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DEEP BRAIN STIMULATION
FOR MOVEMENT DISORDERS TREATMENT

Abstract. Deep brain stimulation (DBS) is the electrical stimulation of the deep nuclei. Electrodes implanted in
the desired target and the stimulation parameters can be modified to enhance the positive and to reduce side effects.
Mostly often such diseases as Parkinson's disease, essential tremor and dystonia are treated by DBS.

Tremor and rigidity in Parkinson's disease is treatable especially by stimulation of the subthalamic nucleus.
Stimulation of the ventral nucleus of the thalamus is the most effective method of treatment of essential tremor. The
stimulation of the globus pallidus showed to be effective in primary generalized dystonia, primary segmental dysto-
nia, cervical dystonia, blepharospasm, Merge syndrome, tardive dystonia and certain forms of secondary dystonia.

128 patients with movement disorders were operated in the National Center for neurosurgery in the period from
2013 to 2015. 117 patients out of 128 were operated with the diagnosis of Parkinson's disease, 10 with dystonia,
1 with essential tremor. There were 57 men and 72 women. The average patient age was 51 year. A significant im-
provement in motor function in patients operated on Parkinson's disease increased by 65% in 2013 and 71% in 2014
to 92% in 2015. DBS treatment of patients with dystonia was significantly effective in spastic torticollis, but it is less
effective in patients with secondary generalized and segmentary dystonia.

The National Center for Neurosurgery has been providing the movement disorders surgery program for 3 years.

Keywords: deep brain stimulation, Parkinson’s disease, dystonia, tremor, surgical treatment.

Introduction. Surgical treatment of medically refractory forms of movement disorders lay in the
destruction of neural structures involved in the process, usually the thalamus or pallidum. Thus small
areas destruction is made by chemical degradation, freeze coagulation or ¢lectrical. Since a permanent
hotbed of destruction developed after these procedures, if it is successful, the effect would be permanent,
but if unsuccessful, the side effects would be very severe and irreversible.

Deep brain stimulation (DBS) is a high-frequency electrical stimulation of the underlying nuclei and
causes the same therapeutic effect as with destruction. DBS method appeared in the 1960s. In the 1970s, a
method was developed and began to be used in the treatment of pain syndromes, epilepsy, movement
disorders and cerebral palsy [1, 2]. Currently, the method of DBS treats, in addition to movement disor-
ders, Tourette's syndrome, depression, obsessive-convulsive disorders [3].

DBS has advantages over the destruction due to its adjustability and reversibility. Electrodes are
implanted in the desired goal, but the stimulation parameters can be modified to enhance the positive
effects and to reduce side. If the treatment is ineffective, the electrodes can be repositioned or removed
altogether, without any consequences. In view of the above, the DBS has become the method of choice
for the treatment of movement disorders, as compared to the currently used destructive operations [4].
Mostly often Parkinson's disease, essential tremor and dystonia are treated with DBS method.

Parkinson's disease. Parkinson's discase (PD) is the second most common neurodegenerative disease
that affects between 1 and 3% of adults older than 65 years old [5]. The tremor, bradykinesia and rigidity -
the main symptoms of Parkinson's disease. In spite of the therapy, in 40% of patients discase symptoms
are saved and 28% experience levodopa-induced dyskinesia [6].
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Traditional treatment with levodopa gives a positive effect, but long-term use develops side effects.
Dyskinesia, a condition where the patient experiences a spontancous involuntary movements are the most
common side effect, and is also a limiting factor of levodopa therapy. DBS of subthalamic nucleus or
globus pallidus cropped PD symptoms, leading to a reduction in the dose of levodopa, thereby reduce
dyskinesia. The best candidates for DBS are patients with severe motor parkinsonian syndrome in the
«off» stage, an improvement from the antiparkinsonian therapy, but with levodopa-induced movement
disorders with a history of the disease for more than 5 years. Candidates for DBS should not have rude
cognitive impairment or dementia [7-9].

Stimulation of the ventral nucleus of the thalamus (nucleus ventralis intermedius talami, VIM) is used
in a limited number of patients with PD-tremor predominant because it has insufficient effect on rigidity
and bradykinesia, the most common symptoms of PD [10,11]. The stimulation of the globus pallidus
(globus pallidus interna, GP1) is also effective for the treatment of tremor, but also reduces symptoms of
dyskinesia, rigidity and bradykinesia, postural stability somewhat improved [12]. Stimulation of the
subthalamic nucleus (subthalamic nucleus, STN) is similar to GPi stimulation in terms of rigidity,
bradykinesia and tremor treatment, and also results in reduction in the dose of antiparkinsonian drugs,
which reduces dyskinesia pharmacological [13]. STN stimulation is fairly well studied and is therefore a
more advanced procedure [14]. Tremor and rigidity is particularly amenable to treatment by STN
stimulation, and bradykinesia, gait disturbances, and postural instability. Improvement by 50% motor
UPDRS scale after STN stimulation was maintained for 5 years [15]. STN stimulation allows in 50-60%
cases to reduce the dose of the dopaminergic agents, thereby reducing dyskinesia in 94% of cases after 12
months of treatment [14,16]. The results of 2 randomized studies comparing best medical therapy with
STN and GPi stimulation showed that patients who received STN and GPi stimulation watched in addi-
tion more than 4 hours «on» period without medication dyskinesias [17]. Another study compared the
stimulation of STN and GPi. They found that in the off-stage rigidity, bradykinesia and tremor were
decreased during stimulation of both structures. Dyskinesia is also decreased for 12 months after surgery.
However, bradykinesia was better treated by STN stimulation, and these patients have reduced the dose of
antiparkinsonian drugs longer than patients who received GPi stimulation [19]. The comparison study of
unilateral STN and GPi stimulation found no changes in mood or cognitive abilities [20]. Since PD - pro-
gressing disease, reducing of response of treatment may occur with the progression of the disease or as a
result of adaptation to stimulation.

Essential tremor. Essential tremor (ET) is also known as benign tremor or familial tremor, is one of
the most common movement disorders, affects more than 5% of the population over 60, but can occur at
any age [21]. Over time, the ET can significantly reduce quality of life, leading to the fact that patients
need help with eating and daily activities.

Drug ET treatment is usually with beta-blocking agent, such as propranolol. Anticonvulsants, ethanol
and some benzodiazepines may be effective to reduce tremors. However, 50% of patients with ET do not
respond to medical therapy [21]. With the recording microelectrodes it was revealed that cells in "VIM"
light at the same frequency with which tremor occurs, and can be regarded as Targeted cells [26]. High
frequency stimulation via electrode can suppress the abnormal activity, thereby reducing tremor.
Unilateral and bilateral tremor of the extremities, face, vocal cords and tongue may be treated by VIM
stimulation. Usually in practice, a bilateral VIM stimulation is used [23,24,25]. Many prospective studies
have demonstrated the high efficiency of VIM stimulation in the treatment of ET [23,27,28,29]. Most
patients report a significant reduction in tremor in the limbs from 50% to 80%. Although about 9% of
patients with radiologically verified correct position of electrodes have no positive result [30,31].

Dystonia. Dystonia — is a movement disorder characterized by prolonged involuntary muscle
contractions in the trunk or limbs. Neurophysiological studies indicate that the co-contraction of muscles
of agonists and antagonists is responsible for dystonic position [32]. Primary dystonia has a hereditary
nature and is associated with DYT genes [33]. Secondary dystonia appears after the well-known reasons.
The prevalence of focal dystonia - 29.5 per 100,000 population, primary generalized dystonia 3.4 per
100,000 [34].

Drug treatment of dystonia is in the application of anticholinergic drugs, benzodiazepines and other
preparations. However, the success of drug therapy varies from 20% to 40% [35,36]. Medication has a
number of side effects such as sedation, Parkinsonism, cognitive dysfunction [37]. Treatment of focal
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dystonia forms of botulinum toxin A, which has been the main treatment for dystonia to the 1980s, led to
a good clinical effect. However, long-term use of botulinum toxin A is limited due to the follow immu-
noresistance thereto and reduce the effect of treatment [37, 38].

DBS for dystonia treatment showed to be effective in improving the symptoms of the disease. The
main candidates for DBS - are patients with dystonia, the symptoms of which severely limit normal life,
despite taking medication. The main criteria for inclusion in the DBS treatment group: age older than 7
years, primary dystonia, including generalized and segmental form, spasmodic torticollis [39]. The target
of DBS is postventral lateral portion of GPi [40]. GPi stimulation showed to be effective in primary
generalized dystonia, primary segmental dystonia, cervical dystonia, blepharospasm, Meige syndrome,
tardive dystonia and certain forms of secondary dystonia [41].

Materials and methods of research. In the National center for neurosurgery there were operated
128 patients with movement disorders in the period from 2013 to 2015. Among them 117 patients were
operated with the diagnosis of Parkinson's disease, 10 with dystonia, 1 with essential tremor. There were
57 men and 72 women. The average patient age was 51. In 116 cases, the aim was to stimulate the subtha-
lamic nucleus (STN), in 12 cases - the globus pallidus (GPi) and in 1 case - the ventral thalamus (VIM).
73 operated patients were observed for more than 1 year.

We have used international criteria for the selection of patients with Parkinson's disease to the DBS.
Their clinical status was assessed using the Unified Parkinson's Disease Rating Scale. The mean duration
of disease was 10 years. Pronounced motor fluctuations and dyskinesias were in 75% of patients.

The main indication for DBS with a view to the globus pallidus was focal dystonia with spasmodic
torticollis.

For the implantation of electrodes it was used multipurpose stereotactic frame and G-frame arch
(Electa, Sweden) and SurgiPlan software (Elekta, Sweden) [42].

For implantation it was used Activa PC of the company Medtronic (USA, Minneapolis) system for
deep brain stimulation, which consists of two electrodes, two extension cables and pulse generator.

The vast majority of implantations (90%) was carried out using the microelectrode recording of the
LeadPoint Micro Electrode Recording (MER) system manufactured by Medtronic (USA, Minneapolis).

Results. Significant improvement of motor functions (more than 50% in the Unified Parkinson's
Disease Rating Scale) in patients operated on for Parkinson's disease has increased from 65% in 2013 and
from 71% in 2014 to 92% in 2015. Postural instability, gait problems and standalone symptoms regressed
less. We reduced the dose of dopaminergic drugs by 30-50%, which allowed to neutralize levodopa-
induced dyskinesia in all cases. 6 patients were to completely abandon the levodopa therapy.

DBS treatment of patients with dystonia was significantly effective in spastic torticollis, but was less
effective in patients with secondary segementary and generalized dystonia.

Patient with essential tremor got rid of it, but not completely.

In 12 cases, we observed various surgical complications in patients with implanted devices. In 1 case
it was symptomatic hemorrhage occurred during the installation of the electrode, which resulted in
hemiparesis. In two cases there was asymptomatic hemorrhage. In 7 cases, there was infection contami-
nation of the system that caused the complete removal of the system 4 and partially in 3 cases. Two
patients developed a pulmonary embolism, which ended lethally in one patient. The number of com-
plications was reduced as gaining experience and developing a protocol of diagnosis and treatment based
on evidence-based medicine. Devices complications not observed.

Conclusion. In the National center for neurosurgery for 3 years it has been held the program of
treatment of patients with movement disorders by DBS.

Deep brain stimulation has become an important part of the treatment of movement disorders
including Parkinson's disease, essential tremor and dystonia. For patients whose symptoms are not
amenable to drug therapy, DBS is the method of choice. The majority of patients who received DBS at the
National center of neurosurgery, greatly stoped major disabling symptoms of diseases and increased
quality of life. Of great importance is the correct patient selection, which allows to achieve the best
outcomes.
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«¥arTHIK HeWpoxupyprus opranbrs» AK, Acrana, Kazakcran
KO3FAJBIC BY3bLUIBICTAPBIH EMJAEYJIE MU /bl TEPEH CTUMYJALNUAJTAY

AnHoTtammst. Muns! teper crumypimsiiay (MTC) Teperae opHaTackaH SIIPOJIAPABI 3IEKTP apKbLIBI CTHMY -
TIUATAYAAH TYPAabl. DICKTPOATAP KAKSTTI HBICAHAFA CHOIPLICAl, agaiaa CTHMYJIIHATIAY NapaMeTpicpi OH
dCepICpAl apTTHIPY MEH KAHAMA dcepiepal azaity ymiH esreprityi mymkin. MTC oxici ke0ine [TapkHHCOH aypysL,
3CCEHIHAIABI TPEMOP KOHE AMCTOHMIHBI €MACY/IC KOMAAHBIIAAbL. [T1apKHHCOH aypybl KE31HAET1 AIpiT MEH cipecre
acipece cyOTamaMyc SAPOCHH CTHMY JNUATIAY Ke31HAC SMACYTS Kenedi. TaaaMyCThIH BEHTPAbIbI STPOCHH CTHMY -
TAIHEATIAY 3CCCHIHATABI TPESMOPIBI SMACYIIH aWTAPIBIKTAN THIMII oAiCi. BO3FBUIT Mmapasl CTHMY IANMAIAY ©3iHIH
THIMALTITIH KAWBUTBINT KCTKCH 0ACTANKBl JUCTOHHA, OACTATIKBI-CCTMCHTAPITBIK, AUCTOHHS, CPBHKATIBAB JHCTOHHU,
6redapocmazma, Mepsk CHHIPOMBI, TAPAUBTI AUCTOHILIAP MKOHE EKIHIILTIKTI TUCTOHUSHBIH OipKaTap (opManapsl
KE31HAE KOPCETTI.

Y ATTHIK HEHPOXUPYPTHUs opTanbiFbiHAa 2013-2015 >xpurnap apansiFblHAa KO3FAIBIC Oy3bUIbICTaps! 0ap 128 ma-
IUeHTKe orepans »xacanapl. OnsIH imiage 10 mauwent [Tapkurcon aypyst, 10-s1 nuctonms, 1-yi scceHIUANIBI Tpe-
MOp AMATHO3BIMEH OomnepanmsFa anbHAbl. Epkekrep cansl 57, aitenaep 72. [lammeHTTepain opra >kacel 51 sKacTsl
Kypazbl [TapkuHCOH aypybl OOHMBIHIIA OTEpaIysl >KacalFaH MANUCHTTEPAIH KUMBIT — KO3FAJibIC ()YHKIMIAPBIHBIH
arrapibIKTai skakcapyst 2013 sxpumst 65%, 2014 xbutst 71%, 2015 sxeimer 92% neHiH apTTHL

Jucronmsicer 6ap mammentrepai MTC emzey cmasMmIblk KHUCHIKMOMBIHIAA aHTApIBIKTAH THIMAIPEK OOIIbI,
ajaiaa SKIHIMTIKTI CCTMCHTAPITBIK, YKOHE KAHBLIBIT KCTKCH AUCTOHHAAA THIMALTITI alTapIsIKTal a3 O0abL.

Y ITTHIK HSHPOXHPYPTHS OpTamsiFbiHAA 3 &ei1 00t MTC omiciMeH KO3FaibIc OY3BUTBICTAPHI Oap MAIHCHT-
Tepai emzey OaraapraMachl KYPTi3iiI KeJesm.

Tyiiin ce3aep: MUIBI TEPEH CTHMYJIIKSUIAY, [JapKUHCOH aypybl, AUCTOHHS TPEMOP, XHPY PIISIIBIK EM/ICY.
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AO «HammoHanbHbI HEHTP HEHpoXupyprum», Acrana, Kazaxcran

IIYBUHHASA CTUMYJIALAA IT'OJIOBHOTO MO3T'A
B JEYEHHWMH JBUT'ATEJIBHBIX PACCTPOUCTB

Annotammst. ['nyOnHHas cruMy s rotosaoro Mosra (I'CI'M) 3akmro4acTcst B 3IEKTPHICCKON CTHMY JIIIUH
TIIyOMHHBIX sSAEp. DIACKTPOIBI BXKUBJLIIOTCS B HEOOXOAMMYIO LEJb, OJHAKO MAPAMETPBI CTUMY LI MOTYT H3Me-
HATHCS A1 TOTO, YTOOBI YBETHYHTH ITOJIOKUTEIbHBIC 3P(QEKTHI M YMEHBIINTD MoO0uHBIE. Hanbomee yacto MeTomoM
I'CT'M neuarcs 60sie3Hb [JapKHHCOHA, 3CCEHIMATBHBIN TPEMOP U JUCTOHHSL.

Tpemop u purnaaocTs TpU Oone3HH [lapKHHCOHA 0COOCHHO MOAAACTCS JICUCHUIO CTUMYJLINHUCH CyOTanamu-
4yecKoro sapa. CTUMYIISIMS BEHTPAIBHOTO SIIpa TalaMyca — HanOomaee 3PPEKTUBHBIA METO JICUCHHS SCCCHINATb-
HOTrO Tpemopa. CtuMmymsamus OJCTHOTO MIapa IMOKa3ama CBOK 3(P(PEKTHBHOCTH NMPH IEPBHYHO-TCHEPATH30BAHHOU
JUCTOHUM, TECPBHYHO-CETMCHTAPHON IWUCTOHWH, ICPBUKAIBHON AucToHWMH, Onedapocmaszme, cuHApomMe Mepika,
TapPAMBHON TUCTOHWUH W HEKOTOPBIX (JOPMaX BTOPUIHOHN JTUCTOHHH.

B HamnoHanpHOM LCHTPE HCHPOXHPYPTHH OBLTH OTCPHUPOBAHBI 128 MANHCHTOB C IBHTATCIBHBIMH PACCTPOii-
crBaMu B iepuoA ¢ 2013 mo 2015 roapr. M3 vux 117 manueHTOB OBLTO OMEPHPOBAHO C IUATHO30M 00e3Hb [1apKuH-
coHa, 10 - qucronus, 1 - scceHumanbHEIA TpeMop. My>kuuH Obl10 57 u 72 xeHmuHbl. CpeHui BO3PAaCT MalUCHTA
coctaBmi 51 rox. 3HAYMTEIBHOE YIYUIICHHE MOTOPHBIX (DYHKIMH y IMAIMEHTOB, ONCPHPOBAHHBIX IO MOBOAY 00-
ne3un [apkunrcona, yeemmumtocs 65% B 2013 u 71% B 2014 g0 92% B 2015. Jleuerne 'CI'M marmeHTOB ¢
JUCTOHUCH OBLIO 3HAYMTEIHHO 3(P(PEeKTHBHO MPH CIIACTHYECKON KpHBOIIEeH, HO MeHee 3(D()EKTHBHO Y MAIMEHTOB C
BTOPHUYHOM CETMEHTAPHOHN M T€HEPATH30BAHHON TUCTOHUCH.

B HanuoHanpHOM LEHTPE HEMPOXUPYPIHH HA MPOTSLKEHUU 3 JIET MPOBOAUTCS MPOrpaMMa JICUEHUS MAUUEHTOB
C IBUTATEIbHBIMHU paccTporicTeamu MeTogoM ['CT'M.

KimoueBbie cioBa: rIyOMHHAS CTUMYJBIOHS TOJOBHOTO MO3Ta, Oone3Hb [TapKHHCOHA, TUCTOHM, TPEMOP, XH-
PYPTHUYECKOE JICUCHHC.




