Original research

UDC 616.858-008.6:616.8-009.3]-073.97
DOI: 10.14739/2310-1237.2022.1.246660

Diagnostic value of motor evoked potential parameters
in patients with Parkinson’s disease stage Il

A. V. Demchenko*EF Dzh, N. Aravitska(2*BCD

Zaporizhzhia State Medical University, Ukraine

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;
E - critical revision of the article; F - final approval of the article

Key words:
Parkinson
disease, motor
symptoms, motor
evoked potentials,
transcranial
magnetic
stimulation.

Pathologia
2022; 19 (1), 40-46

*E-mail:
Syegmund94@gmail.com

KnatouoBi croBa:
xBopoba
MapkiHcoHa,
MOTOPHI CUMMTOMMU,
BUKAMKaAHWI
MOTOPHMIA
noTeHLian,
TpaHcKpaHiaAbHa
MarHiTHa
CTUMYASILLSA.

Naronoris. 2022.
T. 19, Ne 1(54).
C.40-46

40 ISSN 2306-8027  http://pat.zsmu.edu.ua

The aim of our study was to identify the most informative parameters of motor evoked potential (MEP) based on clinical and
neurophysiological comparisons in patients with Parkinson’s disease (PD) stage II.

Materials and methods. The study included 90 patients aged 45 to 75 years with stage Il PD according to Hoehn—Yahr. Exami-
nation of patients was performed according to the following scheme: clinical and neurological examination with MDS UPDRS
scale and neurophysiological examination to determine the latency, amplitude and duration of MEP after 4 tests with a gradual
increase of magnetic field induction. Our study involved patients with predominantly right and left-sided motor symptoms, so for
correct statistical analysis, the dominant side was considered as the debut side or the side with more pronounced motor symptoms,
the subdominant side was considered as the opposite one.

Results. In cases of patients with stage Il PD the MEP latency significantly decreased, and the amplitude and duration of MEP
significantly increased in samples with increasing magnetic field induction in the right and left hemispheres of the brain. It was found
significant positive moderate correlation between UPDRS part Il total score and MEP latency in the ipsilateral premotor cortex to
the dominant side of motor symptoms with samples of magnetic induction (1.1 TI—r =0.34, P <0.05; 1.32 TI-r=0.32, P < 0.05;
1.76 TI—r = 0.31, P < 0.05). Also positive mild correlation was found between MEP latency in the ipsilateral premotor cortex to
the subdominant side of motor symptoms and UPDRS part Il total score (1.54 Tl —r=0.22, P <0.05; 1.76 TI-r=0.29, P < 0.05).
Mild positive correlation (r = 0.29, P < 0.05) was found between MEP duration of ipsilateral premotor cortex to the subdominant
side of motor symptoms and UPDRS part Il total score in sample with 1.54 TI magnetic induction. No significant correlations were
found to the amplitude parameter and the severity of clinical symptoms in investigated patients with PD stage II.

Conclusions. The most informative neurophysiological indicators in patients with PD stage Il are the MEP latencies. The MEP
latencies of the premotor cortex, which is ipsilateral to the side with more pronounced motor symptoms, have a particularly close
relationship with UPDRS part Il total score in the samples with 1.10-1.76 Tl magnetic inductions (r = 0.31-0.34, P < 0.05).
The MEP duration of premotor cortex, which is ipsilateral to the side with less pronounced motor symptoms, is most closely
associated with the severity of motor manifestations on the subdominant side in patients with PD stage Il (r = 0.27, P < 0.05).

AiarHocTMUHa UiHHICTL NapameTpiB MOTOPHOTO BUKAMKAHOFO NOTEHLiany
B naujeHTiB i3 xBopo6oto MapkiHcoHa Il cTaaii

A. B. AemueHko, Ax. H. ApaBiubka

MeTa po60oTH — BU3Ha4NTV HabiNbLL iHhOpMaTKBHI NapamMeTpy MOTOPHOTO BUKMMKaHOro noteHuiany (MBI) y navieHTis i3 XBo-
poboto MapkiHcoHa (XM) Il cTagii Ha niacTasi kNiHiko-HEMPOi3ionoriYHMX 3icTaBnEeHb.

Marepianu Ta metoam. Y gocnimkeHHs 3anyyunu 90 xeopwx Bikom Big 45 o 75 pokis i3 XI Il cTagiji 3a Xen—Apom. Xeopum
3AINCHWNY KNiHIKO-HEBPOMOriYHe 0OCTEXEHHS 3 OLjiHIOBaHHAM 3a Wwkanoto MDS UPDRS, a Takox HelipodisionoriyHe focnimKeH-
HS1 3 BU3HAYEHHSIM NaTEHTHOCTI, amnniTyau, nnowwi Ta Tpusanocti MBI nicns npoBeneHHst 4 npo6 3 NOCTYNOBUM MiABULLEHHSIM
iHOYKUii MarHiTHoro nonsi. Y gocnigxeHHi 6panm yyactb nepeBaxHoO NaLieHTW 3 NpaBo- Ta NIBOBIYHAMWN MOTOPHUMU CUMMTOMAMMU,
TOMY A7151 KOPEKTHOTO CTATUCTUYHOTO aHaridy AOMiHaHTHWIA Bik BBakanu AeboTHIM abo 60KOM i3 BinbLL BUPAXEHUMI PYyXOBUMU
cMNTOMamu, Cy6aoMiHaHTHWIA Bik BBaKany NPOTUNEXHUM LOMIHAHTHOMY.

Pesyniratu. Busieiunw, wo B obctexenx i XIM 1| cragii nateHTHicTs MBI BiporigHo amMeHLUyBanacs, a amnrityaa Ta Tpusanicts MBI
[0CTOBIPHO 30inbLLyBanvCh y npobax i3 nifBMLLIEHHSM iHAYKLIi MarHITHOro Monst y Npasii i Nisiii remicchepax rorloBHOro Moaky. BuaHaumnm
BipOrigHy MoMipHY kopensito Mix 3aranbHum 6anom UPDRS yacTuhm Il Ta nateHTHicTio MBI B incunateparkHii pemMoTopHil Kopi
[0 JOMiHAHTHOrO 60Ky MOTOPHUX CUMMTOMIB Y Npo6ax i3 MarHiTHot iHaykuieto (1,1 Tn—r=0,34, p<0,05; 1,32 Tn-r=0,32, p < 0,05;
1,76 Tn—r=0,31, p <0,05). Takox BCTAHOBWNM NO3UTUBHY Criabky kopensiLiito Mix nateHTHicTio MBI B incunarepanbHii npeMoTopHil
Kopi Ao cy©AOMiHaHTHOrO 60Ky MOTOPHUX CUMMTOMIB i3 3aranbHum 6anom UPDRS vactuhu Il (1,54 Tn—r=0,22, p < 0,05; 1,76 Tn—
r=0,29, p <0,05). Busisunu cnabky nosutveHy kopensito (r = 0,29, p < 0,05) mix TpusanicTio MBI incunatepanbHOi NpeMoTOpHOI
Kop¥ 10 Cy6LOMiHaHTHOrO 60Ky MOTOPHIX CUMMTOMIB i 3aranbHoH oLliHkor UPDRS vacTim Iy 3pasky 3 MarHiTHOR iHaykuieto 1,54 Tn.
Biporigi kopensii amnnityay Ta BUpaxeHOCTi KMiHiYHUX cuMnToMiB Y navieHTis i3 XIT Il cTagii He BU3Haumnm.

BucHoBkuM. HanbinbLu iHpopmaTuBHWiA HerpodisionoriyHmii nokasHuk y nauieHTis i3 XIM || ctagii — nateHTHicTe MBIT. JlateHT-
HicTb MBI npemoTopHOoi kopy incunatepanbHoro 60ky 3 Ginblu BUPXKEHUMU MOTOPHUMI CUMMTOMaMK Mae 0COBMMBO TiCHWIA
38’130k 3 ouiHkoto UPDRS yactuhm Il y npo6ax i3 marHiTHoto iHaykuieto 1,10-1,76 Tn (r = 0,31-0,34, p < 0,05). Tpueanicts MBI
MPEMOTOPHOI KOpW incunatepasnbHoro BoKy 3 MEHLL BUPKEHUMU PYXOBUMW CUMMTOMaMU HAWTICHILLE NOB’'Si3aHa 3 BUPAXEHICTIO
MOTOPHMX NpPOsiBiB Ha cybaomiHaHTHOMY Goui B nauieHTi i3 Il cragieto XM (r = 0,27, p < 0,05).
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Parkinson’s disease (PD) is a common neurodegenerative
disease characterized by motor and non-motor symptoms.
The number of patients with PD covers 1 % of the popu-
lation over the age of 60 and tends to increase with age
[6]. The problem of the spread of PD is of great medical
and social importance, as their clinical manifestations lead
to impaired quality of life of patients already in the early
stages of the disease.

It is known that patients with PD have a wide
range of disorders of neurophysiological parameters in
the primary motor cortex, which are correlated in direct
proportion to the severity of clinical motor symptoms of
PD [2,8]. Neurophysiological parameters of the central
nervous system (CNS) can be assessed using transcra-
nial magnetic stimulation (TMS) [4,10]. The method of
diagnostic TMS makes it possible to assess the excit-
ability of the nervous system using the parameters of
motor evoked potential (MEP), which include latency,
amplitude and duration [8].

The presence of oligobradykinesia, muscle rigidity
and rest tremor significantly impairs the quality of life of
patients with PD. It is a proven fact that dopaminergic
therapy improves the motor activity of patients with PD
and has a positive effect on neurophysiological para-
meters [2,8].

The availability of research on the objective assess-
ment of the course of the disease and the effectiveness
of treatment of PD determines the relevance of studying
changes in neurophysiological parameters of the CNS
in these patients. However, the sources that we have
analyzed provide insufficient amount of often contradictory
data about the diagnostic value of neurophysiological
parameters of CNS excitability in patients with PD [8,9].
That is why the search for diagnostically reliable neuro-
physiological parameters is promising for the possibility
of objective assessment of the treatment results with
neurophysiological methods.

Aim
Was to identify the most informative parameters of motor

evoked potential based on clinical and neurophysiological
comparisons in patients with Parkinson’s disease stage II.

Materials and methods

The study was conducted on the basis of the educa-
tional and scientific medical center “University Clinic” of
Zaporizhzhia State Medical University. 90 patients (51
women and 39 men) aged 45 to 75 years with stage || PD
according to Hoehn—Yahr were examined. The mean age
was 66.22 + 8.07 years. The average duration of the di-
sease was 3.69 + 2.19 years. At the onset of the disease,
the predominance of motor symptoms was observed in 71
patients on the right and 19 patients on the left.

The diagnosis of Parkinson’s disease was estab-
lished according to the criteria of the British Society
for Parkinson’s Brain Bank and the Clinical Protocol
(Guideline 00798), recommended by the Ministry of
Health of Ukraine on 08.08.2018 and formulated ac-
cording to class G20 (Extrapyramidal and other motor
disorders) of the International Classification of Di-
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seases, 10" revision. The stage of PD was determined
by the classification of Hoehn-Yahr (1967). Exclusion
criteria were: patients with stages |, IlI-V PD, other
extrapyramidal disorders, inflammatory, autoimmune,
cancer and mental illness; with decompensated stage
of somatic pathology.

All patients who agreed to participate in the study
signed an informed voluntary agreement. The study was
conducted in accordance with the ethical standards of
the Commission on Bioethics of Zaporizhzhia State Me-
dical University, as well as the Helsinki Declaration of 1975
and its revised version of 2000. Levodopa/carbidopa and
pramipexol were prescribed for all patients. The dose of
pharmacotherapy was stabilized during 1 month before
patients’ including in investigation.

Examination of patients was performed according
to the following scheme: clinical and neurological using
the Unified Parkinson’s Disease Rating Scale of the In-
ternational Movement Disorders Society (Movement
Disorder Society Unified Parkinson’s Disease Rating
Scale — MDS UPDRS) and neurophysiological study.
Diagnostic TMS was performed on an extended thera-
peutic magnetic stimulator Neuro MS/D from Neurosoft
(RF) with the ability to regulate magnetic pulses from
0 to 2.2 Tl. To assess the parameters of MEP, with
the registration of the muscular response in m. abductor
pollicis brevis bilaterally, used the software and hardware
complex of the neuromyograph Neuron-Spectrum/4MEP
with transcranial magnetic stimulator Neuro MS/D. The
latency, amplitude and duration of MEP were studied
after 4 tests with a gradual increase of the induction of
the magnetic field (1.1 TI - 50 %, 1.32 TI - 60 %, 1.54
TI-70% and 1.76 TI-80 %) from the maximum possible
device Neuro MS/D (2.2 TI - 100 %). The latent period
of MEP is defined as the time (in ms) from the beginning
of stimulation of the premotor zones to the moment of
MEP in the corresponding muscle. The amplitude of
the MEP (mV) is defined as the deviation from the isoline
of the positive peak to the negative peak potential. The
duration of MEP (ms) is determined by the beginning
of the deviation of the motor potential before its return
to the isoline.

Given that our study involved 71 patients with predo-
minantly right-sided motor symptoms and 19 patients with
predominantly left-sided symptoms, for correct statistical
analysis, the dominant side was considered the debut
side or the side with more pronounced motor symptoms,
the subdominant side was considered the opposite.
A score of part lll of the UPDRS scale, which reflects
the severity of motor symptoms, was also used to de-
termine the lateralization of clinical symptoms. The sum
of the UPDRS Part Il scores, reflecting the severity of
symptoms on the dominant and subdominant side, was
considered separately to assess clinical symptoms. The
calculation of MEP parameters for the ipsilateral premotor
cortex to the dominant and subdominant sides of motor
symptoms was also calculated separately.

The results of the study were processed using the sta-
tistical package of the licensing program Statistica® for
Windows 13.0 (No. JPZ8041382130ARCN10-J), as well
as Microsoft Excel 2010. The nature of the variable’s
distribution in the variation series was determined using
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the Shapiro-Wilk test. Also in the case of normal distri-
bution of variables, the descriptive statistics is presented
in the form of arithmetic mean and standard deviation
(M £ SD), in case of abnormal distribution — in the form
of median and interquartile range Me (Q1; Q3). The
probability of discrepancies in indicators was assessed
by the criteria of Mann-Whitney U test, Wilcoxon test,
Kruskal-Wallis test and Friedman—Kendall test. Also
correlation coefficient was calculated using Spearman
coefficient. For the criteria differences were considered
significant at P < 0.05.

Results

Complaints of tremor were reported by 87.00 % of patients,
muscle stiffness 73.33 % and slowness of movement by
62.11 % of patients. The presence of disturbances and
changes in handwriting was noted by 81.11 % of patients,
difficulty in getting up from a sitting position — 38.89 %,
difficulty in walking and maintaining balance — 45.56 %,
freezing while walking — 35.56 %. Restriction of habitual
activity and hobbies due to the influence of motor symp-
toms of PD was noted by 65.56 % of patients, including
slowness of chewing and swallowing — 44.44 %, difficulty
in cooking — 52.22 %, dressing — 58.89 %, hygienic pro-
cedures — 55.56 % of patients.

In addition to motor symptoms, patients also com-
plained of immobile symptoms: fatigue from habitual ac-
tivity — 80.00 %, anxiety — 78.89 %, low mood — 73.34 %,
apathy —61.11 %, memory loss — 64.45 %, concentration
—55.56 %, frequent night awakenings — 76.67 %, day-
time sleepiness — 60.00 %, frequent (imperative) urges to
urinate — 58.89 %, frequent urination at night — 52.23 %
and constipation — 61.12 % of patients. Less often,
patients complained of dizziness — 44.44 %, increased
salivation — 33.34 % and periodic benign hallucinations
in 12.22 %.

Neurological examination of patients with stage || PD
revealed muscle rigidity of the plastic type in the muscles
of the upper extremities in all patients and in the lower
extremities in 98.89 % of patients; asymmetry of muscle
rigidity in the form of predominance in the right extre-
mities in 78.89 % and in the left extremities in 21.11 %
of patients; bradykinesia was detected in the right upper
extremity muscle in all patients and in the left upper
extremity muscle in 98.89 % of patients. Rest tremor
was determined in 98.89 % of patients, including its
predominance in the right extremities in 75.56 % and
in the left extremities in 24.44 % of patients. Violation
of the physique (stiffness and stooping) was observed
in 97.78 % of patients, violation of the test with getting
up from a chair without the help of hands — in 95.56 %,
gait disorders — in 81.11 %, stiffness when walking — in
60.00 %, speech disorders (in the form of decreased
modulation, diction and volume) —in 62.22 %, decreased
facial expression —in 90.00 % of patients.

The overall score on the MDS UPDRS scale in pa-
tients with stage Il PD was 76.00 (70.00; 83.00) points;
score on part | (non-motor manifestations that affect
everyday life) — 15.00 (13.00; 19.00) points, on part Il
(motor aspects that affect daily life) — 13.00 (9.00; 15.00)
points and on part lll (objective assessment of motor
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functions) —49.00 (46.00; 52.00) points, part Ill dominant
side — 13.00 (11.00; 14.00), part Ill subdominant side —
11.00 (10.00; 12.00).

According to the studied neurophysiological para-
meters of the premotor cortex excitability, in the examined
patients when comparing 4 samples with increasing
induction of magnetic stimulus there was a significant
(according to Friedman test) decrease in the latent period
of MEP in the ipsilateral (P < 0.001) premotor cortex to
the predominant side of motor symptoms, but in the con-
tralateral premotor cortex there was only a tendency to
reduce the latency of MEP (P = 0.08) (Table 1).

In a pairwise comparison of MEP latency in samples
with increasing magnetic stimulus, it was determined
that in the contralateral premotor cortex to the predomi-
nant side of motor symptoms in pair of samples with
stimulus induction 1.10-1.76 Tl there was a significant
decrease (P = 0.03) in the latent period of MEP, when
comparing pairs of data samples with a stimulus inten-
sity of 1.10-1.32 Tl and 1.10-1.54 Tl was insignificant
(P >0.05) (Table 1). Comparing the latent period of MEP
of the ipsilateral premotor cortex to the predominant side
of motor symptoms in pairs of samples with magnetic
stimulus induction, significant decrease was found in all
pair of samples (P < 0.01) (Table 1). The MEP latency
parameters were also compared between the contra- and
ipsilateral premotor cortex to the predominant side of
motor symptoms: significant differences were not found
in any samples of induction of magnetic stimulus (1.1
TI-P=0.61;132TI-P=0.72; 1.54 TI-P = 0.86; 1.76
TI-P=0.91).

Inthe examined patients with samples with increasing
induction of the magnetic stimulus, a significant increase
in amplitude was observed according to the Friedman
test in the contra- (P < 0.001) and ipsilateral (P < 0.001)
premotor cortex to the predominant side of motor symp-
toms (Table 2). Comparing the amplitude of the MEP
between the contra- and ipsilateral premotor cortex,
interhemispheric asymmetry of the MEP amplitude was
not found in any samples of magnetic stimulus induction
(11TI-P=0.12;1.32TI-P =0.35;1.54 TI- P = 0.20;
1.76 TI- P =0.38).

The duration of MEP in both premotor areas of
the brain increased (P < 0.001) with the increase of
induction of the magnetic field (Table 3). Comparing
the amplitude of the MEP between the contra- and
ipsilateral sides of the premotor cortex in all samples
with increasing induction of the magnetic impulse, no
significant difference between the parameters was found
(1.1TI-P=0.86;1.32TI-P=0.77; 1.54 TI- P = 0.99;
1.76 TI- P = 0.26).

To compare motor clinical symptoms with inves-
tigated neuruphysiological parameters, we calculate
the Spearman’s correlation coefficient between UPDRS
score (UPDRS, part Il total score, part Il dominant
side, part Il subdominant side) and of MEP parameters
(Table 4).

Significant positive moderate correlation was found
between UPDRS part Il total score and MEP latency in
the ipsilateral premotor cortex to the dominant side of
motor symptoms with samples of magnetic induction (1.1
TI-r=0.34,P<0.05;1.32 TI-r=0.32, P < 0.05; 1.76
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Table 1. Latency of MEP in the contra- and ipsilateral premotor cortex to the predominant side of motor symptoms in patients with stage Il PD,

Me (Q1; Q3)

Parameters

14T

Latent period of MEP on the contralateral 22.50 (21.60; 24.00)

premotor cortex, ms
Latent period of MEP on the ipsilateral
premotor cortex, ms

22.85(21.70; 23.70)

Magpnetic field induction

1.32 TP
22.60 (21.90; 23,70)

22.60 (21.60; 23.70)

1.54 TP

22.60 (21.40; 23,80)

22.65 (21.50; 23.50)

1.76 TI*

22.45 (21.40; 23.70)

22.35 (21.40; 23.30)

.n
0.92 0.21 0.03

<0.001 0.01

0.002

<0.001

P: according to Friedman test; P*-2, P*-3, P*-4: by Wilcoxon test.

Table 2. Amplitude of MEP in the contra- and ipsilateral premotor cortex to the predominant side of motor symptoms in patients with stage Il PD,

Me (Q1; Q3)

Parameters

Magnetic field induction

Amplitude of MEP on the contralateral
premotor cortex, mV

Amplitude of MEP on the ipsilateral premotor
cortex, mV

0.80 (0.25; 2.12)

0.58 (0.10; 1.61)

1.32 TP
1.74 (0.51; 3.62)

1.45 (0.47; 3.13)

1.54 TP

2.71(1.07; 4.08)

2.04 (0.82; 3.52)

1.76 TI*

2.69 (1.43; 4.13)

2.38 (0.80; 3.93)

<0.001

<0.001

<0.001 <0.001

<0.001

<0.001

<0.001

<0.001

P: according to Friedman test; P*-2, P*-%, P*-4: by Wilcoxon test.

Table 3. Duration of MEP in the contra- and ipsilateral premotor cortex to the predominant side of motor symptoms in patients with stage Il PD,

Me (Q1; Q3)

s

Duration of MEP on the contralateral
premotor cortex, ms

13.05 (10.60; 16.50)

Duration of MEP on the ipsilateral premotor
cortex, ms

12.95 (10.10; 16.50)

1.32 TP
16.10 (12.90; 19.20) 17.80 (14.80; 20.80) 20.35 (15.50; 23.30) <0.001

1.54 TP

1.76 TI*

<0.001

15.40 (12.80; 20.80) 17.75 (13.50; 22.50) 19.50 (14.80; 21.90) <0.001 <0.001

<0.001

.n

<0.001

<0.001

<0.001

P: according to Friedman test; P*-2, P*-%, P*-4: by Wilcoxon test.

TI-r=0.31, P <0.05). Also positive mild correlation was
found between MEP latency in the ipsilateral premotor
cortex to the subdominant side of motor symptoms and
UPDRS part Il total score (1.54 Tl —r =0.22, P < 0.05;
1.76 Tl — r = 0.29, P < 0.05). We found mild positive
correlation (r = 0.29, P < 0.05) between MEP duration
of ipsilateral premotor cortex to the subdominant side
of motor symptoms and UPDRS part Ill total score in
sample with 1.54 Tl magnetic induction. The MEP laten-
cy on the ipsilateral premotor cortex to dominant side
positively correlates with Part |ll Dominant side score
in the sample with 1.1 Tl magnetic induction (r = 0.21,
P < 0.05). The MEP duration on the ipsilateral premotor
cortex to the dominant side had positive mild correlation
with Part Ill Subominant side score (1.54 Tl —r = 0.25,
P < 0.05). Also \positive mild powered correlation was
found between MEP duration on the ipsilateral premotor
cortex to the subdominant side with Part Ill Subominant
side score in samples with 1.32 Tl (r=0.26, P <0.05) and
1.54 Tl (r=0.27, P <0.05) magnetic induction. There were
no statistically significant relationships between MEP am-
plitude and the severity of motor symptoms. It was found
that UPDRS total score only correlated with Duration of
MEP on the ipsilateral premotor cortex to the subdominant
side of motor symptoms (r = 0.29, P < 0.05).

Based on a comparative analysis using the Kruskal—
Wallis test, it was found that groups of patients with dif-
ferent severity of motor symptoms (according to the total
score of Part [Il UPDRS) also had significant differences
in the value of MEP latency both in the premotor cortex
ipsilateral to Dominant side of motor symptoms (in tests
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Table 4. Spearman’s correlation coefficient between UPDRS Score and parameters

of MEP
Parameters Magnetic UPDRS UPDRS
field Part Il Part Il
induction dominant | subdominant
side score | side score
Latency of MEP on 1.10TI 0.12 0.34* 0.21* 0.19
the ipsilateral premotor 1327l 0.11 0.32* 0.19 0.13
cortex to the dominant . . " . .
side of motor symptoms 1.54 Tl 0.01 0.17 0.08 0.02
1.76 Tl 0.14 0.31* 0.20 0.16
Latency of MEP 1.10TI -0.04 0.10 0.00 0.00
on the ipsilateral 1327 004 0.13 -0.04 -0.02
premotor cortex to
the subdominant side of ~ 1.54 Tl 0.08 0.22 0.06 0.02
motor symptoms 1.76 Tl 0.10 0.29* 0.1 0.12
Amplitude of MEP on 1.10TI -0.13 -0.15 -0.14 -0.09
the ipsilateral premotor 4 35 1 0.00 011 047 014
cortex to the dominant . . . . .
side of motor symptoms 1.54 Tl -0.04 -0.09 -0.16 -0.08
1.76 T -0.02 -0.02 -0.13 -0.13
Amplitude of MEP 1.10TI 0.10 -0.02 -0.05 -0.07
on the ipsilateral 1327 009 0.08 0.10 0.09
premotor cortex to
the subdominant side of ~ 1.54 Tl 0.06 0.02 0.01 0.10
motor symptoms 1.76 Tl 0.08 -0.04 -0.05 -0.02
Duration of MEP on 1.10TI -0.05 -0.09 -0.08 -0.02
the ipsilateral premotor 13271 0.11 012 0.14 0.20
cortex to the dominant : : : ’ :
side of motor symptoms 1.54 Tl 0.03 0.13 0.14 0.25*
1.76 Tl -0.05 0.01 0.01 0.08
Duration of MEP 1.10TI 0.04 -0.03 -0.04 0.01
on the ipsilateral 1327 042 0.15 0.19 0.26"
premotor cortex to
the subdominant side of ~ 1.54 Tl 0.29 0.27* 0.18 0.27*
motor symptoms 1.76 Tl 0.00 0.06 0.03 0.15
* P <0.05
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Table 5. Motor evoked potential parameters according to the motor symptoms severity using UPDRS Scale Part Ill Score

Parameters

Magpnetic field
induction

Latency of MEP on the ipsilateral premotor 1.10 Tl

cortex to the dominant side of motor

symptoms

1327l
1.54 Tl
176 Tl

Latency of MEP on the ipsilateral premotor 1.10 Tl

cortex to the subdominant side of motor

symptoms

Amplitude of MEP on the ipsilateral
premotor cortex to the dominant side of

motor symptoms

Amplitude of MEP on the ipsilateral
premotor cortex to the subdominant side

of motor symptoms

Duration of MEP on the ipsilateral

premotor cortex to the dominant side of

motor symptoms

Duration of MEP on the ipsilateral

premotor cortex to the subdominant side

of motor symptoms

1327l
1.54 Tl
176 Tl
110TI
1.327TI
1.54 Tl
1.76 Tl
1.10TI
1.327TI
1.54 Tl
1.76 Tl
1.10TI
1.327TI
1.54 Tl
1.76 Tl
1107l
1.327TI
1.54 Tl
1.76 Tl

UPDRS Scale Part lll total score

<45 points,
n=20

2210 (21.15; 23.40
21.70 (20.75; 22.90
21.85 (21.20; 23.50
21.45 (20.80; 22.45
22.50 (21.55; 23.70
22.55 (21.70; 23.35
22.00 (20.90; 23.15
21.85 (21.10; 22.50
0.94 (0.28; 2.21)
2.11(0.77; 3.81)
2.74 (1.77; 3.58)
3.70 (1.33; 4.70)
)
)
)

1.70 (0.33; 2.22
1.64 (0.42; 3.66
2.69 (1.79; 5.06
3.56 (2.38; 4.67)
13.55 (11.35; 16.40)
15.00 (11.85; 18.90)
16.50 (12.30; 20.65)
18.90 (15.00; 21.70)
14.90 (12.40; 18.10)
15.30 (11.27; 17.35)

(
(
(
12.65 (9.41; 16.80)
(
(
(

20.55 (12.45; 22.20)

46-50 points,

n=39

22.75 (21.40; 23.90) 23.20 (22.70; 24.60) 0.005
22.60 (21.30; 23.50) 23.10 (22.40; 24.90) 0.008
22.50 (21.40; 23.70) 22.80 (21.90; 23.60) 0.331
22.45 (21.70; 23.40) 22.80 (22.10; 23.80) 0.012
22.30 (21.00; 24.10) 22.50 (21.90; 24.20) 0.490
22.25 (21.60; 23.60) 22.90 (22.00; 24.00) 0.388
22.50 (20.90; 24.20) 22.90 (22.20; 24.00) 0.135
22.35 (20.80; 23.60) 23.10 (21.70; 23.80) 0.027
0.581 (0.097; 1.610) 0.480 (0.085; 1.270) 0.026
1.270 (0.299; 2.680) 1.510 (0.417; 3.480) 0.456
1.550 (0.623; 3.520) 1.880 (0.483; 4.250) 0.198
1.990 (1.000; 2.790) 3.110 (0.600; 4.390) 0.283
0.614 (0.097; 1.520) 0.841 (0.454; 1.490) 0.144
1.435 (0.453; 3.220) 1.920 (0.858; 4.070) 0.216
2.170 (0.600; 3.210) 3.320 (1.980; 4.300) 0.521
2.200 (0.778; 3.270) 3.160 (2.030; 4.520) 0.055
12.80 (9.490; 16.90) 12.60 (9.740; 16.70) 0.008
15.35 (13.30; 20.00) 17.50 (14.40; 21.40) 0.792
18.90 (13.50; 22.80) 18.90 (14.10; 22.70) 0.249
20.00 (14.70; 23.90) 19.60 (15.20; 22.60) 0.415
13.35(11.10; 16.50) 12.60 (9.620; 16.10) 0.802
16.60 (13.70; 19.00) 17.60 (13.10; 20.10) 0.880
19.05 (15.80; 22.10) 20.40 (15.60; 24.20) 0.006
20.75 (16.00; 24.10) 20.10 (17.60; 24.00) 0.574

P: according to Kruskal-Wallis test.

Table 6. Motor evoked potential parameters according to the motor symptoms
severity on the Dominant side using UPDRS Part Ill Score

Parameters

Latency of MEP

on the ipsilateral
premotor cortex to
the dominant side of
motor symptoms

Latency of MEP

on the ipsilateral
premotor cortex to
the subdominant side
of motor symptoms

Amplitude of MEP
on the ipsilateral
premotor cortex to
the dominant side of
motor symptoms

Amplitude of MEP

on the ipsilateral
premotor cortex to
the subdominant side
of motor symptoms

Duration of MEP

on the ipsilateral
premotor cortex to
the dominant side of
motor symptoms

Duration of MEP

on the ipsilateral
premotor cortex to
the subdominant side
of motor symptoms

Magnetic
field
induction

1.10TI
1.32TI
1.54 Tl
176 Tl
1.10TI
1.32TI
1.54 Tl
176 T
1.10TI
1.32TI
1.54TI
176 Tl
1.10TI
1327l
1.54 Tl
176 T
1.10TI
1.32TI
1.54 T
176 Tl
1.10TI
1.32TI
1.54TI
1.76 Tl

UPDRS Part lll Dominant Side score

22.70 (21.50; 23.70)
22.20 (21.20; 23.40)
22.50 (21.50; 23.60)
22.30 (21.20; 23.10)
22.50 (21.70; 24.00)
22.90 (22.00; 24.30)
22.60 (21.70; 24.00)
22.40 (21.40; 23.70)
0.56 (0.09; 1.60)

1.91 (0.68; 3.14)
2.36 (0.82; 3.73)
2.58 (1.00; 5.11)
0.79 (0.19; 2.27)
1.53 (0.45; 3.62)
2.70 (0.63; 4.08)
3.00 (1.41; 4.44)

12.90 (10.30; 16.50)
15.00 (12.00; 20.20)
16.60 (12.50; 21.00)
17.60 (14.50; 21.90)
13.20 (11.10; 17.20)
15.10 (12.20; 18.80)
15.70 (12.60; 20.80)
21.00 (11.60; 23.00)

>13 points
(n=34)

23.00 (22.00; 24.00
22.60 (21.60; 23.90
22.70 (21.50; 23.50

(
(
22.40 (21.60; 23.50
22,50 (21.50; 24.10
22.60 (21.60; 23.70
22.60 (20.90; 23.70
22.70 (21.40; 23.80
0.58 (0.09; 1.91)
0.99 (0.40; 3.02)
1.79 (0.62; 3.52)
2.33 (0.67; 3.73)
0.81(0.27; 1.66)
)
)

1.77 (0.69; 3.83

2.72 (117, 4.25

2.59 (1.48; 3.88)

13.00 (9.74; 16.70)
16.20 (13.70; 20.90)
18.90 (14.10; 22.70)
19.60 (15.10; 22.50)
12.60 (10.40; 16.10)
16.30 (13.40; 19.80)
18.90 (15.70; 21.10)
20.10 (16.30; 23.60)

0.028
0.045
0.244
0.010
0.176
0.320
0.130
0.023
0.106
0.223
0.318
0.362
0.677
0.597
0.800
0.746
0.294
0.161
0.371
0.686
0.829
0.285
0.203
0.671

P: according to Mann-Whitney U test.
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with magnetic field induction: 1.1 Tl — P = 0.005; 1.32
TI-P=0.008;1.76 TI- P =0.012), and in the premotor
cortex ipsilateral to Subdominant side (sample 1.76 Tl —
P =0.027). The MEP amplitude in the premotor cortex of
the ipsilateral to Dominant side significantly decreased as
the severity of motor manifestations increased (sample 1.1
TI-P =0.026). The duration of the MEP in the premotor
cortex ipsilateral to Dominant side significantly decreased
with the worsening in severity of motor symptoms (sample
1.1 TI - P = 0.008), while in the premotor cortex ipsilat-
eral to Subdominant side, on the contrary, it significantly
increased as the severity of motor symptoms worsened
(test 1.54 TI— P = 0.006).

Based on a comparative analysis using the Mann-
Whitney test, it was found that patients with a total score
of Part Il UPDRS for the Dominant side of more than 13
points, had higher MEP latency values of the prefrontal
cortex on the ipsilateral to Dominant side (sample 1.1
TI-P=0.028; 1.32 TI- P =0.045; 1.76 TI- P = 0.010),
and to a lesser extent to the ipsilateral Subdominant side
(sample 1.76 TI— P = 0.023) in comparison with patients
who had UPDRS Part |l Dominant side score 13 points
and less (Table 6).

Based on a comparative analysis using the Mann-
Whitney test, it was found that patients with a total score of
Part [l UPDRS for the subdominant side of more than 10
points, had higher values of the MEP duration of the pre-
frontal cortex of the ipsilateral subdominant side (sample
1.54 TI- P =0.027) in comparison with patients who had
a total score of Part Il UPDRS for the Subdominant side
10 points and less (Table 7).
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Discussion

Studies by K. Kolmancic et al. confirmed the change in
excitability and plasticity of the sensorimotor cortex of
the brain in the early stages of PD [8]. The interhemispher-
ic imbalance and asymmetry of MEP parameters in pa-
tients with stage Il PD were not found in our investigation.
In M. Kojovic and K. Kolmancic researches contraversal
results were found: interhemispheric asymmetry of MEP
parameters depends, among other reasons, on the sex
of the patient [7,8].

Dileone M. et al. analyzed the effect of TMS on CNS
excitability depending on pharmacotherapeutic treatment
of PD (use of levodopa and dopamine receptor agonists)
and used MEP amplitude as a marker of motor cortex
response in their studies [5]. Dileone M. et al. indicated
that TMS induces dopamine-dependent changes in
cortical excitability (increase in the amplitude of MEP) in
13 examined patients with PD [5]. However, the results
of our study indicate that the amplitude of the MEP of
the premotor cortex didn't correlate with clinical motor
symptoms assessed by UPDRS Scale, which does not
allow to be used as a diagnostically reliable parameter to
assess the effectiveness of TMS therapy in patients with
stage Il PD. The study by A. Anzak et al. demonstrated
the dependence of MEP amplitude on stimulus intensity,
which is also consistent with our results on the highest
MEP amplitude at the highest induction of magnetic
stimulus (1.76 TI) [1]. Also in the study of S. Casarotto it
is noted that levodopa induces an asymmetric increase
in motor excitability on the affected side of the brain, but
in our investigation it wasn't proved [3].

Dileone M. et al. and Kolmancic K. et al. note in their
studies that MEP parameters are useful objective markers
of early disease progression that can be used to identify
the effectiveness of disease-modified therapy [5,8]. In our
study, we relied on the diagnostical significance of the stu-
died data, using the correlation between MEP parameters
with expressiveness of motor symptoms assed by UPDRS
Scale, and which allowed us to clarify the data and reveal
that the severity of motor symptoms, regardless of their
lateralization, is more associated with the MEP latency
parameter (latency of the ipsilateral premotor cortex to
the dominant side of motor symptoms with a total UPDRS
score and, to a lesser extent, due to the score of the part
Il dominant side) which is consistent to the M. Dileone
et al. and K. Kolmancic et al. researches [5,8]. This fact
is the reason to use the MEP latency as a marker for
neurophysiological assessment of the severity of motor
manifestations and monitoring the effectiveness of therapy.
No significant correlations were found to the amplitude
parameter and the severity of clinical symptoms. The mild
correlations which were found for the MEP duration with
the severity of motor symptoms draw attention, however,
a positive-proportional correlation of prefrontal cortical
structures ipsilateral to the subdominant side of motor
symptoms with a total UPDRS score, the UPDRS motor
part Il on the subdominant side which also was reflected
in M. Dileone et al. and K. Kolmancic et al. investigations
[5,8]. Itis possible to consider MEP duration as indicators
markers for monitoring the progression of PD.

It should be noted that the results of the nonparamet-
ric comparative analysis were in complete agreement with

Matonorisi. Tom 19, Ne 1(54), ciueHb — kBiTeHb 2022 p.
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Table 7. Motor evoked potential parameters according to the motor symptoms
severity on the Subominant side using UPDRS Part lll Score

Parameters

Magnetic
field
induction

UPDRS Part Illl Subominant Side score

<10 points, n = 38

>10 points, n = 52

Latency of MEP 10Tl 22.70(21.50; 23.50)  23.10 (22.00; 24.40
on the ipsilateral 1327l 22.30(21.20;23.60)  22.60 (21.65; 24.05
premotor cortex to ) )

the dominant side of 154 Tl 22.65(21.50;23.60)  22.60 (21.55; 23.65
motor symptoms 176 Tl 22.20 (21.10; 22.90)  22.70 (21.90; 23.65
Latency of MEP 110TI 22.40(21.80;23.90)  22.50 (21.40; 24.15
on the ipsilateral 13271 22.65(21.90;23.70)  22.60 (21.60; 23.95
premotor cortex to ' '

the subdominant side 154 T 2245 (21.50;23.50)  22.70 (21.25; 24.15
of motor symptoms 1.76 Tl 22.10 (21.40;23.50)  22.80 (21.45; 23.95
Amplitude of MEP ~ 1.10TI  0.85(0.11; 1.95) 0.45 (0.08; 1.50)
on the ipsilateral 1327l 1.85(0.64;3.73) 1.27 (0.40; 2.68)
premotor cortex to ) i

the dominant side of  1:54T 2.35(1.01;3.74) 1.63 (0.48; 3.17)
motor symptoms 1.76 Tl 2.88(1.35; 4.29) 2.01(0.61; 3.69)
Amplitude of MEP  1.10TI  0.93(0.32; 2.05) 0.74 (0.19; 2.43)
on the ipsilateral 1327l 1.64 (0.64; 3.05) 1.76 (0.50; 4.19)
premotor cortex to

the subdominant side 154 TI 243 (1.53;3.74) 2.93 (1.00; 4.29)

of motor symptoms 1.76 Tl 2.85(1.48;4.12) 2.50 (1.31; 4.19)
Duration of MEP 110l 13.20 (10.30; 16.50)  12.80 (9.92; 16.60)
on the ipsilateral 1327l 15.30(12.00; 20.00)  16.05 (14.10; 20.85
premotor cortex to

the dominant side of | 1-54 T 16.60 (12.00; 19.70)  19.30 (14.15; 22.65
motor symptoms 1.76 Tl 19.25(14.90; 22.00)  19.50 (14.60; 21.80
Duration of MEP 110l 12.95 (9.06; 17.50)  13.05 (11.20; 15.40
on the ipsilateral 1327l 14.90 (12.60; 17.80)  17.65 (13.65; 19.70
premotor cortex to ' '

the subdominant side  1:54 T 15.70 (12.60; 20.50)  19.30 (15.70; 21.60
of motor symptoms 1.76 Tl 20.10 (11.60; 23.20)  20.55 (17.45; 23.50

)
)
)
)
)
)
)
)

)
)
)
)
)
)
)

P

0.097
0.323
0.980
0.089
0.806
0.861
0.598
0.256
0.500
0.222
0.172
0.098
0.480
0.576
0.627
0.674
0.806
0.387
0.070
0.756
0.990
0.068
0.027
0.323

P: according to Mann—-Whitney test.

the results of the correlation analysis. So, according to our
results, the latent period and duration of MEP are reliable
and valuable indicators of premotor cortex excitability,
which allows us to use these MEP parameters to evaluate
the effectiveness of treatment of PD using the method of
TMS in our further research.

Conclusions

1. The most informative neurophysiological indicators
in patients with PD stage Il are the MEP latencies. The
MEP latencies of the premotor cortex, which is ipsilateral
to the side with more pronounced motor symptoms, have
a particularly close relationship with UPDRS part Il total
score in the samples with 1.10-1.76 Tl magnetic induc-
tions (r=0.31-0.34, P < 0.05).

2. The MEP duration of premotor cortex, which is
ipsilateral to the side with less pronounced motor symp-
toms, is most closely associated with the severity of motor
manifestations on the subdominant side in patients with
PD stage Il (r=0.27, P < 0.05).

Prospects for further research are to study changes
in the parameters of the excitability of the premotor cor-
tex in patients with stage Il Parkinson’s disease during
treatment with TMS.
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