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Figure 1   Postoperative versus follow-up CT: Sagittal reconstructions of the postoperative 
stereotactic CT (upper panel) and the follow-up CT (lower panel) along the tract of the right 
electrode. The postoperative CT shows large amounts of frontal intracranial air with posterior and 
caudal brain shift. The follow-up CT shows unfolding of the brain to its normal position. Relative to 
the planned target, the position of the right electrode on the follow-up CT is significantly displaced in 
the anterior and cranial direction.    
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Cognitive decline may follow deep brain stimulation (DBS) of the subthalamic 
nucleus (STN).1;2 Changes in cognition between stimulation on and off have also 
been described.3 We describe a patient with severe decline after STN DBS and 
postoperative electrode displacement. 
 
The patient is a 43-year-old woman diagnosed with Parkinson disease (PD) eight 
years prior to DBS STN for severe response fluctuations and dyskinesias. 
Neuropsychological evaluation was normal (Table 1). She used 
levodopa/carbidopa slow release 400/100 mg daily.   
 
Surgery was performed using MRI, 4-tract microrecordings, and macrostimulation 
for target localization (12 mm lateral, 2 mm posterior and 4 mm inferior to the 
midcommissural point (MCP)). The left electrode (model 3389, Medtronic) was 
implanted in the central trajectory, with the deepest contact 7 mm below MCP. 
There was considerable CSF leakage from the burr holes. On the right side, no 
typical STN activity could be recorded.  Because test stimulation along the medial 
trajectory induced a large reduction in rigidity and bradykinesia, the DBS electrode 
was implanted with the deepest contact 4 mm below MCP.  
Postoperatively, a stereotactic CT scan showed intracranial air bi-frontally with 
posterior and caudal brain shift (figure 1). The electrode contacts were at the 
intended position. Confusion resolved within one day. At discharge, the stimulation 
settings were monopolar, contact 0, pulse width 60 �s, frequency 130 Hz, and on 
the right side amplitude 1.8 V and left side 1.3 V, The levodopa/carbidopa slow 
release dosage was reduced to 200/50 mg, 2 mg pergolide was added.  
Six months after surgery, motor functioning was satisfactory. Neuropsychological 
testing showed decline of verbal memory, selective and divided attention, and 
verbal fluency (Table 1). Her relatives confirmed increased forgetfulness, word 
finding difficulties, slowed comprehension, and increased irritability.   
 
One year postoperatively, she complained of progressive memory decline. 
Neurological examination showed no changes in motor functioning. Compared to 
six months after surgery, there was a progressive decline in verbal fluency but not 
in memory. Subsequently, both neurostimulators were turned off.  
Neuropsychological examination one week later showed complete recovery of her 
cognitive functioning (Table 1). The neurostimulator settings were changed to 
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monopolar at contact 2. One month later, she had no cognitive complaints and 
motor functioning was satisfactory. Formal testing demonstrated a decline in verbal 
fluency, but other scores were comparable to the preoperative state. 
 
Table 1   Stimulation characteristics, motor scores and neuropsychological test results at the 
evaluation moments 
 Baseline FU  

26 weeks 
FU 

 52 weeks  
FU 

 53  weeks 
FU  

57 weeks 
Stimulation parameters  

Contacts, R / L   0- / c+ 0- / c+ off 2- / c+ 

Pulse width / μsec   60/60 60/60  60/60 

Amplitude, V  1,8 / 1,6 1,8 / 1,7   1,7 / 1,7  

Frequency, Hz  130 / 130  130 / 130  130 /130 

Contacts, R / L   0- / c+ 0- / c+  2- / c+ 

PD characteristics  

H & Y off/on 3/2,5 2,5/2,5   3/2,5 

UPDRS-III off/on 32/8 19/10 /12 34/25 31/11 

LEU 280 340 870 550 600 

Cognitive tests  

Dementia Rating Scale 136/144 138 133   

Category fluency (T) 53 52 41 49 57 

COWAT letter fluency (T) 56 33 28 53 36 

Boston Naming Test (T) 75 70 70 75 75 

Stroop color word (T)   57 30 29 49 52 

Odd Man Out test errors 5 37 20 4 10 

Trailmaking A (T)   43 28 43 59 51 

Trailmaking B  (T) 42 0 11 47 54 

AVLT total score (T) 38 21 18 47 46 

AVLT delayed score (T) 47 30 34 49 61 
Visual Association Test (T*) >44 34 34 >44 >44 

GIT visuospatial reasoning T) 60 36 50 50 52 

Questionnaires  

DEX self/proxy 15/27 10/15 22/32 9/32 9/36 

CES-D 13 7 5 5 3 

PDQL 82 52 78 64 51 

FU = Follow-up; LEU = Levodopa Equivalent Unit; UPDRS: Unified Parkinson disease rating scale; 
H & Y= Hoehn and Yahr scale; COWAT = Controlled Oral Word Association Test;  AVLT = 
Auditory Verbal Learning Test; T = normally distributed score with mean of 50 and standard 
deviation of 10, corrected for age and education; T* = based on age group 65-84; DEX= Dysexecutive 
questionnaire; CES-D= Center for Epidmiological studies depression scale; PDQL= Parkinsons’s 
disease Quality of Life scale;  
Significant changes in cognitive test scores (compared to baseline) are printed in bold typeface.  
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A new stereotactic CT-scan was made and co-registered with the preoperative 
MRI. On the left side, contact 0 was located 12.5 mm lateral, 2 mm anterior, and 3 
mm inferior to MCP, in the internal capsule lateral to the anterodorsal STN (see 
figure 2). Contact 2 was located at the border of the internal capsule and the zona 
incerta adjacent to the globus pallidus internus (GPi) (13 mm lateral, 4 mm 
anterior, 0.5 mm superior relative to MCP). On the right side, contact 0 was in the 
dorsomedial globus pallidus externus (GPe) (17 mm lateral, 8.5 mm anterior, 3.5 
mm superior to MCP). Contact 2 was in the dorsolateral GPe close to the putamen 
(17 mm lateral, 10.5 mm anterior, 7.5 mm superior to MCP). 
 
 
_________________________________________________________________________ 
 
Figure 2   Location of the contactpoints of both electrodes 
 

 
Fusion of the axial preoperative T2-MRI and the CT one year after surgery, with all CT-signal 
suppressed except for the electrode artefacts. On the left side, contact 0 is in the internal capsule 
adjacent to  the anterodorsal lateral  STN (upper left panel) and contact 2 in the internal capsule 
adjacent to the posterodorsal medial globus pallidus internus (GPi) (lower left panel). On the right 
side, contact 0 is in the dorsomedial globus pallidus externus (GPe)(upper right panel), contact 2 
dorsolateral GPe close to the border with the putamen (lower right panel).  
_________________________________________________________________________________ 
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Discussion 

 
Cognitive decline resolved after switching off DBS. Adjustment of stimulation 
settings to the dorsal contacts led only to a minor setback in cognition. The 
electrodes were probably displaced as a result of brain shift caused by CSF leakage 
during surgery and subsequent unfolding of the brain in the postoperative period. 
Since this incident, we close the burr holes during surgery with tissuecol to reduce 
CSF leakage. 
Cognitive decline was worst with the ventral contacts activated, which were 
located outside the STN, on the left side in the internal capsule close to the 
anterodorsal lateral STN and on the right side in the dorsomedial GPe.  
Severe cognitive decline has been described after lesions in the genu of the internal 
capsule4. When localized in the left hemisphere, the decline is characterized by 
verbal memory loss and confusion. Apathy and executive disorders have been 
described after capsulotomy for anxiety disorders.5  Thus, stimulation of the ventral 
contact of the left electrode may have caused the cognitive decline. Cognitive side 
effects of pallidal stimulation have also been described,6;7 therefore we cannot 
exclude stimulation of the right dorsomedial GPe as the culprit.  
Adjustment of stimulation settings did not lead to an improvement in off phase 
parkinsonism measured with the UPDRS, though there was an evident decrease of 
dyskinesias and less on-off fluctuations possibly related to stimulation of the 
globus pallidus. 
Neuropsychological evaluation is necessary after DBS to assess cognitive outcome. 
When cognitive decline is evident, it is important to verify electrode placement. 
Adjustment of stimulation settings can sometimes resolve the decline.  
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