96 with the
critical Spearman criterion value of 0.573 (p < 0.005).
In Group 1, no significant effect was found.

With a high level of objectification, the following
changes of the quantitative parameters of infrared
radiation of a pathologically altered limb were obtained:
left inguinal region — 39.02 + 0.17°C, popliteal region
37.86 + 0.13°C, respective regions on the right —
37.93 + 0.16°C and 38.96 + 0.19°C. The thermal
asymmetry was characterized by peculiarities of
arrangement of vessel trunks and innervation of the
limb (Table 4). Evaluation of thermography parameters
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Table 2. Changes in Size and Structure of Lymph Nodes in Group 2 Patients after Irradiation of Blood with Low-Intensity Laser

Light, Mt o
Parameters Before ILIB After ILIB
Parameter M m M m
Length 1.84 0.07 1.75 0.10
Width 1.0 0.05 0.58 0.06
Paracortical layer 0.29 0.03 0.2 0.04
Medullary layer 0.32 0.03 0.44* 0.05

Notes: ILIB — Low-Intensity Laser Light; *— compared with the parameters of lymph nodes before ILIB, p < 0.05, t = 2.101

Table 3. Condition of Hemostasis in Patients with Secondary LL Lymphedema (Group 2,n=52), M+ g

Before Laser Therapy After Laser Therapy
Parameters
M m M m
Hematocrit 0.41 0.13 0.42 0.08
Blood coagulation time, min 5.05 0.29 12.24* 1.37
Clot retraction time, min 10.55 1.84 12.73 2.09
Clot density 0.09 0.01 0.16 0.03
Fibrinolytic activity 430 0.91 12.29* 384

Note: * — relative to the initial hemostatic parameters of patients, p < 0.001, t = 3.48

Table 4. Changes in Thermal Profile in Projection of Inguinal Lymph Nodes and Area of Hyperthermia in Distal Part of Lower Leg
during ILIB Treatment of Patients with Secondary Lower Limb Lymphedema (Group 2, n=52),M £ ¢

Temperature, degrees Area, cm?
Period of Parameter Evaluation
M m M m
Before laser therapy 3914 0.34 16.83 0.59
After laser therapy 38.11 0.28 31.20* 2.86

Notes: ILIB — Low-Intensity Laser Light; * — increase in the area of hyperthermia in patients of Group 2 after ILIB, p < 0.001; t = 3.488

of LL showed increase in the level of IR radiation
only in Group 2. Increase (p < 0.001) in the area of
hyperthermia in the distal part of lower legs and along
the inner surface of thighs was recorded evidencing
improvement of microcirculation (Figure 1).

In McClure—Aldrich tests, a statistically significant
slowdown of a skin papule resolution in a distal part
of the lower leg from 27.13 + 2.77 min to 35.72 + 3.11
min (p < 0.05) was recorded in | stage of the disease

DOl https://doi.org/10.17816/PAVLOVI217680

only after completion of ILIB treatment. In Il and
lll stage of secondary LL lymphedema, a mild
increase in the time of a skin papule resolution was
noted, which, nevertheless, evidences a reduction
of lymphatic edema and improvement of resorption-
transport function of lymph node basin of the affected
limb, and of the functional activity of lymphangion.
In Group 1, no such regularities were recorded.
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Fig. 1. Clinical example: Thermograms of lower limbs of a female patient S., 58 years old, with Il stage secondary lymphedema

before (A) and after (B) comprehensive treatment.

DISCUSSION

The main focus of treatment for secondary and
primary lymphedema is conservative therapy including
gymnastics in water with a positive effect, especially
in the short term [18], acupuncture in a healthy limb
in case of lymphedema of an upper limb [19], the
use of orthopedic insoles, restoration of mobility
of the foot and ankle joint [20]. The comprehensive
treatment should include the following methods:
mechanical (therapeutic gymnastics, massage,
compression therapy, body weight control), physical
(ampliimpulse, electrophoresis, electrostimulation,
pneumocompression, barotherapy, ultraviolet
irradiation of blood) and pharmacological (drugs to
improve lymph flow, normalize the contractile activity
of lymph vessels, prevent relapses of erysipelas,
improve venous outflow, correct inflammatory and
trophic tissue changes) [9], and also successive
manual lymphatic drainage, kinesiotaping, therapeutic
gymnastics in the gym hall [20].

Laser light is proved to stimulate lymphogenesis,
restore lymph drainage through increase in the motility
of lymphatic vessels and reduction of interstitial fluid
production, and has a favorable effect on the endothelial
dysfunction of blood vessels. Additional effects of
laser light are reduction of fibrosis and sclerosis of
lymphedematous tissues due to protective effect of

DAl https://doi.org/10.17816/PAVLOVJ217680

fibroblasts, as well as stimulation of immunity through
activation of macrophages [13]. In our study, mechanical
and pharmacological methods in combination with ILIB
were used.

In our opinion, it is reasonable that a comprehensive
therapy of patients with lymphatic edema of limbs be
combined with ILIB. The ILIB effectiveness is explained
by the effect on the platelet aggregation rate, the time
of dense clot formation and the degree of blood clot
disaggregation, that is, recovery of platelet aggregation
ability, which is directly related to viscosity and
fluidity of lymph, and is confirmed by a close direct
Spearman correlation relationship (p < 0.005). ILIB
stimulates microcirculation (which is confirmed by
thermal imaging), lymphatic pump function at the
capillary level and the functionality of preserved
lymphangions, which influences the ‘dehydration’ of the
interstitial tissue, reducing the severity of dystrophic
transformation (confirmed by a positive hydrophilic
test). The effectiveness of hydrophilic test was
established to be directly proportional to the degree
of sclerotic alterations in soft tissues and the stage of
lymphedema. ILIB method improves the effectiveness
of comprehensive treatment of patients with secondary
LL lymphedema, especially at the initial stages of the
disease with the preserved lymphangion function.
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CONCLUSION

Irradiation of blood with low-intensity laser light
is reasonable for application in patients with |-l stage
of secondary lymphedema with functionally preserved
lymphatic vessels.

ADDITIONALLY

Funding. This study was not supported by any external sources of funding.
Conflict of interests. The authors declare no conflicts of interests.

Contribution of the authors: G. V. Yarovenko — concept and design of
study, statistical processing, writing the text; S. E. Katorkin — concept
and design of study, editing. The authors confirm the correspondence
of their authorship to the ICMJE International Criteria. All authors made

CMUCOK UCTOYHUKOB

1. Kanunun P.E., CyukoB M.A., Makcaes [.A. KnuHnyeckas apdeKTmB-
HOCTb 6M0(NaBOHOMAOB B fIeYEHUU BTOPUYHON NUMdEAEMbl HUK-
HUX KOHeyHocTen // POCCUIMCKMIA MeaMKO-B1ON0rMYeCKUin BECTHUK
mMeHn akagemuka W. M. NMasnosa. 2021. T. 29, N2 2. C. 245-250. doi:
10.17816/PAVLOVJ63283

2. Rockson S.G., Zhou X., Zhao L., et al. Exploring disease
interrelationships in patients with lymphatic disorders: A single center
retrospective experience // Clin. Transl. Med. 2022. Vol. 12, No. 4.
P. e760. doi: 10.1002/ctm?2.760

3. Rockson S.G. Advances in Lymphedema // Circ. Res. 2021. Vol. 128,
No. 12. P. 2003-2016. doi: 10.1161/CIRCRESAHA.121.318307

4.0gino R, Yokooji T., Hayashida M., et al. Emerging Anti-Inflammatory
Pharmacotherapy and Cell-Based Therapy for Lymphedema // Int. J.
Mol. Sci. 2022. Vol. 23, No. 14. P. 7614. doi: 10.3390/ijms23147614

5. Bittar S., Simman R., Lurie F. Lymphedema: A Practical Approach
and Clinical Update // Wounds. 2020. Vol. 32, No. 3. P. 86-92.

6. Gallagher KK., Lopez M, lles K., et al. Surgical Approach to
Lymphedema Reduction // Curr. Oncol. Rep. 2020. Vol. 22, No. 10. P. 97.
doi: 10.1007/s11912-020-00961-4

7. MbiweHues MM.H., Cywkos C.A., KatopkuH C.E., n gp. [InarHoctmka
nmMMmdbeaemsl KoHeyHocter // Onebonorua. 2017. T. 11, N2 4. C. 228-237.
doi: 10.17116/flebo2017114228-236

8. Yarmohammadi H., Rooddehghan A., Soltanipur M., et al. Healthcare
Practitioners' Knowledge of Lymphedema // Int. J. Vasc. Med. 2021.
Vol. 2021. P. 3806150. doi: 10.1155/2021/3806150

9. bybHoBa H.A. KoHcepBaTuBHOE neyeHve NUMQeneMbl HUKHUX Ko-
HeuHocTel // Consilium Medicum. 2010. T. 12, N° 8. C. 108-112.

10. Kilmartin L., Denham T., Fu M.R., et al. Complementary low-level
laser therapy for breast cancer-related lymphedema: a pilot, double-
blind, randomized, placebo-controlled study // Lasers Med. Sci. 2020.
Vol. 35, No. 1. P. 95-105. doi: 10.1007/s10103-019-02798-1

Vol. 31 (4) 2023

DOl https://doi.org/10.17816/PAVLOVI217680

. P Pavlov Russian
Medical Biological Herald

a substantial contribution to the conception of the work, acquisition,
analysis, interpretation of data for the work, drafting and revising the
work, final approval of the version to be published and agree to be
accountable for all aspects of the work.

OuHaHcupoBaHUe. ABTOpLI 3aABAIT 06 OTCYTCTBUM BHELLHEro GUHaH-
CUPOBaHWA NpY NPOBELEHNM UCCNEA0BAHUA.

KoHGNUKT uHTepecoB. ABTOpbI 3aABNAIOT 06 OTCYTCTBMU KOHdIMKTA
VHTEpecoB.

Bknap aBTopoB: ApogeHko [. B. — KoHLenumA v Au3aiH uccnenosa-
HWA, CTaTUCTMYeCKan 06paboTKa, HanvcaHue TekcTa; KamopKuH C. E. —
KOHLeNUMA W AW3aliH UCCnefjoBaHWA, pefakTvpoBaHue. Bce aBTopel
MOATBEPHKAAIOT COOTBETCTBME CBOEr0 aBTOPCTBA MeM[yHapOHbIM Kpyi-
TepuaM ICMJE (Bce aBTOpbl BHECAIN CYLLECTBEHHbIN BKNaf B pa3paboTky
KOHLenuyv, NpoBefieHve Vccne[oBaHNA U MOArOTOBKY CTaTby, MPOYM
1 0f06punu duHanbHyIo Bepcuio Nepes nybnukaumen).

11. bagtnesa B.A., Tpyxauesa H.B., CauH 3.A. CoBpeMeHHble TeHAeHLMM
B NleYeHun 1 npodunakTuke NMdeaeMbl HUHKHWX KoHeyHocTeln //
Bonpockl KypopTonoruu, ¢uanotepanun v nevebHo QGuanyeckon
RynbTypbl. 2018. T. 95, N 4. C. 54-61. doi: 10.17116/kurort20189504154
12. Baxter G.D,, Liu L., Tumilty S., et al. Low level laser therapy for
the management of breast cancer-related lymphedema: A randomized
controlled feasibility study. Laser Lymphedema Trial Team // Lasers
Med. Sci. 2018. Vol. 50, No. 9. P. 924-932. doi: 10.1002/lsm.22947

13. l'enHmy A.B., MockeuH A.B., Aaun3os A, BHyTpuBeHHOe nasepHoe
06nyyeHve kpou. M.: Tpuaga; 2006.

14. Lamprou D.—A.A., Damstra R.J., Partsch H. Prospective, randomized,
controlled trial comparing a new two-component compression system
with inelastic multicomponent compression bandages in the treatment
of leg lymphedema // Dermatol. Surg. 2011. Vol. 37, No. 7. P. 985-991.
doi: 10.1111/}.1524-4725.2011.02002.x

15. Li K., Zhang Z,, Liu N.F,, et al. Efficacy and safety of far infrared
radiation in lymphedema treatment: clinical evaluation and laboratory
analysis // Lasers Med. Sci. 2017. Vol. 32, No. 3. P. 485-494. doi:
10.1007/s10103-016-2135-0

16. Maccarone M.C., Venturini E., Menegatti E., et al. Water-based
exercise for upper and lower limb lymphedema treatment // J. Vasc.
Surg. Venous Lymphat. Disord. 2023. Vol. 11, No. 1. P. 201-209. doi:
10.1016/j.jvsv.2022.08.002

17. AposeHko I.B., Makapos W.B., boknuH A.A. Tepmorpadus Kak Me-
TO[, OLiEHKM COCTOAHWA COCY/IOB LU, BEPXHWX U HUMHMX KOHEUHOCTEN.
Camapa: 1M Hukmdopos M.B.; 2018.

18.FriedmanR., Johnson AR, Shillue K., et al. Acupuncture Treatment for
Breast Cancer-Related Lymphedema: A Randomized Pilot Study // Lymphat.
Res. Biol. 2023. Vol. 21, No. 5. P. 488-494. doi: 10.1089/1rb.2022.0001
19. De Michele M., Mastrullo M., Melotto G., et al. Phlebological
insole: Can it help in the lymphoedema treatment? A scoping



https://journals.eco-vector.com/pavlovj/article/view/63283
https://doi.org/10.1002/ctm2.760
https://doi.org/10.1161/circresaha.121.318307
https://doi.org/10.3390/ijms23147614
https://doi.org/10.1007/s11912-020-00961-4
https://doi.org/10.17116/flebo2017114228-236
https://doi.org/10.1155/2021/3806150
https://doi.org/10.1007/s10103-019-02798-1
https://doi.org/10.17116/kurort20189504154
https://doi.org/10.1002/lsm.22947
https://doi:10.1111/j.1524-4725.2011.02002.x
https://doi.org/10.1007/s10103-016-2135-0
https://doi.org/10.1016/j.jvsv.2022.08.002
https://doi.org/10.1089/lrb.2022.0001

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK

OPUMHATTBHBIE VICCNELOBAHWA Tom 31 N2 4, 2023 VMeHn akageMuka V. 1. MNasnosa

971

review // Phlebology. 2023. Vol. 38, No. 5. P. 300-306. doi:
10.1177/02683555231162291

20. Apkhanova T.V., Gerasimenko M.Yu., Konchugova T.V., et al.
Complex Medical Rehabilitation for Cancer-related Lower Limbs

REFERENCES

1. Kalinin RE, Suchkov IA, Maksaev DA. Clinical effectiveness of
bioflavonoids in the treatment of secondary lower limb lymphedema.
I. P. Pavlov Russian Medical Biological Herald. 2021;29(2):245-50.
(In Russ). doi: 10.17816/PAVL0OVJ63283

2. Rockson SG, Zhou X, Zhao L, et al. Exploring disease interrelation-
ships in patients with lymphatic disorders: A single center retrospective
experience. Clin Transl Med. 2022;12(4):e760. doi: 10.1002/ctm?2.760
3. Rockson SG. Advances in Lymphedema. Circ Res. 2021;128(12):
2003-16. doi: 10.1161/CIRCRESAHA.121.318307

4. Ogino R, Yokooji T, Hayashida M, et al. Emerging Anti-Inflammatory
Pharmacotherapy and Cell-Based Therapy for Lymphedema. Int J Mol
Sci. 2022;23(14):7614. doi: 10.3390/ijms23147614

5. Bittar S, Simman R, Lurie F. Lymphedema: A Practical Approach and
Clinical Update. Wounds. 2020;32(3):86-92.

6. Gallagher KK, Lopez M, lles K, et al. Surgical Approach to Lymphedema
Reduction. Curr Oncol Rep. 2020;22(10):97. doi: 10.1007/s11912-020-
00961-4

7. Myshentsev PN, Sushkov SA, Katorkin SE, et al. Diagnostics of
Lower Limbs Lymphedema. Flebologiya. 2017;11(4):228-37. (In Russ).
doi: 10.17116/flebo2017114228-236

8. Yarmohammadi H, Rooddehghan A, Soltanipur M, et al. Healthcare
Practitioners' Knowledge of Lymphedema. Int J Vasc Med.
2021;2021:3806150. doi: 10.1155/2021/3806150

9. Bubnova NA. Konservativnoe lechenie limfedemy nizhnikh
konechnostey. Consilium Medicum. 2010;12(8):108—12. (In Russ).

10. Kilmartin L, Denham T, Fu MR, et al. Complementary low-level laser
therapy for breast cancer-related lymphedema: a pilot, double-blind,
randomized, placebo-controlled study. Lasers Med Sci. 2020;35(1):
95-105. doi: 10.1007/s10103-019-02798-1

11. Badtieva VA, Trukhacheva NV, Savin EA. The modern trends in the
treatment and prevention of lymphedema of the lower extremities.
Voprosy Kurortologii, Fizioterapii, i Lechebnoi Fizicheskoi Kultury. 2018;
95(4):54-61. (In Russ). doi: 10.17116/kurort20189504154

DOl https://doi.org/10.17816/PAVLOVI217680

Lymphedema: a Prospective Comparative Randomized Study of 60
Patients // Bulletin of Rehabilitation Medicine. 2022. Vol. 21, No. 5.
P. 50-57. doi: 10.38025/2078-1962-2022-21-5-50-57

12. Baxter GD, Liu L, Tumilty S, et al. Low level laser therapy for the
management of breast cancer-related lymphedema: A randomized
controlled feasibility study. Laser Lymphedema Trial Team. Lasers
Surg Med. 2018;50(9):924-32. doi: 10.1002/lsm.22947

13. Geynits AV, Moskvin AV, Azizov GA. Vnutrivennoye lazernoye
oblucheniye krovi. Moscow: Triada; 2006. (In Russ).

14. Lamprou D-AA, Damstra RJ, Partsch H. Prospective, randomized,
controlled trial comparing a new two-component compression
system with inelastic multicomponent compression bandages in the
treatment of leg lymphedema. Dermatol Surg. 2011;37(7):985-91. doi:
10.1111/].1524-4725.2011.02002.x

15. Li K, Zhang Z, Liu NF, et al. Efficacy and safety of far infrared
radiation in lymphedema treatment: clinical evaluation and laboratory
analysis. Lasers Med Sci. 2017;32(3):485-94. doi: 10.1007/s10103-
016-2135-0

16. Maccarone MC, Venturini E, Menegatti E, et al. Water-based
exercise for upper and lower limb lymphedema treatment. J Vasc
Surg Venous Lymphat Disord. 2023;11(1):201-9. doi: 10.1016/j.jvsv.
2022.08.002

17. Yarovenko GV, Makarov IV, Boklin AA. Termografiya kak metod
otsenki sostoyaniya sosudov shei, verkhnikh i nizhnikh konechnostey.
Samara; 2018. (In Russ).

18. Friedman R, Johnson AR, Shillue K, et al. Acupuncture Treatment
for Breast Cancer-Related Lymphedema: A Randomized Pilot Study.
Lymphat Res Biol. 2023;21(5):488-94. doi: 10.1089/1rb.2022.0001

19. De Michele M, Mastrullo M, Melotto G, et al. Phlebological insole:
Can it help in the lymphoedema treatment? A scoping review.
Phlebology. 2023;38(5):300—6. doi: 10.1177/02683555231162291

20. Apkhanova TV, Gerasimenko MYu, Konchugova TV, et al. Complex
Medical Rehabilitation for Cancer-related Lower Limbs Lymphedema:
a Prospective Comparative Randomized Study of 60 Patients. Bulletin
of Rehabilitation Medicine. 2022;21(5):50-7. doi: 10.38025/2078-1962-
2022-21-5-50-57



https://journals.eco-vector.com/pavlovj/article/view/63283
https://doi.org/10.1002/ctm2.760
https://doi.org/10.1161/circresaha.121.318307
https://doi.org/10.3390/ijms23147614
https://doi.org/10.1007/s11912-020-00961-4
https://doi.org/10.1007/s11912-020-00961-4
https://doi.org/10.17116/flebo2017114228-236
https://doi.org/10.1155/2021/3806150
https://doi.org/10.1007/s10103-019-02798-1
https://doi.org/10.17116/kurort20189504154
https://doi.org/10.1002/lsm.22947
https://doi:10.1111/j.1524-4725.2011.02002.x
https://doi.org/10.1007/s10103-016-2135-0
https://doi.org/10.1007/s10103-016-2135-0
https://doi.org/10.1016/j.jvsv.2022.08.002
https://doi.org/10.1016/j.jvsv.2022.08.002
https://doi.org/10.1089/lrb.2022.0001
https://doi.org/10.1177/02683555231162291
https://doi.org/10.38025/2078-1962-2022-21-5-50-57
https://doi.org/10.38025/2078-1962-2022-21-5-50-57
https://doi.org/10.1177/02683555231162291
https://doi.org/10.38025/2078-1962-2022-21-5-50-57

572

ORIGINAL STUDY ARTICLES

0Ob ABTOPAX

*fApoBeHKo ManuHa BUKTOpOBHa, AM.H.;
ORCID: https://orcid.org/0000-0002-5043-7193;
eLibrary SPIN: 6154-6168; e-mail: yarovenko_galina@mail.ru

KaropkuH Cepreit EBreHbeBuy, [1.M.H., npodeccop;

ORCID: https://orcid.org/0000-0001-7473-6692;
eLibrary SPIN: 7259-3894; e-mail: katorkinse@mail.ru

* ABTOP, OTBETCTBEHHBIN 3a Nepencky / Corresponding author

DOl https://doi.org/10.17816/PAVLOVI217680

. P Pavlov Russian
Vol. 31 (4) 2023 Medical Biological Herald

AUTHOR'S INFO

*Galina V. Yarovenko, MD, Dr. Sci. (Med.);
ORCID: https://orcid.org/0000-0002-5043-7193;
eLibrary SPIN: 6154-6168; e-mail: yarovenko_galina@mail.ru

Sergey E. Katorkin, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0001-7473-6692;
eLibrary SPIN: 7259-3894; e-mail: katorkinse@mail.ru



https://orcid.org/0000-0002-5043-7193
https://www.elibrary.ru/author_profile.asp?id=670985
mailto:yarovenko_galina%40mail.ru?subject=
https://orcid.org/0000-0001-7473-6692
https://www.elibrary.ru/author_profile.asp?id=340068
mailto:katorkinse%40mail.ru?subject=
https://orcid.org/0000-0002-5043-7193
https://www.elibrary.ru/author_profile.asp?id=670985
mailto:yarovenko_galina%40mail.ru?subject=
https://orcid.org/0000-0001-7473-6692
https://www.elibrary.ru/author_profile.asp?id=340068
mailto:katorkinse%40mail.ru?subject=

