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ORIGINAL PAPER PŮVODNÍ PRÁCE

Deep Brain Stimulation in Olomouc –  
Techniques, Electrode Locations, and 
Outcomes

Výsledky programu hluboké mozkové stimulace v Olomouci

Abstract
Aim: Deep Brain Stimulation (DBS) is a very useful procedure for the treatment of idiopathic 
Parkinson disease (PD), essential tremor and dystonia. The authors describe their experience, 
technical approach and results for placing electrodes into the STN nucleus, GPI nucleus and 
ViM nucleus, including the methodology for electrophysiological mapping of the mentioned 
nuclei, clinical outcomes and complications. Method: Forty- five adult patients with PD, tre-
mor or various forms of dystonia were operated from January 2009 to January 2012. The 
baseline neurological status and DBS-related improvement in motor function were measured 
using patients diaries, Burke- Fahn- Marsden Dystonia Rating Scale (BFMDRS) and Clinical Glo-
bal Improvement (CGI) tests. The implantation of the DBS leads was performed using Mag-
netic Resonance Imaging (MRI) for planning, fusion with CT with a head frame, multiple- cell 
microelectrode recording, and intraoperative test stimulation to determine the thresholds 
for stimulation-induced adverse effects. Conclusions: The implantation of DBS electrodes 
in patients with PD, tremor and dystonia is a very useful and technically feasible procedure 
with a very low morbidity rate. The statistically evaluated position of the electrodes showed 
excellent accuracy of electrode placement associated with excellent outcome.

Souhrn
Úvod: Hluboká mozková stimulace (DBS) je velice efektivní metoda léčby idiopatické Par-
kinsonovy choroby (PD), esenciálního třesu (ET) a dystonie (Dys). Autoři popisují vlastní 
zkušenosti, techniku výkonu a výsledky léčby pacientů při zavedení elektrod do subthalam-
ického jádra, globus pallidus internus a ventrálního intermediálního jádra thalamu, včetně 
medologie elektrofyziologického mapování jader a přesnosti zavedení elektrod. Soubor 
a metodika: Čtyřicet pět pacientů bylo léčeno pomocí hluboké mozkové stimulace v období 
od ledna 2009 do ledna 2012. Pacienti byli léčeni pro onemocnění PD, ET nebo dystonií. 
Základní neurologický status a jeho zlepšení na podkladu léčby DBS bylo měřeno pomocí pa-
cientského diáře, Burke- Fahn- Marsden Dystonia hodnotící škály (BFMDRS) and Clinical Global 
Improvement (CGI) testu. Implantace elektrod byla provedena na základě plánovací mag-
netické rezonance, její fúze s CT (počítačová tomografie) vyšetřením s Leksellovým rámem 
a výpočtu souřadnic pomocí navigačního systému Framelink. Cílová jádra byla monitorována 
pomocí mikrorecordingu a finální pozice elektrody byla identifikována intraoperační stimu-
lací ke zjištění efektu stimulace a nežádoucích účinků. Závěr: Hluboká mozková stimulace ve 
výše uvedených indikacích je velice užitečná metoda léčby s velice dobrým klinickým efek-
tem a minimálním množstvím komplikací. Statistické hodnocení cílového uložení elektrod 
ukázalo excelentní přesnost, a tím velice dobrý účinek při minimu nežádoucích účinků.
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Introduction 
Parkinson’s disease
Parkinson’s disease (PD) is the second most 
common neurodegenerative disease. Alt-
hough new drugs have been effective in 
the treatment of PD in the last twenty- five 
years, the effects of pharmacotherapy are 
insufficient during the late stages of the 
disease. Stereotactic surgery is useful in 
some of these patients.

Stereotactic lesional surgery developed 
before the era of levodopa (L- DOPA) in 
1950s. Especially pallidotomy and later, 
due to its better effect on tremor, thala-
motomy were widely used. Since the late 
1960s, pharmacotherapy has become 
a more preferred option again because 
of L- DOPA, while stereotactic surgery re-
mained in the background. 

Benabid et al. revived deep brain sti-
mulation (DBS) in 1987. They published 
the first reports on the effects of elec tric 
high-frequency stimulation by electro-
des implanted to the subthalamic nucleus 
Luysi on parkinsonian symptoms. The ro-
bust development of DBS at the turn of 
the millennium led to the DBS being esta-
blished as a standard therapeutic method 
during the late stages of PD. Unlike lesio-
nal surgery, the DBS has the advantage 
of reversibility of its effects. However, the 
exact pathophysiological process induced 
by high-frequency electric stimulation is 
not yet known. 

There are four possible target sites for 
the placement of the stimulating electro-
des: although the stimulation of the ven-
trointermediate thalamic nucleus (ViM) 
has a clear effect on tremor, DBS of the 
STN or globus pallidus internus (GPi) has 
a broader influence on all parkinsonian 
symptoms and currently represents the 
treatment of choice in the majority of PD 
patients. The pedunculopontine nucleus 
(PPN) has recently become, be it still an 
experimental, target that may be appro-
priate for patients with gait freezing [1,2]. 
Since the majority of patients undergoing 
the DBS procedure have bilateral sym-
ptoms, both right and left STN or GPi are 
usually implanted for the most significant 
benefit. 

Three recent randomized controlled 
studies in patients with PD reported that 
STN DBS plus the best medical therapy 
was more effective than the best medical 
therapy alone in improving motor func-
tion and quality of life but was also asso-

ciated with an increased risk of serious ad-
verse events [3– 6]. In addition, reduction 
of dopaminergic therapy after STN DBS 
may help to reduce some psychiatric sym-
ptoms, such as visual hallucinations and 
impulse control abnormalities, i.e. fre-
quent behavioral complications of the 
treatment with dopamine agonists [7]. 

Complications related to surgery are 
primarily intracerebral hemorrhage (less 
than 2% in the majority of centers) and 
infections (in about 4% of cases) [8].  
STN DBS can worsen speech and gait in 
some patients, requiring an adjustment 
of stimulation parameters. A recent study 
reported that depression worsened with 
STN DBS but was improved with GPi DBS 
[9]. There are several reports describing 
neuropsychiatric symptoms following  
STN DBS in PD patients. However, such 
symptoms were generally transient and 
mild if managed appropriately [10]. Me-
dium-  and long-term studies have pro-
vided evidence that stimulation-indu-
ced motor improvement was still evident 
at 5– 8-year follow-up [11,12]. However, 
DBS does not modify progression of the 
underlying PD pathology and, therefore, 
patients can still develop disabling levo-
dopa-resistant symptoms, such as gait 
disturbances and cognitive impairment.

Dystonia
Dystonia is a movement disorder that pre-
sents with sustained, uncontrolled, often 
painful muscle contractions causing repe-
titive movements and abnormal postures. 
Patients with symptoms that cause signifi-
cant disability, despite well-tolerated phar-
macotherapy, should be candidates for DBS 
treatment. Factors that influence selection 
of patients with various types of dystonia 
for treatment with DBS have recently been 
reviewed by Bronte- Stewart et al. [13].
 Neuronal models of dystonia have po-
stulated hyperactivity of the direct pu-
tamen- pallidal pathway with reduced 
inhibitory output of the GPi, with subse-
quently increased thalamic input to the 
(pre-) motor cortex, resulting in excessive 
motor cortex excitation [14]. 

GPi DBS is currently the most promising 
technique for the treatment of patients 
with severe drug-resistant dystonia. Three 
randomized controlled trials investigated 
this procedure in primary generalized dys-
tonia and found significant clinical im-
provement on the Burke- Fahn- Marsden 

Dystonia Rating Scale (BFMDRS) after six 
and 12 months [15– 17], sustained after 
a 3-year follow-up period [18].

Essential tremor
Essential tremor (ET) is one of the most 
common movement disorders. Only 50% 
of the treated patients show a good re-
sponse to therapy [19]. In the mid 20th 
century, the ventrolateral thalamus be-
came the main surgical target for par-
kinsonian and various other types of tre-
mor, including ET. After the introduction, 
in the early 1960s, of micro recording du-
ring stereotactic surgery, it became appa-
rent that small lesions of the ViM could 
suppress tremor. Afterwards, unilate-
ral stereotactic ViM lesioning was a pro-
cedure frequently used in many clinical 
centers worldwide and resulted in per-
manent significant contralateral improve-
ment of the most common types of tre-
mor. In fact, almost 30% of the patients 
who underwent the ablative procedure 
bilaterally experienced permanent speech 
and cognitive deficits [20]. Introduction 
of DBS of the thalamic ViM nucleus in ET 
treatment helped to reduce complication 
rate while maintaining high efficacy. The-
refore, ViM DBS is viewed as the target 
therapy for patients with debilitating ET. 
Although the exact etiology and patho-
physiology of ET is still unknown, it is be-
lieved that high-frequency stimulation of 
the ViM nucleus may block the abnormal 
oscillatory activity within the interconnec-
ted regions, including the cerebellum and 
the motor cortex [21].

DBS should be managed by a team of 
different specialists (neurosurgeon, neu-
rologist, psychologist, internist and psy-
chiatrist) [22]. It is essential that the pro-
cedure as well as the expected outcome 
of DBS is explained to the patient. 

Clinical material and methods
Inclusion criteria and clinical 
evaluation
All patients fulfilled the UK- Brain Bank cri-
teria for the dia gnosis of idiopathic Par-
kinson’s disease. Patients treated by DBS 
for dystonia showed an insufficient effect 
of pharmacological treatment, including 
botulinum toxine- A. All DBS subjects with 
the dia gnosis of tremor suffered from 
drug-resistant essential tremor.

All patients were fully informed about 
the procedure and the procedure was 
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performed by a single surgeon (K. D.) and 
neurologists (N. M., O. P.).

Patient group
Thirty- six patients who fulfilled the 
UK- Brain Bank criteria for the dia gnosis 
of idiopathic Parkinson’s disease from De-
cember 2008 to January 2011 were im-
planted DBS. Demographic data of the 
PD patients are provided in Tab. 1. Data 
on only thirty- four patients were evalua-
ted after six months of DBS treatment as 
two patients discontinued treatment due 
to surgical complications.

Five patients with different types of 
dystonia were treated by GPi DBS. Demo-
graphic data of four of these patients and 
the results of the BFMDRS [23] are shown 
in Tab. 2. The fifth patient is not currently 
treated due to surgical complications.

Four patients with ET were treated by 
ViM DBS. Demographic data of ET pa-
tients and the results of the clinical global 
improvement scale are provided in Tab. 3.

Surgical procedure
All patients underwent bilateral implan-
tation of electrodes. Total of 41 patients 
with IPD and tremor were implanted in 
two stages and all patients were awake. 
Five patients with dystonia were implan-
ted in one stage using general anesthesia.

Stereotactic targeting
Three MR image sets were obtained seve-
ral days prior to the surgery:
1.  a volumetric 3D Gd- enhanced gradient 

echo MR imaging sequence covering 

the whole brain in 1- mm axial slices, 
mainly for trajectory planning,

2.  T2 images turbo spin echo in 2-  mm 
slices,

3.  IR- FSE image set covering only the 
basal ganglia region, in 2-  mm axial sli-
ces, mainly for direct visualization of 
the borders of the GPI and surroun-
ding structures.

Images were obtained using the Mag-
netom Avanto 1.5- Tesla unit (Siemens). 
After a stereotactic Leksell frame was pla-
ced, a whole- brain CT scan with contrast 
was performed in 1-  mm slices. Both the 
MRI and CT image sets were imported 
into a stereotactic surgical planning soft-
ware package (Framelink, Medtronic®), 
computationally fused, and reformatted 
to produce images orthogonal to the 
AC- PC line and midsagittal plane.

The target points for the tip of the 
electrodes were selected using a combi-
nation of direct (visualized) and indirect 
targeting in IPD and dystonia and only 
with indirect targeting in tremor. The STN 
nucleus and the GPi nucleus are well vi-

sualized using MRI and we combined the 
MRI images with stereotactic coordina-
tes of each nucleus. We targeted the ViM 
nucleus using its stereotactic coordinates 
only. Trajectories were visualized on the 
volumetric MR images using “navigation” 
views. Small adjustments in the arc and 
ring angles were then made to avoid tra-
versing the sulci, cortical veins, and dural 
venous lakes (easily seen on Gd- enhanced 
images) and lateral ventricles.

Intraoperative MicroElectrode 
Registration (MER)
In order to perform MER in STN- DBS, four 
MER/ macrostimulation needles were pla-
ced in an array with a central, lateral, an-
terior and posterior, and an anterior posi-
tion placed 2 mm apart, to delineate the 
borders of the nucleus. Depending on the 
preoperative MRI, it was decided in some 
cases to record with three or five micro-
electrodes rather than four. In GPi- DBS, 
based on the pre-operative MRI and the 
better visibility of the GP structures and 
internal capsule, usually three to four cha-
nnel recordings were performed in the 

Tab. 1. PD patients. 

Males/
females

Age (years) PD duration (years)
Mean daily dose  

of L-DOPA before 
DBS (mg)

Mean daily dose  
of L-DOPA six mon-
ths after DBS (mg)

OFF states before/after six 
months of DBS treatment 

(hours)

18/18 62.0 ± 6.7 9.5 ± 3.7 1,289.1 ± 486.3 583.6 ± 355.2 3.91 ± 1.42/1.88 ± 1.17

Tab. 2. Dystonia patients.

Sex Age (years) Type of dystonia BFMDRS before DBS BFMDRS six months after DBS

male 33 generalized DYT1 negative 60 47

female 54 myoclonic dystonia DYT11 24 4

male 51 thoracal dystonia 16 1

female 62 Meige syndrome 30 9

Tab. 3. ET patients.

Sex Age (years) CGI-C after six months of DBS ViM

male 65 +2

female 54 +2

male 49 +3

male 50 +3
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central, medial, posterior, and lateral cha-
nnel to define the distance of the calcu-
lated target to the border between GPi 
and the internal capsule. Starting for STN 
and GPi, respectively, 10 mm above the 
MRI-based target, microelectrodes were 
advanced in steps of 500 µm towards the 
target by an electric microdrive. When the 
needles were inside the STN, GPe (globus 
pallidus externus) and GPi at each depth, 
the spiking activity of the neurons lying 
close to the needle was recorded. Depen-
ding on the neuronal density not more 
than 3– 5 units were recorded simulta-
neously. The more distant units could not 
be distinguished from the background 
level.

Macro-test stimulation
After MER, the tip of the microelectrode 
was retracted. The channels that sho-
wed significant multi-unit activity over 
a length of more than 3 mm were se-
lected for intraoperative test stimulation 
(60– µs pulse- duration; 130– Hz pulse fre-
quency). The complete electrode with 
the macro-tip was then advanced to be 
used for macro-test stimulation perfor-
med by an experienced neurologist at 
two or three depths with a 2-  mm inter-
val, all within the boundaries of the tar-
get nucleus as determined by MER. After 
the evaluation of the selected channels by 
macro-test stimulation, the one with the 
largest therapeutic window, i.e. the lo-
west current threshold for improvement 
of symptoms and the highest threshold 
for adverse effects, was selected for per-
manent electrode implantation. For dys-
tonic patients, the threshold for capsular 
side effects was used to select the best 
electrode. In addition, improvement of 
mobile dystonia was sought when pre-
sent. With respect to the depth of the im-
plantation of the electrodes in STN- DBS, 
it is our practice to implant the contact 
number 1 at the point with the best sti-
mulation parameters. For GPi- DBS, we 
position the deepest contact point at the 
inferior border of the nucleus as determi-
ned by MER.

Lead anchoring and implantable 
pulse generator placement
The leads were anchored to the skull with 
a lead anchoring device (Stimlock, Med-
tronic®). After the scalp was closed and 
head frame removed in dystonia patients 

in continuing general anesthesia, the lead 
extenders and pulse generators were pla-
ced. In dystonia patients, the pulse gene-
rators were placed during the same ope-
rative session as the leads. The duration 
of surgery (from initial skin incision until 
the pulse generators were placed) was 
4 to 5 hours for the same- session bilateral 
implantation. IPD and tremor patients are 
awake during the two-stage surgery. The 
second session in general anesthesia is 
performed within 3– 4 days after the first 
session. Postoperative CT imaging was 
performed the same day as the surgery.

Stimulator programming
Devices in the IPD patients (stimulation of 
STN) were programmed within the first 
month after the surgery. Typical initial 
configuration was as follows: pulse fre-
quency was 130 Hz and the pulse dura-
tion was 60 µs. Voltage was individual in 
each case according to the clinical effect, 
usually about 3.0 V.

Devices in the patients with tremor (sti-
mulation of ViM thalamic nucleus) were 
programmed within 10 days after the sur-
gery. Typical initial configuration was as 
follows: pulse frequency was 145 Hz and 
pulse duration was 60 µs. Voltage was in-
dividual in each case according to the cli-
nical effect, usually about 2.5 V.

Devices in dystonia patients (stimula-
tion of GPi) were programmed within 
10 days after the surgery. Because of the 
small group of patients with different 
types of dystonia, the initial configuration 
was individualized.

Voltage was gradually increased over 
the initial two to six months on the basis 
of clinical and adverse effects of the sti-
mulation. We started the stimulation with 
monopolar stimulation. In some cases, we 
also used bipolar stimulation, depending 
on clinical and adverse effects. 

Results
Patient population
The patients treated with DBS for PD re-
ported significant improvement in motor 
fluctuation, documented in patient dia-
ries before and six months after DBS STN. 
Diaries where patients mark one of three 
states (OFF state, ON without dyskinesias, 
ON with dyskinesias) every hour were 
used to evaluate the clinical effect. Each 
patient completed the diary for three con-
secutive days before the DBS procedure 

and for three consecutive days six mon-
ths after the DBS. The mean OFF time 
(in hours) before the DBS was compa-
red to the mean OFF time after the DBS. 
The mean OFF time after six months of 
DBS was reduced by 52%; dopaminergic 
medication used was reduced by about 
54.3%.

Five patients with different types of 
dystonia were treated with GPi DBS. De-
mographic data of four of these patients 
and the results of the BFMDRS [23] are 
shown in Tab. 2. The fifth patient was not 
treated due to surgical complication.

Four patients with ET were treated with 
ViM DBS. Demographic data of the ET pa-
tients and the results of the clinical glo-
bal improvement or change scale (CGI- C) 
are shown in Tab. 3. CGI- C was scored 
as follows: +3 = very much improved, 
+2 = much improved, +1 = mildly impro-
ved, 0 = no change, – 1 = mildly worse, 
– 2 = much worse, and – 3 = very much 
worse [24].

Surgical outcomes and 
complications
Three patients undergoing STN- DBS post-
operatively had an infection that led to 
explantation of the entire system; two of 
these patients underwent reimplantation 
with no further complications. Postope-
rative CT scans showed bilateral subdural 
air with no clinical symptoms. No other 
complications were noted in the clinical 
records of the rest of the patients. 

Discussion
DBS has provided a substantial clini-
cal improvement in patients with se-
veral different diseases and disorders. 
DBS is a well-established treatment op-
tion for patients with PD, ET, and dys-
tonia. Although other effective methods 
(e. g. continuous subcutaneous infusions 
of apomorphine or continuous intesti-
nal infusions of L- DOPA) are also used 
in the therapy of advanced PD, DBS has 
an irreplaceable role in the treatment 
of advanced PD [25,26]. DBS is used as 
a safe treatment modality in all these 
three indications. 

Our understanding of how DBS exerts 
its action has advanced over the past 
twenty years but there still is much to be 
learned. Our experience with DBS is very 
good. For all three indications, the accu-
racy of the surgical procedure as well as 
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correct programming and treatment opti-
mization lead to a very good clinical effect 
in our patients. Our results as well as the 
number of complications are comparable 
with published results from larger centers 
with a higher number of implanted pa-
tients and longer experience with DBS.

Conclusion
Deep brain stimulation is a safe and highly 
effective procedure for the three indica-
tions discussed in this paper and it is well 
tolerated by the patients. We believe that, 
in the future, DBS will be used in many 
more indications.
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Vážené kolegyně a kolegové,

s potěšením Vám oznamujeme, že ve dnech 10.–12. dubna 2014 se v Psychiatrické nemocnici Jihlava bude konat tradiční sympo-
zium biologické psychiatrie s názvem „Psychiatrie v čase a čas v psychiatrii“. Bude zaměřeno na chronobiologii a epigenetiku ve 
vztahu k duševním poruchám, přednesena budou pouze vyžádaná sdělení. Přihlášku máte k dispozici ve svých počítačích na stránce  
http://psych.lf1.cuni.cz/sbp/default.htm v sekci Aktuality.

Na Vaši účast se těší
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