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Use of high-density EEG in patients with Parkinson’s disease treated with deep 
brain stimulation

Jiri Burila,b, Petra Burilovac, Andrea Pokornac, Marek Balaza,b

The number of reports on cognitive changes related to deep brain stimulation (DBS) surgery in Parkinson’s disease (PD) 
is growing. The aim of the review was to assess whether high-density electroencephalography (HD EEG) in patients with 
DBS treatment for PD is used and mentioned as a research method for the assessment of cognitive function changes 
after DBS of the subthalamic nucleus. The HD EEG examination method demonstrates the effects of DBS on changes 
of connectivity among various areas of the brain using changes in bioelectric potentials recorded on the scalp dur-
ing examination. The search results yielded seven studies on the possibility of using HD EEG to investigate changes 
in bioelectric potentials with various protocols (motor tasks, auditory stimuli). Based on the results, HD EEG appears 
to be a feasible research method in patients with PD and established DBS therapy. Therefore, we plan to use HD EEG 
to demonstrate the effects of DBS on changes of connectivity among various areas of the brain utilizing changes in 
bioelectric potentials recorded on the scalp during HD EEG examination.
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INTRODUCTION

Deep brain stimulation (DBS), one of the treatment 
methods primarily used for movement disorders, is gradu-
ally beginning to emerge in the treatment of pharmaco-
resistant epilepsy and obsessive-compulsive disorder1. 
DBS is now a commonly used neuromodulatory therapy 
for late motor complications in patients with advanced 
Parkinson’s disease (PD). This method is widely repre-
sented at this stage of the disease, in appropriately in-
dicated patients. Tens of thousands of PD patients have 
been treated with DBS since the 1990s. DBS is indicated 
in patients with advanced motor complications of PD who 
are severely restricted in routine daily activities and who 
developed levodopa-related adverse effects. Surgery may 
be risky for the elderly and for patients who experience 
psychiatric symptoms or cognitive disorders related or 
unrelated to PD (ref.2). The subthalamic nucleus (STN) 
appears to be the most frequent target for DBS in PD. 
While STN DBS alleviates cardinal motor symptoms of 
PD (namely tremor, rigidity and bradykinesia) and im-
proves the quality of life of PD patients, several reports 
have shown that this treatment may be related to worsen-
ing of cognitive functioning3,4. A multidisciplinary team 
(neurosurgeon, neurologist, neuropsychologist, neurora-
diologist) should be involved in decision-making on the 
indication of the procedure itself5. 

STN DBS may have an impact on cortical functions as 
shown by its effect on scalp EEG or long-latency evoked 

potentials6. However, classical 19-channel EEG may not 
be sufficient to delineate discrete changes in cortical bio-
electric potentials due to the low number of electrodes 
over cortical areas.

Therefore, the use of high-density EEG (HD EEG) 
may be warranted as it uses 256 channels and provides 
more detailed coverage and mapping of cortical activity7. 
So, based on the above evidence, we plan to use HD EEG 
to anticipate changes in cerebral cortex activity related to 
STN DBS stimulation8. The results of HD EEG examina-
tion will be further processed and will help to create a 
cortical map of bioelectric potentials with a possibility to 
evaluate changes of connectivity, both between individual 
areas of the cerebral cortex, or in relation to neurostimu-
lation in PD patients treated with DBS (comparison of 
states with DBS stimulation turned on and off), as already 
proven9. Comparison of results of these examinations may 
allow us to assess the effect of DBS on cortical functions 
by demonstrating a change in connectivity. As the first 
logical step of our research, we performed a literature 
review.

METHODOLOGY 

The PubMed, Scopus, and Web of Science databases 
were used for the search of scientific articles.

All searches were dated from January 2010 until 
August 2019. 
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RESULTS

The database searches identified 1659 original articles 
(PubMed 182; Scopus 766; Web of Science 711) (Fig. 
1). Another source was the Epistemonikos database; 
however, with no findings of relevant existing reviews or 
ongoing studies.

Article references were stored in EndNote Web and 
duplicate records were removed. Subsequently, the ab-
stracts or full texts of the remaining articles were checked 
to exclude records that did not meet the criteria for inclu-
sion in the literature review. Articles meeting the inclu-
sion criteria after reviewing the abstracts or full texts were 
thoroughly re-evaluated to ensure their suitability for the 
literature review. The flowchart in Fig. 1 shows the pro-
cess of obtaining the required records.

Records that did not meet the requirements and cri-
teria for an original article10 were excluded. In general, 
only articles focusing on PD were considered. Finally, 

based on search results, seven studies using EEG methods 
to predict cognitive status (deterioration/ improvement) 
were included (Table 2).

DISCUSSION

The aim of this review was to verify the use of HD 
EEG in patients with PD and to briefly describe meth-
odology used in the evaluated articles. The first reviewed 
study examined a new method for removing DBS artifacts 
from EEG. This study was chosen because of the need 
to modify obtained data which are degraded and unread-
able due to artifacts during active DBS. Based on this 
research, further processing of HD EEG / EEG data in 
PD patients and established DBS therapy is possible11. 
Various neurophysiological methods are used in research. 
In our study we selected HD EEG. The method and its ad-
vantages were described in a study focusing on differences 

Fig. 1. Flow chart.
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between magnetoencephalography (MEG) and HD EEG 
in signal resource localization using a distributed source 
model compared to functional magnetic resonance imag-
ing (fMRI). The results supported the use of HD EEG 
rather than MEG for changes in source localization12.

Due to the relatively low number of publications with 
research focus similar to our planned research we also 
assessed articles that used similar methodology and neu-
rophysiological approaches and, with the same group of 
subjects examined, we also included records with PD pa-
tients and established DBS therapy. Using this criterion, 
we found an HD EEG study focusing on modulation of 
attention regulating motor and non-motor performance 
in PD patients13. According to the study, attention pro-
cesses that share neural resources with those underlying 
the spatial sequential learning and working memory sup-
port early response to unpredictable stimuli.

A similar study investigated whether STN DBS in 
patients with PD improved sensory perception. The in-
fluence of levodopa and STN DBS on auditory process-
ing was studied by rhythmic auditory stimulation (RAS) 
with subsequent sensing of auditory evoked potentials14. 
The possibility for use of perioperative EEG in patients 
undergoing DBS surgery with the aim of determination 
of recorded scalp signals topography was formulated15.

Possible use of EEG in patients with PD was also re-
ported in a study with levodopa that aimed to restore con-
nectivity from the prefrontal to premotor cortex during 
externally stimulated movement in PD patients16. Cortical 
activity was observed with HD EEG in PD subjects who 
repeatedly performed a motor task. Another group of au-
thors considered a possible predictive use of the EEG 

method in assessment of preclinical cognitive deteriora-
tion in patients with PD and established DBS therapy. 
This research was mainly focused on possible negative 
effects of DBS on cognitive functioning17.

The last relevant study focused on the predictive tim-
ing functions of cortical beta oscillations which are im-
paired in PD and may be affected by levodopa and DBS. 
Primarily, the effect of levodopa and STN DBS on resting 
state EEG and on the cortical response profile to slow 
and rapid RAS in a passive listening paradigm focusing 
on beta band oscillations important for auditory-motor 
connections was studied18. The main evidence of this 
method’s effectiveness was description of the predictive 
value of HD EEG use in patients with PD by performing 
pre-operative EEG and one post-operative EEG examina-
tion19. For EEG analysis, two experienced neurologists 
who independently used the Grand Total EEG score 
(GTE-TS) (ref.20) and then a short version of the Grand 
Total EEG score (GTE-SS) (ref.21) for visual evaluation of 
EEG pathologies were required. The results were used to 
assess cognitive decline. Significant increases in GTE-SS 
and GTE-TS after DBS implantation were observed in the 
entire group of patients. In a total of 26 patients undergo-
ing EEG examinations in two follow-up tests (FU-1 and 
FU-2), alpha-corrected post hoc Wilcoxon tests showed 
significant GTE-SS and GTE-TS elevations on FU-1 and 
FU-2 compared to preoperative scores. In comparison 
with later research using HD EEG, they used a system 
with 122 channels22. EEG data were processed with the 
BESA software. By using fMRI they defined the area of   
interest, namely motor cortical networks23. This cortical 
network contained the primary motor cortex (M1), pre-

Table 1. Inclusion and exclusion criteria for the literature review. 

Inclusion criteria Exclusion criteria
Deep brain stimulation treatment Low number of EEG channels*
Use of HD EEG Another movement disorder
Cognitive changes
Diagnosis G20 – Parkinson’s disease (ICD-10)
No age limit for the study population

*A low number of channels means the use of a standard EEG system with 19 or fewer channels.

Table 2. Summary – studies included in the final evaluation. 

Authors Year Country Type of 
study

Size of the 
sample (control/
intervention)

Diagnosis of 
the sample

DBS 
treat-
ment

HD 
EEG 

No. of EEG 
channels

Ref.

Perfetti B et al. 2010 USA/ Italy Prospective 19 G20 no yes 256 13
Herz DM et al. 2012 Germany/ 

Denmark/ Canada
Prospective 11/13 G20 yes yes 122 22

Sun Y et al. 2014 Canada Prospective 15 N/A* yes no 19** 11
Klamer S et al. 2015 Germany/ Italy Prospective 14 N/A* no yes 256 12
Gulberti A et al. 2015 Germany Prospective 12/12 G20 yes yes 128 14
Gulberti A et al. 2015 Germany Prospective 12/12 G20 yes no 62 18
Markser A et al. 2015 Germany Prospective 30 G20 yes no 20** 17

Note: the results of 7 studies that met all the search criteria and their full texts were found in the databases.
*Patients with PD were not directly studied, but the authors virtually modelled DBS artifacts and illustrated the removal technique on EEG data.
**Despite the number of EEG channels defined in the exclusion criteria, two studies with 19 and 20 channels were included due to the overall 
low number of records found.
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motor areas (PM) and supplementary motor area (SMA) 
in the left hemisphere. Then the frontoparietal cortical 
region was defined using these data. The same procedure 
was also performed for the second region of interest in the 
left prefrontal cortex (PFC). In both patients and control 
subjects, EEG data connectivity analysis was performed 
using dynamic causal modelling (DCM) for induced re-
sponses implemented in the SPM8 software24. DCM was 
based on a modelling framework that included a motor 
cortical network containing left M1, PM and SMA as 
well as left PFC. As a result of this study, the interactions 
between M1, PM and SMA and the interactions between 
PFC and PM as well as PFC and SMA were assumed. 
Since the aim of this study was to assess the effective 
connectivity between prefrontal and premotor regions, 
the analysis focused on the oscillatory links in the recip-
rocal PFC-M1 and PFC-SMA connections. Correlation 
analysis was performed for each participant; individual 
binding values   were extracted from the bonds between the 
prefrontal and premotor regions, which were significantly 
modulated by motor action during the task.

CONCLUSION

All the studies found in the literature review used an 
EEG method. However, they differed in the exact type 
of system used and in the particular EEG / HD EEG 
methodology. The results of the above studies present the 
possibility of using this method to investigate changes in 
bioelectric potentials with various protocols (motor tasks, 
auditory stimuli) as well as to influence these bioelectric 
potentials using a therapeutic neuromodulation method, 
in this case DBS.

Based on the proven effective use of HD EEG in pa-
tients with PD and established DBS therapy, we plan to 
use this method to demonstrate the effects of DBS on 
cognitive functions that may be based on connectivity 
changes in various areas of the brain related to changes 
in bioelectric potentials during HD EEG examination.

Search strategy and selection criteria
The review was conducted in English based on a clini-

cal question with the following search terms and opera-
tors: “Parkinson’s disease” AND “deep brain stimulation” 
OR “DBS” AND “HD EEG” OR “high-density electroen-
cephalography” AND “cognitive changes”. As the search 
yielded no original articles, the strategy was narrowed to 
“Parkinson’s disease” AND “deep brain stimulation” OR 
“DBS”. 

The following data were extracted from selected ar-
ticles: size of the sample, deep brain stimulation treat-
ment, use of an EEG method to predict cognitive change 
(deterioration/improvement) and number of EEG chan-
nels (Table 1).

ABBREVIATIONS

DBS, Deep brain stimulation; DCM, Dynamic causal 
modelling; fMRI, functional magnetic resonance imag-
ing; FU, Follow-up; GTE-TS, Grand Total EEG, total 
score; GTE-SS,  Grand Total EEG, short score; HD 
EEG, High-density electroencephalography; ICD-10, 
International Statistical Classification of Diseases and 
Related Health Problems; M1, Primary motor cortex; 
MEG,  Magnetoencephalography ; PD, Parkinson’s dis-
ease; PFC, Prefrontal cortex; PM, Premotor areas; RAS, 
Rhythmic auditory stimulation; SMA, Supplementary 
motor area; STN, Subthalamic nucleus. 
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