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KOPPEKLLUS AbIXATEAbHBIX U ACTEHUMECKUX NPOSABAEHUN
METOAOM BOC-TEPANMUN Y NALUMNEHTOB C BOAE3HbIO MAPKUHCOHA

O. B. KypywmuHa ', A. E. Bapyaun !, C. M. Kapnos 2, E. 1. YepHOBOAEHKO !

1 BOArOrpaACKuit rocy AGPCTBEHHbIN MEAULIMHCKUIA YHUBepcuTeT, Poccuiickas Peaepaums
2 CTABPONOALCKMI FOCYAQPCTBEHHBIN MEAMLIMHCKMUI YHMBEPCUTET, Poccuickas Peaepauus

The pilot study was conducted to assess the effectiveness of the sensorimotor respiration control (SRC) method based
on the biological feedback principle, in the complex correction of respiratory dysfunction and asthenia in 48 patients with
Parkinson’s disease. Initially, in all patients, there was identified a significant correlation between subjective respiratory
disorders, biomechanical changes in the respiratory pattern and the respiratory cycle (r=0.81), and varying degrees of
asthenia. The severity of respiratory dysfunction (r=0.76), motor deficit (r=0.71), asthenia (r=0.81) and anxiety-depressive
manifestations (r=0.63) have a significant impact on the decline of the quality of patient’s life. During course of treatment,
there was a significant improvement in the parameters of the respiratory cycle, asthenia, quality of life and the psycho-emo-
tional state of the patients (r<0.05), the normopnoic version of the respiratory pattern was reached in 62.5 % of patients
(p<0.05), and the physiological type of the respiratory pattern was achieved in 41.7 % of patients.

Keywords: Parkinson’s disease, respiratory dysfunction, asthenia, non-motor symptoms, BFB-therapy, quality of life

MunoTHoe nccnenoBaHne No oueHke 3hdEKTUBHOCTM MeTo[a CEeHCOMOTOPHOro yrnpaeneHus abixaHnem (CY) 6bino
OCHOBaHO Ha NpuHuMne 61MoNorMyeckort o6paTHOM CBSA3N B KOMMJIEKCHOW KOPPEKLUMM AblXaTebHbIX U aCTEHUYECKMX Hapy-
LweHni y 48 naumeHToB ¢ 60s1e3HblO MapknHcoHa. icxoaHo y Bcex 60JbHbIX BbisiBieHa 3Ha4YMMas Koppenaums mexay cyob-
€KTUBHbIMU AblXaTeNlbHbIMU HapyLLIEHUSMU, BUOMEXAHNYECKMMM U3MEHEHUSIMU AbIXaTe/IbHOro naTTepHa 1 AblXaTenbHOro
umkna (r=0,81) 1 pasnnMyHO CTEMEHbLIO BbIPAXXEHHOCTM aCTEHMYECKOro cuHapomMa. CyLleCTBEHHOE BIUSIHME HA CHUXEHNE
Ka4yeCTBa >XM3HW OKa3bIBAIOT BbIPAXEHHOCTb AbIXaTeNbHbIX HapyweHui (r=0,76), moTopHbin aeduunt (r=0,71), acTeHus
(r=0,81) n TpeBoxHO-AenpeccuBHble npossneHuns (r=0,63). B npouecce nedeHns Habnoaanocb 4OCTOBEPHOE YiydlleHne
nokasaTtenien apIXxaTenbHOro Luka, NPosBAEHU aCTEHUN, KQYECTBA XU3HU N NMCUXO3IMOLMOHANIbHOrO COCTOSHUS MaLneH-
TOB (r<0,05). ¥ 62,5 % 60nbHbIX yOaNnoCb JOCTUMHYTb HOPMOMHOWYECKOrO BapuaHTa aplxatenbHoro narrepHa (p<0,05), y
41,7 % naumeHToB — GU3NOSIOTMYECKOr0 TUMA AbIXaTeNbHOro NaTTepHa.

Knioyesbie cnoBa: 60/1€3Hb [1apknHCOHa, AbixaTe/IbHble HapyLLIEHWSs, aCTEHUSI, HEMOTOPHbIE cCUuMTOMbI, BOC-Tepanus,
Ka4eCcTBO XN3HU
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BFB - biological feedback
MoCA - Montreal Cognitive Assessment

PD - Parkinson’s disease
SRC - sensomotor respiration control

owadays, Parkinson’s disease (PD) is
N considered as a complex combination of motor

and non-motor symptoms with an individual
natural course of development, including a long
prodromal stage in the non-motor symptoms form
[1]. It’s promising to study the premotor stage in
terms of searching for specific markers of non-motor
symptoms for early making a diagnosis andof this
disease and the timely treatment appointment. On the
other hand, it’s known thatthe majority of non-motor
manifestations have non-dopaminergic nature, and
thereforetheyare not corrected by drugs of levodopa,
which, inturn, requires the search for other mainly
non-drug methods of treatment [2].

Among non-motor disorders, respiratory dysfunc-
tion and asthenia are of particular interest [3, 4, 5]. The
prevalence of respiratory diseases in PD is 16-18 % [6,
7]. Impaired respiratory function leads to a high risk of
pulmonary complications: on average, 44.1 % of patients
with PD die from bronchopneumonia in the late stages of
the disease [6]. The prevalence of asthenia in PD varies
from 40 to 50 %, in the early stages of the disease - in
30 % of cases, significantly reducing the quality of life [5,
7, 8]. There is a specific relationship between respiratory
pattern disorders and asthenia in patients with PD, main-
ly in the early stages [9, 10]. Because of the functional
(reversible) nature of respiratory diseases due to motor
deficiency, respiratory muscle rigidity, it is promising to
use methods of treatment the respiratory pattern based
on biological feedback (BFB) [11, 12, 13]. BFB techno-
logy, in combination with traditional methods of complex
exposure, implies the active patient’s participation in the
treatment, characterized by non-invasive, safety, which
allows achieving more sustainable results of therapy un-
der the control of physiological parameters [14, 15, 16].

The purpose of the study was to identify the
effectiveness of the sensorimotor respiration control
(SRC) method using the software-hardware complex
«DiaTrek-P», based on the biological feedback principle,
in the complex correction of respiratory dysfunction and
asthenia in Parkinson’s disease.

Material and Methods. There was a pilot study
conducted. The study included 48 patients with PD (25
males and 23 females) with classic movement disorders,
respiratory disorders, and asthenic syndrome. The
average age of participants was 59.6+7.4 years; Hoehn —
Yahr scale |-l — in 64.6 %, lll — in 35.4 % of patients, the
average PD duration was 4.75%3.2 years. The diagnosis
of idiopathic PD was established according to the UK
Brain Bank criteria [10]. Besides traditional therapy in PD,
all patients received ten sessions of respiratory pattern
correction using the SRC-method. The assessment of
the participant’s state was carried out before and after
ten sessions of therapy. The respiratory system state was
assessed subjectively (according to the questionnaire for
identification of respiratory dysfunction in PD, which had
been developed at the Department of Neurology of Volg
GMU) and objectively (according to various indicators of
external respiration and the respiratory cycle recorded in
a specially designed map of respiratory disorders). PD
motor status was assessed using the Unified Parkinson’s
Disease Rating Scale (UPDRS), asthenia severity —
according to the Malkova scale, emotional state — on the
Beck Depression Scale and Spielberger Khanin Anxiety
Scale, autonomic disorders — on the Questionnairefor
signs of autonomic changes O. M. Wayne, quality of
life — according to the PDQ-39 questionnaire (Peto V. et

al., 1997), the cognitive status of patients — according to
the Montreal Cognitive Assessment (MoCA). Exclusion
criteria: chronic respiratory diseases, surgeries, and
injuries to the chest organs.

To assess the respiratory cycle, the software and
hardware complex «DiaTrek-P» (rats. proposal of
VolGMU Ne 34 - 2002 dated 10.25.2002) was used,
which has diagnostic and therapeutic regimes. In the
diagnostic administration, various respiratory pattern
parameters were recorded (duration of the respiratory
cycle, inhalation phase, exhalation phase and respiratory
pause, breathing rate, inspiratory and expiratory
respiratory coefficients). Evaluation of these indicators
before and after the treatment allowed controlling the
effectiveness of therapeutic measures. The course of
the respiratory pattern correction, based on biofeedback
method, included ten daily procedures. Each procedure
consisted of two sessions of 15 minutes with a 10-minute
rest in between.

The Mann — Whitney test and the Wilcoxon rank
were used to assess the significance of quantitative
differences. Confidence was considered the probability
of events of more than 95 %, which corresponds to the
error p<0.05. The relationship between the indicators
was determined using the Pearson correlation coefficient
(r). Statistical analysis was carried out with Statistica 10.0
(StatSoft, USA).

Results and Discussion. During analyzing the
initial indicators in the PD group, the following data were
obtained. According to the original questionnaire for
respiratory dysfunction identification in PD, all patients
had respiratory dysfunction of varying degrees (the
average score of diagnostic questions was 18.07+6.9,
the differential questions — 6+£2.7 points). In all patients,
subjective respiratory discomfort was accompanied by
various objective biomechanical parameters changes of
respiration. The average restriction of chest excursion
was 2.42+0.69 cm. The auxiliary inspiratory and
expiratory muscles involved in breathing, asymmetric the
respiratory wave spread were observed in all subjects.
These changes were combined with the localization
of active trigger points in these muscles (r=0.83)
and were accompanied by the mobility restriction
and the functional PDS blocking in the cervical and
thoracic regions of the vertebra column (r=0.72). The
breathing rate at rest was above the norm (on average,
20.9+3.3 permin). According to the ratio of the respiratory
cycle indicators (duration of inhalation phase, exhalation
phase, respiratory pause, respiratory coefficients),
structural changes of the cycle were found in all patients,
which correspond to the tachypnoea and restrictive types
of respiratory patterns. The breathing rate increase was
associated with a chest excursion decrease both in the
upper and lower parts and auxiliary muscles involved in
breathing. These changes are necessary to compensate
for the increased oxygen demand caused by constant
static exertion due to motor deficit. There was found a
high correlation between the changes in the respiratory
pattern, the disease duration (r=0.8), and the severity
of motor deficit (r=0.73). Most patients had mild and
moderate asthenia (77.1 %), 22.9 % had pronounced
manifestations of asthenia, caused by both motor deficit
(r=0.79) and respiratory dysfunction (r=0.73) Moderate
and mild depression were diagnosed in 56.2 % of cases,
severe depression —in 43.8 %. Patients with Hoehn - Yahr
scale I-1l had more personal anxiety, but with Hoehn -
Yahr scale Il — reactive anxiety caused by worsening
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of symptoms (r=0.63). 91.7 % patients had signs of
autonomic dysfunction. The cognitive status of all patients
corresponded to mild and moderate cognitive impairment
(average MoCA test was 23.3+£3.5). In general, besides
motor impairment, respiratory dysfunction and asthenia
reduce the quality of patient’s life in PD significantly. In
most patients correlation analysis revealed a relationship
between the quality of life decline due to the indicators of
«mobility», «daily activity», «general discomfort», and the
severity of respiratory dysfunction (r=0.76), motor deficit
(r=0.71), asthenia (r=0.81) and anxiety and depressive
manifestations (r=0.63).

The inclusion of SRC sessions in the treatment of
patients with PD showed a positive effect on respiratory
performance and some non-motor symptoms. The
original questionnaire for respiratory dysfunction
identification in PD revealed a decrease of respiratory
dysfunction severity due to conducted therapy (a
reduction of the total score on diagnostic questions
by 5.1%£1.3). According to the obtained data using the
complex «DiaTrek-P», the average breathing rate at
rest increased from 12.8+2.5 to 16.2+2.1, reaching the
normal variant respiratory pattern in 62.5 % of patients
(p<0.05). The duration of the phases of the respiratory
cycle also had significant differences, such as reduction
of the exhalation phase duration and prolongation the
inhalation phase duration (p<0.05). The total respiratory
cycle duration has remained unchanged. The respiratory
coefficients analysis revealed that 41.7 % of patients
achieved the physiological respiratory pattern. The
chest excursion increased and averaged 4.31+1.05 cm.

Improved respiratory parameters contributed to a
significant decrease in asthenia in 56.3 % of patients
(according to Malkova scale, by an average of
9.2+2.6 points). A positive effect of SRC sessions was
also observed with vegetative parameters (p<0.05). The
emotional state assessment identified some decrease
the reactive anxiety level (according to the Spielberger
Khanin Anxiety Scale for 7.6+3.7 points) and depression
in general by 35.7 %, mainly by transferring the
moderate dysfunction to mild in 16.7 % of patients. Some
improvement was also observed in cognitive function of
patients that indicated the neurodynamic nature of these
disorders. The quality of life assessment according to
the PDQ-39 questionnaire showed a positive clinical
effect with such parameters as daily activity, general
discomfort (r<0.05). Despite the absence of a significant
effect on motor impairment, the majority of patients
rated quality of life improvement after an SRC course
than before therapy (r<0.05).

Conclusions. The obtained results allow us to
consider the SRC method using the software and
hardware complex «DiaTrek-P» as a perspective method
in the complex therapy of respiratory dysfunction and
astheniain PD and, as aresult, in some psycho-vegetative
manifestations. Improving the respiratory parameters will
reduce the risk of bronchopulmonary complications in
the advanced and late stages of the disease, which will
help to minimize asthenia and the energy consumption
level, improve the quality of life and prolong the patient’s
life. This method is simple to use and can be used by
doctors in everyday practice.

Disclosures:
The authors declare no conflict of interest.

References

1. Titova N., Padmakumar C., Lewis S., Chaudhuri K. R.
Parkinson’s: a syndrome rather than a disease? J. Neural.
Transm. 2017;24;907-914.
https://doi.org/10.1007/s00702-016-1667-6

2. BergD., Postuma R. B., Adler C. Y. [et al.] MDS Research
Criteria for Prodromal Parkinson’s disease. Mov. Disord.
2015;30;1600-1611.

3. LinS.L,LiaoA.Y., Yeh S.J,, LinJ. Y. The analysis of car-
dio-respiratory signals and cerebral autoregulation based
on CO2 reactivity with healthy subjects and Parkinson’s
patients. Technol. Health Care. 2015;24Suppl 1:5S195-203.
https://doi.org/10.3233/THC-151069

4. Owolabi L. F., Nagoda M., Babashani M. Pulmonary func-
tion tests in patients with Parkinson’s disease: A case-con-
trol study. Niger. J. Clin. Pract. 2016;19(1):66-70.
https://doi.org/10.4103/1119-3077.173714

5. Witjas T., Kaphan E., Azulay J. P., Blin O., Ceccaldi M. [et
al.] Nonmotor fluctuations in Parkinson’s disease: frequent
and disabling. Neurology. 2002;59(3):408-413.

6. Lihachev S. A., Vashchilin V. V. Dyhatel'nye narusheniya
pri bolezni Parkinsona. Materialy Il Nacional’'nogo kongres-
sa po bolezni Parkinsona i rasstrojstvam dvizhenij. Mos-
cow, 2011.

7. Barone P., Antonini A., Colosimo C., Marconi R., Morgan-
te L. [et al.] The Priamo Study: a multicenter assessment of
nonmotor symptoms and theirimpact on quality of life in Par-
kinson’s disease. Movement Disorders. 2009;24(11):1641-
1649. https://doi.org/10.1002/mds.22643

8. Sarycheva T. N. Primenenie transkranial’noj ehlektriches-

koj stimulyacii golovnogo mozga dlya korrekcii nemo-

tornyh proyavlenij bolezni Parkinsona. Vestnik VolgGMU.
2011;3(39):36-38.

About authors:

Kurushina Olga Victorovna, MD, PhD, Professor, Chief Researcher;

9. Barulin A. E., Kurushina O. V., Chernovolenko E. P.
Kliniko-fiziologicheskie aspekty bolevyh i dyhatel’nyh dis-
funkcij u pacientov s bolezn’yu Parkinsona. Materialy |V
Nacional’nogo kongressa po bolezni Parkinsona i rasstro-
jstvam dvizhenij. Moscow, 2017.

10. Kurushina O. V., Barulin A. E., Gordeeva I. E., Ansarov H. S.,
Chernovolenko E. P. Diagnostika i lechenie bolevyh sin-
dromov pri bolezni Parkinsona. RMZH. 2016;24(25):1715-
1717.

11. De Campos P. S., Hasegawa K., Kumei Y., Zeredo J. L.
Cineradiographic analysis of respiratory movements in
a mouse model for early Parkinson’s disease. Respir.
Physiol. Neurobiol. 2015;218:40-45.
https://doi.org/10.1016/j.resp.2015.07.002

12. Kurushina O. V., Barulin A. E., Ansarov H. S. Vzaimosvyaz’
dyhatel'nyh narushenij s bolevymi sindromami v oblasti
spiny. Vestnik VolgGMU. 2012;68(3):107-109.

13. Herlofson K., Ongre S. O., Enger L. K. [et al.] Fatigue in
early Parkinson’s disease. Minor inconvenience or major
distress? Eur. J. Neurol. 2012;19:963-968.

14. Barulin A. E., Rybak V. A., Klauchek S. V. Primenenie
metoda sensomotornogo upravleniya dyhaniem dlya kor-
rekcii dyhatel’noj disfunkcii pri syndrome vegetativnoj dis-
tonii. VestnikVolgGMU. 2003;59(9):190-192.

15. Klauchek S. V., Klitochenko G. V., Kudrin R. A., Bubno-
va A. E. Vozmozhnosti povysheniya stressoustojchivosti
i ispol’zovaniem upravlyaemogo ritma dyhaniya. Vestnik
VolgGMU. 2012;68(1):65-67.

16. Chernovolenko E. P., Barulin A. E., Kurushina O. V. Raz-
rabotka metoda diagnosticki dyhatel’nyh narushenij na
rannih stadiyah bolezni Parkinsona. Materialy IV Nacio-
nal’nogo kongressa po bolezni Parkinsona i rasstrojstvam
dvizhenij. Moscow, 2017.

tel.:+79093781810; e-mail: ovkurushina@mail.ru; ORCID - 0000-0003-4364-0123

Barulin Alexander Evgenievich, MD, PhD, Professor; tel.:+79053916301; e-mail: barulin23@mail.ru
Karpov Sergey Mikhailovich, MD, PhD, Professor; tel.:+79054101523; e-mail: karpov25@rambler.ru
Chernovolenko Elena Pavliovna, MD, tel.: +79616764722; e-mail: chernovolenkoelena@rambler.ru

502



