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EFFECT OF NEUROMODULATION ON NEUROTROPHIC FACTORS IN PATIENTS WITH CHRONIC
DISORDERS OF CONCIOUSNESS

lazeva EG B9, Legostaeva LA, Bakulin IS, Poydasheva AG, Abaimov DA, Suponeva NA, Shabalina AA, Ryabinkina YV, Piradov MA
Research Center of Neurology, Moscow, Russia

Transcranial magnetic stimulation (TMS) is one of rehabilitation approaches for patients with chronic disorders of consciousness (DOC). The aim of our study was to
assess neurotrophic factors and the changes of those after TMS course in patients with chronic DOC. We enrolled 26 patients with chronic DOC of various etiology
and 21 heathy volunteers. Blood serum and cerebrospinal fluid (CSF) were collected from all patients before and after the TMS course, the levels of BDNF, NSE,
NGF, PDGF, GDNF and NT3 were assessed in the biomaterial. The blood BDNF, NSE, PDGF, GDNF and NT3 in patients with chronic DOC were higher compared
to healthy volunteers (o < 0.05). We found no correlations between the type of DOC and neurotrophic factors concentrations in blood and CSF. The CSF level of
BDNF in patients after traumatic brain injury (TBI) was higher compared to patients with non-traumatic chronic DOC (p < 0.05). We also found the increase of CSF
BDNF after the TMS course in patients after TBI (p < 0.05). No other significant differences between groups and another blood and cerebrospinal fluid biomarker
levels were detected. Thus, the serum BDNF, NSE, PDGF, GDNF and NT3 levels in patients with chronic DOC were higher compared to healthy volunteers. The
BDNF level in CSF was higher in patients with traumatic DOC, and it also increased after the course of high-frequency TMS in this group. This fact may indicate
the long-term neuronal plasticity processes in patients after TBI, as well as more favorable rehabilitation prognosis.
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BNISAAHUE KYPCA HEMPOMOAYNALUN HA NPO®USTb HENPOTPO®UYECKUX ®AKTOPOB
Y NALUMEHTOB C XPOHU4ECKUMW HAPYLLIEHUAMU CO3HAHUA

E.T. fAsesa =, 1. A. [leroctaesa, V. C. BakynuH, A. T Monpaluesa, [. A. AGavmos, H. A. CyrnoHesa, A. A. LLlaGanuHa, tO. B. PsabuHkuiHa, M. A. Miupanos
Hay4HbIn LeHTp Hesponorum, Mocksa, Poccrs

OpHYM 13 METOAOB peabunTaLn NaUMEHTOB C XPOHNYECKIM HapyLLeHem co3HaHns (XHC) sBnseTcst TpaHcKpaHuasnbHas MarHuTHas ctumynsupmst (TMC). Lienbto
paboTbl BbINO N3y4NTb HepoTpoduyeckune akTopbl y naumeHToB ¢ XHC n 1x nameHeHne Ha doHe npumeHeHns kypca TMC. MaupeHTtam ¢ XHC pasnmyHom
3TNONOMMN B XPOHUHYECKNX CPOKax (26 4enoBek) 1 300poBbIM A0OPOBONbLAM (21 1YenoBek) NpoBoanan Kypc putMmydeckort TMC neBov aHrynsipHom U3BUMHbI. Y
BCEX y4aCTHMKOB cobrpani obpasLibl CbIBOPOTKM KPOBW 1 NIMKBOpA A0 1 nocne kypca. B 6rnomatepunane nccneposanv yposHu BDNF, NSE, NGF, PDGF, GDNF,
NT3. MokagaHo, 4To yposHM BDNF, NSE, PDGF, GDNF, NT3 B kpoBu y nauveHtoB ¢ XHC Bbilwe, 4eM y 300poBbIx 406poBonbLEB (0 < 0,05). He BbisiBNneHo
pasnMuMii B KOHLEHTPALMN HENPOTPOMUHECKX (DaKTOPOB B KPOBW 1 NIMKBOPE B 3aBMCMMOCTU OT hopmMbl XHC. Y naumeHToB ¢ NocneacTBUAMU HepenHo-
MO3roBoWi TpaBMbl ypoBeHb BDNF B IMkBOpe okasasicst BbilLe, Y4eM Y MaLMeHTOB ¢ HeTpaBMaTiieckoi atnonoriert XHC (o < 0,05). Mocne nposeneHuist kypca TMC
nokasaHo yBenuyeHre ypoeHs BDNF B MkBope y NOCTTPaBMaTn4eCKyX naumeHToB (o < 0,05). [pyrvx 3Ha4MMbIX M3MEHEHWA MO rpynnam v Apyrim briomMapkepam
B KPOBV 1 IMKBOPE BbIABNEHO He ObIN0. Taknm 06pasom, ypoBHM HerpoTpoduryecknx haktopos BDNF, NSE, PDGF, GDNF, NT3 B CbIBOPOTKE KPOBY NaLMEHTOB
¢ XHC Bblilwe, 4eM Yy 300p0BbIX [06poBONbLEB. YpoBeHb BDNF B nvkBope naumeHToB 6bin Bbille npuv nocTTpamatdeckom XHC n yBenvdmsancs nocne
npoBefeHns Kypca Bbicoko4acToTHorm TMC y aTol rpynnbl. OTO MOXET CBUAETENBCTBOBATL O ANMTENBbHbIX MPOLIECCax HEMPOMAACTUHHOCTY, MPOVCXOAALLMX Y
NaLVeHTOB MOCe YepenHO-MO3roBol TPaBMbl, 1 6onee 61aronpUATHOM PeabnUTaLMOHHOM NPOrHO3e.

KrntoueBble crnoBa: XpOH/YeCKEe HAPYLLEHNS CO3HaHVISI, BErETATUBHOE COCTOSIHNE, CUHIPOM apeakTVBHOrO 604PCTBOBAHNS, COCTOSIHME MUHMATTBHOMO CO3HaHWS,
BDNF, NSE, PDGF, NT3, HelpoTpotunyeckme hakTopbl, TPaHCKpaHMasibHas MarHUTHast CTUMYNSLAS

®duHaHcupoBaHue: paboTa BbINosHeHa Npv NOAAEPXKKE rpaHTa Poccuitckoro Hay4Horo droHaa (PH®) 16-15-00274.

Bknap aBTopoB: E. I fI3eBa — kmHMYeckas paboTta, KnMHu4eckas oLeHka, coop bromartepuanos, NoarotoBka pykonucy; J1. A. JleroctaeBa — KIMHUYeCKas
paboTa, KMHUYeckas oueHka, coop bromartepuanos; V. C. BakynuH, A. I TMoipawesa — BbinonHeHne pTMC, nogrotoBka pykonwvcu; . A. A6anumos,
A. A. WWabanmHa — BbINONHeHWe nabopaTopHbix nccnegoBaqni; H. A. Cynonesa, HO. B. PabuHkuHa, M. A. MNupagoB — nnaHvpoBaHWe 1 PyKOBOACTBO
1ccnenoBaHneM.

CobntofeHne aTn4eckmx CTaHAapToB: 1CCeaoBaHne ofoOpeHo STUHECKM KOMUTETOM Hay4Horo LieHTpa HeBposorm (MpoTtokosn Ne 9-5.16 ot 26 okTsbps 2016 T7).
[MNaumeHToB BKtOYaM B MCCNefoBaHne Nocne NMoyYeHnst OT UX POACTBEHHMKOB JOOPOBOBHOMO MMCHEMEHHOMO MHAOPMMPOBAHHOMO COrnacys.

P<] Ons koppecnongaeHuun: Envisaseta MpuropbesHa s3esa
Bonokonamckoe wocce, . 80, . Mocksa, 125367; yazeva@neurology.ru

Cratbsi nonyyeHa: 19.08.2020 CtaTtbsa npuHATa K nevatu: 05.09.2020 Ony6nmkoBaHa oHnariH: 23.09.2020

DOI: 10.24075/vrgmu.2020.056

BULLETIN OF RSMU | 5, 2020 | VESTNIKRGMU.RU




OPUT'MHAJIbBHOE NCCJIEAOBAHVE | HEBPOJ1OINA

Advancements in intensive care led to increased number
of patients who survived severe brain injury and numerous
disabled patients with chronic disorders of consciousness (DOC)
including the vegetative state (VS), also known as unresponsive
wakefulness syndrome (UWS), the minimally conscious state
(MCS) and the emergence from MCS (eMCS). As is well known,
the spontaneous opening of eyes with no signs of self- or
environmental awareness is typical for VS. MCS is distinguished
by minimal but clearly discernible evidence of awareness [1-4].
Patients with chronic DOC pose many significant challenges
for health professionals and society, such as development of
approaches to social adaptation of patients, and search for
rehabilitation methods with proven effectiveness. That creates
a large field for clinical and fundamental neuroscientific research.

Currently, most studies of chronic DOC are focused on
neurophysiolocal and neuroimaging features of the impaired
consciousness, as well as on implementation of various
methods for the consciousness level improvement. Of those,
the noninvasive neuromodulation techniques attract most
attention, such as transcranial magnetic stimulation (TMS) and
transcranial direct current stimulation (tDCS) [5]. However, the
study of biochemical changes in the nervous tissue is relegated
to the background. To date, a large number of neurotrophic
factors are known. The factors are involved in the central
nervous system (CNS) functional regeneration, and may be
used as neuronal plasticity markers.

In the context of chronic DOC and recovery of consciousness
the brain-derived neurotrophic factor (BDNF) is of particular
interest. It is known as one of the most active neuroprotective
factors, and is involved in regeneration of neurons both during
the acute phase of brain tissue damage and in chronic one [6].
Among other neurotrophins involved in neural plasticity process
are neurotrophin-3 (NT3), glial cell derived neurotrophic factor
(GDNF), platelet derived growth factor (PDGF), and nerve growth
factor (NGF). Neurotrophic factors are generally studied in
the context of search for possible neurodegenerative diseases
treatment methods [6], however, the experience of using them
for treatment of injuries to nervous tissue had been also reported
[7]. NT3 is known mainly as a factor responsible for stimulation
of fetal neurogenesis. It is involved in generation of neurons
from stem cells and in regeneration of neurons in adults [8].
GDNF increases the survival rate of dopaminergic and motor
neurons, therefore, it is also considered a factor promoting the
nervous tissue repair [9]. PDGF is best known for its effect on
angiogenesis and mesenchymal stem cells. Furthermore, PDGF
stimulates glial cells (oligodendrocytes, for instance), which
affects the neurons functioning and regeneration [10]. NGF
stimulates growth and repair of neurons [6]. Another potentially
interesting protein is the marker of neuronal injury, the neuron
specific enolase (NSE). NSE is commonly studied in the context
of acute conditions (acute traumatic brain injury, cardiac arrest). It
shows the prognostic value during the acute brain injury both for
subsequent consciousness recovery and brain death [11, 12].

Very few studies so far assessed neurotrophic factors
in patients with chronic DOC, and their potential role in the
recovery of consciousness remains unknown. As previously
mentioned, one of the major approaches to rehabilitation of
such patients is the noninvasive brain stimulation, particularly
TMS. A number of papers report the changes of plasma BDNF,
NT3, GDNF and PDGF levels in patients after TMS, which
might be interesting in terms of studying the damaged nervous
tissue repair mechanisms [13-15].

Currently, the prognostic value of biochemical markers
for chronic DOC generally remains understudied, as well
as their correlations with repair processes. The study was

aimed to assess the neurotrophic factors levels in blood and
cerebrospinal fluid (CSF) of patients with chronic DOC and their
change during the course of repetitive TMS (rTMS).

METHODS

Inclusion criteria were: age over 18 years; chronic DOC
(vegetative state or minimally conscious state); within a period
of more than 3 months for non-traumatic brain injury or more
than 12 months after traumatic brain injury (TBI); traumatic
and non-traumatic etiology (after hypoxia, CNS infections,
stroke, etc.); stable condition of the patient; no current
infectious complications, disfunctions of organs and systems;
no contraindications of rTMS. We performed routine EEG to
ensure the safety of rTMS in patients with organic lesions of
the CNS [16]. Exclusion criteria: patients with epileptiform
discharges on EEG screening were excluded.

Patients after admission were examined with the validated
Russian version of the Coma Recovery Scale — Revised
(CRS-R) score [17], then we conducted venipuncture for blood
sampling and lumbar puncture in accordance with standard
protocol for CSF sampling. After that we delivered the high-
frequency rTMS protocol over the left angular gyrus [18]. The
patient’s rehabilitation also included standard procedures, such
as physical exercises, massage therapy and verticalization.
After the rTMS course the patients were assessed with the
CRS-R score again. The second sampling of serum and CSF
was performed within 24 hours after the last rTMS session.

After sampling of biomaterials, blood was subjected to
centrifugation in order to obtain serum. The serum and CSF
samples were subsequently frozen at =71 °C. The levels of
BDNF, NSE, NGF, PDGF, GDNF, NT3 were evaluated. Detection
and quantification were performed by sandwich enzyme linked
immunosorbent assay (ELISA). The R&D Systems (USA, China)
and Vector-Best (Russia) reagent kits were used. The calibrators
provided by the reagent manufacturers were used in all studies.
The duplicate readings were performed with VICTOR 2 system
(PerkinElmer; USA) using the lyophilized control serum/plasma
samples with low and high values of studied parameters.

The control group included healthy volunteers, from whom
serum samples were obtained.

Statistical analysis was carried out by means of the SPSS
Statistics v23 software. We performed the biomarker levels
intergroup comparisons using the Mann-Whitney U-test. We
tested differences between boimarkers’ levels before and after
the rTMS course using the Wilcoxon signed-rank test (the
differences between groups were accepted when p < 0.05).
Quantitative data were reported as median, lower and upper
quartiles (Me [LQ, UQ)).

RESULTS

We enrolled 26 patients and 21 healthy volunteers. The
surveyed patients’ demographics and structure of diagnosis
are listed in Table 1. The sex ratio in the group of healthy
volunteers (M/F) was 8/13, and the average age was 30 [27;
36] years. We didn’t find significant gender and age differences
between healthy volunteers and the patients.

The blood and CSF analysis results are listed in Tables 2 and 3.
The levels of BDNF, NSE, PDGF, GDNF, and NT3 in serum were
significantly higher in patients with chronic DOC, than in healthy
volunteers, but there were no differences in NGF levels.

We didn’t find any differences in serum BDNF, NSE, NGF,
PDGF, GDNF, NT3 both between groups of patients with VS/
UVS and MCS, and due to DOC etiology.
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Table 1. Baseline characteristics of patients included in the study of biochemical markers in chronic DOC

Parameter Total DOC Type of DOC DOS Etiology
VS/UWS MCS p TBI Non-traum. p

Type of DOC (VS/ MCS) 26 14 12 10 16 0.02
Age, yr. 27 [23; 41] 25 [23; 33] 29 [24; 44] 0.86 24 [21; 25] 33 [25; 47] 0.01
Sex (M/F) 16/10 7/7 9/3 0.05 7/3 777 0.18
Etiology (TBI/non-traum.) 10/16 3/11 7/5 0.06 10 16

Time postinjury, months 12 [8; 22] 12 [8; 19] 14 [9; 23] 0.63 14 [12; 21] 12 [7; 22] 0.7
CRS-R score before rTMS 7[6;11.75] 6 [6. 6] 13[10; 17] <0.01 12 [7;15] 61[6.9] 0.03

Note: VS — vegetative state; non-traum. — non-traumatic; MCS — minimally conscious state; DOC — chronic disorder of consciousness; TBI — traumatic brain injury.

We detected significantly higher level of CSF BDNF in
patients after TBI compared to patients with non-traumatic
DOC. There were no differences in other studied markers CSF
levels between groups.

We analysed the biomarker levels in blood and CSF before
and after the rTMS course. It was possible to obtain CSF
samples before and after rTMS only in 21 people. Withdrawal
of the informed consent by relatives, the refusal of the second
lumbar puncture, or inability to complete the rTMS protocol
were the reasons to get less samples. There were 11 VS/UVS
patients and 10 MCS patients in rTMS group. Eight patients
had traumatic etiology of DOC, and in 13 ones had the non-
traumatic etiology. Comparison of CRS-R scores before TMS
course in the groups due to the chronic DOC type (VS/UWS or
MCS) and etiology didn’t show any differences. The patients
after TBI were significantly younger than ones with non-
traumatic etiology. There were no other significant differences
between the groups.

We didn’t find any significant changes of biomarker levels
in serum and CSF after rTMS application in the whole group,
in VS/UWS and MCS patients distinctly, traumatic and non-
traumatic DOC. The only difference was in BDNF level: we saw
the significant increase of CSF BDNF level after rTMS course in
patients with TBI (see Figure).

The level of consciousness in MCS patients improved after
the rTMS course: their CRS-R score increased by 2.1 points

on average regardless of etiology, at the same time, the VS/
UWS patients didn’t show any changes (the clinical results are
reported in the paper [18]). We didn’t find any correlations in
biomarker levels before rTMS course and patients’ improvement
via CRS-R score after the course.

Thus, we found that the CSF BDNF level is significantly
higher in patients with posttraumatic chronic DOC compared
to non-traumatic chronic DOC, and it was increasing after
the rTMS course in that group. There were no differences in
concentrations of other studied biomarkers (NSE, NGF, PDGF,
GDNF 1 NT3) in CSF and serum, both between groups of
patients and after the rTMS course.

DISCUSSION

The study of biochemical markers injury and repair of the central
nervous system may contribute to a deeper understanding of
appropriate patterns.

In our study we measured the levels of BDNF, NSE, NGF,
PDGF, GDNF, and NT3. In patients with traumatic chronic
DOC the concentration of BDNF in CSF was significantly
higher compared to patients with non-traumatic DOC, and
the concentration increased after the rTMS course in the
discussed group. When comparing the factors’ blood levels in
patients and healthy volunteers, it turned out that the levels of
all factors except NGF were significantly higher in the patients,

Table 2. Serum biomarkers levels in patients with chronic DOC and healthy volunteers

Total group Type of DOC DOC Etiology
Biomarker

DOC, n=26 Healthy, n=21 P VS/UWS, n=14 MCS, n=12 P TBl, n=10 Non-traum., n=16 P
BDNF, pg/ml 770 [640; 950] 54 [40; 62] <0.01 | 800[510;1010] [ 770 [675; 915] 1 750 [645; 875] 820 [560; 980] 0.9
NSE, ng/ml 53 [30; 64] 101[9; 13] <0.01 40 [28; 54] 61 [51; 71] 0.13 55 [30; 63] 52 [30; 62] 0.86
NGF, pg/ml 222 [145; 267] 128 [103; 211] 0.54 219 [103; 261] 229 [184;282] | 0.35 229 [186; 260] 219 [144; 313] 1
PDGF, pg/ml 223 [200; 267] 72 [64; 90] <0.01 243 [191; 282] 213 [200; 246] | 0.86 205 [200; 239] 235 [198; 289] 0.45
GDNF, pg/ml 5.3[3.7; 6.4] 1.1[1;1.5] <0.01 4.6 [3.6; 5.7] 5.8[4.1;6.5] 0.3 5.8 [4.5; 6.4] 4.6 [3.6; 5.9] 0.39
NT 3, pg/ml 365 [329; 504] 89 [69; 103] <0.01 360 [322; 472] 388 [356; 518] | 0.43 388 [332; 524] 362 [339; 491] 0.78

Note: VS — vegetative state; non-traum. — non-traumatic; MCS — minimally conscious state; DOC — chronic disorder of consciousness; TBI — traumatic brain injury.

Table 3. Cerebrospinal fluid biomarkers levels in patients with chronic DOC

) Total DOC group, Type of DOC DOC Etiology
Biomarker ~ o6
n= VS/UWS, n=14 MCS, n=12 p TBl, n=10 Non-traum., n=16 p
BDNF, ng/ml 18 [11; 30] 14 [11; 31] 21[12; 27] 0.49 28 [21; 38] 13 [11; 20] 0.04
NSE, ng/ml 96 [81; 131] 95 [78; 104] 98 [90; 156] 0.27 110 [94; 154] 95 [79; 101] 0.2
NGF, ng/ml 178 [137; 233] 178 [120; 210] 189 [143; 242] 0.53 177 [137; 233] 178 [144; 219] 0.82
GDNF, pg/ml 170 [135; 250] 160 [135; 240] 193 [140; 258] 0.56 235 [158; 261] 145 [123; 215] 0.17
NT 3, ng/ml 163 [111; 215] 145 [110; 199] 195 [145; 240] 0.19 195 [128; 219] 153 [110; 211] 0.34

Note: VS — vegetative state; non-traum. — non-traumatic; MCS — minimally conscious state; DOC — chronic disorder of consciousness; TBI — traumatic brain injury.
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Figure. Change of BDNF levels in the cerebrospinal fluid of patients with chronic DOC after the course of rTMS by groups according to DOC type and etiology. VS —
vegetative state; MCS — minimally conscious state; DOC — disorder of consciousness; TBI — traumatic brain injury

which indicated the long-existing nervous tissue damage and
ongoing repair processes.

In this context it should be understood that the synthesis
and level of neurotrophins in patients with severe CNS injury is
likely to be affected by the cause of the disorder, its duration,
and the patient’s age. Thus, it is difficult enough to obtain
homogeneous results in the heterogenous group of patients
with chronic DOC. It can be assumed however that the overall
brain injury and nervous tissue repair process are similar in all
patients with chronic DOC.

It is well known that in the nervous system neurotrophins
are involved in the neurons survival and regeneration process
[6], therefore, in patients with severe nervous system injury
the elevated levels of neurotrophins are observed. This may
be due to damaged blood-brain barrier, and suggests that
neurotrophins may have a neuroprotective role [19-21]. During
the analysis of patients by groups we detected significant
differences in the CSF BDNF concentration. There were no
significant differences in the other factors concentrations
between patients with VS/UWS and MCS, traumatic and non-
traumatic etiology, before and after rTMS course.

The role of BDNF as a neuroprotective factor promoting the
nervous tissue repair is widely discussed in literature. Thus, its
role in the spinal cord injury recovery is being actively studied,
the elevated BDNF level after traumatic injury is reported [22,
23]. During the experiments on rats the researchers tried to
repair the spinal cord by delivery of BDNF to the affected area
[7]. The BDNF level increased proportional to severity of paresis
after stroke [21]; the other study reported elevated BDNF after
moderate TBI proportional to neurologic deficit [19]. Interesting
data were reported on critically ill patients without brain injury:
there were no correlations between elevated BDNF and other
neurotrophins, as in our study [24]. The authors concluded that
the discussed marker correlated with the patients’ mortality.
In another study with patients after TBI, the autors made the
opposite conclusion: they didn’t detect any correlation between
the injury severity and the level of BDNF [25].

Thus, literature contains contradictory information on the
role of BDNF and the changes of its concentration in various

disorders. Unlike any other authors, we revealed the changes
in the concentration of this factor in the CSF, but not in the
blood serum. This fact may indicate that our chronic patients
have already recovered the blood-brain barrier, but the neural
plasticity processes still go on. The interesting fact is that the
most active changes are seen in patients with TBI. This may be
due to various factors. Firstly, the trauma patients have longer
recovery period, therefore, the disorder of consciousness is
considered persistent after 12 months in patients with TBI
and after 3 months in patients with non-traumatic DOC [3].
Secondly, it is known that such patients have more favourable
prognosis compared to patients with hypoxia [26]. Therefore,
we can assume that recovery process is more active and
lasts longer, that is what our results may indirectly indicate.
It should be noted that among patients with TBI there were
three people with VS/UWS and eight people with MCS. At first
glance, it is reasonable to assume that elevated BDNF and the
associated recovery processes were detected in the group with
TBI due to higher proportion of patients with MCS. However,
the comparison of groups with VS/UWS and MCS revealed
no differences in the BDNF concentration. It can therefore be
concluded that elevated CSF BDNF results not from type of
DOC, but from etiology.

The changed BDNF level after the rTMS course is of
particular interest. Literature contains contradictory information:
elevated BDNF in serum after rTMS [27, 28], and elevated
BDNF mRNA in the hippocampus and parietal cortex after the
long-term rTMS [29] have been reported. It is concidered that
magnetic field during the high-frequency rTMS can stimulate
activity of glutamatergic receptors and trigger the synthesis of
BDNF, and the low-frequency rTMS, on the contrary, inhibits the
BDNF synthesis [30]. Nevertheless, the results of meta-analysis
across studies of BDNF level during rTMS are contradictory
[30]. The authors note that BDNF level may be also related
to etiology of the disorder and patient’s age. Therefore, the
described biomarker requires further research.

In our study, we found elevated CSF BDNF after rTMS in
patients with posttraumatic chronic DOC. Taking into account
the protein’s neuroprotective properties, this may be due to
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process underlying more favorable recovery that is known for
DOC patients after TBI.

The study limitations include the small number of patients,
as well as the lack of control group of healthy volunteers for
assessment of neurotrophic factor levels in CSF. For more
accurate results, especially for group comparison, further study of
neurotrophins is required with the inclusion of more participants.

CONCLUSION

The study of neurotrophic factors in patients with severe brain
injury revealed significantly higher serum BDNF, NSE, PDGF,
GDNF and NT3 levels in patients with chronic DOC compared
to healthy volunteers. The level of BDNF in CSF in patients
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