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ABSTRACT

Aim. To assess the relationship between changes in serum brain-derived neurotrophic factor (BDNF) level,
regression of motor deficiency, and restoration of functional activity in patients with ischemic stroke after stage Il
of medical rehabilitation.

Materials and methods. The study included 49 patients with ischemic stroke in the middle cerebral artery after
stage I of medical rehabilitation. Group I (n = 32) went through stage II of rehabilitation in the early recovery
period, group II (n = 17) was discharged for outpatient monitoring at the place of residence. Observation points:
day 14 and day 90. Evaluation scales: National Institute of Health Stroke Scale (NIHSS), Fugle — Meyer Scale
(FMA), Modified Rankin Scale (mRS). Serum BDNF levels were determined using a MAGPIX multiplex analyzer
(Luminex, USA).

Results. A comparative analysis of the studied population showed that patients who underwent motor rehabil-
itation in the early recovery period had greater regression of neurologic deficit according to the ANIHSS scale
(pgr_HI =(.043), a more pronounced increase in the functional activity on the AmRS scale (pgr_HI =0.047), and pos-
itive dynamics according to the FMA scale (p oy 1490 0.003) in comparison with patients who received outpatient
follow-up. The concentration of BDNF was significantly reduced by the end of the early recovery in the group
I (p oy 14-90_geTl = 0.002). On the contrary, there was no decrease in the level of the BDNF (p 0.613) in the

! R e day14-90_gr=
group of patients undergoing rehabilitation.

Conclusion. The results of the study demonstrated the clinical effectiveness of stage II of the comprehensive
rehabilitation of patients in the early period of stroke recovery. We can suggest that the success of neurorehabilitation
is closely associated with an increase of the BDNF level against the background of its performance. This makes
BDNF a potential marker of evaluating the effectiveness of ongoing rehabilitation treatment
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PE3IOME

Leab — oIeHUTH B3aUMOCBS3b MEXAY HM3MEHEeHueM ypoBHs cbiBoporouHoro BDNF, perpeccom moropHOro
nedunnTa 1 BocCcTaHOBIEHHEM (DYHKIIMOHAIBPHOW aKTHBHOCTH Y MAIMEHTOB € HIIEMHIECKHM HHCYIHTOM rocie 11
STamna MEAUIMHCKOH peadHInTanum.

Marepuajbl 1 MeTOAbL. B uccienoBaHuM npuHsIM ydactue 49 maunMeHTOB C HINEMHYECKUM HHCYJIBTOM B
GacceiiHe cpeiHell MO3roBoii aprepuu nocie I sTana meauuuHckoi peadbunuranuu. ['pynmna I (n = 32) nporwta
II aTan peabuauranny B paHHUE BOCCTaHOBHTENbHBIN nepuof, rpymmna I (n = 17) Beimucana Ha amOynaTopHoe
Habuo/ieHre Mo MecTy kutenberBa. Touku HabmoaeHus: 14-e u 90-e cyt. OlLeHOYHbIE MIKAJbI: [IKala HHCYJIbTA
HauuonansHoro unctutyTta 310poBbsi (NIHSS), mkana ®@yrn — Meitepa (FMA), monudunmpoBaHHas mikasia
Pauxuna (mRS). Yposens BDNF B chIBOpOTKE KpOBH OIpeAessid Ha MyJIbTHIIEKCHOM aHanu3atope MAGPIX
(Luminex, CIIIA).

Pe3yabsTaTsl. CpaBHUTEIBHBII aHAIN3 HCCIIEIyeMOH MOITYJISIINH OKa3aJl, YTO aIl[UeHTHI, TOTyYaBIIie MOTOPHYIO
peabMIINTAaIMIO B paHHEM BOCCTAHOBUTEIBFHOM MEPHOJIE, MMEIOT OOJIBIINIT perpecc HeBPOIOTHYECKOT0 Ie(uIHTa
no mkane ANIHSS (p_, | = 0,043), 6onee BrIpa)XEHHOE TOBBIICHNE (PYHKIMOHAIBHON AKTHBHOCTH 110 IIKaJIe
AmRS (p, Dl 0,047) 1 IOJIOKUTEIBbHYIO IUHAMUKY 110 1Kane FMA (pCyTl +00= 0,003) B cCpaBHEHMH C NIALMEHTAMY,
HaXOAMBIIMMHUCS Ha aMOysaTopHoM HaoOmonenny. Konnenrpauns BDNF 3HaunMo cHukanack K KOHIY paHHETO
BOCCTAaHOBHUTEJILHOTO MEPHOJA y MAIMCHTOB Ha aMOyJIaTOpHOM HaOmoaeHuu B rpymme 11 (pCyrl 490l — 0,002).
B rpynmne nanueHToB, NPOXOAMBIINX PeaOMINTALMIO, HAIPOTHB, CHIDKEHUs yPOBHs (hakTopa He HAOIIONANoCh
=0,613).

3aka0o4yenne. Pe3yrpTaTsl Hcciie10BaHMS JEMOHCTPUPYIOT KIIMHNYECKYTO 3 dexTuBHOCTS 11 3TAana komriekcHoi
peabnInTayy MaeHTOB B paHHUN BOCCTAHOBHUTEIBHBII IIEPHO HHCYIbTA U JAIOT OCHOBAHHUE MPEATIONOXKHTS,
4TO ycIex Heifpopeabuiuranuu TecHO cBszaH ¢ mosbimieHneM BDNF na ¢one ee mpoBenenus. Oto nemaer
MO3TrOBOIl HeWpoTpoduueckuii (GakTop MOTEHIHAIBHBIM MapKepOM OIEHKH 3(P(EeKTHBHOCTH IPOBOIUMOTO
BOCCTAHOBHUTEIIHHOTO JICUECHHS.

(pcyr 14-90_rp.I

KnroueBble cioBa: HImeMH4ecKHil MHCYJIBT, MO3TOBOH HeWporpoduueckuii (aktop, peabMinTaIys, paHHUH
BOCCTaHOBUTEJIBbHBIN IEPUOJI, HEHPOILIaCTUYHOCTb.

KonpaukT nHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTOSIIEeH CTaThH.

Hcrounuk ¢punancupoBanms. VccnenoBanne BHINOIHEHO NpH noanepxkke rpanta PH® «Pa3paborka HaydHBIX
OCHOB poOOTH3MPOBaHHOI HellpoMuopeabuuTanum» (cornamenue Ne 18-15-00082 ot 25.04.2018).
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INTRODUCTION

Ischemic stroke is a significant medical and social
problem all over the world [1]. More than 50% of pa-
tients who have had an ischemic stroke are unable to
return to a full life due to the persistence of a disabling
neurologic deficit, which in most cases is caused by
motor impairment [2]. In this regard, successful reha-
bilitation of stroke patients is one of the most essential
problems of modern medicine [3].

The effectiveness of motor rehabilitation is close-
ly related to the mechanisms of neuroplasticity — the
ability of brain neurons to functionally and structur-
ally reorganize themselves [4, 5]. Currently, the role
of the brain-derived neurotrophic factor (BDNF) in
neurogenesis, plasticity, and neuronal survival in-
duced by damage to brain tissue under conditions of
cerebral ischemia is actively studied. BDNF is one of
the most studied proteins of the neurotrophin family,
which promotes survival, growth, and differentiation
of cells in the cerebral cortex and hippocampus [5-9].
In addition, BDNF is involved in the processes un-
derlying cellular mechanisms of memory and motor
learning [10—-12].

There are two pathways for BDNF expression in the
central nervous system. The first is an unregulated con-
stitutive pathway — ischemic stroke induces synthesis
of BDNF and expression of its receptors [13]. The sec-
ond — a dependent pathway — the expression of BDNF
increases during motor learning as a result of move-
ment repetition, under the influence of sensory stimu-
lation and activation of the primary motor cortex. The
activity-dependent release of BDNF plays a key role in
synaptic plasticity in motor rehabilitation [5, 14, 15].

Most of the studies on investigating the relation-
ship between the BDNF levels and post-stroke exer-
cise have been conducted in animals. A number of ex-
perimental studies have shown that different intensity
and effectiveness of physical activity have different
effects on the level of BDNF [16]. Too high intensi-
ty and high frequency of physical activity can have a
negative therapeutic effect after stroke and slow down

motor recovery [17]. The type of exercise also affects
the concentration of BDNF. The results of most ex-
perimental studies demonstrate an increase in the level
of BDNF against the background of aerobic exercise,
at the same time, the data on the effect of anaerobic
functional training sessions on the level of BDNF are
contradictory [18].

In view of insufficient data on changes in the
BDNF concentration during rehabilitation after isch-
emic stroke, obtained as a result of clinical trials, the
study of the dynamics of changes in the level of neuro-
trophin depending on the type, intensity, and frequen-
cy of motor training and assessment of its effect on the
outcome of stroke are relevant. Solving these prob-
lems will answer the questions if is it possible to use
BDNF to predict the outcome of ischemic stroke and
assess the effectiveness of rehabilitation methods, as
well as the use of which types of neurorehabilitation
is the most rational.

The aim of the study was to assess the relationship
between changes in serum BDNF level, regression of
motor deficiency, and restoration of functional activ-
ity in patients with ischemic stroke after stage II of
medical rehabilitation.

MATERIALS AND METHODS

A prospective, non-randomized, comparative par-
allel study was conducted from March 2018 to De-
cember 2019. The study included patients over 18
years of age who signed a voluntary informed con-
sent (or a consent was obtained from close relatives).
The diagnosis of ischemic stroke was confirmed by
CT or MRI of the brain. Exclusion criteria were other
lesions of the central and peripheral nervous system;
HIV, syphilis, viral hepatitis; oncological diseases;
transient ischemic attack, hemorrhagic or recurrent
ischemic stroke.

The study was approved by the local Ethics Com-
mittee at Siberian State Medical University (Protocol
No. 114 0£22.10.2018).

For each study participant, a life history was col-
lected, neurological status was assessed, and venous
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blood was taken to determine the level of serum
BDNF. Traditional approaches to the restoration of
motor functions at the stage II of medical rehabilita-
tion at the Branch of Research Institute of Balneology
and Physiotherapy of the Siberian Federal Scientific
Clinical Center of Federal Medicobiological Agen-
cy include local air cryotherapy applied to the area
of spastic muscles, functional electrical stimulation,
stimulation of antagonist muscles to spastic muscles,
manual classical massage of paretic limbs, and exer-
cise therapy (therapeutic physical gymnastics on the
Bobath treatment table, active gymnastics, walking on
a treadmill, walking in rehabilitation bars and stairs
with an adjustable step height).

Specialists of the multidisciplinary rehabilitation
team selected adequate physical activity for the pa-
tient, drawing up a plan for their adequate mobiliza-
tion and rehabilitation, depending on the results of
low-load functional tests, assessment of a patient’s
likelihood of falling on the Morse Fall Scale, post-
stroke spasticity patterns, measurement of peripher-
al muscle strength on the Medical Research Council
(MRC) scale, assessment of spasticity in different
muscle groups on the Ashworth Scale, and evalua-
tion of violation of the hierarchical control over the
motor function by the nervous system. The duration
of one training session was 30 minutes, the frequen-
cy of sessions was 2 times a day with a break of at
least 2 hours, the course consisted of 20 workouts.
The functional state of the patient during the reha-
bilitation measures was controlled by the heart rate,
blood pressure level, and oxygen saturation in the
blood. The observation period was early recovery pe-
riod (90 days from the onset of stroke). Rating scales
included National Institutes of Health Stroke Scale
(NIHSS), Fugl — Meyer Assessment (FMA), and
Modified Rankin Scale (mRS) [19]. The BDNF level
in the blood serum was determined on a MAGPIX
multiplex analyzer (Luminex, USA) using an HND-
G3MAG-36K panel manufactured by MILLIPLEX®
MAP (Merck, Germany). The results obtained were
expressed in pg / ml.

Statistical processing of the results was carried out
using the Statistica 13.0 software package. The crit-
ical level of significance when testing statistical hy-
potheses was taken equal to 0.05 (p is the achieved
level of significance). Categorical parameters were
described in the form of absolute and relative (%)
frequencies of occurrence, quantitative and ordinal
ones — in the form of the median and the interquantile
range Me (Q,; O,). Comparison of two independent

samples was performed using the Mann — Whitney
test. To analyze the differences in parameters between
the three groups, the nonparametric Kruskal — Wallis
test was used, followed by pairwise comparison using
the Bonferroni correction for multiple comparisons
when the differences were detected. To compare qual-
itative parameters between the groups, the Pearson’s
chi-squared test was used. In order to assess the intra-
group dynamics of parameters, the Wilcoxon test for
dependent samples was used.

RESULTS

The study involved 49 patients (26 men (53.1%)
and 23 women (46.9%), average age 65 (59; 68) years)
with acute ischemic stroke in the middle cerebral ar-
tery, discharged from the Regional Vascular Center
of the Tomsk Regional Clinical Hospital after stage I
of medical rehabilitation. The population was divided
into two groups.

Group 1 (n =32) received rehabilitation treatment
at the stage Il of rehabilitation at the Branch of Re-
search Institute of Balneology and Physiotherapy
of the Siberian Federal Scientific Clinical Center of
Federal Medical Biological Agency. Group 2 (n=17)
was discharged for outpatient follow-up at the place
of residence. After stage I of medical rehabilitation,
the total score of the assessment scales in the study
population indicated a moderate neurologic defi-
cit (NIHSSday14 =4 (3; 8) points; FMAGlay14 =196 (179;
200) points) and moderate disability (mRS dayls = 3
(2; 4) points). To determine the normal values of se-
rum BDNF for a given age population, a comparison
group was created, consisting of 50 individuals with-
out stroke, comparable to the study sample by gender,
age, and risk factors for developing cerebrovascular
diseases (Table 1).

Groups I and II on day 14 after stroke were equiv-
alent in terms of the severity of neurologic deficit and
functional independence (Table 2). Group I patients
after the second stage of medical rehabilitation us-
ing traditional approaches to the restoration of motor
functions of the limbs showed pronounced regression
of neurologic deficit according to the NIHSS (p iay14.90
= 0.002) and FMA (p day1490 — 0.003) scales, as well
as improved functional independence according to
the mRS scale (pdayl 200 = 0.009). Group II patients
discharged for outpatient follow-up also showed a
decrease in the total score on the NIHSS (p day 1490 —
0.025) and mRS (pday 1a00 — 0.011) scales, whereas a
significant increase in the total score on the FMA scale
= 0.406) was not observed (Table 2).

(pday 14-90
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Table 1
Clinical and demographic characteristics of the population
Parameter Group I Group II Comparison group P
Average age, years, Me (0, ; 0,) 62 (57; 67) 66 (61; 68) 63 (56; 65) 0.817
Gender
Male, abs. (%) 17 (53%) 9 (53%) 29 (58%) 0.876
Female, abs.(%) 15 (47%) 8 (47%) 21 (42%) 0.902
Arterial hypertension (%) 32 (100%) 17 (100%) 37 (74%) 0914
Duration of hypertension, years, Me ( Q; O,) 11 (105 15) 10 (10; 15) 6(5;9) 0.892
Ischemic heart disease (%) 15 (47%) 7 (41%) 11 (22%) 0.789
Myocardial infarction (%) 7 (22%) 4 (23%) 0 0.231
Atrial fibrillation (%) 5(15%) 4 (23%) 0 0.190
Stenting and artificial heart valves (%) 2 (4%) 1 (6%) 0 0.380
Obesity (%) 21 (65%) 13 (76%) 28 (56%) 0.785
Dyslipidemia (%) 27 (84%) 13 (76%) 43 (86%) 0.872
Diabetes mellitus (%) 8 (25%) 2 (12%) 14 (28%) 0.638
Duration of diabetes mellitus, years, Me (Q; O,) 8 (5;10) 12 (5; 20) 7 (4; 10) 0.742
Smoking (%) 18 (56%) 9 (53%) 32 (64%) 0.823
BDNF level, day 14, Me (Q; O,) 2,768.0 (2,009.0; 3,652.0) | 2,224.0 (1,302.0; 4,497.0) | 4,273.0 (2,221.0; 5,251.0) | 0.072
BDNF level, day 90, Me (Q; Q,) 2,175.0 (1,730.0; 2,739.0) | 881.1 (231.9; 1,483.5) ** | 4,273.0 (2,221.0; 5,251.0) | 0.000
Stroke subtype according to TOAST criteria 0.204
Large artery atherosclerosis (%) 5(16%) 2 (12%)
Cardiac embolism (%) 4 (12%) 5(29%)
Small vessel occlusion (%) 0 (0%) 0 (0%)
Stroke of undetermined etiology (%) 23 (72%) 10 (59%)
Affected hemisphere of the brain 0.401
right (%) 16 (53%) 11 (65%)
left (%) 15 (47%) 6 (35%)

Significant differences in comparison: * with group I;  with the comparison group

Table 2

Analysis of clinical parameters between groups I and II according to the NIHSS,
FMA, and mRS scales, Me (Q,; Q,)

Parameter Group 1 Group 11 P goups1 1
NIHSS ., 43;4) 35(2;9) 0.688
NIHSS ., 3(2:4) 3(2;9) 0.176
P oy 1490 0.002 0.025
FMA .\, 191 (177; 201) 201 (169; 203) 0.612
FMA ., 199 (190; 215) 203 (172;204) 0.245
P oy 1490 0.003 0.406
mRS, ., 3(2;3) 2(2;3) 0.351
mRS o, 2(1;2) 2(1;3) 0.143
D gay 1490 0.009 0.011
AmRS -1(-2;0) 0(-1;0) 0.047
ANIHSS -2 (-3;-1) -1(=2;0) 0.043
AFMA 8 (6; 14) 3(1;4) 0.032
AFMA 6(4;9) 2(1;3) 0.041
AFMA, 4(2;6) 2(1;4) 0.015
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A comparative analysis of changes in the values
of clinical scales in the study groups between the ob-
servation points showed that the increase in points on
the AFMA scale P goups 1 - 11 = 0-032) and regression
of total points on the ANIHSS (P oups 111 = 0.043)
and AmRS @ groupsir = 0,047) scales in the patients
undergoing physical rehabilitation significantly ex-
ceeded those in the patients receiving outpatient
follow-up.

A detailed assessment of upper and lower extre-
mity motor functions according to the FMA scale re-
vealed a more pronounced increase in group I com-
pared with group II (P roups 1. = 0-041 and p
0.015, respectively) (Table 2).

In terms of the BDNF level, no significant dif-
ferences were found between the serum BDNF
level in the stroke patients from groups I and II on
day 14 and individuals from the comparison group
(Table 1, Fig. 1).
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Fig.1. BDNF level in the patients of the comparison group and
groups I-II on day 14 after stroke

At the same time, the concentration of the brain
plasticity biomarker, which is responsible for neuro-
nal survival and functional recovery after stroke, sig-
nificantly decreased by the end of the early recovery
period in the patients receiving outpatient follow-up
in group I (P, 14 400 g n, = 0-002). In the group of
patients undergoing rehabilitation, on the contrary, no
decrease in the factor level (p daylindayo0_grt, — 0-613) was
noted. In this regard, on day 90 of the study, the con-
centration of BDNF in group II became significantly
lower than in other groups, which still did not differ
from one other (Table 1, Fig. 2).
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Fig. 2. BDNF level in the patients of the comparison
group and groups I-II on day 90 after stroke: * significant
differences compared with group II

DISCUSSION

It is known that the level of BDNF in the blood
serum increases in response to ischemic damage to the
brain tissue and reaches its maximum concentration
on average on day 14 from the onset of stroke [14,
15]. The absence of differences between the BDNF
level in the study groups on day 14 of the disease and
in the comparison group, comparable in terms of sex,
age, and risk factors for stroke, can be interpreted as
a factor of a favorable prognosis for functional reco-
very. However, a comparative analysis of the study
population in the dynamic follow-up showed that the
patients who received motor rehabilitation in the early
recovery period had greater regression of neurologic
deficit on the NIHSS scale and a positive trend on the
FMA scale.

In addition, in group I, there was not only better
recovery of the motor function of the limbs, but also a
more pronounced increase in the functional activity —
AmRS (pgmup = 0.047) in comparison with the pa-
tients in group II. The data indicate the clinical effec-
tiveness of rehabilitation measures using traditional
approaches to restoring motor functions of the limbs.

The study of neurobiological markers showed that
the concentration of BDNF also changes depending
on the implementation of rehabilitation procedures
or their absence. In the patients in group I, the level
of serum BDNF did not significantly change between
day 14 and 90 after stroke, maintaining a high concen-
tration and not differing from those in the comparison
group. The opposite results were obtained in group I,
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where the level of the biomarker steadily decreased
and was lower at the end of the early recovery period
than in the comparison group.

Numerous fundamental studies have shown the
role of BDNF in the implementation of brain plasticity
processes due to the activation of neurogenesis, mi-
gration of nerve cells, remyelination of axons, as well
as prevention of the effect of proinflammatory cyto-
kines and a decrease in neuronal apoptosis [20, 21].
The key role of BDNF in the regulation of memory
and motor learning mechanisms through the effect of
long-term potentiation was demonstrated [22, 23]. In
studies on experimental models of ischemic stroke in
animals, it was shown that the expression of this neu-
rotrophin increased during physical rehabilitation due
to the activation of the motor cortex and improved the
replenishment of motor deficits [24].

We found better recovery of motor function and
functional independence in group I, which corre-
sponded to changes in the FMA, NIHSS, and mRS
scales. At the same time, in the group of patients who
went through the stage II of medical rehabilitation,
where a change in the FMA scale was observed, and
changes in the NIHSS and mRS scales were more
pronounced, the BDNF parameter remained at the
same level.

Apparently, the only possible explanation for the
improvement of motor function and functional inde-
pendence was physical rehabilitation in these patients,
which, in turn, was also accompanied by maintenance
of the BDNF level. In our opinion, this suggests that
induction of the activity-dependent pathway of BDNF
expression and maintenance of its relatively high con-
centration during the stage II of medical rehabilitation
were the main mechanisms that predetermined a fa-
vorable clinical and functional outcome.

CONCLUSION

The results of the study demonstrate the clinical
effectiveness of the stage II of comprehensive reha-
bilitation of patients in the early period of stroke re-
covery and suggest that successful neurorehabilitation
is closely related to an increase in the BDNF level
during rehabilitation. This makes BDNF a potential
marker for assessing rehabilitation effectiveness. The
use of rehabilitation methods that increase the level of
BDNF is promising.
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