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ABSTRACT

INTRODUCTION. Chemotherapy-induced peripheral polyneuropathy (CIPN) is one of the most frequent side effects caused by
anticancer drugs, with a prevalence ranging from 19 % to 85 %. For effective multicomponent rehabilitation of patients with CIPN at
different stages, a number of non-medicinal methods are recommended to improve the tolerance of chemotherapy and reduce the
side effects of the antitumor treatment performed.

AIM. Study of the effect of high-intensity pulsed magnetotherapy on clinical manifestations and microcirculation state in patients with
CIPN.

DESIGN. This is a randomized controlled study.

SETTING. Randomization, organization of the study and data analysis were performed on the premises of the Department of Medical
Rehabilitation in National Medical Research Centre for Rehabilitation and Balneology, Moscow, Russia.

POPULATION. Sixty patients with CIPN were included in this study and were randomized by a simple random distribution method in
aratio of 1:1 into 2 groups of 30 people.

METHODS. Sixty patients with CIPN four weeks after completion of chemotherapy were examined. The first group, the main group,
included patients who received high-intensity pulsed magnetotherapy (HIPMT) in combination with drug therapy. In the second group
(control group), the patients received only drug therapy. The EORTC-QLQ-C30 questionnaire (version 3) was used to assess the quality
of life. The HADS scale was used to assess the severity of anxiety and depression symptoms. The state of microcirculation was assessed
using laser Doppler flowmetry (LDF). The severity of CIPN was assessed according to the CTS-NCIC scale, version 3.0.

RESULTS. According to the results of this study, there is a statistically significant difference in the scores on the EORTC-QLQ-C30
questionnaire (version 3), HADS scale and LDF data between the groups in favour of the group receiving HIPMT in combination with
drug therapy.

CONCLUSION. Based on the LDF study, significant disturbances at the microcirculatory level were detected for the first time in patients
with CIPN.The obtained results convincingly demonstrate that the use of HIPMT in patients with CIPN leads not only to improvement of
microcirculation in the extremities due to normalisation of arterial vessel tone, elimination of venous stasis and increase in the nutritive
blood flow, but also has an analgesic effect, improves initially impaired sensitivity, and improves the quality of life of these patients.
CLINICAL REHABILITATION IMPACT. The use of HIPMT in combination with drug therapy in patients with CIPN was more effective
than drug therapy alone.
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BbICOKOMHTEHCUBHAS UMNYNbCHAS MArHUTOTEPANMUS
B Pea6UIUTALMOHHOMN NPOrpaMme NALMeHTOB ¢ nepudpepuryeckon
nonMHenponaTtuen, UHAYLUPOBAHHOMN XUMUOTEpPANUEN: NPOCNEeKTUBHOE
pPAHAOMU3UPOBAHHOE KIIMHUYECKOE UCCnefoBaHne

Kynbunuykas A.b.", '~ ®ecion A.L1., ' IOposa O.B., AxkoBnes M.10.,
AnxaHoBa T.B., 'Y TywumHa H.B., "= Kygpasues A.E.

OrbY «HayuoHanbHeIl MeOuUyuHCKUU ucciedo8amesnsckuli yeHmp peabuaumauyuu u Kypopmosnozuu» MuHz0pasa Poccuu,
Mockea, Poccus

Konuyrosa T.B.,

PE3IOME

BBEJEHUE. Mepundeprueckan nonvHenponatna, uHayuMposaHHaa xumuotepanueii (MHMWX), asnaetca ogHMM 13 Hanbonee yacTbiX
no60oYHbIX 3$PEKTOB, BbI3bIBaEMbIX MPOTUBOOMYXOSIEBLIMU MPerapaTaMu, C PacipOCTPaHEHHOCTbIO OT 19 % fo 85 %. [ina adpdekTrBHOM
MHOFOKOMMOHEHTHOW peabunutauun nauneHtos ¢ MHMMX Ha pa3nnyHbiX 3Tanax peKoMeHAOBaH PAf HEMEANKAMEHTO3HbIX METOLOB
C LieNblo yNyylleHna NepeHoCMMOCTI XMMUOTEPANUN 1 CHUMXEHMA NOBOYHbIX 3¢ deKTOB NPOBOANMOrO NPOTNBOOMYXOSIEBOrO JIeYeHNA.
LEJTb. N3yueHre BANAHUA BbICOKOUHTEHCUBHOW UMMYNbCHON MarHutoTepanuu (BUMT) Ha KnnHMYecKne NpoABIeHUs 1 COCTOAHME
MUKPOLMPKYNALmMmM y naumeHTtos ¢ MHMNX.

AU3ANH. 310 paHaOMM3NPOBaHHOE KOHTPONMPYeMOoe 1cciefoBaHue.

MECTO NPOBEAEHUNA NCCNEAOBAHUA: PaHoomur3auns, opraHn3anma UCCnefoBaHnA U aHanus AaHHbIX Obliv BbINOHEHBI Ha 6a3e
oTAeneHus meamumHckon peabunutauyun OrbyY «HMUL, PK» MuHsgpasa Poccumn, MockBa, Poccus.

HACEJIEHUE. B 510 uccneposaHue 6biiv BkAoueHbl 60 naumeHTos ¢ MHIMNX, koTopble 66111 paHAOMM3NPOBaHbl B COOTHOLWEHMM 1:1
Ha 2 rpynnbl no 30 yenosek.

METOJbI. bbinn obcnenosaHbl 60 nauymeHTos ¢ MHIMUX cnycTa yeTbipe Hefenn nocne 3aBeplueHnA XumuoTtepanuu. Mepeas rpyn-
na — OCHOBHaA BK/OYana nauneHToB, Kotopble nonyyanu BVIMT B coueTaHnn ¢ megnKameHTO3HOW Tepanven. Bo BTopon rpynne
(KOHTPONbHOW) MauUMeHTbl NOSyYany TONbKO MEAMKAMEHTO3HYI0 Tepanuio. [nA OLeHKM KayecTBa MM3HW UCMONb30Bann ONPOCHUK
EORTC-QLQ-C30 (Bepcus 3). InA oLEeHKN BblpaXKeHHOCT CUMMNTOMOB TPEBOXXHOCTY 1 Aenpeccun npumeHanu wkany HADS. CoctoaHne
MUKPOLIMPKYNALMMN OLeHBanu, NPUMeHAaA NasepHyto aonneposckyto noymetputo (LDF). CreneHb Taxectn MHMNX oueHnBanu co-
rnacHo wkane CTC-NCIC, Bepcua 3.0.

PE3VYJIbTATbI. CornacHo pe3synbratamM 3TOro NcciefoBaHNsA, CyLecTByeT CTaTUCTUYECKM 3HaUYMMan pasHuLa B OLLeHKaX MO OMPOCHUKY
EORTC-QLQ-C30 (Bepcua 3), wkane HADS v no AaHHbIM nasepHoi fgonnneposckorn ¢noymetpun (JIAD) mexgy rpynnamu B nonb3y
rpynnbl nonyyaswmx BUMT B couyeTaHnn C MeAnKaMeHTO3HOW Tepanuen.

3AKJNKOYEHME. Ha ocHoBaHUM npoBefeHHOro nccnepoaHma ¢ nomouwpbto JIAD snepsble y nauyneHToB ¢ MHMAX 6binn BbisBNEHDI
CyLeCTBeHHble HapyLleHNA Ha MUKPOLMPKYIATOPHOM ypoBHe. MonyyeHHble pe3ynbTaTbl yoeanTenbHO 4EMOHCTPUPYIOT, YTO NprMe-
HeHve BVIMT y nauneHTos ¢ MHIMNX npuBoanT He TONBbKO K yNyyLleHNI0 MUKPOLIMPKYIALUN B KOHEYHOCTAX 3a CYET HOpManmnsaumm
TOHyCa apTepranbHbIX COCYAOB, YCTPaHEHNA BEHO3HOIO 3aCTOA 1 yBeNMYeHNA HyTPUTMBHOMO KPOBOTOKA, HO 1 OKa3blBaeT 06e36onu-
Balollee AeNCTBME, yNyyllaeT NCXOAHO HAaPYLLUEHHYH0 YyBCTBUTENIbHOCTD, @ TaKXKe ynyyluaeT KauyeCTBO XM3HW JaHHbIX NaLMeHTOB.
BJIMAHUE PEABUIUTALUNI. MNprmeHenna BUMT B coueTaHnn ¢ MerKaMeHTO3HOW Tepanueit y nauyuneHTos ¢ MHMAX 6bino 6onee
3 DEKTMBHO YEM MPUMEHEHNE TONbKO MEANKAMEHTO3HOWN Tepanuu.

KJNIOYEBDIE CJIOBA: nonvHeiiponatus, uHayLMpoBaHHas xuMuoTepanuel, peabunuTalma npu pake, XMMuoTepanuis, Tepa-
NNA MarHUTHBIM MoNeM, NONMHeponaTHA.
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INTRODUCTION

One of the urgent problems of modern medicine is the
development of effective methods of rehabilitation of cancer
patients after radical surgery against the background of specific
antitumour therapy, including the use of a number of physical
factors. Chemotherapy-induced peripheral polyneuropathy
(CIPN) is one of the most frequent side effects caused by
antitumour drugs, with a prevalence ranging between 19 %
and 85 % [1]. In the pathogenesis of CIPN, great importance is
attached to direct diffusion of cytostatics into nerve fibres from
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the surrounding interstitial fluid, disturbances of microtubular
architectonics of axons through increased tubulin polymerisation,
which causes impaired axonal transport, diffuse or segmental
demyelination of neurons, degeneration of neuronal bodies,
and induction of neuronal apoptosis. At the moment, there is
no single effective method of prevention of CIPN, moreover, the
treatment options for this syndrome are very limited [2].

For effective multicomponent rehabilitation of patients with
CIPN at various stages, a number of non-medicamentous methods
are recommended to improve tolerance to chemotherapy and
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reduce side effects of the antineoplastic therapy. Among the
non-medicinal methods, acupuncture, manual therapy, massage,
and therapeutic exercises are used [3-14]. A number of studies
evaluated the effectiveness of low-frequency magnetotherapy,
percutaneous electroneurostimulation, low-intensity laser
therapy. However, the results of studies on the effectiveness of
these methods are not convincing enough [15-25].

In this connection, the development of new physiotherapeutic
methods for rehabilitation of patients with CIPN is an important
medical and social problem. The method of HIPMT based on
the induction of eddy electric currents of significant density
affecting excitable structures of deep tissues seems promising
in this respect. HIPMT has a significant analgesic effect due to
the blockade of pain impulse transmission in the central nervous
system, as well as a pronounced trophic, anti-edematous and
anti-inflammatory effect [26].

AIM

Study of the effect of HIPMT on clinical manifestations and
microcirculatory state in patients with chemotherapy-induced
peripheral polyneuropathy.

MATERIALS AND METHODS
Participants

Starting from March 2021 until January 2023, 60 patients
(51 women and 9 men) with CIPN four weeks after completion
of chemotherapy were sent to the departments of medical
rehabilitation of the National Medical Research Centre for
Rehabilitation and Balneology Moscow, Russia for examination
and treatment.

Recruitment for this randomized trial approved by the local
ethics committee, was carried out in the local community. This
trial was followed by the recommendations of the CONSORT
statement [27].

Prior to their inclusion in the study, all the patients had
received potentially neurotoxic chemotherapy (oxaliplatin or
periwinkle alkaloids) as part of their cancer treatment. The
mean number of cycles of chemotherapy received by the
patients was 11 [6;15] in both groups, and the mean period
between the last chemotherapy and the start of rehabilitation
was 65 [49;186] days in both groups. All patients were provided
with information about the planned rehabilitation and gave
their written consent.

Participants were informed about the possibility of being
randomly assigned to one group or another. Participants were
randomized in one of two treatment groups — main group
and control group. The randomization schedule was generated
using the random.org website. The allocation schedule was
printed on cards. These cards were sequentially numbered in
opaque and sealed envelopes, each containing the name of
one of the groups. The envelopes were selected by an external
person who was not enrolled in the trial (Figure 1).

Inclusion Criteria

Age of patients — 56.5 + 5.7 years; presence of peripheral
polyneuropathy induced by chemotherapy, -1l degree of
severity according to STS-NCIC scale version 3.0; four weeks
after completion of chemotherapy.

All patients received information about the planned
rehabilitation. They gave their written consent. Materials
of the planned clinical study were submitted to the Local
ethics committee at the National Medical Research Centre for
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Fig. 1. CONSORT diagram illustrating the process from
recruitment to data collection (21day follow-up)

~

Rehabilitation and Balneology Moscow, Russia and approved
by it (Protocol No. 2 of 14 January 2021).

Exclusion Criteria

Under 18 years of age and over 75 years of age; women
during pregnancy, childbirth; diabetes mellitus; history of
polyneuropathy prior to chemotherapy; acute cardiovascular
disease, thrombosis or arterial occlusive disease in the limb to
be treated; cognitive impairment; presence of metal implants in
the area of exposure; presence of pacemaker, acute infection,
and lack of written informed consent from the patient.

Exclusion Criteria for Patients

Development of serious adverse events during the study,
patient's refusal to participate in the study.

The patients of the 1st and 2nd groups were comparable
by the main clinical and demographic indicators: sex
(p = 0.75), age (p = 0.69), average duration of the main
disease (p = 0.092), average duration of polyneuropathy
(p = 0.38), as well as the studied clinical manifestations of
polyneuropathy.

Study Design

A prospective randomized clinical study was conducted.
The study complied with the Declaration of Helsinki and the
guidelines of good clinical practice and was approved at the
meeting of the Local Ethical Committee of National Medical
Research Centre for Rehabilitation and Balneology, Moscow,
Russia (Protocol No. 2 of 14.01.2021). The patients with CIPN
were included in this study and were randomized by a simple
random distribution method in a ratio of 1:1 into 2 groups of
30 people.
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The first group (main group) included patients who received
HIPMT in combination with drug therapy. The patients in the
second group (control group) received only drug therapy.

An online calculator (https://www.sealedenvelope.com)
was used to calculate the necessary sample sufficient to
determine the planned impact (the clinical benefit response
effect was 89 % in the main group and 65 % in the control
group). When calculating the required sample size based on
the outcome of the frequency of achieving a clinical response,
the hypothesis of the superiority of binary outcomes was used.
The sample size was calculated with a given statistical power
of 90 % and a level of "error of the first kind" of 5 %.

Randomization, organization of the study and data analysis
were performed in the Department of Medical Rehabilitation,
National Medical Research Centre for Rehabilitation and
Balneology, Moscow, Russia. The authors developed the study
protocol and all the authors had access to the original data
after the completion of the study. All the authors attest to the
accuracy of these results.

Data were collected and analyzed only by the principal
investigator. Decisions regarding the content of this article
were made by the principal investigator and other authors.

All data about the patients were stored using standard
documentation. The data collected in such manner were
computerized for further evaluation and analyzed using a
statistical program.

Clinical intervention: Depending on the degree of
manifestation of clinical symptoms, the upper limbs (hands)
or lower limbs (feet) were treated. High-intensity pulsed
magnetotherapy (HIPMT) procedures were performed using
a high-intensity magnetotherapy device — Super Inductive
System (SIS) BTL-6000 (United Kingdom), using 6 modes, which
were changed stepwise one after another. Consecutively for 30
seconds a frequency of 5Hz, pulse/pause ratio 1:1 was applied,
for the next 30 seconds a frequency of 1Hz, pulse/pause ratio
1:1 was applied, for 2 minutes a frequency of 10Hz pulse/pause
ratio 12: 6 was applied, for 1 minute a 1Hz frequency, pulse/
pause ratio 1:1 was applied, for 2 minutes a 10Hz frequency
pulse/pause ratio 12:6 was applied and, finally, a 1Hz frequency
was applied, for T minute a pulse/pause ratio 1:1 was applied.
The intensity value on the surface of the inductor coil was
changed in the following mode: during the first procedure the
magnetic induction intensity was 200 mTl, the second — 300
mTl, the third — 400 mTI, the fourth — 500 mTl, from the fifth
to the tenth — 600 mTI. Total exposure time per procedure was
14 minutes, 7 minutes per limb. For a course of 10 procedures,
performed every second day.

The EORTC-QLQ-C30 questionnaire (version 3) was used to
evaluate the quality of life. The current version 3 includes 30
questions and consists of 5 functional scales: physical function
(PF), role function (RF), cognitive function (CF), emotional
function (EF), and social function (SF); symptoms scale: fatigue
(F), nausea/vomiting (N/V), and pain (P); general health status
(GHS) scales; 6 single items — insomnia (1), loss of appetite
(LA), constipation (C), diarrhoea (D), dyspnoea (D), financial
difficulties (FD). For the functional and general health status
scales, the patient's best condition corresponds to 100 % (or
points), and the worst condition corresponds to 0. For all
symptoms scales, the best condition corresponds to 0 and the
worst condition corresponds to a score of 100 points.

To assess the severity of CIPN, the disease-specific EORTC
QLO-CIPN20 questionnaire was used, which is an add-on
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module to the main EORTC-QLQ-C30 questionnaire with 20
items assessing sensory, motor and autonomic symptoms
experienced by patients during the past week. Each item can
be scored from 1 (no symptoms at all) to 4 (very many), with
higher scores indicating worse symptom severity.

To assess the severity of symptoms of anxiety and depression
we used the HADS (Hospital Anxiety and Depression Scale),
which consists of two parts: the HADS-A subscale (A — anxiety)
and the HADS-D subscale (D — depression) and includes
14 items, each of which corresponds to 4 response options,
reflecting the degree of symptom progression. The patient
should choose the answer that most closely matches how he or
she has been feeling over the past week. The total score for each
subscale determines the result: 0-7 points «<norm» — absence
of reliably expressed symptoms of anxiety and depression; 8-10
points «subclinically expressed anxiety/depression»; 11 points
and above "clinically expressed anxiety/depression".

Spectral analysis based on wavelet transformation of
periodic oscillations of the laser Doppler flowmetry (LDF) signal
was used to analyse skin blood flow. LDF grams were recorded
on the anterior surface of the forearm and in the foot area —
volar (plantar) surface of the big toe.

Periodic oscillations were registered with frequencies of
about 0.005-0.0095 Hz and 0.0095-0.02 Hz, reflecting the
regulation of the vascular tone due to endothelial activity;
with frequencies of 0.05-0.15 Hz, characterizing myogenic
mechanisms of the vascular tone regulation; with frequencies
of 0.02-0.05 Hz, reflecting neurogenic sympathetic vasomotor
activity, as well as with frequencies of 0.45-1.6 Hz and 0.2-0.45
Hz, which carry information about the influence of cardiac
contractions and chest movements on the peripheral blood flow.

The severity of CIPN was assessed according to the CTS-
NCIC scale, version 3.0:

* 1st degree (mild) — impairments not affecting quality of

life (e.g., loss of tendon reflexes);

* 2nd degree (moderate) — objective neurological
disorders that impair limb function but do not affect the
patient's daily activity;

* 3rd degree (severe) — severe objective disorders
impairing limb function and daily activity of the patient.

* 4th degree (extremely severe) — complete loss of limb
function.

The subjective and objective status of the patient was
assessed before and after the course of medical interventions
(on the 21st day of the study).

In all patients (n = 60), subjective and objective status was
assessed before and after the course of medical interventions
(on day 21 of the study).

Statistical Analysis

The results of the studies were analysed using IBM SPSS
Statistics 23 application software package and Microsoft
Office Excel 2016. The Mann-Whitney U-criterion, Wilcoxon
test were used to compare two independent samples.

RESULTS

The patients were admitted for outpatient treatment
to the medical rehabilitation department after a course of
special anti-tumour therapy. Most of them (75.0 %) received
chemotherapy for breast cancer. Characteristics of the patients
by cancer localisation, age and severity of polyneuropathy are
presented in Table 1.
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Table 1. Participant baseline characteristics

Parameters Group 1 (main), Group2 (control),
under study n=30 n=30
Age (years), 56.5 56.9
mean (SD) [49.1;61.7] [48.2;62.2]
Cancer primary, n ( %)
Cervical cancer 3 10 3 10
Bladder cancer 2 6.7 2 6.7
Breast cancer 22 733 23 76.6
Lung cancer 3 10 2 6.7
Neuropathy grade (%)A
1 12 40 11 36.6
2 18 60 19 63.4

Note: The data are presented in the form of median (Me)
and quartile [Q1, Q3]. All differences were not statistically
significant with p > 0.05.

The 1st degree of CIPN severity was detected in 40 % of
patients, which was characterized by complaints of numbness
and tingling in the fingers of both hands and feet, while objective
examination revealed decreased tendon reflexes. The 2nd degree
of CIPN severity was observed in 60 % of patients, in which
numbness, weakness in hands and feet were noted. Objective
examination revealed swelling of hands, shins, pain sensitivity
hypoesthesia of »gloves» and «socks» type. Using the EORTC
QLQ-CIPN 20 questionnaire, baseline scores in all observed
patients were: 18 [15; 20] for sensory symptoms, 15.8 [13;21]
for motor symptoms, and 3.36 [2;5] for autonomic symptoms.
Signs of polyneuropathy predominated in 75 % of the subjects
predominantly in the distal upper extremities, and in 25 % in
the lower extremities.

According to pre-intervention LDF data, 57 % of patients
with predominantly upper extremity lesions had an increased
contribution of myogenic and neurogenic oscillations to the total
vasomotions level. The presence of endothelial dysfunction was
observed. An increase in the contribution of cardiac oscillations
was revealed, indicating an increased inflow of arterial blood
into the microcirculatory bed. The predominance of oscillations
in the range of 0.01 Hz (of endothelial origin), combined with
high-amplitude cardiac oscillations confirms the presence of
dilatation of small arteries and large arterioles. Disturbances in
the venular section of the microcirculatory channel in the form of
obstruction of blood outflow were also detected. Most frequently,
this type of microcirculatory disorders was observed in patients
with upper limbs lesions and the 1st degree of CIPN severity.

In 43 % of patients with predominant lower limb lesions
there was a reduced contribution of myogenic, neurogenic
and endothelial vasomotions, suggesting spasticity in arterioles
and low perfusion. These microcirculatory disorders were
predominant in the patients with the 2nd degree of CIPN severity.

According to the HADS scale, the level of anxiety and
depression was high with 9.05 [8.8; 9.4] and 8.84 [8.5; 9.3] points
in the main and control groups respectively.

In assessing quality of life, the observed patients had high
scores on the role and physical function scales of 84.3 [71.6;913]
and 81.5 [68.6; 89.3], respectively. Emotional function had the
lowest score among the functional scales at 71.7 [56.1; 84.2]. The
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median general health status scale score was only 54.1 [50.6; 67.3]
points. Regarding the symptoms, fatigue, pain, and insomnia
were the most bothersome for the patients: 25.0[12.2;36.1], 11.9
[10.2; 16.1], 24.9 [11.2; 35.1], respectively.

All patients tolerated the treatment well. No serious adverse
events developed during the study and no patients withdrew
from the study. All 60 subjects completed treatment.

After the clinical intervention, improvement in the subjective
and objective parameters was observed. The patients noted
a decrease in numbness and weakness in the extremities.
Using the EORTC QLQ — CIPN20 questionnaire, it was found
in the subjects of the first group: 12 [10; 13] points for sensory
symptoms, 8.0 [6; 9] points for motor symptoms, and 2.0 [1; 3]
points for autonomic symptoms. The data compared by groups
are presented in Table 2.

Table 2. Treatment outcomes of patients with CIPN
according to the EORTC QLQ — CIPN20 questionnaire (Me
[Q1;Q3])

Observation Group 1 (main), Group2 (control),
period n=30 n=30

EORTC QLQ — CIPN20 Sensory scale

Before 18.0[15; 19] 18.3[15; 20]

treatment

After 12.5[10.2; 13.4]*# 14.8[13.9; 25.1

treatment .5[10.2;13.4] .8[13.9; 25.1]

EORTC QLQ — CIPN20 Motor scale

Before 15.29[13.4; 20.5 15.87 [13.6; 21.1
treatment 29[134;20.5] 87113.6;21.1]
After 8.51[6.2; 9.1]*# 13.3[12.2;18.7]
treatment

EORTC QLQ — CIPN20 Vegetative scale

Before 2.1[2.2;5.4] 339[2.1;5.51]
treatment
After

. * .
treatment 2401.2; 341 3.1[2.1;4.9]

Note: * p < 0.05 — significance of differences compared to the
pre-treatment values (Wilcoxon test); # p < 0.05 — compared
to the values in the control group (Mann-Whitney test).

The patients of the main group showed a significant
decrease in the level of anxiety and depression. The data
compared by groups are presented in Table 3.

After the clinical intervention, the patients of the first group
with disorders in the microcirculation system in the form of
vasodilatation of arterioles and with predominant lesions
of the upper extremities showed positive dynamics of LDF
parameters. Significant improvement of the contribution of
myogenic, neurogenic and endothelial oscillations was found,
which contributed to the improvement of the blood flow in the
capillaries and arterioles. The control group showed no significant
changes in the above-mentioned parameters (Figures 2-6).

The subjects of the first group with spasticity in the
microcirculation system with predominant lesions of the
lower extremities also showed positive dynamics of LDF
parameters, which was expressed in the improvement of
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Table 3. Dynamics of indicators of anxiety and depression
in patients with CIPN according to HADS before/after
treatment Me [Q1; Q3]

Observation
period

Group 1 (main),
n=30

Group2 (control),
n=30

HADS / Anxiety scale

Before

treatment 9.14 [8.61;9.51] 9.27 [8.82; 9.44]
After 7.7 [7.1; 8.52]*# 9.3[8.34;9.2]
treatment

HADS / Depression scale

Before 8.84[8.39;9.15] 8.7 [8.45; 8.95]
treatment

After . N .
treatment 7.18 [6.82; 14.2]*# 9.31[8.1;124]

Note: * p < 0.05 — reliability of differences compared to the
pre-treatment values (Wilcoxon test); # p < 0.05 — compared
to the control group values (Mann-Whitney test).

endothelial function, increase of initially reduced oscillations
of myogenic range, indicating the elimination of precapillary
constriction and increase of nutritive blood flow. No significant
changes in LDF parameters were found in the second group
of subjects (Table 4).

After a course of HIPMT application, the patients in the
main group, in contrast to the control group, demonstrated
an improvement in the role and physical function scales. The
emotional function, which had the lowest score among the
functional scales, also improved. The median of the general
health status scale increased. Symptoms such as fatigue, pain
and insomnia significantly decreased (Figures 7, 8).

DISCUSSION
The period of development of new physiotherapy methods
of rehabilitation of oncological patients after radical operations

Endothelial rhythms

18.0
175+ — 17.2
17.0 4 T
> 1651
=) 16.4
2 16.0 1 :
g 1551
©
2 1504
8 14.9 :
g 454 — 14.6% 1
o
140 T 14.3
135 13.8
13.0
Group 1 Group 2

Fig. 2. Dynamics of endothelial rhythms in patients with
disorders in the microcirculation system in the form of
vasodilatation of arterioles and with predominant lesions
of the upper extremities

Note: The data are represented by the Median (Me), 1 and
3 quartiles [Q1; Q3]. * p < 0.05 compared to the baseline
(Wilcoxon test), # p < 0.05 compared to the control group
(Mann-Whitney test).

against the background of specific antitumor therapy had been
preceded by a long stage of experimental and clinical studies
to investigate the effectiveness and safety of a particular
physical factor for oncological patients. The major areas of
application of physiotherapy methods in the rehabilitation of
cancer patients are prevention and therapy of complications of
specific antitumor treatment and compensation of disturbed
functions by restoring and increasing the body's own defense
and adaptive mechanisms.

There is now convincing scientific evidence for the
advisability of using alternating, pulsed and rotating
magnetic fields in oncological patients [28]. It is assumed
that the therapeutic effects of magnetic fields are based

Table 4. Dynamics of LDF parameters in patients with spasticity in the microcirculatory system and predominant lesions

of the lower extremities (Me [Q1; Q3])

Group 1 (main), n=30

Group2 (control), n=30

The studied
indicator 0 Before After Before After

Amax/3 ¢ x 100 % treatment treatment treatment Treatment
E
Endothelial rhythms 9.1[8.8;10.0] 14.4[13.8; 15.31*# 9.2[8.9;10.1] 9.91[9; 10.3]
N 9.9[9.6; 11.0] 16.9[15.9; 17.2]*# 9.68 [9.5; 11] 10.1[9.7; 11]
Neurogenic rhythms
M . 10.2[9.8; 11.0] 14.7 [13.8; 16.5]*# 10.78[9.9; 11] 11.1[10.2;12]
Myogenic rhythms
R
Respiratory rhythms 9.2[8.9;10.0] 8.15[7.9; 9.0]*# 9.08[8.8;10.0]  8.65[7.9;9.6]
H 7 [6.7; 8] 6 [5.2; 6.41*# 7.58 [6.9; 8] 7.25[6.8; 8]

Heart rhythms

Note: * p < 0.05 compared to the baseline level (Wilcoxon test), # p < 0.05 compared to the control group (Mann-Whitney test).
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Fig. 3. Dynamics of neurogenic rhythms in patients with
disorders in the microcirculation system in the form of
vasodilatation of arterioles and with predominant lesions
of the upper extremities

Note: The data are represented by the Median (Me), 1 and
3 quartiles [Q1; Q3]. * p < 0.05 compared to the baseline
(Wilcoxon test), # p < 0.05 compared to the control group
(Mann-Whitney test).
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Fig. 4. Dynamics of myogenic rhythms in patients with
disorders in the microcirculation system in the form of
vasodilatation of arterioles and with predominant lesions
of the upper extremities

Note: The data are represented by the Median (Me), 1 and
3 quartiles [Q1; Q3]. * p < 0.05 compared to the baseline
(Wilcoxon test), # p < 0.05 compared to the control group
(Mann-Whitney test).
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Fig. 5. Dynamics of respiratory rhythms in patients with
disorders in the microcirculation system in the form of
vasodilatation of arterioles and with predominant lesions
of the upper extremities

Note: The data are represented by the Median (Me), 1 and
3 quartiles [Q1; Q3]. * p < 0.05 compared to the baseline
(Wilcoxon test), # p < 0.05 compared to the control group
(Mann-Whitney test).
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Fig. 6. Dynamics of heart rhythms in patients with
disorders in the microcirculation system in the form of
vasodilatation of arterioles and with predominant lesions
of the upper extremities

Note: The data are represented by the Median (Me), 1 and
3 quartiles [Q1; Q3]. * p < 0.05 compared to the baseline
(Wilcoxon test), # p < 0.05 compared to the control group
(Mann-Whitney test).
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Fig. 7. Dynamics of the quality of life indicators according to the EORTC-QLQ-C30 questionnaire (according to functional
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Fig. 8. Dynamics of the quality of life indicators according to the EORTC-QLQ-C30 questionnaire (based on the
symptoms scales)

ARTICLES

BILVLO BYHALUVHMINCGO | 'dT W1 "9 BYNTIMRALAN

79



DETELINA B. KULCHITSKAYA ET AL. | ORIGINAL ARTICLE

80

on the increase in the rate of metabolic processes,
improvement of microcirculation and enhancement of
resorption of decay products in the focus of inflammation,
changes in the dispersibility of colloids and permeability
of cell membranes, which contributes to the reduction of
oedema, decrease in inflammation and pain management.
Randomized clinical trials have reported positive effects of
magnetotherapy in patients with chemotherapy-induced
polyneuropathy in terms of the main clinical symptoms of
CIPN and most neurophysiological parameters [29].

In recent years, there have been isolated publications on
the successful use of HIPMT in patients with CIPN [26]. The
authors used a portable magnetotherapy device consisting
of four 45-degree segments made of special magnetic
material mounted symmetrically on a 6-cm-diameter, 28-
cm?2 rotating disc with a magnetic flux density of 420 mTI.
The treatments were performed for 5 minutes on each
affected limb, daily, 2 times a day, for 3 weeks. At the end of
the course, the researchers found a statistically significant
difference with the placebo group in terms of sensory
neurotoxicity of the ulnar and peroneal nerves (nerve
conduction velocity increased (p = 0.015) and subjectively
perceived neurotoxicity by the patients (p = 0.04).

HIPMT is superior to low-frequency magnetotherapy in
terms of myostimulating, analgesic and anti-inflammatory
effects. The advantages of pulsed magnetotherapy are the
possibility of wider variation of dosimetric parameters,
availability of impact on more deeply located organs and
tissues, more pronounced specificity and physiological
effect of exposure [31].

Analysis of the available data in the literature allowed
us to propose a hypothesis about the therapeutic effect
of HIPMT on clinical manifestations and the state of
microcirculation in patients with peripheral polyneuropathy
induced by chemotherapy.

According to the results of the randomized study, it was
found that under the influence of HIPMT, in contrast to the
control group, there was an improvement in the quality
of life, which was confirmed by the positive dynamics of
indicators of the scales of role, physical and emotional
functions (EORTC-QLQ-C30).

One of the important objectives of the present study was
to investigate the state of microcirculation in patients with
CIPN and to evaluate the effect of HIPMT on the cutaneous
blood flow in this category of patients, since to date there
are only few studies on the state of microcirculation in
patients with CIPN. Using laser Doppler flowmetry we
evaluated skin microcirculation in 60 subjects. Based on the
data obtained by LDF, 43 % of patients with predominant
lesions of the lower extremities initially showed spasticity
in the arterioles and low perfusion, whereas 57 % of
patients with predominant lesions of the upper extremities
showed dilatation of the small arteries and large arterioles.
After 10 HIPMT procedures, the patients with spasticity
showed an increase in the initially reduced cutaneous
microhemodynamics. One can make a hypothesis that this
increase was caused by the registered strengthening of
oscillations of endothelial genesis in comparison with the
initial values, as well as by the direct effect of HIPMT on
the vascular wall. The latter is confirmed by the established
improvement of intrinsic myogenic vasomotions 0.07-0.145
Hz, which indicates the state of the oscillatory component
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of the precapillary muscle tone regulating the blood flow
in the nutrient channel. Our data correlated with the
results of experimental studies by Smith et al. on rats [30].
The authors found that when pulsed electromagnetic
fields were used, a 9 % increase in the diameter of the
arteriolar microvessels was observed, which, according to
the Hagen-Poiseuille law, implies an increase in the blood
flow by about 40 %. Tepper et al. showed a positive effect
of pulsed electromagnetic fields (PEMF) on angiogenesis. In
vivo the exposure to PEMF increased angiogenesis by more
than two times [31]. The above findings are supported by
the study of Diniz et al., who found that PEMF results in
increased synthesis of nitric oxide (NO), which has an effect
on the vascular wall in addition to its vasodilatory effect
[32]. Klopp RC et.al. in their work investigated the effect
of low-frequency pulsed electromagnetic field (< 35 uTI)
on the state of microcirculation in patients with diabetic
polyneuropathy and trophic lesions of the foot [33]. Their
series of placebo-controlled studies on a random sample
of patients with the above pathology resulted in the
improvement of microcirculation by restoring physiological
vasomotion of the small arterioles and venules.

After 10 HIPMT procedures, a decrease in the initially
increased cutaneous blood perfusion was found in patients,
who initially had had predominant vasodilatation of the
arterioles. It can be assumed that the decrease was due
to the reported decline of initially increased oscillations
of the endothelial genesis. Before the course application
of HIPMT in these patients, these slow nitric oxide (NO)-
related oscillations had dominated the overall level of
vasomotion, causing vasodilation and increased blood
perfusion. However, the use of HIPMT resulted in the
elimination of microcirculatory disturbances. A decrease in
the contribution of the heart and respiratory oscillations
was observed, indicating unloading of the venular link.

Based on the LDF study, significant disturbances at the
microcirculatory level were detected for the first time in
patients with CIPN. Our results convincingly demonstrate
that the use of HIPMT in patients with CIPN has a corrective
and regulating effect on the microcirculatory system.

The main limitations of our proposed clinical intervention
are acute infections, blood diseases and haemorrhagic
syndromes, and the presence of a pacemaker in the
patient. This technique is used in cancer patients who have
undergone radical anti-tumour treatment in the absence
of metastases and relapses.

CONCLUSION

Thus, we can conclude that the developed HIPMT
technique is effective and safe in patients with CIPN. We
have obtained reliable positive changes in the main efficacy
criteria characterizing the state of microcirculation. It was
found that HIPMT leads not only to the improvement of
microcirculation in the extremities due to the normalization
of the arterial vessel tone, elimination of venous stasis
and increase of the nutritive blood flow, but also has an
analgesic effect, improves the initial impaired sensitivity
and generally improves the quality of life in patients
with CIPN. The data obtained give grounds to continue
scientific research with the use of HIPMT in rehabilitation
programmes for patients with CIPN in other medical
institutions in compliance with treatment protocols.
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