
Patients and methods

The stimulus paradigm consisted of rhythmic metronome-like clicks presen-
ted at 4 different inter-stimulus intervals (ISI): 1Hz, 1.5 Hz, 2Hz and 2.5 Hz 
rhythms. 64-channel high-density EEG was recorded prior to and 3-12 
months following surgery for STN-DBS in the practically defined OFF-state. 
We studied the effects of STN-DBS at different stimulation frequencies (5, 20 
and 130 Hz).

Prior to surgery, PD patients showed significantly larger AEP amplitudes 
(P50, N1 and P2) in central and frontal areas compared to controls. Mo-
reover, compared to controls N1 and P2- latencies were significantly in-
creased and AEP habituation reduced in PD patients. Electrode implanta-
tion per se as well as STN-DBS had a normalizing effect on AEPs. High-
frequency STN-DBS led to a normalization of P2, but not P50 and N1 am-
plitudes. Under both theta-and beta-frequency STN-DBS, however, am-
plitude and latency of all three AEP components were affected. This red-
uction of the amplitudes under theta and beta frequencies stimulation 
could also be the result of the artifact rejection with ICA. Taking out com-
ponents affected by the stimulation artifacts also reduces the general 
power of the AEPs.
We could not find any significant difference between the two post-
operative conditions: Stimulation-ON vs Stimulation-OFF. One Possible 
explanation could be the long lasting effects of chronic High-frequency 
DBS. Due to long lasting plastic neuronal changing, switching off the sti-
mulator for 20 minutes is probably not enough to re-stabilize  the pre-
operative auditory processing state. Another reason could be the chan-
ged and reduced post-operative medication. 12 hours of no medicine 
intake are probably not enough to guarantee a real Dopa-Off state. This 
is particularly true for the patients taking very large amounts of agonists 
and MAO-B inhibitors.
Our findings support and expand previous reports of dysregulated central 
auditory processing in PD as expressed by AEPs. The present results 
suggest that STN-DBS differentially affects the auditory evoked re-
sponses and may thus also influence sensorimotor processing at higher 
order sensory levels.

1. In PD patients the amplitudes of the auditory P50, N1 and P2 compo-
nents are larger compared to control group amplitudes 
2. PD patients show an unusually large P50 amplitude in the frontal and 
central areas 
3. In PD patients the latencies for N1 and P2 are significantly 
longer than the control group latencies 
4.  After operations, patients‘ P2 amplitudes are no longer significantly dif-
ferent from controls‘ P2 amplitudes
  

1. In PD patients the amplitudes of the ERPs show a linear habituation to 
increasing velocity of rhythms (decreasing ISIs) like the control group, but 
the amplitudes are always significantly larger 
2. Particularly before the operation, the amplitude  of the PD patients‘ P2 
is strongly modulated by the frequency of the rhythms
 
 

Results I: 1 Hz auditory stimulatiotion

       1Hz 1.5Hz 2Hz 2.5Hz
Inter Stimulus Interval=ISI

EXPERIMENTAL DESIGN

Metronome like clicks presented in 4 rhythms at 70 dB(SPL)

Two recording sessions:
- 1 week before stereotactic intervention and
- 5 months after chronic STN DBS-stimulation, with high-     
frequency DBS ON & OFF
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Theta and Beta DBS artifacts compromise 
the EEG-recordings:
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PRUNING THE EEG-SIGNAL BY MEANS OF ICA

Data pruned with ICA
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Results II: From I to 2,5 Hz auditory stimulation: 
habituation effects of the ISIs on the AEPsCentral auditory ERPs in the Control  Group :1Hz stimulus
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N1: Physical and temporal aspects of the 
stimulus and general state of the subject.
Greater negativity to attended tones
60-150 ms

P50: Enhanced positivity to attended tones,
possibly reflecting gating of auditory 
transmission at the level of the thalamic relay
20-50 ms

P2: Grater positivity to attended tones. 
Sensible to mismatch negativity. More 
pronounced at central and parietal sites
170-230 ms
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Summary of the results: patients vs. control group

Post
Op

Latency Amplitude Habituation

P50 n.s. n.s.

N1 n.s.

P2 n.s. n.s. n.s.

Pre
Op

Latency Amplitude Habituation

P50 n.s. n.s.

N1 n.s.

P2

Some of the cardinal symptoms of Parkinson´s disease (PD) share a patho-
logical rhythmic dysregulation as common feature. Involuntary movements 
like resting tremor or impaired voluntary movements like hastened gait, free-
zing, stuttering, progressive miniaturization of handwriting or difficulty to 
follow a given rhythm indicate a disturbing rhythmicity within cortical and 
subcortical networks involving also the basal ganglia. Parkinson patients are 
induced to switch to an „internal“ pathological rhythm which seems to pace 
their motor actions.
Sensori-motor interaction is important for advanced Parkinson’s disease 
(PD) patients to overcome motor impairments. For instance following rhyth-
mic music can help PD patients to overcome freezings. In most cases 
rhythms between 1 and 2 Hz (like music or counting) particularly help pati-
ents to move more fluently. In fact some companies offer pocket-
metronomes to give patients pulses to synchronize with. All this points to a 
sensorimotor interaction between pathological Parkinsonian motor impair-
ments and external rhythms. We investigated the early stages of  sensorimo-
tor integration and tried to define the most salient features on a pure sensory 
level for the sensorimotor interaction.

-  Is the auditory processing of rhythmic stimuli in PD patients altered?
-  Do rhythms at different frequencies have distinct effects on auditory pro-
cessing ?
-  Does STN-DBS modulate the auditory information processing in advanced 
PD patients?

Bilateral deep brain stimulation (DBS) of the subthalamic nucleus (STN) 
clearly improves dopamine-dependent motor deficits in patients with 
Parkinson’s disease (PD). While there is evidence for dopaminergic sensiti-
vity of central sensory processing, the effects of DBS on sensory information 
processing are less clear. 
We therefore investigated the effects of STN-DBS on auditory information 
processing, using auditory evoked potentials (AEP). To this end, we compa-
red amplitude, latency and habituation of AEPs in 12 patients with advanced 
PD to those of age and education matched controls. 
In contrast to the numerous studies of peak latencies, there have been few 
studies that have examined amplitude changes in Parkinson’s disease. 
In general, peak amplitudes provide a measure of the amount of mental 
effort required in a task and the amount of capacity used in evaluating the si-
gnificance of the stimuli. For example, in the oddball task, N1 amplitude is 
considered a measure of the general state of the subject and their capacity 
for stimulus discrimination, and stimulus feature selection. N2 amplitude 
measures the attentional effort required in stimulus categorization and there-
fore target detection (Wright, 1995).
The N1 components, are controlled by the physical and temporal aspects of 
the stimulus and by the general state of the subject. The other three compo-
nents are not necessarily elicited by a stimulus but depend on the conditions 
in which the stimulus occurs (Näätänen, 1987).
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12
    Patients

7 female 61 ±6 13 ±4 20 ±9 2 ±2 39 ±13 3 ±1 14 ±3 5 ±2 31 ±13 20 ±8 143 29 ±1 21 ±17 15 ±12

P-value 0.2 0.2 <0.001 0.97 0. 0.02 0 0.3

12
Controls 8 female 65 ±8 15 ±3 32 ±4 1 ±1 39 ±8
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