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Chapter 1 
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Parkinson's disease 
 
Parkinson's disease (PD) is a progressive neurodegenerative disease which is 
clinically characterized by bradykinesia, tremor, rigidity and postural imbalance. 
Lately, the non-motor deficits of the disease such as autonomic disorders, sleep 
disorders, and neuropsychological and neuropsychiatric features are receiving more 
and more attention. The disease is associated with advancing age, but disease onset 
at a younger age is not uncommon.  
 

Neuropsychological impairments and behavioral changes 

Neuropsychological impairments can be present in PD at the earliest stages. Many 
studies claim that cognitive impairments such as mental slowness, encoding 
problems, attention deficits, and impairments of working memory can all be 
explained as a consequence of executive dysfunction.1;2 Recently, however, 
researchers have stated that cognitive impairments in PD are more 
heterogeneous.3;4 Impairments were found on a wide range of tests measuring 
psychomotor speed, language, attention and executive functions, memory, and 
visuospatial abilities. It was concluded that memory and/or visuospatial functions 
were affected independently of executive dysfunction. With disease progression, 
dementia becomes a common feature of the disease with a prevalence of 24-31%. 5 
Patients and relatives often report mild behavior changes in an early stage of the 
disease. These concern among others decrease in interest and/or initiative, 
emotional flattening or increased compulsiveness. Later in the disease these 
behavioral changes can progress to neuropsychiatric disorders with hallucinations, 
obsessive-compulsive disorder, pathological gambling, hypersexuality and 
depression or apathy. Minor depressive symptoms are common in PD, but only 3-
8% of the patients fulfill the DSM criteria for a depressive disorder.6 Depression 
shares symptoms with apathy such as loss of interest, which occurs in PD also in 
absence of depression. Apathy includes a primary lack of motivation which can 
negatively influence effort and productivity. Flattened affect and lack of response 
are also associated with apathy.7  
 

Pathophysiology of Parkinson's disease and the role of the basal ganglia 

The development of cognitive and behavioral changes in PD is related to 
dysfunction of the basal ganglia and other subcortical and striatofrontal networks. 
Neuronal losses occur in the dopaminergic nigrostriatal loop, noradrenergic and 
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serotonergic systems, cholinergic forebrain system and in specific nuclei of the 
amygdalae and the limbic system. Moreover, limbic and/or cortical Lewy body and 
Alzheimer type pathologies play a role in the development of cognitive and 
behavioral alterations.8   
The functional circuitry of the basal ganglia is described by different models.9 An 
early model by Albin et al (1989) refers to a direct pathway in which striatal 
information goes through the internal globus pallidus (GPi) and the substantia nigra 
pars reticulata (SNr) and then to the thalamus and from there to the frontal cortex. 
The indirect pathway comprises the external pallidum (GPe), the nucleus 
subthalamicus (STN), and the internal pallidum (GPi) and SNr. The model of 
Alexander (1990) is more complex and consists of five parallel, segregated circuits: 
motor, oculomotor, dorsolateral prefrontal and lateral orbitofrontal and limbic 
circuits.  There are many problems with both models because several experimental 
findings are not accounted for. According to Yelnik (2002), the functional anatomy 
of the basal ganglia is nowadays subdivided into three functional territories: the 
sensorimotor territory (the putamen) projecting back to motor cortices (prefrontal 
motor cortex, SMA, premotor cortex), the associative territory (dorsal caudate 
nucleus) projecting to the prefrontal cortex, and the limbic territory (ventral 
striatum) projecting to anterior cingulate cortex and medial orbitofrontal cortex.9 
Yelnik explains that some researchers believe that the operation of these territories 
is mostly segregated. This way, pathways for movement are independent from 
pathways for cognitive and emotional functioning. On the other hand some 
researchers state that these pathways are not completely segregated and exchange 
of information between the territories takes place. Finally, Yelnik mentions basal 
ganglia models that use both convergence and segregation alternatively according 
to the task/environmental conditions. Lately, neural network models have been 
proposed to describe the function of the basal ganglia. One model replaced the 
insufficient dichotomy of direct/indirect pathways by proposing a primary role for 
the hyperdirect pathway (cortex – STN – GPi – thalamus –STN) next to the direct 
pathway (cortex – striatum – Gpi – thalamus – cortex). Cortical activity targets the 
STN which hyperdirectly excites the GPi, bypassing the striatum. Competition 
between those loops provides the basal ganglia – cortex system with the ability to 
select motor programs.10 Cognitive function is not integrated in this model, but has 
been in another biologically based, neurocomputational model proposed by Frank 
11 This model is based on the standard basal ganglia model with the direct and 
indirect pathways (Figure 1). Frank’s model is particularly relevant to the present 
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thesis, because in a later version it incorporates the role of the subthalamic nucleus. 
According to Frank, the basal ganglia provide a selective dynamic mechanism for 
the gating of information and support trial-and-error learning. Positive and negative 
feedback have opposing effects on dopamine release.  Positive feedback leads to a 
dopamine burst which provides the direct pathway with a go signal for the 
execution of a response and at the same time inhibits the no-go signal in the 
indirect pathway.  Negative feedback leads to a dopamine dip and releases the no-
go signal from inhibition. Consequently, the execution of the response will stop.  
This theory was tested in a network model which learned to select one or two 
responses to different input stimuli. In probabilistic classification tasks, the 
network learned to respond concordantly with the performance of healthy 
volunteers.  When PD was introduced in the network model by deleting 75% of the 
units in the Substantia Nigra, the simulated decrease of dopamine levels led to less 
efficient probabilistic learning. The hypothesis that this is due to impaired Go 
learning which depends on DA bursts was supported by research in unmedicated 
PD patients 12, who learned more from avoiding negative outcome than from the 
positive outcomes of their choices.  
___________________________________________________________________ 
 
Figure 1  The corticostriato-thamocortical loops  
 
 

 
 
figure adapted from Frank13  
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Simulated supplementation with dopaminergic medication resulted in continuously 
elevated levels of dopamine and blocked the dips in dopamine needed for negative 
feedback, leading to impaired No-Go learning. This was also found in PD patients 
taking their regular dopaminergic medication. Moreover, simulated dopamine 
overdose in the model led to impairment in reversal learning just as in medicated 
PD patients in the early stages when dopaminergic damage is restricted to the 
dorsal striatum and the ventral striatum is relatively intact. 
In a refined model, Frank  13 integrated the STN, because the STN is part of the 
hyperdirect pathway and has diffuse reciprocal connections with the GPe. 
Dopamine depletion is associated with increased STN, GPe and GPi activity. 
Moreover, dopamine depletion leads to oscillatory activity in these nuclei. This 
pathological activity is related to the motor impairments in PD. The refined 
network model was able to simulate that lesions of the STN eliminated the network 
oscillations in the basal ganglia, but suggests that this is at the cost of impairment 
in decision making. Frank reasons as follows: When there are many potential 
concurrent responses to a stimulus and conflict load increases, the STN is activated 
by the cortex and gives a “global no-go response” to the GPe. This results in a 
delay in the execution of the response giving the basal ganglia more time to choose 
the most adaptive response. This way the STN prevents a premature response, 
which could be less adequate. He tested his theory in the network model. The 
concept of conflict was introduced in the model. The network had to learn one out 
of four responses for each of the four cues instead of the maximum of two 
responses in the previous version. The network received feedback by increasing or 
decreasing dopamine levels. The network learned to select the response most 
associated with positive reinforcement based on go/no-go learning. When response 
conflict was increased because of higher number of alternatives, the network model 
with intact STN became slower because of the global no-go signal. In models with 
simulated STN lesions response time was not associated with conflict load. 
Furthermore, it did not always choose the best among two positively associated 
responses. The global no-go response, which is only activated in cases of high 
response conflict, ensures that accuracy does not always go at the cost of speed of 
the system. When a decision is easy, the information process is fast. When the 
decision is complicated and more accuracy is needed, the process is delayed. 
According to Frank it shows “that by modulating when a response is executed, the 
STN reduces premature responding and therefore has substantial effects on which 
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response is ultimately selected, particularly when there are multiple competing 
responses. 
Interesting and heuristically useful as these theoretical models may be, one needs 
to realize that they are still gross simplifications of the anatomical and functional 
reality. See for example a review by Saint-Cyr 14 on the same subject, which does 
much more justice to the complexity of the basal ganglia. 
 

Treatment of Parkinson's disease 

In the early stages of the disease motor symptoms can often be treated adequately 
by means of dopaminergic replacement medications, levodopa with a 
decarboxylase inhibitor and/or a dopamine agonist. In some patients 
anticholinergics are used, especially in case of tremor. The effects of the anti-
Parkinson medication on cognition and behavior differ widely. In de novo patients 
levodopa replacement therapy can initially lead to a nonspecific arousal effect, 
which facilitates cognitive processes that require effort. In a later stage when 
patients experience on-off response fluctuations on medication, levodopa can have 
different effects on different tests of executive functions.15 Patient in the ‘off’ phase 
have poorer results on verbal fluency, spatial working memory and visual attention 
tasks compared to the ‘on’ phase. On the other hand, lower scores on other 
executive tests such as card sorting, conditional associative learning and memory 
scanning were found when patients were in the 'on' phase.16  The negative effect of 
levodopa on card sorting tests and conditional associative learning can be 
explained by the model of Frank 11 that states that learning is impaired because 
medicated patients have difficulties in suppressing highly activated responses, that 
were previously relevant.   
Dopamine agonists have recently received bad publicity, because of their relation 
with hypersexuality, pathological gambling and compulsive medication use 17.18;19 
Effects of dopamine agonists on cognition are not well understood, but executive 
dysfunction after taking pramipexol has been described.20 Anticholinergics are 
notorious for their negative effect on cognition such as hallucinations, memory 
impairments or full blown dementia. With advancing disease patients often develop 
side effects of medication, including wearing off , when Parkinson symptoms 
return in a shorter period of time after taking medication, and ‘on-off’ response 
fluctuations in which periods of good effect of levodopa medication (although 
often with dyskinesias) alternate with the sudden, unpredictable appearance of 
parkinsonian symptoms. When these response fluctuations appear, other drugs may 
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be added, such as MAO-B inhibitors, amantadine, COMT inhibitors, 
anticholinergics, and/or atypical neuroleptics, to suppress parkinsonian 
symptomatology, or side effects of other medications. Finally, all dopaminergic 
medications, amantadine, and anticholinergics may cause hallucinations, and/or 
delusions. 
When medication no longer improves sufficiently the motor symptoms of PD, or 
when side effects prevent an adequate dosage of anti-Parkinson medication, 
stereotactic surgery may be considered.  
 
 
 

Stereotactic surgery 
 
In 1948 stereotactic neurosurgery was introduced for treatment of Parkinson’s 
disease, and ablative procedures such as pallidotomy and thalamotomy were 
regularly performed in the fifties and sixties. After the introduction of levodopa in 
1967, surgery was temporarily restricted to single cases.  Improvements in surgical 
techniques, the introduction of deep brain stimulation, and shortcomings of the 
pharmacotherapy, led to a revival of stereotactic neurosurgery for patients with 
advanced PD.   
Nowadays, several nuclei are possible targets for stereotactic surgery, but for the 
research described in this thesis we restricted ourselves to unilateral pallidotomy 
and bilateral STN stimulation. Unilateral pallidotomy is a procedure whereby an 
electrode is introduced in the sensorimotor part of the globus pallidus, the 
posteroventral part of the inner segment of the globus pallidus (GPi). By 
radiofrequency stimulation  a small area of brain cells and nerve fibres is destroyed 
by coagulation. Posteroventral pallidotomy of  the GPi improves motor symptoms 
and reduces levodopa induced dyskinesias on the contralateral side to the surgical 
lesion.21;22An alternative for ablative surgery is deep brain stimulation (DBS), in 
which chronic high frequency electrical stimulation improves Parkinson symptoms 
bilaterally. DBS has several advantages compared to lesioning. Firstly, the 
procedure can be applied bilaterally without major side effects. Next, the stimulator 
can be switched off making the treatment reversible. Moreover, DBS permits 
adjustment of the contacts and stimulation parameters after surgery.  
Bilateral DBS of the subthalamic nucleus (STN) is more effective than unilateral 
pallidotomy.23;24 The precise function of the STN is unknown, but as described 
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above, current theories hypothesize that the STN is a control system which may 
perform action selection. The STN has strong reciprocal connections with the 
external pallidum. STN DBS ameliorates the major motor symptoms of PD, 
possibly because of inhibition of STN output.25   
Unilateral pallidotomy seems relatively safe with respect to cognition and 
behavior.26 In most studies only a negative effect on verbal fluency was found in 
patients who underwent left-sided treatment. 27 However, most studies were 
comprised of few patients.  
In 1999 the first study on neuropsychological effects of STN DBS was published 
by Ardouin et al.28 They concluded that STN DBS did not affect memory or 
executive functions, although they observed deterioration in verbal fluency and an 
improvement on the Trailmaking test. However, relatively young patients were 
selected and the scope of the neuropsychological test battery was limited. Another 
study by Saint Cyr et al (2000), 29 which included older patients, was less positive. 
They found a decline in working memory, psychomotor speed, set switching, 
phonemic fluency and long term consolidation of verbal information. The cognitive 
decline was attributed to a decline of executive functions and was most obvious in 
patients of 69 years and older. Moreover, a decline was also seen on a scale 
measuring behavioral control. A depression scale only showed a temporary 
improvement in mood for the older patient group. The number of patients was 
limited. Disease progression might explain the decline because a control group was 
lacking. A case study from another group reported a patient who suffered from a 
major, reversible depression when stimulation was switched on, but one of the 
contacts of the electrode was placed in the substantia nigra instead of the STN. 
Transient behavioral changes have also been mentioned after other stereotactic 
procedures. 30;31 
From these early studies on the cognitive effects of STN DBS the general 
assumption arose that bilateral STN DBS was just as safe as unilateral pallidotomy 
as long as the electrodes were properly positioned, but this assumption was not 
evidence-based. These early studies had the following limitations :1) the patient 
groups were not large enough, 2) only limited test batteries were used, 3) no 
comparisons were made with a control group, and 4) individual decline was not 
always examined or only in a superficial manner. Moreover, the case studies 
showed that behavior could be influenced by stimulation.   
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Our approach 
 
The main question: “Does STN DBS in patients with PD lead to cognitive decline 
and behavioral changes?” had not been answered properly by the studies cited 
above. With our approach we tried to overcome the limitations of the early studies.  
 

Comprehensive evaluation 

We used a comprehensive neuropsychological battery because we were interested 
in a broad spectrum of neuropsychological modalities. However, we laid an 
emphasis on the executive functions, because the early studies suggested 
implications in this modality, and also because the executive functions are already 
affected in many PD patients long before stereotactic surgery is considered. Next, 
we included several behavioral scales to monitor possible neuropsychiatric and 
dysexecutive symptoms common in Parkinson's disease. With mood scales we 
observed mood from the patient’s view but also from the proxy’s and the 
psychologist’s view. We evaluated the patients before surgery and six and twelve 
months after surgery.  
 

Control group 

Repeated assessment with tests and questionnaires is subject to retest effects.  
Patients perform better on tests with which they are accustomed. The use of 
parallel forms cannot completely prevent this. Consequently, a possible decline 
after bilateral STN stimulation could be obscured because of this retest effect. 
Conversely, an apparent decline after surgery might be due not to the procedure 
itself, but to disease progression. A randomized trial would have been the best 
approach to control for these confounding effects. However, because of the 
impressive motor benefits of STN DBS without severe mental side effects, it was 
considered ethically unacceptable to place patients on a waiting list for a year to 
complete the neuropsychological study. Therefore we formed a control group of 
PD patients with disease duration of at least six years.  
 

Accent on neuropsychological profile 

As is the case in our clinical practice, we were interested in the neuropsychological 
profile of the patients. However, the study of profiles entails intricate statistical 
problems. For example, a statistically significant change on one particular test out 
of a larger battery of tests may be a chance finding. On the other hand, slight 
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decline on several tests, although each separate decline might be statistically 
insignificant, could be indicative of cognitive problems in daily life. In order to 
deal with these problems, a new statistical method was developed.32  This method, 
termed multivariate normative comparisons, compares the test profile of each 
patient with the profile of the control group.   

 

Predictors  

Finally, we wanted to find out if we could predict which patients would decline 
after STN DBS in order to improve selection criteria of patients for this treatment. 
Therefore, we needed to include a sufficiently large patient group.  
 
 
 

Outline of the thesis 
 

Chapter 2 

In the first study we evaluated the differential cognitive and behavioral effects six 
and twelve months after unilateral pallidotomy and STN DBS. This study was part 
of a randomized, single blind, multicentre trial which compared the effects of these 
procedures on motor functioning. This study was powered to compare the motor 
functioning; its sample size was too small to detect subtle neuropsychological 
changes which could still be clinically relevant.  Subsequently, the 22 STN patients 
from this trial formed the start for a study in which we evaluated the 
neuropsychological effects of STN DBS in a larger patient group. 

 

Chapters 3 and 4 

We compared the changes in cognition and behavior six months after surgery with 
a control group of PD patients. Eventually, we enrolled 105 STN patients and 40 
control subjects. At the twelve month follow-up we looked again at the group 
changes, but this time we also examined the individual changes with the new 
statistical method referred to above, the multivariate normative comparisons. 
Moreover, we assessed predictors of cognitive and psychosocial outcome of STN 
DBS.  
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Chapters 5, 6 and 7 

In the group of STN patients there were some patients who suffered severe 
neuropsychological side-effects of the procedure. Three of them were the subjects 
of in-depth case studies, which form the remainder of this thesis. We describe a 
patient who developed pathological gambling shortly after STN DBS (chapter 
five). We evaluated his neuropsychological profile including his ability for 
decision making at different stimulation and medication parameters. Next, in 
chapter 6 we describe a patient who had reversible cognitive decline after STN 
DBS, probably as a result of postoperative electrode displacement. In chapter 7, we 
describe a patient who developed a dysexecutive syndrome after STN DBS.   
 

Chapter 8 

In the final chapter the main findings are discussed. The thesis ends with a 
summary in English and Dutch. 
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Abstract 
 
Objective: To compare the cognitive and behavioural effects of unilateral 
pallidotomy and bilateral subthalamic nucleus (STN) stimulation.  
 
Methods: After baseline examination 34 patients were randomly assigned to 
unilateral pallidotomy (4 left-sided, 10 right-sided) or bilateral STN stimulation 
(n=20). At baseline and six and twelve months after surgery we administered 
neuropsychological tests of language, memory, visuospatial function, mental speed 
and executive functions. Also a depression rating scale, and self and proxy ratings 
of memory and dysexecutive symptoms were administered.   
 
Results: Six months after surgery, the STN group and the pallidotomy group 
differed  significantly in change from baseline in number of errors on two tests of 
executive functioning.  After 12 months the STN group reported less positive affect 
compared to baseline than the pallidotomy group. One patient in the STN group 
showed an overall cognitive deterioration due to complications.   
 

Conclusions: Although we need larger groups to draw firm conclusions, our results 
suggest that bilateral STN stimulation has slightly more negative effects on 
executive functioning than unilateral pallidotomy  
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Introduction   
 
In a prospective, randomised, observer blind, multicenter study our group 
established that bilateral subthalamic nucleus stimulation (STN) is a more effective 
surgical treatment than pallidotomy to reduce parkinsonian symptoms in patients 
with advanced PD.6  The safety of pallidotomy concerning neuropsychological 
aspects has been documented in several studies. The only consistent finding of 
these studies is a decrease in verbal fluency following left sided surgery.10;15;33;43 
Studies into the neuropsychological effects of bilateral STN stimulation show 
inconsistent results.42  The only controlled study from Morrison et al.21 reported 
mildly adversely affected attention and verbal fluency. Other studies were not 
controlled. Ardouin and Pillon et al. and Alegret et al. found hardly any negative 
effect on cognition, while Saint Cyr et al. did find a decrease of performance in 
memory, mental speed and fluency.1;24;32 Dujardin et al found that STN stimulation 
can induce overall cognitive decline or behaviour changes in some patients.5  
To establish if pallidotomy and bilateral STN stimulation are equally safe with 
respect to cognition, mood and behaviour, comparison studies are needed. Only 
one study compared the neuropsychological effects of bilateral STN stimulation 
and unilateral pallidotomy. This study found that bilateral STN stimulation causes 
a selective decrease in verbal fluency.9  This study was controlled but not 
randomised. Two other studies 2;38 comparing bilateral pallidal and STN 
stimulation, did not show differences on cognitive measures at all. These two 
studies are respectively a pilot study and a retrospective study, which studied two 
bilateral interventions.  
The present study is part of the prospective, randomised, observer blind, 
multicenter study mentioned above.6  We describe the neuropsychological effects of 
unilateral pallidotomy and bilateral STN stimulation.  
 

 

 

Methods  
 

Patients  

Patients were recruited from the four participating Dutch hospitals experienced in 
pallidotomy and STN stimulation for PD between April 2000 and May 2001. 
Eligible patients had idiopathic Parkinson’s disease with an unequivocal reduction 
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in off phase symptoms on levodopa, and at least one of the following symptoms 
despite optimal pharmacological treatment: severe response fluctuations, 
dyskinesias, dystonia or bradykinesia. Exclusion criteria were: predominantly 
unilateral symptoms without severe response fluctuations, severe brain atrophy on 
CT or MRI scans, Hoehn and Yahr stage 4 or 5 in the best on phase, Dementia 
Rating Scale score of less than 120, psychosis or depression at inclusion, previous 
stereotactic operation, or a physical condition making stereotactic surgery 
hazardous. All patients gave their written informed consent. The medical ethics 
committees of the participating hospitals approved the study.   

 

Randomisation  

After inclusion, scoring of demographic and disease variables, and baseline 
neuropsychological assessment, patients were allocated randomly to unilateral 
pallidotomy (pallidotomy group) or to bilateral STN stimulation (STN group) by a 
computer program. A minimisation procedure 25 was done according to severity of 

Parkinson’s disease (Hoehn and Yahr ≤ 3 versus Hoehn and Yahr stage 4 or 5 in 
the off phase) and ‘treatment centre’.  

 

Surgical procedure  

Within one month after randomisation, patients underwent stereotactic surgery as 
previously described6, using ventriculography, MRI, or CT scan to determine the 
position of the target structure. Semi-microelectrode recording was used in one 
patient. After macroelectrode test-stimulation either a radiofrequency thermolesion 
was made or a four contact electrode (model DBS-3389, Medtronic, Minneapolis) 
was implanted. The electrodes were connected to the implantable pulse generator 
(Itrel II, Soletra, or Kinetra, Medtronic, Minneapolis) under general anaesthesia. 
We did not systematically perform MRI postoperatively, because this is not 
allowed in the Netherlands.  
Assessments Neuropsychological examination was completed in the morning, 
while patients were at their optimal status. The examination was suspended 
whenever a patient indicated that he or she went into ‘off’. A board-certified 
neuropsychologist or a supervised test technician administered the tests. Follow-up 
assessment was done six and twelve months after surgery.  
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Neuropsychological tests  

We selected a battery of tests to evaluate cognitive functions often affected in 
Parkinson’s disease. To minimise practice effects we used alternate forms where 
available in a balanced order across patients.  The following tests were 
administered.  

• Dementia Rating Scale (DRS) 18. The DRS is a measure of general cognitive 
status. The scale consists of five subscales: attention, verbal and motor 
initiation and perseveration, visuospatial construction, conceptualisation, 
and memory. The score is the sum of the scores of the 5 subscales. 
Maximum score is 144.  

• Category fluency 17. Naming animals and occupations for 1 minute each. 
Score is raw number correct in 2 minutes.  

• Controlled Oral Word Association Test (COWAT) 29. During 1 minute the 
subject must say as many words as he or she can think of that begin with a 
given letter. Three trials with different letters were done. At follow-up an 
alternate version was used. Score is raw number correct in 3 minutes.  

• Alternating fluency 4 : this is a test of verbal set shifting. Naming items 
alternating between two different categories (body parts/cities or 
clothing/countries) during two minutes, and subsequently alternating 
between two different letters during two minutes. Score is raw number 
correct in 4 minutes. Parallel forms were used at follow-up. 

• Dutch Adult Reading Test (DART).34 The DART is the Dutch counterpart of 
the National Adult Reading Test (NART) [22].This test gives an estimate of 
premorbid intelligence, as it is relatively insensitive to cognitive 
deterioration due to neurological disorders. Fifty words with irregular 
spelling are read aloud. The number of correctly read words is transformed 
into an estimate of verbal intelligence.  

• Paced Auditory Serial Addition Task (PASAT), speed 3.2 seconds per digit. 
11 This is a test of working memory as well as a test of information 
processing speed. Every 3.2 seconds a digit ranging from 1 to 6 is presented 
on audiotape. The subject has to add the currently presented digit to the 
previous digit and provide the answer aloud. This procedure includes one 
practice list of 11 digits followed by one trial of 61 digits. Score is number 
of correct additions. Maximum score is 60. 

• Auditory Verbal Learning Test (AVLT).28 The subject memorises a series of 
15 words in five learning trials. Following a 20-minute delay, the subject is 
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asked to recall the word list, followed by a recognition trial in which the 
subject is presented with the 15 target words and 15 foils. Raw scores are 
used. Alternate forms were used at follow up.  

• Groningen Intelligence Test: Visuospatial reasoning, a subtest of a Dutch 
Intelligence Test.17 Visuospatial puzzles of increasing complexity have to be 
solved. Score is number of correctly solved items. Maximum score is 20.  

• Stroop Color Word Test.36 This test measures perceptual interference, 
response inhibition, and selective attention by having the subject read words, 
name colours, and the colour of ink of the words when the words are printed 
in a non-matching coloured ink. Scores are time to complete 100 items, and 
number of errors that are not self-corrected.  

• Odd Man Out Test (OMO)7  This test measures the ability to maintain a 
mental set. Subjects are required to identify a rule by which one of a set of 
letters or figures is different from the others.  This classification rule has to 
be followed on a series of cards. Feedback is given after every card. In a 
second series of identical cards a different rule has to be identified and 
followed with continuous feedback. These two series with the two rules are 
alternated four times. Score is total number of errors on 8 trials. Alternate 
forms were used at follow-up. 

• Trail Making Test parts A and B 27 This is a test of visual scanning, 
visuomotor and conceptual tracking, mental flexibility, and motor speed. 
The task is to connect numbers (part A), and to connect numbers alternating 
with letters (part B) on a sheet of paper. Scores are time to completion in 
seconds, and number of errors on part B. For both tasks a practice item is 
given in advance.  

• Boston Naming test (BNT)13 This is a test of naming ability. We used an 
abbreviated version. Thirty line drawings of objects and animals have to be 
named.  Scores of the original version were estimated by extrapolation.  

 

Mood and behaviour rating scales 

The DEX Questionnaire of the Behavioural Assessment of the Dysexecutive 
Syndrome 40 and the Memory Assessment Clinic ratings (MAC) 3  were completed 
by the patient and a proxy. The DEX is a 20-item questionnaire for rating 
dysexecutive symptoms such as apathy, distractibility, lack of social awareness, 
and planning problems. High scores indicate executive dysfunction.  The MAC 
scales measure a wide range of everyday memory abilities and amnesic symptoms. 
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In this study we used only the ability subscale (21 items). High scores indicate 
good memory abilities.  
During the test session a combined version of the abbreviated Profile of Mood 
States (POMS) 19 and the Positive And Negative Affect Scale (PANAS)39 was 
filled out by the patient. This is a list of 60 adjectives by which subjects describe 
their mood during the week preceding the assessment. For the POMS the adjectives 
are clustered in five subscales (depression, anger, fatigue, vigour, and tension), and 
for the PANAS the adjectives cluster into positive and negative affect.  The 
Montgomery & Åsberg Depression scale (MADRS)20 was also administered. This 
is a 10-item depression rating-scale.  High scores indicate depression.  

 

Statistical analyses  

All analyses were conducted according to the intention-to-treat principle. From 
patients who were lost at follow-up, the missing data were imputed by the last 
observation carried forward. This means that the individual test scores of the last 
available neuropsychological examination were used to replace the missing data.  
The STN group was compared with the pallidotomy group on all measures for both 
follow-up times. In view of the small and unequal subgroup sizes, nonparametric 
tests were used (Mann-Whitney U test).  
Change scores were calculated as the score at follow-up minus the score at 
baseline. p Values of less than 0.05 (two-tailed) were accepted as statistically 
significant. We did not correct the level of significance to reduce the probability of 
type I error due to multiple comparisons because we are mainly interested in 
detecting adverse effects of the surgical intervention. Under this circumstance, type 
II error (failure to detect an effect when it actually exists) is more serious than type 
I error (considering an effect to be real when it is actually not). 30 

 

 

 

Results 
 
Thirty-four patients were included in the study. Twenty patients were allocated to 
the STN group and 14 to the pallidotomy group of which 10 were treated on the 
right side and four on the left side. The difference in size of the groups was due to 
the minimisation procedure. The course of the follow-up is depicted in figure 1. 
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______________________________________________________ 

Figure 1 study design 

  
STN = subthalamic nucleus, FU = follow-up neuropsychological examination  

_________________________________________________________________________ 

 

 
 
The demographic and disease characteristics of the groups are listed in table 1. The 
group did not differ significantly (p=0.72) in the interval in months between 
baseline and follow-up at 6 months (STN group mean 6.7 (sd 0.5); pallidotomy 6.8 
(sd 0.7); neither for the interval between baseline and follow-up at 12 months 
((STN group mean 13.0 (sd 0.8); pallidotomy 12.9 (sd 0.7) p=045).  The groups 
were comparable with respect to gender, age, educational level, and premorbid 
verbal intelligence.  Disease characteristics in terms of duration of disease, Hoehn 
and Yahr score in “on” and “off” phase, and medication expressed in levodopa 
equivalent units (LED) were not significantly different for both groups at baseline 
(Table 1).  
 
 
 

34 patients were randomised 

Unilateral pallidotomy 
(n=14) 

 Bilateral STN 
stimulation (n=20) 
 

Lost to FU 
(n=1, suicide) 

Lost to FU 
 (n=1, refused) 

 

FU 6 months 
(n=19) 

FU 12 months 
(n=11) 

FU 6 months 
(n=13) 

Lost to FU (n=2, 
1 STN surgery, 

1 medical reasons) 

FU 12 months 
(n=19) 
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Table 1  Demographic and disease characteristics of the patient sample at baseline  

 pallidotomy 

n =14 

(right: 10, left: 4) 

STN  

n = 20 

Men/women, n 5 / 9  6 / 14 
Age, y, mean (SD)  62.1 (8.1) 59.2 (8.6) 
Education, y, mean (SD)  10.2 (3.1) 10.7 (1.9) 
DART-IQ, mean (SD)  100.2 (15.9) 99.6 (14.1) 
Disease duration, y,median (range)  11 (7-20) 12 (3-50) 
Hoehn & Yahr “on” median (range) 2.5 (1.0-3.0) 2.5 (1.0-5.0) 
Hoehn & Yahr “off”median (range) 4.0 (2.5-5.0) 4.0 (3.0-5.0) 
Medication in LEU pre-op, median (range) 1260 (340-2614) 935 (406-3000) 
Medication in LEU post-op median (range)  1110 (410-2904) 625 (210-1225) 

LEU = levodopa equivalent units; DART = Dutch Adult Reading Test  
 

 
The cognitive test scores of the groups are shown in table 2. The table provides the 
mean scores at baseline and the mean change at follow-up.  The STN and 
pallidotomy group did not differ at baseline in cognitive status except for number 
of errors on Trailmaking test part B. The pallidotomy group made significantly 
more errors than the STN group on this test (p=0.03). There were no significant 
differences at baseline on mood or behavioural questionnaires.  
 

Table 2  Cognitive test scores at baseline and change scores at 6 and 12 months follow-up for STN 

and pallidotomy groups 

 

Test  

 

pallidotomy  

 

STN 

 

p values 

Dementia Rating Scale 134.2 (5.7) 135.8 (6.3)  

   change after 6 months 0.8 (6.2) -2.1 (5.8) 0.18 

   change after 12 months 1.2 (6.1) -3.2 (8.2) 0.06 

Category fluency 34.4 (8.8) 36.0 (8.2)  

   change after 6 months -1.2 (7.9) -4.0 (8.2) 0.36 

   change after 12 months -1.4 (6.3) -4.0 (7.0) 0.32 

COWAT letter fluency 31.8 (12.7) 31.9 (13.6)  

   change after 6 months -2.4 (9.3) -2.8 (8.1) 0.82 

   change after 12 months -0.6 (9.3) -4.5 (8.1) 0.18 

Alternating fluency 42.3 (13.4) 45.6 (14.4)  

   change after 6 months -5.0 (11.0) -9.6 (11.0) 0.46 

   change after 12 months -3.7 (11.5) -3.4. (6.1) 0.93 

PASAT  33.4 (16.1) 34.1 (16.1)  

   change after 6 months 1.8 (8.5) 1.7 (11.4) 0.90 

   change after 12 months 2.5 (9.7) 2.5 (7.7) 0.65 

AVLT total score 36.6 (10.8) 37.5 (9.2)  

   change after 6 months -1.9 (6.5) 1.1 (11.1) 0.38 
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   change after 12 months -1.7 (7.2) 2.65 (10.8) 0.11 

AVLT delayed score 6.7 (3.3) 8.0 (2.7)  
   change after 6 months 0.5 (1.7) -0.4 (2.9) 0.25 

AVLT recognition 27.7 (1.7) 27.8 (2.8)  

   change after 6 months -0.2 (1.5) 0.3 (2.3) 0.67 

   change after 12 months -0.2 (1.8) 0.2 (2.2) 0.87 

GIT visuospatial reasoning  8.5 (4.1) 8.4 (2.8)  

   change after 6 months 0.1 (1.5) 0.2 (2.3) 0.75 

   change after 12 months -0.4 (1.2) 0.8 (2.0) 0.08 

Stroop word seconds  48.6 (9.6) 57.5 (16.8)  

   change after 6 months 1.7 (5.6) -0.8 (12.0) 0.46 

   change after 12 months 1.9 (6.4) -1.0 (12.1) 0.63 

   change after 6 months 2.7 (16.3) -0.6 (16.2) 0.71 

   change after 12 months -0.6 (12.8) 3.4 (17.7)  0.16 

Stroop color word seconds 191.3 (155.1) 141.8 (74.9)  

   change after 6 months -50.1 (112.5) 9.0 (106.5) 0.38 

   change after 12 months -59.0 (145.8) -5.3 (92.9) 0.57 

Stroop color word errors 6.6 (8.5) 2.8 (3.2)  

   change after 6 months -2.9 (3.7) 2.8 (6.7) 0.006 

   change after 12 months -2.7 (6.4) -0.8 (4.0) 0.22 

Odd Man Out test errors 14.3 (14.2) 17.4 (14.5)  

   change after 6 months 5.2 (11.0) .2 (18.1) 0.31 

   change after 12 months 1.1 (9.2) 2.4 (24.4) 0.96 

Trailmaking A seconds 63.2 (23.3) 55.4 (18.8)  

   change after 6 months 0.8 (19.1) -7.0 (11.2) 0.27 

   change after 12 months -4.1 (16.9) -7.9 (12.8) 0.58 

Trailmaking B seconds  178.3 (79.0) 149.3 (65.6)  

   change after 6 months -14.8 (30.6) 1.7 (75.0) 0.53 

   change after 12 months -7.2 (93.8) -11.6 (57.4) 0.81 

Trailmaking B errors  1.9 (1.4) 0.8 (1.0)  

   change after 6 months -0.7 (1.6) 0.9 (2.4) 0.02 

   change after 12 months 0.0 (3.2) 0.5 (1.6) 0.07 

Boston Naming Test 51.8 (4.9) 52.0 (5.0)  

   change after 6 months 0.9 (2.8) 0.1 (2.2) 0.65 

   change after 12 months 0.5 (3.6) 0.7 (1.5) 0.40 

Values are mean (SD). Negative change scores indicate decline in performance except for speeded 
test variables and error scores. COWAT = Controlled Oral Word Association Test; PASAT = Paced 
Auditory Serial Addition Test; AVLT = Auditory Verbal Learning Test; GIT = Groningen 
Intelligence Test. p = level of significance Mann-Whitney U test 
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Follow-up at 6 months 

 Six months after surgery, the STN group and the pallidotomy group did not show 
significant differences in change from baseline on the majority of the 
neuropsychological tests. There were significant different change scores on two 
executive tests, the Stroop Color Word test and the Trailmaking test. Patients in the 
STN group showed a slight increase in number of errors and patients in the 
pallidotomy group showed a decrease in number of errors. The size of the effect is 
large (Stroop Color Word Cohen’s d =0.94; Trailmaking test part B Cohen’s 
d=0.80). The increase in errors on the Stroop Color Word test did correlate 
significantly with a lower baseline score on DRS (r= -.63); this was not the case for 
errors on Trailmaking test B(r=-.29). The change in errors did not correlate with 
age or education or with reduction of levodopa after surgery. There were no 
significant differences on the behaviour and mood rating scales.  

 

Follow-up at 12 months  

Twelve months after surgery, there were no significant differences between the 
groups in change from baseline on the cognitive measures.  The STN group 
showed a trend towards a decline on the Dementia Rating scale compared to the 
pallidotomy group. This decline on the DRS was in the STN group significantly  

correlated with diminshed category fluency (r=0.73), but not significantly 
correlated with a decrease in performance on the Stroop Color-Word card (r= -
0.42), which measures selective attention, the Stroop Word card (r= -0.31), which 
measures pronunciation speed, changes in levodopa dose (r=0.04) or changes in 
positive affect (r=-0.21). The decline on the DRS was in the STN group not 
significantly correlated with preoperative DRS (r=0.09). The other fluency 
measures did not convey significantly different change scores between the groups, 
although the STN group declined slightly more after 12 months. 
On the mood and behaviour questionnaires, the STN group reported less signs of 
positive affect on the PANAS compared to baseline than the pallidotomy group, 
which  reported more positive affect (STN group: baseline mean 31.3  (8.0), 
change after 12 months mean -3.6 (8.4); pallidotomy group: baseline mean 30.7 
(9.2), change after 12 months mean 3.4 (10.7); p=0.03). The decrease in positive 
affect was not related to changes in levodopa dose (r=0.08). There was no 
differential increase between the groups in symptoms of negative affect, or 
depression on the other questionnaires.  Baseline and follow-up scores on the 
questionnaires may be obtained from the first author.   
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One STN patient showed severe confusion and cognitive decline after surgery, 
predominantly in the executive functions. Switching off the stimulator did not 
improve these symptoms. The CT scan showed that both electrodes were displaced 
and the right electrode ran through the genu of the internal capsule. Compared to 
the preoperative CT scan no new lesions were seen. Both electrodes were 
repositioned with good result on motor functioning. During test stimulation there 
were no signs that the electrode was outside the motor part of the STN. After the 
second operation the patient was able to complete both neuropsychological 
evaluations.  
Repeated analyses after exclusion of the patient with the displaced electrode from 
the analyses did not change the results.   
 

 

 

Discussion  
 
On the major measures of the neuropsychological evaluation we found no 
significant differences between bilateral STN stimulation and pallidotomy in 
change from baseline.  However, six months after surgery the STN group made 
more errors than the pallidotomy group on two executive tests. This may be 
interpreted as diminished response inhibition, which suggests executive 
deterioration. After 12 months there appeared a trend for a differential effect on a 
cognitive screening task unfavourable for the STN group. This decline is related to 
diminished category fluency, which is also part of the DRS. Although both groups 
did not differ significantly in decline on the verbal fluency measures, the STN 
group decreased more.  On a mood questionnaire the STN group reported less signs 
of positive affect than the pallidotomy group after 12 months compared to baseline. 
This could be suggestive for a flattened affect often seen in a dysexecutive 
syndrome, although in our study the decrease in positive affect is not correlated 
with a decrease in executive function.  
Our study is in line with Witt et al 41, who found that six months after bilateral STN 
stimulation surgery PD patients made more errors on the Stroop Color Word test 
when the stimulator was turned on. Similiar to our results, this impaired response 
inhibition subsided after 12 months. In our study, the disappearance of the effect 
did not seem related to changes in stimulation parameters, because they did not 
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change essentially. Diminished response inhibition has not been reported after 
pallidotomy. 
Notwithstanding our findings of only small group differences in change from 
baseline, the diminished response inhibition and the decrease in positive affect may 
be considered as executive decline.  It is not clear how executive dysfunction after 
bilateral STN stimulation could be explained. Schroeder et al. found in a PET study 
that poorer verbal fluency during STN stimulation was related to decreased 
activation of the inferior frontal cortex. The spread of electrical current from the 
stimulator is not restricted to the sensorimotor part of the STN but given its small 
size it may also affect the limbic and cognitive-associative part [35]. Furthermore, 
the lowering of the levodopa dose in the STN group (table 1) could lead to an 
increase in apathy and carelessness and thus to an increase in errors.31 However, in 
our study the reduction in levodopa did neither correlate with the tests that showed 
increased executive dysfunction nor with the decrease in positive affect. The 
decrease in positive affect corresponds with the results of several other studies, 
which recently reported emotional changes after bilateral STN 
stimulation.5;8;12;14;23;42  
In a recent study Krack et al.16 related emotional changes to several factors: pre-
existing psychiatric illness, surgery-related stress, changes in medication, 
alterations in social life associated with improvements in motor function and the 
mismatch between the final outcome of treatment and the patient’s expectations. 
After unilateral pallidotomy only a slight improvement in general mood has been 
reported.43 This is in agreement with our findings. Future studies should administer 
more comprehensive neuropsychiatric measurements to unveil the changes in 
emotion after stereotactic surgery.   
One of our patients showed fluctuating cognitive and behavioural impairments 
after bilateral STN stimulation, probably due to a lesion in the right-sided capsular 
genu by the passing electrode. Confusion, executive dysfunction, and behavioural 
changes are part of the clinical syndrome of patients with a lesion in this region.37  
Apart from this specific patient, a number of patients from both groups complained 
after surgery about forgetfulness or word finding difficulties. This could very well 
be signs of executive dysfunction.  In the majority of cases the negative effect of 
the minor cognitive decline was said to be negligible in comparison to the benefit 
of the treatment on motor functioning.  
The small sample size is a shortcoming of this study. Because of the wide 
variability in test results, differences may not reach statistical significance. By now 
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it is clear that we have to expect only subtle differences between groups with 
different stereotactic procedures. We need larger sample sizes to be able to confirm 
our findings and elucidate the interrelations. Another shortcoming was that the 
subgroups were unevenly distributed. As a consequence, we could not analyse 
right-left differences for the pallidotomy group. This right-left distinction is 
important; because we know from the literature that left-sided pallidotomy gives in 
general more negative cognitive effects than right-sided pallidotomy.43 Finally, we 
do not know the exact location of the STN electrodes, because we were not able to 
undertake postoperative MRI. The good motor improvement of the individual 
patients indicates that the electrodes were well placed, although the electric field in 
the STN could influence cells or fibre structures not directly involved in motor 
functioning as well. 
We conclude that bilateral STN stimulation has slightly more negative effects on 
executive function than unilateral pallidotomy.    
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Abstract 
 
Objective: To evaluate the cognitive and behavioral effects of bilateral subthalamic 
nucleus (STN) stimulation in patients with Parkinson disease (PD).  
 
Methods:  We included 103 patients; 99 patients were evaluated six months after 
surgery. A control group of 39 patients with PD was formed and 36 patients were 
evaluated 6 months later. At baseline and at follow-up we administered 
neuropsychological tests of language, memory, visuospatial function, mental speed 
and executive functions. A depression rating scale, a quality of life scale, self and 
proxy ratings of memory and dysexecutive symptoms, and a neuropsychiatric 
interview were also administered.   
 
Results: Six months after surgery, the STN group showed a larger decline than the 
control group on measures of verbal fluency, color naming, selective attention, and 
verbal memory. Moreover, the STN group showed a decrease in positive affect, 
and an increase in emotional lability and cognitive complaints. On the other hand, 
the STN group showed an increase in quality of life and a slight decrease in 
depressive symptoms. Nine percent of the STN patients had psychiatric 
complications (vs. 3% of controls). 
 

Conclusions: Bilateral subthalamic nucleus stimulation has an adverse effect on 
executive functions with implications for daily life of the patients and their 
relatives.   
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Introduction   
 
Bilateral subthalamic nucleus stimulation (STN) can reduce parkinsonian 
symptoms in patients with advanced PD.1-3 However, studies on the 
neuropsychological effects of bilateral STN stimulation show inconsistent results.4  
The only controlled study5 reported mildly affected attention and verbal fluency. A 
study with a large patient group6 found that bilateral STN stimulation did not lead 
to global cognitive deterioration in the long term.  Some smaller studies found little  
effect on cognition.7;8  However in older patients,  a decrease of performance in 
memory, mental speed and fluency was found.9  Moreover, it was reported that 
STN stimulation can induce overall cognitive decline or behavior changes in some 
patients.10 
Several other studies reported behavior changes11, with case studies on 
depression12;13, mania14;15, aggression16, pseudo bulbar crying17 and mirthful 
laughter.18 
In view of the paucity of controlled studies and the conflicting findings of the 
uncontrolled research into possible side effects of STN stimulation, we conducted a 
prospective, controlled, multicenter follow-up study. We determined the cognitive 
effects of bilateral STN stimulation after six months using a comprehensive 
neuropsychological battery. Possible behavioral changes were registered with 
scales that measure depression, dysexecutive problems, and other neuropsychiatric 
symptoms. Finally, the impact of bilateral STN stimulation on Quality of Life was 
taken into account.  
 
 
 

Methods  
 

Patients  

20 patients in the STN group have been previously described.19 The other patients 
were recruited between June 2001 and June 2005 from three participating Dutch 
hospitals experienced in STN stimulation for PD. Eligible patients had idiopathic 
PD with an unequivocal reduction in off phase symptoms on levodopa, and despite 
optimal pharmacological treatment at least one of the following symptoms: severe 
response fluctuations, dyskinesias, dystonia, tremor or bradykinesia. Exclusion 
criteria were: predominantly unilateral symptoms without severe response 
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fluctuations, severe brain atrophy on CT or MRI scans, Hoehn and Yahr stage 4 or 
5 in the best on phase, Dementia Rating Scale score of less than 120, psychosis or 
depression at inclusion, or surgical contraindications.  
Alongside the STN group, we formed a control group of patients who had had 
idiopathic PD for more than 5 years. They were recruited from the outpatient clinic 
of the AMC and from two other hospitals in the region: the Kennemergasthuis in 
Haarlem and the Vrije Universiteit Medical Center. Exclusion criteria were 
identical to those of the STN group. The medical ethics committees of the 
participating hospitals approved the study.  
 

Surgical procedure  

Within three months after baseline assessment, the STN group underwent 
stereotactic surgery,2 using ventriculography, MRI, or a CT scan to determine the 
position of the target structure. Microelectrode recording was used in 37 of the 100 
patients. After macroelectrode test-stimulation a four contact electrode (model 
DBS-3389, Medtronic, Minneapolis) was implanted. The electrodes were 
connected to the implantable pulse generator (Itrel II, Soletra, or Kinetra, 
Medtronic, Minneapolis) under general anesthesia. We could not systematically 
perform MRI postoperatively, because this is not allowed in the Netherlands.  
 

Assessments  

Neuropsychological examination was completed in the mornings, while patients 
were at their optimal status. The examination was suspended whenever a patient 
indicated that he or she went into ‘off’. A board-certified neuropsychologist or a 
supervised test technician administered the tests. Follow-up assessment was done 
six months after surgery for the STN group and 6 months after baseline for the 
control group. Neuropsychological protocol was identical for the experimental and 
the control group.  
Standardized motor scoring was done at baseline and follow-up with UPDRS part 
three and Hoehn and Yahr staging for the experimental group in the on and off 
phases. For the control group, standardized on/off evaluations were not available. 
UPDRS part three and Hoehn and Yahr staging was done when patients indicated 
on phase.  
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Neuropsychological tests  

We selected a battery of tests to evaluate cognitive functions often affected in PD. 
To minimize practice effects we used alternate forms where available in a balanced 
order across patients.  If available, parallel forms were used at follow-up. The 
following tests were administered: Dementia Rating Scale (DRS); Category 
fluency20: score is raw number correct in 2 minutes; Controlled Oral Word 
Association Test (COWAT)21: score is raw number correct in 3 minutes; 
Alternating fluency:score is raw number correct in 4 minutes.22; Dutch Adult 
Reading Test (DART)23:the DART is the Dutch counterpart of the National Adult 
Reading Test (NART)24; Paced Auditory Serial Addition Task (PASAT):speed 3.2 
seconds per digit25 maximum score is 60; Auditory Verbal Learning Test 
(AVLT)26; Groningen Intelligence Test: Visuospatial reasoning, a subtest of a 
Dutch Intelligence Test20; Stroop Color Word Test27; Odd Man Out Test (OMO)28 
Trail Making Test parts A and B29; Boston Naming test (BNT)30  
 

Mood and behavior rating scales  

The DEX Questionnaire of the Behavioural Assessment of the Dysexecutive 
Syndrome31 and the Memory Assessment Clinic ratings (MAC)32;33  were 
completed by the patient and a proxy. The DEX is a 20-item questionnaire for 
rating dysexecutive symptoms such as apathy, distractibility, lack of social 
awareness, and planning problems. High scores indicate executive dysfunction.  
The MAC scales measure a wide range of everyday memory abilities and amnesic 
symptoms. In this study we used only the ability subscale (21 items). High scores 
indicate good memory abilities.  
To assess neuropsychiatric changes a Dutch translation of the Neuropsychiatric 
Inventory (NPI) was used.34 The NPI is not specifically constructed for repeated 
measures. At baseline and follow-up we asked for changes in behavior compared to 
previous behavior. 
The NPI consists of 12 items: Delusions, Hallucinations, Agitation /Aggression, 
Dysphoria, Anxiety, Euphoria, Apathy, Disinhibition, Irritability/Lability, Aberrant 
Motor behavior, Night time behavior, Appetite/ Eating behavior.  The version of 
the NPI available at the time did not provide some items relevant to the purpose of 
this study. We therefore constructed 5 extra items based on the Frontal Behavioral 
Inventory (FBI)35. These items are Disgust and Negligence; Sexual interest; 
Language and Speech and Cognitive changes (appendix (E)A-1).   
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During the test session a combined version of the abbreviated Profile of Mood 
States (POMS)36 and the Positive Negative Affect Scale (PANAS)37 was completed 
by the patient. This is a list of 60 adjectives by which subjects describe their mood 
during the week preceding the assessment. For the POMS, the adjectives are 
clustered in five subscales (depression, anger, fatigue, vigor, and tension), and for 
the PANAS, the adjectives are clustered into positive and negative affects.  The 
Montgomery & Åsberg Depression scale (MADRS)38 was also administered. This 
is a 10-item depression rating-scale.  High scores indicate depression. Also the 
Parkinson Disease quality of life (PDQL)39 was administered. High scores indicate 
low quality of life.   
 

Statistical analyses  

We compared the STN group with the control group on all measures. In view of the 
unequal subgroup sizes and the nature of the data, nonparametric tests were used 
(Mann-Whitney U test).  
Change scores were calculated as the score at follow-up minus the score at 
baseline. p Values of less than 0.05 (one-tailed) were accepted as significant. We 
did not correct the level of significance for multiple comparisons to reduce the 
probability of type I error because we were mainly interested in detecting adverse 
effects of the surgical intervention. Under this circumstance, type II error (failure to 
detect an effect when it actually exists) is more serious than type I error 
(considering an effect to be real when it is not).40  
We computed effect sizes according to Cohen’s d. Effect size is defined as the 
difference between the mean change scores of both groups divided by the pooled 
SD of the scores. An effect of 0.2 reflects a small effect, 0.5 a medium, and 0.8 a 
large effect.41   
With Pearson’s r, we analyzed the associations between the change scores of the 
neuropsychological measures and the levodopa test at baseline, the changes in 
LEU, and changes in motor scores. 
 

 

 

Results 
   
One hundred and three patients were included in the STN group. The control group 
consisted of 39 patients with PD. After 6 months, four patients from the STN group 
were lost for follow-up (two missing, two refused). Three patients from the control 
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group were lost for follow-up (one deceased, one because of a broken hip, one 
refused). There were no significant differences between patients who attended the 
follow-up and patients who were lost with respect to medical, demographic or 
cognitive characteristics at baseline.  Data from 99 patients of the STN group and 
36 of the control group were analyzed.  
 
 
Table 1  Demographic and disease characteristics of the patient sample at baseline 
 STN (n=99) Control (n=36) 

Men/women, n 58/41 21/15 
Age in years mean (SD) 57.9 (8.1) 63.0 (9.1) 
Education in years mean (SD) 11.0 (2.9) 12.4 (3.0) 
DART-IQ, mean (SD) 102.6 (13.4) 106.3 (10.3) 
Disease duration in years mean (SD) 13.7 (6.1) 10.4 (4.6) 
UPDRS part 3 “off” mean (SD) 43.6 (12.5)  
UPDRS part 3 “on” mean (SD) 21.2 (9.2) 25.4 (13.8) 
Hoehn & Yahr “off” mean (SD) 3.7 (0.9)  
Hoehn & Yahr “on” mean (SD) 2.7 (0.6) 2.7 (0.7) 
Medication in LEU pre-op mean (SD) 899.3 (498.0) 629.6 (304.9) 
LEU = levodopa equivalent units; DART = Dutch Adult Reading Test   

 
 
Although the STN group had fewer years of education, the estimation of the 
premorbid intelligence by the National Adult Reading test was not significantly 
different from that of the control group. Patients from the STN group suffered on 
average about two years longer from PD, and used more levodopa medication. 
There were no differences in score on UPDRS part 3 and Hoehn and Yahr score in 
‘on‘ phase. Comparison of motor functioning in ‘off’ phase could not be 
performed, because motor scores in ‘off’ phase were not available for the control 
group.  
The cognitive test scores of the groups are shown in table 2. The table provides the 
mean scores at baseline, the mean change at follow-up and the effect sizes. The 
STN and control group were not significantly different at baseline except for a 
poorer score on the delayed verbal recall in the control group and a worse score for 
the STN group on the Odd Man out. 
Results of the mood and behavioral questionnaires are presented in table 3. At 
baseline the STN group showed significantly more symptoms of tension and 
fatigue on the POMS; significantly more negative affect on the PANAS and 
significantly less quality of life compared to the control group.  
 



Chapter 3 

46 

Table 2  Cognitive test scores at baseline and change scores at 6 month follow-up for STN and 

control groups 

Test  STN Control P values Cohen’s d 

Dementia Rating Scale total 136.1 (5.4) 137.0 (5.4)   

   change score -2.3 (6.8) -0.4 (4.6) 0.06 -0.4 

Category fluency 38.9 (9.8) 40.5 (7.9)   

   change score -5.6 (6.7) -0.8 (6.7) <0.001 -0.5 

COWAT letter fluency 35.1 (13.1) 36.6 (11.1)   

   change score -4.2 (8.8) -0.1 (9.3) 0.01 -0.3 

Alternating fluency 46.2 (13.6) 48.4 (11.1)   

   change score -7.3 (10.4) -0.1 (7.8) <0.001 -0.6 

PASAT  41.9 (13.7) 46.1 (10.7)   

    change score  -0.3 (10.9) 1.1 (5.7) 0.10 -0.1 

AVLT total score 39.2 (9.5) 37.3 (9.2)   

   change score -0.8 (9.7) 1.6 (7.0) 0.11 -0.3 

AVLT delayed recall 8.1 (2.8) 7.0 (2.8)   
   change score -0.8 (3.2) 0.5 (2.2) 0.02 -0.5 

AVLT recognition 28.0 (2.5) 28.0 (1.8)   

   change score -0.2 (2.5) -0.6 (2.0) 0.16 0.1 

GIT visuospatial reasoning  9.5 (3.6) 9.1 (3.3)   

   change score 0.2 (2.7) 0.6 (2.7) 0.29 -0.1 

Stroop word seconds  50.9 (13.6) 48.6 (10.3)   

   change score 2.1 (11.1) 1.0 (7.7) 0.27 -0.1 

Stroop color seconds 65.7 (15.0) 65.4 (11.8)   

   change score 6.3 (14.2) -0.3 (6.6) <0.001 -0.5 

Stroop color word seconds 128.3 (53.1) 128.8 (41.1)   

   change score 17.0 (62.9) -13.8 (32.1) <0.001 -0.6 

Odd Man Out test errors 12.7 (13.5) 10.1 (15.5)   

   change score 0.7 (14.7) 0.2 (10.9) 0.40 0.0 

Trailmaking A seconds 49.3 (18.3) 47.1 (19.1)   

   change score 0.3 (19.0) -2.6 (15.6) 0.08 0.2 

Trailmaking B seconds  135.0 (78.2) 113.1 (50.8)   

   change score 19.3 (91.8) 8.7 (42.4) 0.37 -0.3 

Boston Naming Test 54.0 (4.0) 55.1 (3.2)   

   change score 0.2 (2.4) 0.3 (2.3) 0.30 0.0 

Values are mean (SD). Negative change scores indicate decline in performance except for speeded 
test variables and error scores; p = level of significance Mann-Whitney U test; the effect size 
(Cohen’s d) is negative if in the direction of decline on this variable for the STN group or positive if it 
is in the direction of improvement on this variable. COWAT = Controlled Oral Word Association 
Test; PASAT = Paced Auditory Serial Addition Test; AVLT = Auditory Verbal Learning Test; GIT = 
Groninger Intelligence test 
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Follow-up  

Patients from the STN group were seen about one month later for follow-up than 
the control group. This was due to the delay between baseline assessment and 
surgery.  
The STN stimulation had a clear positive effect on motor functions. Six months 
after surgery the STN group showed a large decrease on the UPDRS part 3 in ‘off’ 
phase (mean 34%). Decrease on the UPDRS was significantly correlated with the 
levodopa test at baseline (r =-.34), with a high levodopa test score at baseline 
corresponding with a large improvement in motor functioning after surgery. 
There was a large reduction in levodopa medication (LEU) in the STN group, 
whereas the medication dose in the control group hardly changed (mean change in 
LEU in STN group: –212.6 SD 454.3, mean change in LEU in control group 27.1 
SD 59.4, p<0.001). This reduction was significantly correlated with the decrease on 
the UPDRS part 3 both in off (r=0.24) and in on phase (r=0.26).    
On the cognitive tests, patients from the STN group showed a significant decline 
compared to the control group on all verbal fluency measures. Moreover, the STN 
group showed a significant decline compared to the control group on the subtests 
Attention and Initiation/Perseveration of the Dementia Rating Scale, on the delayed 
recall of the Auditory Verbal Learning test, on the Stroop Color Card and the 
Stroop Color Word Card.  
On the mood and behavior rating scales, the STN group reported significantly 
fewer signs of   tension on the POMS compared to baseline than the control group. 
On the PDQL, the STN group showed a larger increase in quality of life compared 
to the baseline than the control group. The STN group showed a significantly larger 
decline in positive affect on the PANAS than the control group. On the NPI, family 
members reported an increase on irritability/lability and a lower decrease in sleep 
disturbances for the STN group compared to the control group. Also, they reported 
significantly more changes in cognition for the STN group.  
As the groups were not equal at baseline with respect to LEU and disease duration, 
we wondered if differences in change on the neuropsychological variables after 6 
months were due to surgery or to these baseline differences in LEU and disease 
duration. We therefore conducted ANOVA’s with change scores as the dependent 
variables and years of education and LEU on baseline as covariates. This co-
variance analysis showed the same pattern of significant differences on the 
cognitive variables. 
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Table 3 Scores on questionnaires at baseline and change scores at 6 months follow-up for STN and 

control groups 

Questionnaire STN Control P values Cohen’s d 

MADRS 6.8 (4.7) 5.8 (4.6)   

   change score -0.3 (6.7) -0.7 (5.3) 0.46 -0.1 

POMS depression 5.8 (6.0) 4.5 (5.4)   

   change score -0.1 (6.7) 0.6 (4.8) 0.08 0.1 

POMS anger 4.3 (4,4) 4.1 (4.7)   

   change score 0.3 (5.3) 0.8 (4.7) 0.24 0.1 

POMS fatigue 8.3 (5.7) 6.1 (5.5)   

   change score -1.3 (6.8) -0.03 (5.8) 0.11 0.2 

POMS vigor 11.6 (4.4) 11.1 (4.2)   

    change score  -0.8 (4.5) 0.3 (3.1) 0.09 -0.3 

POMS tension 9.3 (5.2) 6.4 (5.5)   

   change score -2.2 (4.9) -0.1 (3.9) 0.02 0.4 

PANAS positive affect 32.7 (9.1) 30.3 (11.9)   
   change score -2.6 (10.2) 2.2 (6.6) 0.01 -0.6 

PANAS negative affect 20.4 (11.3) 15.6 (10.7)   

   change score -1.6 (12.6) 0.8 (10.8) 0.07 0.2 

DEX self 21.8 (10.4) 18.8 (11.3)   

   change score -0.4 (8.5) -1.0 (6.3) 0.41 -0.1 

DEX proxy 20.0 (12.2) 19.3 (12.4)   

   change score 0.5 (12.0) -1.1 (9.3) 0.09 -0.1 

MAC self 76.2 (10.6) 75.9 (17.6)   

   change score -3.0 (8.5) -2.8 (14.8) 0.13 0.2 

MAC proxy 75.9 (13.3) 76.7 (11.6)   

   change score -2.5 (12.4) -3.3 (9.0) 0.13 -0.1 

Parkinson Quality of life 101.1 (20.9) 86.4 (24.3)   

   change score -16.6 (22.2) -1.8 (14.6) <0.001 0.7 

CES-d  14.1 (7.3) 13.8 (7.8)   

   change score -0.6 (7.7) 0.1 (4.5) 0.31 0.1  

NPI delusions 0.1 (0.2) -0.1 (0.5)   

   change score 0.2 (1.1) -0.1 (0.5) 0.24 -0.4 

NPI hallucinations 0.2 (0.5) 0.0 (0.2)   

   change score 0.0 (0.5) 0.0 (0.0) 0.30 0.0 

NPI agitation/aggression 0.3 (0.9) 0.3 (0.9)   

   change score 0.1 (1.4) 0.2 (0.9) 0.29 0.1 

NPI dysphoria 1.3 (1.9) 1.0 (1.3)   

   change score -0.2 (2.5) 0.1 (1.9) 0.22 0.2 

NPI anxiety 0.8 (1.5) 0.6 (1.5)   

   change score 0.0 (1.9) 0.5 (2.1) 0.06 0.4 
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NPI euphoria 0.1 (0.5) 0.0 (0.0)   

   change score 0.0 (0.5) 0.1 (0.5) 0.36 0.3 

NPI apathy 0.8 (1.5) 0.9 (1.8)   

   change score 0.3 (1.7) 0.00 (1.6) 0.29 -0.2 

NPI desinhibition 0.3 (0.7) 0.1 (0.5)   

   change score 0.4 (1.4) 0.3 (0.7) 0.31 -0.2 

NPI irritability/lability 0.7 (1.3) 0.8 (1.8)   

   change score 0.7 (2.1) -0.3 (1.8) 0.01 -0.7 

NPI aberrant motor behavior 0.3 (1.3) 0.2 (1.0)   

   change score 0.0 (1.2) -0.1 (0.7) 0.07 -0.1 

NPI sleep disorder 2.7 (2.5) 2.9 (2.9)   

   change score -0.4 (2.6) -1.2 (2.3) 0.04 -0.3 

NPI appetite change 1.7 (2.5) 0.7 (2.1)   

   change score -0.6 (2.9) 0.1 (2.5) 0.19 0.3 

Negligence 0.2 (0.7) 0.1 (0.4)   

   change score -0.1 (0.7) -0.03 (0.5) 0.31 0.3 

Sexual changes 0.9 (1.9) 1.0 (2.3)   

   change score 0.0 (1.4) -0.4 (1.5) 0.14 -0.4 

Language/speech changes 3.8(2.8) 3.3 (2.5)   

   change score -0.1 (3.3) -0.4 (1.9) 0.42 -0.1 

Cognitive changes 1.7 (2.0) 1.9 (2.2)   

   change score 1.3 (3.1) -0.4 (1.9) 0.01 -0.8 
Values are mean (SD). The effect size (Cohen’s d) is negative if in the direction of decline on this 
variable for the STN group or positive if it is in the direction of improvement on this variable 
MADRS=Montgomery and Asberg depression rating scale; POMS=profile of mood scales; PANAS 
=positive and negative affect scale; DEX= Questionnaire of the Behavioural Assessment of the 
Dysexecutive Syndrome; MAC= Memory Assessment Clinic ratings; NPI=Neuropsychiatric 
inventory 
 

 

When we correlated the significant variables with medical variables, we found that 
a decrease on the Dementia Rating Scale and a decrease on the delayed recall of 
the AVLT were significantly correlated with a low levodopa test at baseline (r = 
0.23 and r = 0.25). There were no significant associations between cognitive 
variables and changes in motor scores or change in LEU. 
The electrodes were displaced in two patients. In one patient, electrode was in the 
genu of the internal capsule. In the other patient, the right electrode was at the 
border of the internal and external globus pallidum; this was probably caused by 
brain shift due to a perioperative subdural accumulation of air after CSF leakage 
through the burr hole. The left electrode was at target. Both patients developed a 
dementia syndrome after surgery. Another patient had a left sided occipital 
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hemorrhage a few days after surgery caused by resuming anticoagulation. 
Afterward she suffered from vascular dementia. Still another patient suffered from 
a right subcortical hemorrhage a day after surgery. Afterwards his wife noticed 
evident behavior changes (i.e. impulsivity and self-centered behavior). Repeating 
all analyses after exclusion of those four patients did not change the results, apart 
from the difference in change score on the AVLT delayed recall that did not reach 
significance anymore.  
Anticholinergics are regularly prescribed for symptomatic treatment of PD, but are 
notorious for their negative side effects on cognition. Twenty patients of the STN 
group and 10 patients of the control group used anticholinergic medication at 
baseline or follow up.  Repeating all analyses after exclusion of the patients who 
used anticholinergics showed the same significant differences, with again the 
exception of the change score on the AVLT delayed recall that did not reach 
significance anymore. Instead, the difference in change score on the PASAT was 
now significant, with the STN group showing a slight decline in score and the 
control group an improvement.  
After surgery we noted several psychiatric events in the STN group. Transient 
psychosis occurred in two patients, in one followed by a suicide attempt. This 
patient also showed sexual disinhibition. Another patient had a relapse of earlier 
treated voyeurism. In still another patient pathological gambling appeared. Mania 
occurred in one patient and depression in three patients. Finally one patient 
suffered from increased aggressive and self-centered behavior. Taken together, 9 of 
the 99 STN patients (9%) suffered from psychiatric events that needed extra care. 
Six months after surgery the psychiatric problems were still evident, although in 
some cases they had become less severe. Transient psychosis had resolved by then.  
In the control group of 36 patients, one patient (3%) developed a depression.  
 
 
 

Discussion  
 
Six months after surgery the STN group showed a clear improvement of motor 
functioning. However, compared to a control group, the STN group showed a 
significant decline in verbal fluency, on the speed of naming colors, on selective 
attention and on delayed verbal recall. Furthermore, patients of the STN group 
reported a decrease in positive affect compared to the control group. Moreover, the 
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proxies of the STN group reported significant increases in cognitive complaints 
and in irritability/lability.  Nonetheless, the STN group showed an obvious increase 
in quality of life and a slight decrease in tension. The significant changes on the 
cognitive and behavioral measures are, except for the decline of verbal memory, 
not merely due to negative events following surgery, faulty placement of 
electrodes, or use of anticholinergics. The sizes of the negative effects (Cohen’s d) 
were large on cognitive complaints, and medium on category fluency, alternating 
fluency, color naming, delayed verbal recall, selective attention, irritability and 
positive affect. The positive effect sizes were medium on quality of life and 
tension, and only small on mood measures.   
The most parsimonious explanation for the decrease in verbal fluency and selective 
attention, and to a lesser extent for the decrease in verbal recall and color-naming 
speed, seems to be executive dysfunction. The changes on behavioral measures, i.e. 
the flattening of positive affect, the increased irritability/lability and cognitive 
complaints, are compatible with this line of thought.  In our study we see flattening 
of positive affect and also improvement in quality of life, while usually 
improvement in quality of life is related to improvement in mood. However, 
improvement in quality of life after bilateral STN stimulation can be related to only 
physical aspects.42 
Neuropsychological decline was not associated with improvement in motor scores. 
This implies that patients who did not show much improvement in motor 
functioning were not necessarily the ones that showed cognitive decline. A low 
levodopa test at baseline and consequently low expectations on improvement in 
motor scores after bilateral STN stimulation was related to decline in a cognitive 
screening test. Although this was not supported by other test results, it emphasizes 
the importance of the preoperative screening of motor functioning. 
The findings of our study are comparable to the results of the controlled study, 
which also found mildly impaired attention and verbal fluency; even in a smaller 
group of patients.5 Changes in verbal fluency, attention and verbal memory have 
been described earlier, in uncontrolled studies on bilateral STN stimulation 9, but 
those negative side effects were particularly seen in older patients.  A recent 
uncontrolled study  in a large series of patients concluded that STN stimulation 
does not lead to global cognitive deterioration.6  Because we were also interested in 
the small changes, we used a more lenient significance level. When we apply our 
level of significance to its results, a significant change in frontal score and in the 
subtest of initiation and attention of the Mattis’ DRS can be detected. This is in line 
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with our findings of neuropsychological decline, especially in executive function. 
Moreover, the study did mention an increase in apathy and several psychiatric 
events after surgery, adding up to 24 % of its patient sample. It seems to us that this 
study underestimate the changes in cognition and behavior, which affect at least 
one out of four patients after bilateral STN stimulation. Even if those changes are 
indeed transient, impact on daily life and postoperative management will be 
notable.  
A study in which bilateral STN was compared with Subcutaneous Continuous 
Infusion of Apomorphine43, also found that the STN group showed a moderate 
worsening on verbal fluency and Stroop naming, which is comparable to our 
results. They concluded that the neuropsychological changes in the STN group did 
not have consequences for regular activities. However, they did not appropriately 
measure these activities. Using a standard questionnaire, we found that relatives 
complained more about the cognitive status of the patient after bilateral STN 
stimulation.  
Finally, we could not confirm previous observations of a high risk for suicide after 
deep brain stimulation.44 Within six months after surgery, there was only one 
suicide attempt in the experimental group of 99 patients.  
It is not clear how executive dysfunction after bilateral STN stimulation could be 
explained in terms of brain functioning. A PET study found that poor verbal 
fluency during STN stimulation was related to decreased activation of the inferior 
frontal cortex.45  The spread of electrical current from the stimulator is probably 
not restricted to the sensorimotor part of the STN. Given its small size the current 
may also affect the limbic and cognitive-associative part 45, as well as the medial 
forebrain bundle, zona incerta, lateral hypothalamus, and other regions that have 
extensive limbic connections.46 Another hypothetical explanation may be that 
stimulation disconnects the basal ganglia,  and cortically-based processing has 
taken over but cannot compensate completely for those functions normally 
subserved by basal ganglia.47 
Furthermore, the lowering of the levodopa dose after bilateral STN stimulation is 
often suggested to cause apathy, and consequently, a decline in neuropsychological 
measures, which require mental effort.48 In our study the decline of some 
neuropsychological measures was not related to levodopa reduction.  
A major shortcoming of our study is that it is not a randomized trial. At the time we 
planned our study, randomization between surgery and a waiting list control 
condition was not considered to be an ethical option, because of the proven 
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efficacy of the DBS procedure. Differences between the groups on 
neuropsychological variables could be due to differences in demographic or disease 
characteristics. In our study the STN group had slightly longer disease duration and 
used more levodopa medication at baseline, implying more severe PD 
symptomatology. However, these variables did not explain a significant portion of 
the variance of the neuropsychological change scores. Statistically controlling for 
these baseline differences did not affect the results. 
Secondly, we cannot determine whether the effects on executive functioning are 
due to the surgical intervention or to the deep brain stimulation, because we did not 
systematically compare cognitive functioning in on and off stimulation. Studies 
that have done so until now suggest subtle, differential effects on executive 
function with the stimulator turned on and off. 7;49-51 We only have incidental 
observations at our disposal. One patient in our clinic improved greatly after 
switching off the stimulator (Smeding et al. in preparation).  Thus, direct cognitive-
behavioral stimulation effects are possible, and detrimental cognitive effects cannot 
exclusively be attributed to the surgical intervention.   
Furthermore, we did not know the exact location of the STN electrodes because we 
were unable to obtain postoperative MRI scans due to Dutch legislation. We 
suspected an electrode displacement because of side effects in two cases. This was 
proven in one patient by CT scan and in the other, recently, by fusion of the 
postoperative CT scan with perioperative MRI scan. When we excluded these 
patients from the data analysis, results did not change. The favorable motor 
improvement of the other patients indicated that the electrodes were well placed.  
A minor point is that we did not include patients with a possible early dementia. It 
is assumed that a dementia syndrome is a risk factor for bilateral STN stimulation, 
9;52 although this has only been studied in case reports. 9;53;54 From clinical 
experience we know that some patients with obvious cognitive deficits did not 
develop a dementia syndrome after surgery, while they improved profoundly in 
motor functioning and quality of life. By excluding surgical candidates with 
obvious cognitive impairments beforehand, we may have deprived them from a last 
option of improvement in motor functioning. Future studies should be directed to 
this problem.  
A final consideration concerns the question whether the obvious motor benefits of 
bilateral STN stimulation still outweigh the adverse cognitive effects. When we 
spoke to patients and their relatives in the office, we noticed that in the majority of 
the cases they evidently do. Cognitive decline, if apparent, was of concern to the 
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patients, but the advantages in daily life resulting from the improved motor 
functioning usually made up for it. Conversely, in some of our patients cognitive or 
emotional changes led to an evident step backwards in daily life. If they had known 
this beforehand, they would not have decided positively for surgery. This was more 
often expressed by relatives than by the patients themselves. Even in a case where 
a patient suffered from obvious personality change and cognitive decline after 
surgery, the patient was happy with the results on motor functioning and would do 
it again. However, this could also suggest impairment in adequate judgment. Even 
if neuropsychological changes do not seem to outweigh the motor benefits, they do 
have consequences for daily life, and patients have to be informed about them. 
Therefore, we need to establish predictors that will tell which patients are at risk 
for cognitive or emotional decline after bilateral STN stimulation.  
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Abstract 
 
Objective:  To find predictors of cognitive decline and quality of life one year after 
bilateral subthalamic nucleus stimulation (STN DBS) in Parkinson’s disease (PD). 
 
Methods:  A total of 105 patients were evaluated with a comprehensive 
neuropsychological assessment before and 12 months after surgery. A control 
group of 40 PD patients was included to control for effects of repeated testing and 
disease progression. We determined individual changes in cognition, mood and 
quality of life using a statistical method that controls for multiple comparisons. We 
performed logistic regression analyses to assess predictors of cognitive changes 
and quality of life. 
 
Results:  Twelve months after surgery, 32 % (95% CI: 22 – 40) of the STN group 
showed an improvement in quality of life. Thirty six percent (95% CI: 27 - 46) of 
the STN patients showed a profile of cognitive decline not seen in the control 
group. Mood improved in 16 STN patients and declined in 16 subjects. Impaired 
attention, advanced age and a low levodopa response at baseline predicted 
cognitive decline, whereas a high levodopa response at baseline predicted 
improvement in quality of life. Postoperative decrease in dopaminergic medication 
was not related to cognitive decline.   
 

Conclusions: STN DBS improves quality of life in about one third of the patients at 
the cost of cognitive decline in a similar proportion of patients. Levodopa response, 
age and attention at baseline are predictors of cognitive and psychosocial outcome.  
 
 

 

 

 

 

 

 



                                                                                      Predictors of outcome after STN DBS 

                                                                                                                                61 

Introduction   
 
Bilateral deep brain stimulation of the subthalamic nucleus (STN DBS) is an 
effective surgical treatment to reduce motor symptoms in patients with advanced 
Parkinson’s disease (PD).1 2 3 The effects of STN DBS on cognition and behavior, 
however, are still the subject of controversy 4;5 Meta-analysis of 28 reports on 
cognitive outcome revealed small declines in executive functions and memory, and 
moderate declines in verbal fluency 5. However, most of the included studies 
lacked control groups. This is an important omission because cognitive decline can 
be expected as a result of disease progression itself, while conversely decline may 
be masked by retest effects. Another issue is that a statistically significant 
difference between groups on a cognitive test is of limited value in understanding 
changes for the individual patient. Subtle changes in several cognitive domains 
may have more implications for daily life than a large significant deviation on a 
single test. Finally, it is uncertain which factors increase the risk of cognitive 
decline after STN DBS, although cognitive impairment prior to surgery and 
advancing age have been suggested 6. 
In this paper we report the 12 month follow-up of the cognitive and behavioral 
effects of STN DBS.  We determined groupwise and individual cognitive changes 
in STN patients compared to a nonsurgical control group.7  Likewise, we assessed 
individual changes in mood and quality of life after STN DBS. Finally, we 
analyzed possible baseline predictors of cognitive outcome and quality of life 
including age, levodopa response, medication, preoperative mental status and prior 
stereotactic surgery.   
 
 
 

Methods  
 

Patients  

Included were consecutive PD patients who underwent STN DBS. Twenty patients 
have been previously described.8 The remaining patients were recruited between 
June 2001 and June 2006 in three Dutch hospitals experienced in STN stimulation 
for PD. Eligible patients had idiopathic PD with an unequivocal reduction in off 
phase symptoms on levodopa, and at least one of the following symptoms, despite 
optimal pharmacological treatment: severe response fluctuations, dyskinesias, 



Chapter 4 

62 

dystonia, tremor or bradykinesia. Exclusion criteria were: predominantly unilateral 
symptoms without severe response fluctuations, severe brain atrophy on CT or 
MRI scans, Hoehn and Yahr stage 4 or 5 in the best on phase, dementia, psychosis 
or depression at inclusion, or surgical contraindications.  
Alongside the STN group, we formed a control group of patients who had a 
diagnose of idiopathic PD for more than 5 years recruited from two university 
hospitals and a teaching hospital in the Amsterdam region. Exclusion criteria were 
identical to those for the STN group. The medical ethics committees of the 
participating hospitals approved the study.  
 

Surgical procedure  

The STN group underwent stereotactic surgery as previously described,2 using 
ventriculography, MRI, or CT scan to determine the coordinates of the target 
structure. Microelectrode recording was used in 41 out of 105 patients. After 
macroelectrode test-stimulation a four contact electrode (model DBS-3389, 
Medtronic, Minneapolis) was implanted. The electrodes were connected to 
implantable pulse generators (Itrel II, Soletra, or Kinetra, Medtronic, Minneapolis) 
under general anaesthesia. We did not systematically perform MRI postoperatively, 
because of restrictions of the Dutch radiological departments. 
 

Neuropsychological tests  

The selection of the battery was based on suggestions from the literature9: Mattis’ 
Dementia Rating Scale (DRS)10; category fluency 11 (animals and occupations for 1 
minute each); Controlled Oral Word Association Test (COWAT) 12 ; alternating 
fluency 13 (body parts/cities or pieces of clothing/countries); Dutch Adult Reading 
Test (DART) 14; Paced Auditory Serial Addition Task (PASAT), speed 3.2 seconds 
per digit; Rey’s Auditory Verbal Learning Test (AVLT) 15 ; Groningen Intelligence 
Test subtest Visuospatial reasoning 11; Stroop Color Word Test 16; Odd Man Out 
Test (OMO) 17; Trail Making Test parts A and B 18; Boston Naming test (BNT) 19. 
To minimize practice effects we used alternate forms where available in a balanced 
order across patients.   

 

Mood and behavior rating scales  

The DEX Questionnaire of the Behavioural Assessment of the Dysexecutive 
Syndrome 20 and the Memory Assessment Clinic ratings (MAC) 21;22  were 
completed by the patient and a proxy. 23 The CES-Depression  24  and the Parkinson 
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Disease quality of life (PDQL) 25 scales were filled out by the patient. We assessed 
neuropsychiatric changes with a Dutch translation of the Neuropsychiatric 
Inventory (NPI) 26;27  The NPI consists of 12 items: delusions, hallucinations, 
agitation /aggression, dysphoria, anxiety, euphoria, apathy, disinhibition, 
irritability/lability, aberrant motor behavior, night time behavior, eating behavior.  
We constructed four more items based on the Frontal Behavioral Inventory (FBI) 
28. These items are: disgust and negligence; sexual interest; language and speech, 
and cognitive changes.29  
During the test session a combined version of the abbreviated Profile of Mood 
States (POMS) 30 and the Positive Negative Affect Scale (PANAS) 31 was 
completed by the patient. The Montgomery & Åsberg Depression scale (MADRS) 
was filled out by the examiner.  
 

Assessments  

At baseline scoring of motor functioning was done with the UPDRS part three and 
Hoehn and Yahr staging in standardized on and off phases.32 Levodopa response 
was calculated as follows: UPDRS part 3 scoring in off minus UPDRS part 3 
scoring in on divided by the UPDRS part 3 in off.  
Follow-up assessment was done in the on phase 12 months after surgery for the 
STN group and 12 months after baseline for the control group.  Standardized on/off 
evaluations of motor functioning were not available at 12 months. 
 

Statistical analyses   

We compared baseline differences between the groups with the Mann-Whitney U 
test, because of skewed distribution of many of the variables. Change over time 
was analyzed in the conventional way by subtracting: the test and questionnaire 
scores at baseline from the follow-up scores to form change scores. These change 
scores were compared at the group level and at the individual level in a new way 
that compared each STN patient to the control group (see below).  

 
Group differences: To compare the change in both groups, we analyzed the change 
scores with ANOVAs covarying for baseline differences (if any) between the 
groups in demographic or disease characteristics. Furthermore, we computed effect 
sizes of change (Cohen’s d: difference between the means of change scores of both 
groups divided by the pooled standard deviation of those change scores). An effect 
size of 0.2 reflects a small effect, 0.5 a medium, and 0.8 a large effect.33.  p values 
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of less than 0.05 (one-tailed) were accepted as statistically significant. We did not 
correct the level of significance for multiple comparisons to reduce the probability 
of type I error because we were mainly interested in detecting adverse effects of the 
surgical intervention. Under this circumstance, type II error (failure to detect an 
effect when it actually exists) is more serious than type I error (considering an 
effect to be real when it is actually not). 34  
 
Individual changes: We applied a new multivariate method of normative 
comparison to determine individual outcome.7 Usually, when we consider 
cognitive impairments in an individual patient, we compare each test score with its 
normative data to decide whether or not it is abnormal. If multiple tests are 
administered, as we do in the present study, the risk of finding at least one 
significant deviation when in reality there is none (the familywise false positive 
rate) becomes very large. Moreover, the usual univariate approach is insensitive to 
specific patterns in deviations from the norm. Therefore we used the multivariate 
normative comparison (MNC), which tests whether a patient deviates from a 
control group on several characteristics simultaneously. The MNC is based on 
Hotelling’s T2 statistic. It is appropriate in small samples and allows testing of one-
tailed hypotheses, while the familywise false positive rate is adequately controlled. 
If the MNC test is significant, the individual deviates from the norm. We 
performed MNC on cognitive decline and on mood changes. Included in the 
analysis of cognitive decline were the change scores of the Mattis’ DRS, category 
fluency, letter fluency, alternating fluency, PASAT, AVLT immediate and delayed 
recall, the three Stroop subtests, Trailmaking A and B, Boston naming test and GIT 
visuospatial subtest. The OMO test was left out of this analysis because of its 
highly skewed score distribution. Because we were mainly interested in individual 
decline, one-tailed analyses were employed (α=0.05). 
In the analyses of mood we used scores on Positive Affect, Negative affect, POMS 
subscales, and CES-D.  Because mood changes can be in the direction of 
depression as well as in the direction of improvement, we tested mood changes 
two-tailed (α=0.05). Individual outcome of quality of life was tested univariately 
with the change scores of the PDQL. Because we expected improvement after 
surgery, one-tailed analyses were applied (α=0.05). 
Finally, we conducted logistic regression analyses to find characteristics that 
predict outcome in cognition and quality of life.  To increase the power of the 
analysis, we computed cognitive composite variables. Raw test scores were 
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converted into z-scores corrected for age and education, based on the published 
norms of each test. The variable ‘verbal fluency’ consisted of the mean z-score on 
category fluency and on letter fluency; ‘memory’ combined the immediate and the 
delayed recall scores of the AVLT; ‘mental speed’ combined Trailmaking A, 
Stroop Word and Stroop Color Card scores. The composite of Trailmaking part B 
and the Stroop Color Word Card was named ’attention’ (short for divided and 
selective attention).  Because of a lack of appropriate norms we could not integrate 
the PASAT and the alternating fluency into these composite variables.  35  
The dependent variable in the first logistic regression model was cognitive decline 
(yes/no) as determined with the multivariate normative comparison method.  From 
the possible predictors (age, education, Mattis’ DRS, verbal fluency, attention, 
memory, mental speed, levodopa response, disease duration, prior stereotactic 
surgery, mood, dosage of dopaminergic medication all at baseline and application 
of microrecording during surgery) we chose the variables that had an association of 
p<0.20 with the dependent variable. A stepwise forward approach was used. In the 
second logistic regression model of outcome in quality of life, the dependent 
variable was improvement of quality of life determined with univariate 
comparison. The independent variables were chosen from the same set of possible 
predictors according to the same procedure as described above.  
Finally, we looked at the correlations of cognitive decline with postoperative 
decrease in dopaminergic medication and with postoperative increase of depressive 
symptoms, because these factors are often suggested to be associated with 
cognitive decline but are not baseline variables.   
 
 
 

Results   
 

Group characteristics 

One hundred and eleven patients were initially included in the STN group. The 
control group consisted of 42 patients with PD. After 12 months, 6 patients from 
the STN group were lost to follow-up (two had an infection around or adjacent to 
the stimulator; one because he was imprisoned; three refused). Two patients from 
the control group were lost to follow-up (one deceased; one because of a broken 
hip).  
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Data from 105 patients of the STN group and 40 patients from the control group 
were analyzed. One STN patient had a pallidotomy during the follow-up interval, 
two patients had dislocated electrodes, and two patients suffered postoperative 
hemorrhages.  
Group characteristics are shown in table 1.  The STN group was significantly 
younger than the control group. The STN group had significantly fewer years of 
education, had longer disease duration, and used more dopaminergic medication. 
There were no differences in score on UPDRS part 3 or in the Hoehn and Yahr 
score in ‘on’ phase.  
 
 
 

Table 1  Demographic and disease characteristics of the patient sample at baseline  
 STN (n=105) Control (n=40) P-values 

Men/women, n 63/42 22/18 0.56 
Age in years mean (SD) 58.4 (7.8) 63.5 (9.2) 0.01 
Education in years mean (SD) 11.1 (2.9) 12.2 (2.9) 0.01 
DART-IQ, mean (SD) 102.0 (13.7) 106.7 (11.2) 0.06 
Disease duration in years mean (SD) 13.6 (6.0) 10.4 (4.5) 0.001 
UPDRS part 3 “off” mean (SD) 43.7 (12.3)   
UPDRS part 3 “on” mean (SD) 21.5 (9.1) 23.9 (12.7) 0.44 
Hoehn & Yahr “off” mean (SD) 3.7 (0.9)   
Hoehn & Yahr “on” mean (SD) 2.7 (0.6) 2.7 (0.7) 0.76 
Medication in LEU pre-op mean (SD) 929.7 (531.8) 600.7 (304.4) <0.001 
Microrecording yes/no, n 43/62   
Prior stereotactic procedure yes/no, n           17/88   
LEU = levodopa equivalent units; DART = Dutch Adult Reading Test 

 
 
 
Motor functioning and medication 

STN stimulation had a clear positive effect on motor functions. Twelve months 
after surgery the STN group showed a large decrease on the UPDRS part 3 in ‘off’ 
phase (mean improvement was 43%). There was a large reduction in LEU in the 
STN group, whereas the medication dose in the control group hardly changed 
(mean change in LEU in STN group: –213.8 SD 490.4 = -23%; mean change in 
LEU in control group 88.3 SD 176.7 = 15% p<0.001). 
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Table 2  Cognitive test scores at baseline and change scores at 12 months follow-up for STN and 

control groups. P values are corrected for differences in group characteristics at baseline. 

Test  STN Control P values Cohen’s d 

Dementia Rating Scale total 135.6 (6.1) 137.2 (5.4)   

   change score -2.4 (7.5) 1.0 (3.6) 0.001 -0.5 

Category fluency 38.2 (9.9) 40.5 (8.5)   

   change score -4.6 (6.4) -0.7 (6.4) 0.005 -0.6 

COWAT letter fluency 34.9 (12.9) 37.4 (12.7)   

   change score -4.1 (8.7) 3.1 (9.8) <0.001 -0.8 

Alternating fluency 46.0 (13.3) 48.8 (12.8)   

   change score -6.0 (9.7) -0.5 (8.2) 0.001 -0.6 

PASAT  42.0 (13.5) 45.1 (9.8)   

    change score  -1.4 (11.3) 2.2 (8.4) 0.12 -0.6 

AVLT total score 39.1 (9.3) 37.6 (10.5)   

   change score -1.0 (9.7) 3.2 (8.4) 0.004 -0.4 

AVLT delayed recall 7.9 (2.8) 7.0 (2.8)   
   change score -0.7 (2.6) 0.9 (2.3) <0.001 -0.6 

GIT visuospatial reasoning  9.4 (3.6) 9.2 (3.2)   

   change score 0.0 (2.8) 0.8 (2.0) 0.02 -0.3 

Stroop word seconds  50.9 (13.2) 49.1 (10.4)   

   change score 4.3 (10.9) -0.9 (7.5) 0.002 -0.5 

Stroop color seconds 65.9 (14.7) 66.8 (12.9)   

   change score 8.0 (16.3) 0.5 (11.1) 0.01 -0.5 

Stroop color word seconds 130.0 (54.8) 129.7 (42.1)   

   change score 15.4 (60.4) -6.8 (32.5) 0.01 -0.5 

Odd Man Out test errors 11.9 (12.9) 9.5 (14.8)   

   change score 0.3 (15.9) -3.1 (10.4) 0.07 -0.2 

Trailmaking A seconds 49.0 (17.7) 48.9 (17.2)   

   change score 1.2 (19.6) -1.7 (15.8) 0.15 -0.2 

Trailmaking B seconds  136.3 (78.0) 118.7 (50.9)   

   change score 22.1 (94.8) 7.3 (39.9) 0.07 -0.2 

Boston Naming Test 54.0 (4.2) 54.8 (3.2)   

   change score 0.7 (2.6) 0.8 (2.1) 0.23 -0.1 

Values are mean (SD). Negative change scores indicate decline in performance except forspeeded test 
variables and error scores; p = level of significance one-sided Mann-Whitney U test; the effect size 
(Cohen’s d) is negative if in the direction of decline on this variable for the STN group, or positive if 
it is in the direction of improvement. 
p-values one-tailed ANOVA corrected for age, years of education, amount of dopaminergic 
medication, disease duration 
COWAT = Controlled Oral Word Association Test; PASAT = Paced Auditory Serial Addition Test; 
AVLT = Auditory Verbal Learning Test; GIT = Groningen Intelligence Test. 
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Cognitive tests 

The cognitive test scores of the groups are shown in table 2. At baseline, the STN 
and control groups did not significantly differ in cognition except for a lower score 
on delayed verbal recall in the control group and a worse score for the STN group 
on the Odd Man Out test. We conducted ANOVAs with change scores as the 
dependent variables and dopaminergic medication and age at baseline, and disease 
duration and years of education as covariates. 
Twelve months after surgery the STN group had a significant decline compared to 
the control group on all verbal fluency measures, Mattis’ DRS, delayed recall of 
the AVLT, Stroop Color Card and Stroop Color Word Card. These results were 
comparable to those of the 6 month follow-up.29 In addition, at the 12 month 
follow-up the STN group showed a larger decline on the immediate recall of the 
AVLT, Stroop Word Card, and for visuospatial reasoning.  
 
Mood and behavior questionnaires 

Results are presented in table 3. At baseline the STN group showed significantly 
more symptoms of tension and fatigue on the POMS, significantly more negative 
affect on the PANAS, and significantly poorer quality of life compared to the 
control group.  
When we covaried for group differences at baseline in dopaminergic medication, 
age, disease duration, and years of education, we found that 12 months after 
surgery the STN group showed a larger improvement in quality of life on the 
PDQL compared to baseline than the control group. Relatives of the STN patients 
reported a larger increase in dysexecutive symptoms on the DEX at 12 months than 
for the control group.  

 

Individual outcome 

The multivariate normative comparisons method revealed that 38 out of the 105 
STN patients had cognitive decline not seen in the control group. Furthermore, we 
found 16 patients who reported an improvement of mood not seen in the controls, 
and 16 patients who reported worsening of mood. Univariate comparison showed 
improvement in quality of life after surgery in 34 of the 105 STN patients.  
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Table 3  Scores on questionnaires at baseline and change scores at 12 months follow-up for STN and 

control groups 

Questionnaire STN Control P values Cohen’s d 

MADRS 6.8 (4.6) 5.5 (4.5)   

   change score 0.3 (5.9) -2.0 (3.7) 0.03 -0.5 

POMS depression 5.7 (6.1) 4.9 (5.5)   

   change score -0.3 (5.3) -0.5 (4.0) 0.70 -0.1 

POMS anger 4.3 (4,4) 4.0 (4.6)   

   change score -0.2 (4.8) 0.6 (4.0) 0.57 0.2 

POMS fatigue 8.2 (5.6) 6.7 (5.8)   

   change score -0.5 (6.1) 0.7 (4.3) 0.96 0.3 

POMS vigor 11.8 (4.3) 10.9 (4.0)   

    change score  -1.0 (4.1) 0.2 (3.1) 0.22 -0.3 

POMS tension 9.3 (5.2) 6.5 (4.5)   

   change score -2.6 (4.7) -0.6 (3.1) 0.09 0.5 

PANAS positive affect 33.2 (9.1) 30.5 (11.7)   
   change score -1.5 (10.1) 2.1 (8.2) 0.19 -0.4 

PANAS negative affect 20.6 (11.6) 16.0 (11.1)   

   change score -3.6 (10.9) -0.1 (7.9) 0.23 0.3 

DEX self 20.9 (10.6) 17.8 (11.3)   

   change score -1.1 (9.8) 0.5 (6.8) 0.76 0.2 

DEX proxy 19.4 (11.9) 18.0 (12.3)   

   change score 0.9 (10.6) -1.6 (9.3) 0.02 -0.3 

MAC self 76.5 (10.9) 74.2 (13.0)   

   change score -2.7 (9.1) -1.5 (10.4) 0.29 0.1 

MAC proxy 76.7 (13.5) 76.7 (11.3)   

   change score -4.0 (11.0) -4.6 (10.3) 0.60 -0.1 

Parkinson Quality of life 101.2 (20.8) 85.3 (23.3)   

   change score -16.0 (21.6) -0.1 (14.6) 0.01* 0.9 

CES-d  13.8 (7.4) 13.7 (7.7)   

   change score -0.0 (7.3) -0.2 (5.2) 0.19 0.0  

NPI delusions 0.2 (1.2) 0.0 (0.0)   

   change score 0.2 (1.2) -0.1 (0.7) 0.33 -0.3 

NPI hallucinations 0.1 (0.5) 0.0 (0.2)   

   change score 0.0 (0.5) 0.2 (1.0) 0.17 0.3 

NPI agitation/aggression 0.4 (1.4) 0.3 (0.8)   

   change score 0.0 (1.6) 0.1 (0.9) 0.54 0.1 

NPI dysphoria 1.2 (1.9) 0.9 (1.3)   

   change score 0.0 (2.2) 0.1 (1.2) 0.68 0.1 

NPI anxiety 0.6 (1.4) 0.6 (1.5)   

   change score -0.1 (1.8) 0.2 (1.5) 0.30 0.2 
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NPI euphoria 0.0 (0.0) 0.00 (0.0)   

   change score -0.1 (0.5) 0.0 (0.2) 0.44 0.3 

NPI apathy 1.0 (1.9) 0.9 (1.8)   

   change score 0.2 (2.0) 0.0 (1.6) 0.46 -0.1 

NPI desinhibition 0.5 (1.1) 0.1 (0.5)   

   change score 0.3 (1.3) 0.1 (0.8) 0.48 -0.2 

NPI irritability/lability 1.0 (1.7) 0.8 (1.7)   

   change score 0.4 (2.1) -0.2 (1.0) 0.42 -0.4 

NPI aberrant motor behavior 0.4 (1.5) 0.2 (0.9)   

   change score 0.1 (1.9) 0.0 (1.0) 0.74 -0.1 

NPI sleep disorder 2.6 (2.1) 2.9 (2.9)   

   change score 0.1 (2.7) -0.6 (2.3) 0.14 -0.2 

NPI appetite change 2.0 (2.9) 0.8 (2.3)   

   change score 0.2 (3.9) 0.0 (2.7) 0.92 -0.1 

Negligence 0.3 (1.2) 0.1 (0.4)   

   change score 0.1 (1.2) -0.1 (0.4) 0.40 -0.2 

Sexual changes 1.1 (2.5) 0.9 (2.3)   

   change score 0.1 (2.5) 0.5 (3.1) 0.31 0.1 

Language/speech changes 5.0 (3.6) 3.4 (2.4)   

   change score 1.2 (3.4) 0.5 (2.7) 0.43 -0.1 

Cognitive changes 2.9 (3.3) 1.8 (2.1)   

   change score 1.3 (3.3) 0.2 (1.6) 0.19 -0.4 

Values are mean (SD). The effect size (Cohen’s d) is negative if in the direction of decline on this 
variable for the STN group, or positive if it is in the direction of improvement. 
* p-values two-tailed ANOVA corrected for age, years of education, amount of dopaminergic 
medication, disease duration except for Parkinson Quality of life one-sided ANOVA 
 
 

Predictors of cognitive decline  

In the logistic regression model with cognitive decline determined with the 
multivariate normative comparisons method as dependent variable we entered 
(stepwise forward) the following independent variables: levodopa response, age, 
the cognitive composite scores of speed, attention, and verbal fluency.  The 
association between attention at baseline and cognitive decline after surgery was 
significant (OR 0.92 (90% CI: 0.88-0.96), as well as the association between age 
and cognitive decline (OR 1.07 (90% CI: 1.01-1.13), and the association between 
levodopa response and cognitive decline (OR 0.96 (90% CI: 0.94-0.98). The 
associations between the predictors were low (r<0.13), and collinearity was not a 
problem (VIF < 1.03). Patients with impaired attention at baseline, advanced age,  
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Figure 1   The probability at cognitive decline for age 55. 

0

20

40

60

80

100

-3 -2 -1 0 1

z score attention

pr
ob

ab
ili

ty
 a

t c
og

ni
tiv

e 
de

cl
in

e

30

50

70

 
_________________________________________________________________________ 
 
 
 
_________________________________________________________________________ 
 

Figure 2   The probability at cognitive decline for age 65. 
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or with a low levodopa response at baseline had a higher risk of cognitive decline 
after surgery.  The expected probability of cognitive decline was calculated as  
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ages 55 and 65 given the z-scores on attention and given the levodopa response 
percentages of 30, 50 and 70 are depicted in figure 1 en figure 2.    

 

Predictors of quality of life 

We entered levodopa response, prior stereotactic surgery and Mattis’ Dementia 
Rating Scale into the regression analysis as independent variables and 
improvement in quality of life as the dependent variable.  The odds ratio of 
levodopa response associated with improvement of quality of life was 1.04 (90% 
CI 1.02-1.06).  The probability of improvement of quality of life as a function of 
levodopa response is illustrated in figure 3.  
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Figure 3   The probability at improvement of quality of life 
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Correlations  

Cognitive decline in the STN group did not correlate with postoperative decrease in 
medication (r=0.01) and correlated slightly with postoperative increase of 
depressive symptoms on the MADRS (r=0.19). Cognitive decline correlated 
slightly with an increase in dysexecutive symptoms on the DEX (r=0.19). 
 

 

 

Discussion  
 
One year after STN DBS we found quality of life improved in about one third of 
the patients. However, this was at the expense of cognitive decline in a similar 
proportion of patients.  Worsening versus improvement of mood was seen in 
comparable proportions. Levodopa response at baseline predicted improvement of 
quality of life. Attention at baseline, age and also levodopa response predicted 
cognitive decline after surgery.  Cognitive decline after STN DBS does not seem to 
be a temporary effect from which patients recover in the long term, because 12 
months post surgery the effect sizes of most cognitive measures became even 
larger (median -0.5) compared to the six month follow-up (median -0.3).29  
The severity of cognitive decline ranged from slight (decline that was not even 
noticed by the patients themselves) to severe. For advanced PD patients who often 
have borderline cognitive impairments, even slight cognitive decline could mean a 
transition into evident impairments.  
From reviews in the literature 4 the picture may arise that patients decline after 
STN DBS on some neuropsychological tests and improve on others. In almost all 
studies, these changes are based on group comparisons. When individual outcome 
is taken into account, it is in general simply measured as the percentage of patients 
that improved or declined more than a standard deviation on single tests. With the 
multivariate normative comparisons method we examined the profile of test 
performances of each of the STN patients compared to the control patients. This 
way, slight declines on several tests can be just as important as a large decline on 
one test. Probably, because of this new, powerful statistical method and because we 
assessed patients in a more comprehensive way than prior studies, the percentage 
of cognitive decline in our study is higher than previously described 5.  
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The major limitation of our study is that it is not a randomized trial. Differences 
between STN patients and control patients could still be due to differences in 
demographic or disease characteristics. The STN group had longer disease duration 
and used more levodopa medication at baseline, implying more severe PD 
symptomatology. However, these variables did not explain a significant portion of 
the variance of the neuropsychological change scores. 
A second limitation is the lack of an objective measure of improvement in motor 
functioning, because standardized on/off evaluations at 12 months were not 
performed.   
A third limitation is the sample size of our study. Although it had the largest 
number of patients compared to other studies on neuropsychological aspects of 
DBS until now, this number is still quite small for establishing stable predictive 
models. Future studies should include more patients to find predictors of outcome.  
However, it remains of importance that a comprehensive set of neuropsychological 
variables are studied, because subtle but clinically relevant changes will not be 
detected with coarse measures. Moreover, cognitive change was not restricted to 
verbal fluency or psychomotor speed, but was also seen on several other measures, 
i.e. tests of memory and attention.    
We report baseline predictors of cognitive decline and quality of life. Motor 
outcome after STN DBS has been predicted in earlier studies by levodopa response 
36. It has been suggested that cognitive decline after STN DBS might be associated 
with apathy resulting from postoperative decrease in dopaminergic medication6 37. 
When patients are not able to put the same amount of effort into their performance 
on neuropsychological tests after surgery because of increased apathy, test results 
could be worse compared to baseline suggesting cognitive decline which is not 
actually there. However this mechanism cannot explain our results, because the 
postoperative decrease in dopaminergic medication was not related to cognitive 
decline.  Another hypothesis is that STN DBS stimulates the limbic area leading to 
an increase in depression and subsequently to slight cognitive decline.  We found a 
weak relationship between cognitive decline and postoperative increase in 
depressive symptoms, but even if depressed mood were a causative influence, it 
would only account for 4% of the variance in cognitive outcome. Finally, our data 
do not support the idea that microrecording is related to cognitive decline because 
of the multiple tracks entering the brain leading to microlesioning4, because 
presence or absence of microrecording did not have predictive value in our study.   
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We conclude that cognitive decline is fairly common after STN DBS. So is 
improvement in quality of life after STN DBS.  Our study points out that best 
candidates for STN DBS are relatively young patients without impairments in 
attention, and with a strong levodopa response. When patients do not satisfy these 
criteria, the choice for STN DBS should be reconsidered. 
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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 µs, 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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Abstract 
 
We describe a patient with advanced Parkinson’s disease who developed 
pathological gambling within a month after successful bilateral subthalamic 
nucleus (STN) stimulation. There was no history of gambling or psychiatric 
disturbances. On neuropsychological testing slight cognitive decline was evident a 
year after surgery. Stimulation of the most dorsal contact with and without 
medication induced worse performances on decision-making tests compared to the 
more ventral contact. Pathological gambling disappeared after discontinuation of 
pergolide and changing the stimulation parameters. Pathological gambling does not 
seem to be related to decision-making but appears to be related to a combination of 
bilateral STN stimulation and treatment with dopamine agonists. 
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Introduction  
 
Pathological gambling in Parkinson disease (PD) is a behavioural complication, 
which has been related to the use of dopamine agonists1;2, but also to levodopa 
therapy3 Bilateral subthalamic nucleus (STN) stimulation has been shown to 
improve levodopa sensitive motor symptoms in PD, but negative effects have been 
reported on behaviour such as mania, depression, apathy, drug dependence, and 
compulsive self-stimulatory behaviour.3-7 Recently, improvement of pathological 
gambling after bilateral STN stimulation has been described.8;9 We report on a 
patient with advanced PD who developed pathological gambling within a few 
weeks after successful bilateral STN stimulation.  
 
 

Patient  

A 63-year-old, right-handed male with a 10 year history of PD underwent bilateral 
STN surgery for severe pharmaco-resistant response fluctuations. Before surgery, 
his medication consisted of 600 /150 mg levodopa/carbidopa slow release and 
pergolide 6-8 mg daily dose. He complained about slight forgetfulness, but 
neuropsychological evaluation was normal (see Table 1).  

 
Surgery and postoperative management 

In 2002, the patient underwent a one-stage bilateral stereotactic procedure using 
frame-based MRI visualizing the STN on T2-weighted images, verifying the atlas-
based target (12 mm lateral (x), 2 mm posterior (y) and 6 mm inferior (z) to the 
midcommissural point (MCP), and macrostimulation to determine the final position 
for electrode placement.10 The electrodes (model 3389, Medtronic) were implanted 
with the deepest contact 8 mm below MCP on the right and 6 mm below MCP on 
the left. At discharge, monopolar stimulation at contact 1 was used on both sides 
with amplitude 1.9 V on the left and 2.4 V on the right, pulse width 60 µsec and 
frequency 185 Hz. There was a marked motor improvement with a reduction of the 
anti-PD medication to 400/100 mg levodopa/carbidopa slow release and pergolide 
3mg daily dose.  
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Table 1   Neuropsychological and neurological data at baseline and follow-up 

        

FU duration in weeks 

Baseline 

0 

FU 1 

26 

FU 2 

52 

FU 3 

156 

FU 4 

157 

FU 5 

163 

FU 6 

180 

Stimulation parameters        

Contacts, right/left 
monopolar 

 1-/ 
1-2- 

1-/ 1-
2-  

1-/ 1-2 Off 3-/ 2-
3-  

3-/ 2-
3- 

amplitude (V) right/left  3,2 / 
2,5 

3,2 / 
2,5 

3,2 / 
2,5 

 2,6 / 
2,5 

2,6 
/2,5 

pulse width in µsec  60 60 60  60 60 

Frequency, Hz  185 185 185  130 130 

UPDRS-III off/on 56/34 21/1
3 

21/13 /14  22/  /18 

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

Medication        

Pergolide in mg 6-8 4 3 2 2 2 0 

LEU 880 750 510 760 760 760 560 

Executive function        

Category fluency (T)  47 43 44 37 46 33 35 

COWAT letter fluency (T)  52   51  50  55  56  60  63 

Stroop color word (T)   39 33 44 34 28 32 37 

Trailmaking B (T)   49 51 60 42 47 44 56 

PASAT number correct 47 33 25 29 39 38 38 

Memory        

AVLT immediate recall(T) 51 37 38 37 33 37 45 

AVLT delayed recall(T) 46 30 34 31 35 35 39 
Decision-making        

IGT disadvantageous 
choices % 

   34 56 78 70 

Go/no Go commission  
errors % 

   48 43 68 77 

Questionnaires        

DEX Questionnaire 
self/proxy 

11/23 10/2
9 

6/22 15/42 11/56 9/50 10/28 

PDQL 87 71 70 66  66 70 

MADRS 8 9 3 7 9  9 

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; PASAT = Paced 
Auditory Serial Addition Test; AVLT = Auditory Verbal Learning Test; T = normally distributed 
score with mean of 50 and standard deviation of 10, corrected for age and education; IGT = Iowa 
Gambling task; DEX= Dysexecutive questionnaire; PDQL= Parkinons’s disease Quality of Life; 
Montgomery and Asberg Depression Rating Scale. 
Significant changes in cognitive test scores (compared to baseline) are printed in bold typeface.  
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Follow-up 

Six months postoperatively, the patient was satisfied with the results of surgery on 
motor functioning, although he noticed increased emotional lability. His wife  
reported memory decline, but she found this acceptable considering the large 
positive effect on motor functioning. Neuropsychological testing with stimulation 
on showed a significant decline in memory and in selective attention, compared to 
the preoperative status (table: FU 1).  
Twelve months postoperatively, the patient complained of forgetfulness and word 
finding difficulties. His wife reported a decline in his cognitive functioning. She 
mentioned slight behaviour changes, namely increased lability, impulsivity and 
vivid dreams, but denied changes in hallucinations, apathy, irritability or 
euphoria.Neuropsychological functioning with stimulation on was fairly stable at 
12 months compared to the 6 month follow-up, except for an improvement on the 
Stroop color-word card, which measures selective attention (Table 1: FU 2).  
 

 

_________________________________________________________________________________ 

 

Figure 1   Advantageous minus disadvantageous decks. during five consecutive learning stages on 

the Iowa gambling task 

 
 

 
 

FU # = follow-up number;  
DBS = deep brain stimulation of STN; *data from: Goudriaan et al., 2005 
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Three years postoperatively, during a follow-up visit at the outpatient clinic for 
movement disorders, the patient informed the neurologist that he was suffering 
from pathological gambling with a preference for slot machines, which had started 
one month after surgery. Despite regular follow-up at the outpatient clinic over the 
preceding three years, the patient had never before mentioned pathological 
gambling. According to his wife and children, the patient used to be “as stingy as a 
Dutchman”. Because of increasing debts, the house had to be sold and his wife 
wanted a divorce. The patient had been admitted to a psychiatric institution 
because of a suicide attempt. Two more suicide attempts followed. Subsequently, 
the patient was admitted to the neurological ward. At this time neuropsychological 
evaluation was performed again, 156 weeks after STN implantation (FU 3). The 
patient now disclosed a history of alcohol abuse in his thirties, which he had 
overcome.  His mood was characterised as slightly depressed. Compared to the 12 
months follow-up, there was a decline in category fluency, and selected and 
divided attention. Two decision-making tests were added to the test battery: the 
Iowa gambling task (IGT) 11, an ecologically valid decision task involving 
weighing of immediate rewards against long-term losses,  and a go/no-go 
discrimination task to investigate abnormal reward processing (for a description of 
both tasks as applied to pathological gambling, see Goudriaan et al.12). Parallel 
versions were used in each test session. Performance on the IGT was affected with 
34% disadvantageous choices (see Figure 1 for performance curve), which is 
normal. Performance on the go/no-go task was at chance level. 
One week after switching off the neurostimulation, the patient claimed to feel less 
urge to gamble. There was no change on the standard neuropsychological tests or 
on the go/no-go task (Table: FU 4). Performance on the IGT was worse compared 
to stimulation on, with 56% disadvantageous choices. There was a marked increase 
in motor impairment, necessitating the neurostimulation to be switched on. 
Because a chronic stimulation effect inducing the pathological gambling could not 
be excluded, monopolar stimulation at the most rostral contactpoint 3 was started. 
A CT-scan was performed and co-registered with the preoperative MRI using the 
ImageMerge module of Surgiplan (Elekta) to verify the position of the electrodes. 
On the left, the deepest contact (0) was 2mm higher than target. On the right, the 
deepest contact (0) was at target, within the limits of precision of this fusion 
technique.  
One month later with stimulation at contact 3, his wife told that the patient had 
been buying scratch cards although his allowance had been restricted. The results 
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on standard neuropsychological testing were stable, but performance on the IGT 
and on the go/no-go task deteriorated (FU 5).  
Eventually, pergolide was tapered and stopped. The urge to gamble completely 
disappeared two days after the last dose. The patient was able to sit in a café with 
spare money in his pocket ignoring the slot machine. He regained his normal 
interest in family and hobbies. Emotional lability and vivid dreaming did not 
improve. There were no changes on standard neuropsychological testing. IGT or 
go/no-go task performance did not improve (FU 6). 
Because of ongoing marital discord and severe financial problems, the patient was 
referred to social services for counselling.  
   

 
 

Discussion 

 
Our patient with PD developed pathological gambling shortly after bilateral STN 
stimulation despite reducing dopamine agonist medication. Slight cognitive decline 
and emotional lability were also present. Pathological gambling resolved suddenly 
after discontinuation of the pergolide, but the stimulation parameters had also been 
changed to a more rostral, i.e dorsal active contact point.  
The association between pathological gambling and the use of dopamine agonists 
has been previously described.3;13;14 However in these studies, PD patients 
developed this behaviour disorder after the introduction or the increase of the 
dopamine agonist and not after reducing the daily dose. Moreover, pathological 
gambling after DBS STN has been recently reported in 5 out of 39 PD patients 
despite reduction or discontinuation of the dopamine agonists.14 This suggests the 
influence of chronic STN stimulation on the development of pathological gambling 
in PD. Stimulation seems to sensitise the brain to behavioural side effects of 
dopamine agonists, especially in patients like ours with a history of addictive 
behaviours. This explanation is in contrast to the one given by a recent study.8 who 
postulated desensitization of the limbic dopaminergic system after DBS STN and 
reduction of medication, leading to improvement of pre-existing pathological 
gambling. 
Impaired decision-making has been reported in pathological gambling and in 
Parkinson’s disease.12;15 In pathological gambling research, diminished self-
regulation, a neurocognitive function related to decision-making, has been 
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associated with risk for developing gambling problems later in life.16 In PD, 
disadvantageous decision-making was highly correlated with executive dysfunction 
and has been associated with decreased dopaminergic transmission in fronto-
striatal loops .15 In our patient, worse performance on decision-making tasks was 
seen with stimulation of the most dorsal contact compared to the ventral contact 
both with and without medication. This implies that bilateral STN stimulation 
directly influences decision-making. A previous report 17 did not find any effects of 
bilateral STN stimulation on a similar gambling task. However, that study 
compared performance between on and off stimulation with stimulation switched 
off for only one hour.  
Impaired decision-making does not seem to be directly related to the pathological 
gambling, because performance of our patient on the IGT was normal and 
performance on the go/no-go task did not improve when the pathological gambling 
disappeared. Perhaps the IGT is not as ecologically valid as it is claimed to be, 
since it does not predict real-world behaviour  
We conclude that pathological gambling may be induced by bilateral STN 
stimulation. Because of the known association between dopamine agonists and 
pathological gambling in PD, discontinuation of the dopamine agonist seems to be 
the first option of treatment before changing stimulation parameters. 
Because of the devastating effect of pathological gambling, physicians or 
neurologists should inform patients and their family about this risk of dopamine 
agonists and bilateral STN stimulation.  
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Abstract 
 
We describe a patient with Parkinson disease, who suffered from behavioral 
changes and executive dysfunction after bilateral subthalamic nucleus (STN) 
stimulation. Switching of the stimulators led to dramatic improvement of behavior 
and cognition, but with loss of improvement in motor functioning. Behavioral 
changes and executive dysfunction can be due to stimulation effects.  
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Introduction 
 

Cognitive decline and mood changes have been reported after bilateral stimulation 
of the subthalamic nucleus (STN) in Parkinson disease (PD).1-4  Depressive mood 
or manic behavior may disappear after switching off the stimulation or changing 
the parameters.5 We describe a patient with advanced PD who showed behavioral 
changes and executive dysfunction after bilateral STN stimulation.  
 

 

Patient  

A 61-year-old former engineer was diagnosed with PD in 1985. In 1997, a left 
pallidotomy was performed to abolish disabling dyskinesias. Postoperatively, the 
patient experienced some right-sided facial paresis, and slight difficulties with 
word finding and mental arithmetic. Neuropsychological testing showed decline in 
verbal memory and fluency. In 2004 he had bilateral STN stimulation for the 
disabling motor fluctuations. At that time he used 550/137.5  mg 
levodopa/carbidopa, 300 mg  amantadine and 8 mg pergolide a day. 
Neuropsychological testing showed improvement in verbal memory compared to 
post-pallidotomy results (Table 1). Mental speed was slightly reduced, but other 
cognitive functions were in the normal range.  

 

Surgery and postoperative management 

Surgery was performed using 5-tract microrecordings and macrostimulation for 
target localization (12 mm lateral, 2 mm posterior and 4 mm inferior to the 
midcommissural point (MCP)).  The electrodes (model 3389, Medtronic) were 
implanted in the central trajectories, with the deepest contact 8 mm inferior to MCP 
on the right and 6 mm inferior on the left. At discharge, monopolar stimulation at 
contact 2 with amplitude 1.7 V, pulse width 60 µsec and frequency 130 Hz was 
used on both sides. He used 600/150 mg levodopa/carbidopa, 300 mg amantadine 
and 3mg pergolide a day. Clinically, there was a marked motor improvement 
without on/off fluctuations or freezing of gait. 
 

Follow up 

Four weeks after surgery, the patient was seen because of behavioral changes. 
According to his wife, he started using aggressive vocabulary a few days after 
discharge. Over the next days, he became increasingly irritable, distractible and 



Chapter 7 

100 

forgetful. He used to be easy to go on with, but now he was recalcitrant. He drove 
too fast and violated traffic rules, while he used to be a conscientious driver. His 
manners were lost, for instance he did not congratulate friends with their birthday 
anymore and he forgot to greet visitors. He suffered from daytime sleepiness and 
visual hallucinations. The patient himself had no complaints. Motor functioning, 
including gait was satisfactory. Reducing the amantadine did not resolve the 
behavioral problems. Neuropsychological testing showed a significant decline in 
verbal fluency and attention with normal memory functions (Table 1).  
 
___________________________________________________________________ 
Figure 1  Fusion of the preoperative T2-MRI and the CT 2 months after surgery, with all CT-signal 

suppressed except for the electrode artifact. Axial (top) and coronal (bottom) reconstructions. The 

crosses measure 5 mm, and indicate the targets as determined pre-operatively. 

 
_____________________________________________________________ 
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One week after switching off the neurostimulators, his wife stated that all 
behavioral alterations had resolved. He was able to participate socially in 
conversation. He did not doze off anymore. His bad manners had disappeared, and 
interest in his wife had restored. The patient himself did not notice any difference. 
On neuropsychological testing executive function was in the normal range again 
improved, although the test results on fluency and divided attention were still 
reduced compared to the preoperative scores. Motor functioning was severely 
impaired.  
To verify the position of the electrode contacts, a CT-scan co-registered with the 
preoperative MRI. On the left, contact 0 was 13 mm lateral, 1 mm posterior, 4 mm 
inferior to MCP (Figure 1), i.e. 2 mm higher than the planned position. On the 
right, contact 0 was at 11 mm lateral, 2 mm posterior, 8 mm inferior to MCP 
(Figure 1), i.e. at the planned position.  
Various stimulation parameters at all contacts were tried. Eventually, both 
neurostimulators were reset to monopolar stimulation at contact 1 with amplitude 2 
V, pulse width 60 µsec and frequency 130 Hz. Because of frequent freezing, the 
medication regime was adjusted to levodopa/carbidopa 800 /200 mg and pergolide 
4mg daily dose.   
Half a year after surgery, the patient complained of freezing of gait. There was no 
mood disorder, although his affect appeared flattened. His wife described him as 
self-centered and inflexible. Intimacy between the couple was lost. His wife felt as 
if “she was out of the picture”. He could not properly plan non-routine activities, 
e.g. he removed a door because of building activities, which were planned several 
weeks later.  
Frequently, he skipped from one activity to another, leaving a mess behind while 
he used to be meticulous. He sometimes drove dangerously. The problematic 
behavior fluctuated in severity depending on the situation. Symptoms did not fit 
DSMIV criteria for hypomania. Compared to the immediate postoperative period, 
the behavioral alterations had not worsened, but they were leading to relational 
difficulties. The patient's wife realized that if the stimulators were switched off, he 
would return to ‘his own self’ again. However this was no option for him, because 
of decreased motor functioning. Because of the marital discord, affirmation of the 
behavioral changes was sought by another family member, who told that when he 
came for a visit, patient continued with his own activities without greeting him. 



 

 

Table 1  Neuropsychological and neurological data at baseline and follow up 

Test  baseline 

1997 

6 months  

post-pallidotomy 

2004 FU  7 wks 

DBS  2 

FU 8 wks  

DBS off 

FU 26 wks 

DBS 1 

FU 27 wks 

DBS off 

FU 52 wks 

DBS 2 

Motor functioning/ medication         
H & Y off/on 3/2 3/2 3/3 /4 4/ 4/3 /4 4/ 
UPDRS-III off/on   37/19 /19 /32 34/24 34/32 30/ 
LEU 687,5 687,5 1520 960 1200 960 960 960 
Pergolide in mg ? ? 8 3 3 4 4 4 
Cognitive tests         
Mattis Dementia Rating Scale   135/144   134/144  133/144 
Category fluency (T) 60 50 48 36 46 38 37 36 

COWAT letter fluency (T) 50 47 47 15 33 25 29 29 

Stroop interference (T) 53 47 49 31 39 42 49 37 

MWCST categories 5 1  2 5 0 5 3  

Trailmaking B given A (T) 45 39 40 27 39 36 49 29 

AVLT immediate recall (T) 66 38 57   52  30 

AVLT delayed recall (T) 59 47 53   66  51 

RBMT immediate recall (T) 36 36  47 51  49 62 

RBMT delayed recall (T) 45 39  47 60  53 57 

GIT visuospatial reasoning (T)   66 64 64 66  64 

Questionnaires         

DEX Questionnaire self/proxy 22/17 23/16 24/25 19/30 33/14 20/44 14/17 22/44 

CES-depression   11 15 13 6  16 
PDQL   90 79 75 74  79 

FU= follow-up; DBS 1= deep brain stimulation contact 1; AVLT= Auditory Verbal Learning Test; RBMT: Rivermead Behavioural Memory Test; GIT = Groninger Intelligentie 
Test; MWCST= Modified Wisconsin Card Sorting Test, DEX = Dysexecutive symptoms; PDQL= Parkinson’s Disease Quality of Life: lower scores implicate higher QOL. T = 
normally distributed score with mean of 50 and standard deviation of 10, corrected for age and education. Abnormal test scores are printed in bold typeface. 
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Patient used to have strong opinions, but now he could not reconsider even if he 
was patently wrong. Neuropsychological testing showed slight impairment in 
executive functions with excellent memory function (table 1). Compared to the 
preoperative status there still were significant negative effects on all fluency 
measures. One week after switching off the neurostimulators, his wife was again 
surprised by the positive change in his behavior. He showed sincere interest and 
initiative, such as reminding her of a television program she would like to see. He 
did not jump anymore from one subject to another in conversation.  Motor 
functioning was evaluated with the stimulator off and on, and also in on and off 
phase. Several adjustments of the stimulation parameters were tried again. Best 
motor results were obtained with bilateral monopolar stimulation at contact 2 with 
amplitude 1.5 V, pulse width 60 µsec and frequency 130 Hz. These stimulation 
parameters were selected to improve motor functioning. 
A year after surgery, the patient had deteriorated again. Apart from the above-
mentioned behavioral problems, he showed social misconduct. For examples he 
burped and cleaned his feet in public. In a restaurant he shouted at the waiter for 
beer without asking his guests what they would like to drink. Marital problems 
were evident. Compared to the 6 months evaluation there was a decline in memory 
and attention. Motor functioning was still not optimal. Eventually, he agreed to 
switch off the neurostimulators and to address the loss of motor functioning by an 
apomorphine pump. 
 
 
 
Discussion 

 
STN stimulation improved motor functioning in this patient, but it caused 
behavioral alterations and executive dysfunction. The remarkable recovery after 
switching off the stimulators suggests a stimulation induced effect. This is 
underlined by the fact that adapting the stimulator to a lower contact point, led to 
less severe executive dysfunction and behavioral changes. Moreover, after 
returning to the former, higher contact point, the problems reappeared again, 
although less severe than directly after surgery. The slightly better performance 
was possibly related to resolving of postoperative edema.  
Recent studies report that stimulation outside the STN i.e., the zona incerta is 
superior in improving motor function compared to the STN itself.6 Others state that  
the dorsolateral STN border is most effective.7  However, in our patient the deepest 
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contact points were in the dorsolateral border of the STN but this did not improve 
his motor function. Stimulation of higher contact points were more effective but 
with severe neuropsychological side effects. Those contact points were dorsal to 
the STN and therefore stimulation probably took place in the fields of forel, in the 
zone incerta or maybe in the reticular formation. The pallidothalamic projections 
are passing through these areas 8;9 and stimulating these structures may in turn 
negatively influence the orbitofrontal cortex, the anterior cingulate cortex, and  the 
dorsolateral prefrontal cortex.10;11 Lesions in these areas may cause personality 
changes such as apathy, disinhibition, irritability, loss of social behavior, and lack 
of judgment. They may also cause executive disorders such as poor organizational 
strategies, poor memory strategies, and impaired set shifting.12  
Although bilateral STN stimulation after unilateral pallidotomy is usually reported 
as safe13, the previously performed pallidotomy with temporary cognitive decline 
may have increased the risk of executive dysfunction or behavioral changes after 
bilateral STN stimulation. Restoration of cognitive function after pallidotomy may 
have been a result of recruitment of other pathways in the basal ganglia leaving the 
system more vulnerable.  Subsequently, bilateral STN stimulation could lead to the 
equivalent of bilateral pallidotomy, after which neurobehavioral changes have been 
observed.14;15   
Changes in cognition and behavior were unrelated to the decrease in levodopa 
dose (LEU) postoperatively, because changes in stimulation parameters induced 
the behavioral changes, while LEU was unchanged.  Changes seemed neither 
related to the dopamine agonist. Despite a high dose of pergolide 
preoperatively, behavioral disorders only started after bilateral STN stimulation 
when the daily dose was reduced. Behavioral disorders disappeared after 
switching off the stimulators irrespective of the dose.  
We conclude that behavioral alterations and executive dysfunction after 
bilateral STN stimulation can be due to the stimulation per se. Side-effects of 
this order are rare, but when they occur they can have a serious impact on the 
personal lives of the patients and their relatives. Professionals involved in deep 
brain surgery should carefully monitor these possible harmful effects.  
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Main findings 
 
The main question of this thesis was “Does STN DBS in patients with PD lead to 
cognitive decline and/or behavioral changes?".  We found that about one third of 
the patients showed cognitive decline after STN DBS. The STN patients as a group 
performed worse than the control group on a cognitive screening task, on all verbal 
fluency measures, on verbal memory and on selective attention (chapter 3).  
Furthermore, we found that STN DBS led to slightly more decline than unilateral 
pallidotomy (chapter 2).  Quality of life increased in one out of three patients after 
STN DBS. Worsening and improvement of mood were seen in equal proportions of 
patients (15% each). Relatives of STN DBS patients reported an increase in 
dysexecutive symptoms on questionnaires. Moreover, they reported more cognitive 
complaints and an increase in lability/irritability for the STN group at 6 months 
after surgery (chapter 3).  
A subsidiary question of the thesis was “Can we predict which patients will suffer 
cognitive decline after surgery?". Our results showed that patients with advanced 
age, a low levodopa response or impairments in attention have a higher chance of 
cognitive decline after surgery than young patients with a high levodopa response 
without attention disorders (chapter 4).  
 
 

 

Comparison to earlier research 

 

Discrepancies in cognitive decline 

The most conspicuous result of our study is that the percentage of cognitive decline 
is higher than previously described.1  There are several reasons for this 
discrepancy. Firstly, we assessed patients in a more comprehensive way than 
anterior studies. Previous studies used shorter batteries or used tests with poor 
psychometric qualities that are not sensitive to change. Thus, our study was more 
sensitive to subtle changes after STN DBS.  Secondly, although some studies 
reported no changes at all after STN DBS  2 3, in other papers changes in cognition 
and behavior were trivialized. For example, Funkiewiez et al. 4 concluded that STN 
DBS does not lead to global cognitive deterioration. After scrutinizing this paper, I 
counted 10% of the patients with global cognitive deterioration after STN DBS in 
this study. Behavioral changes were interpreted as “rare”, although there was an 
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increase in apathy and several psychiatric events after surgery, adding up to 24 % 
of this patient sample. The study of Dujardin et al 5 concluded that “in some 
patients it (STN DBS) can induce overall cognitive decline or behavioral changes”. 
Because cognitive decline was fond in 3 out of the 9 patients, this “some” was 
absolutely interpreted instead of relatively. 5 Several other authors seem to have 
jumped on the bandwagon and concluded that STN DBS is safe from a cognitive 
point of view, while in their results they also mention decline on specific tests, 
mostly verbal fluency but also in reverse digit span and in delayed recall of verbal 
memory.3;6-9  Cognitive decline seems to be considered relevant only if it is severe 
and takes the form of a dementia syndrome.  However, to inform patients properly 
before the operation, and for postoperative management, it is important to assess all 
cognitive effects or other side effects of STN DBS without regard to severity.  
Therefore, we looked at individual cognitive decline. The third reason for 
discrepancy with earlier research is probably that we used a new, more 
comprehensive method of statistical testing. Usually, individual cognitive decline 
is simply measured as the percentage of patients that improved or declined more 
than one standard deviation on single tests. One disadvantage of this method is that 
when a patient has declined on four tests out of 10 and improved on one test, there 
is no criterion to decide if this should be considered cognitive decline. Next, the 
risk of finding at least one significant deviation by chance when in reality there is 
none becomes very high because of the sheer number of comparisons in the 
univariate technique. In addition, clinicians miss relevant information about the 
cognitive functioning of the patients if they only look at single tests instead of the 
profile of neuropsychological changes. A profile of mental slowing has other 
implications than a significant change on a constructive task. Furthermore, slight 
declines on several tests can be just as important as a large decline on a single test. 
We therefore used a new statistical method of multivariate normative comparisons 
that examined the profile of test performances of each of the STN patients and 
compared it to the controls. Slight declines are easily missed by the old method but 
are detected by the new method. This way, we determined that 30% of the patients 
had a profile of cognitive decline after STN DBS not seen in the control group. 

 
Comparable improvement in quality of life 

Other results of our study are less discrepant. For example, one out of three patients 
showed an improvement in quality of life after STN DBS. Actually, this seems 
rather low for a procedure that has such impressive motor results. However, our 
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group results of 16 % improvement in quality of life for the STN group is fairly 
comparable to a recent RCT 10 that found improvements in quality of life of 22% 
for the STN group. This study did not report individual improvement. An 
explanation for the low number of patients that report improvement in quality of 
life may reside in the phenomenon of response shift, which refers to changes over 
time in internal standards, values, and the definition of quality of life.11 Patients 
start thinking differently about their quality of life because of adaptation or due to 
becoming accustomed to better (or worse) functioning. A year after STN DBS life 
seems to have taken its usual course, and patients may judge their level of quality 
of life according to the new standard of motor functioning.  The same phenomenon 
could also explain why relatives of the STN patients not longer notice cognitive 
decline at 12 months, while they had at 6 months, and psychometric tests still 
measure cognitive decline. After a year relatives may have become accustomed to 
the new situation of decreased cognitive functioning. 
  
  
 

Possible explanations 

 

Does postoperative reduction of medication explain cognitive decline? 

How can we explain the executive decline and behavioral changes after STN DBS? 
Postoperative reduction of dopaminergic medication has often been suggested as a 
cause of postoperative changes in cognition and behavior. STN DBS is said to 
mimic the effects of levodopa medication on motor functioning, but without the 
mood enhancing effects.12 After surgery dopaminergic medication can often be 
reduced, and sometimes discontinued completely.12  In some patients this leads to 
apathy, which resolves after adding levodopa medication.13 However, we did not 
find a relationship between the reduction of medication and executive decline or 
mood changes in our study. Therefore, cognitive decline and behavior changes 
cannot exclusively be due to reduction of medication.  
Nevertheless, it could be possible that patients become more sensitive to dopamine 
agonists, a class of anti-parkinsonian drugs with a different pharmacological 
mechanism. We suggested this possibility in chapter 6 about the patient who 
developed pathological gambling shortly after STN DBS although dopamine 
agonists were halved. This problem behavior resolved when dopamine agonists 
were stopped (chapter 6). Unlike levodopa and related substances, the cognitive 
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side effects of dopamine agonists have not yet been extensively studied. One study 
attributed executive dysfunction, i.e. decline in verbal fluency, verbal memory and 
attention to pramipexole, one of the dopamine agonists.14 These side effects are 
fairly comparable to the side effects of STN DBS. Recently, it has become standard 
management to stop dopamine agonists after surgery.  

 
Do mood changes explain cognitive decline? 

Both depression and hypomania after STN DBS have been offered as explanations 
for executive decline. Depression is associated with cognitive impairments, mostly 
in the executive domain.15 The same applies to mania. There are obvious 
similarities between the executive dysfunctions of PD and the cognitive 
concomitants of depression or mania, because usually both are relatively modest 
and both involve effortful processing. However, only 4 % of the variance of the 
cognitive decline in our sample could be explained by mood changes. Moreover, 
although there were 16 STN patients who showed worsening of mood 12 months 
after surgery, only one patient fulfilled DSM-IV criteria for a major depressive 
episode. Sixteen patients showed improved mood at 12 months, but only one 
patient fulfilled DSM-IV criteria for mania.  
 

Do surgical side effects explain cognitive decline? 

Cognitive decline has also been attributed to surgical side effects. Some state that 
cognitive decline is caused by faulty placement of the electrode.16 This can indeed 
be the case as we described in our study about the reversible dementia after STN 
DBS (Chapter 5). We cannot completely rule out the possibility of some 
displacement of the electrodes in the other patients, because we could not obtain 
postoperative MRI verification of the electrode placement due to the restrictions of 
Dutch radiological departments. Nevertheless, evident motor improvement 
suggested proper placement. When there were any doubts about motor functioning 
or side effects, the preoperative MRI scan was co-registered with the CT scan to 
verify the position of the electrodes.  
Other authors stated that cognitive decline is transient 4, caused by surgical effects 
such as microlesioning or edema. In our study we did not find improvement at 
twelve months postsurgery, by which time microlesions and/or edema would have 
completely resolved. To the contrary, the effect sizes of most cognitive measures 
were larger at 12 months compared to six months after surgery. Thus, cognitive 
decline did not resolve over time. Absolute decline of cognitive measures in the 



Chapter 8 

112 

STN group did not increase, but the control group had a larger retest effect (i.e. 
those patients improved due to practice and familiarity). Absence of such an effect 
may be interpreted as decline.  

 

STN stimulation explains cognitive decline  

The remaining, and most probable explanation is that the stimulation itself causes 
the cognitive and behavioral changes. Some authors argue against a direct 
stimulation effect causing cognitive decline because of the small effect that has 
been found in studies that compared cognition and mood in PD patients while they 
were on and off stimulation.17;18 However, in these stimulation challenge studies 
the interval between on and off stimulation was restricted, sometimes only to an 
hour. Motor symptoms reappear sequentially when STN DBS is switched off with 
worsening of axial signs within 3 to 4 hours.19 Possibly, effects on mood or 
cognition take even longer to emerge. In our case studies we switched stimulation 
off for a week and we assessed notable stimulation effects on cognition and 
behavior. 
There are two possible mechanisms of stimulation effects. The first is spread of 
electrical current to neighboring structures; the second is the direct effect on the 
target structure itself. The second mechanism will be discussed under the next 
heading. The first mechanism contains that cognitive decline might be caused by 
the spread of electrical current to surrounding areas. The STN is surrounded by 
several structures that have indirect connections with the cortex. In chapter 7, we 
described a case study of a patient who developed executive dysfunction and 
personality change after STN DBS. In this patient, the highest contacts of the 
electrode were dorsal to the STN. Although they were more effective for motor 
functioning, they induced the most notable neuropsychological side-effects. In this 
case, stimulation probably involved the fields of Forel, and the zone incerta, 
perhaps spreading posteriorly into the meso-diencephalic reticular formation. The 
pallidothalamic projections pass through these areas 20;21  and stimulating these 
structures may in turn negatively influence thalamic relays to the the orbitofrontal 
cortex, the anterior cingulate cortex, and  the dorsolateral prefrontal cortex.22;23 
However, stimulation of the three contacts of the electrode gave different effects on 
motor status and behavior while they are only millimeters apart from each other. 
This suggests that the current does not spread very far and that there are various 
pathways that influence motor and cognitive functioning differently.24  Thus, 
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spread of electrical current to neighboring structures does not seem to explain all 
cognitive and behavioral effects.  
 

Influences of STN on cognition 

Here I come to the second mechanism that may explain how stimulation of the 
STN itself causes cognitive decline and behavior changes. It is not clear how STN 
DBS works. At first, it was suggested that DBS blocks neuronal activity in the 
STN, thereby indirectly normalizing the activity  of the GPi.25  Recently, also an 
excitatory effect on the STN’s target structures has been proposed.25 To make it 
even more complicated, an experimental study showed that DBS can have 
inhibitory as well as excitatory effects on multiple parts of the same neurons.26  
_________________________________________________________________ 
 

Figure 1  The corticostriato-thalamocortical loops  

 
 
figure adapted from Frank27  

 
direct loop (cortex – striatum – GPi – thalamus – cortex)  
indirect loop (GPe- STN- Gpi- SNR- thalamus) 
hyperdirect loop (cortex – STN – GPi – thalamus –STN) 
___________________________________________________________________ 
 
The neurocomputational network model of Frank 27, that was proposed for 
explanatory reasons in the introduction of this thesis, assumes that the STN is 
blocked by the stimulation. In an intact system, the STN is part of the hyperdirect 
pathway in which supplementary and premotor areas directly project to the STN 
which then directly excites the GPi, bypassing the striatum (see figure 1). Because 
of the diffuse reciprocal connections between the STN and the GPe, Frank assumes 
that the STN is probably not well suited to suppress specific responses. Instead, he 
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posits a modulatory function of the STN. When there are many concurring 
responses to a stimulus, the STN is activated more by the cortex than when there is 
no response conflict. Subsequently, with conflicting responses the STN activates 
the GPi more strongly. Subsequently, the GPi inhibits the thalamus and a response 
is not facilitated. Frank calls this a “global no-go response” of the STN to the GPi. 
This results in a delay in the execution of the response (response inhibition) giving 
the basal ganglia more time to choose the most adaptive response. In this way the 
STN prevents a premature response, which could be less adequate. After 
stimulation, the STN cannot give this global no-go response to the GPi in 
conditions of high demand, and the system will tend to respond prematurely with 
more mistakes or less adaptive responses. In addition, inhibiting a response that has 
a high probability of occurrence becomes more difficult. Frank tested his 
hypothesis in patients after STN DBS and found that STN patients did not slow 
down during a high conflict choice on a probabilistic selection task while reaction 
times increased normally in PD patients who were treated with dopaminergic 
medication only.28 Increased responding after STN DBS was only seen when high 
conflict was due to options with high probabilities of occurrence, and not when 
both options had low probabilities.  
In relating this neurocomputational model to the neuropsychological test results of 
the present studies, it becomes clear that suppressing an automated response, such 
as in the Stroop task, indeed showed decline after STN DBS (chapter 3 and 4). The 
lower score for the recall in the verbal memory task and decreased verbal fluency 
can be explained because in these tasks words, which already have been recalled, 
have to be suppressed to enable new words to appear. After STN DBS the recall of 
new words becomes more difficult, because the STN usually helps to overcome the 
last response, which inherently has a high probability.  Moreover, the reports of 
increased impulsivity and increased crying after STN DBS are compatible with the 
theory of Frank that predicts disinhibition of the system, assuming that the system 
does not distinguish between cognition and other forms of behavior. On the other 
hand, the findings of loss of initiative and loss of spontaneity are both discordant 
with the model of Frank, because they presume inhibition of the frontal areas after 
STN DBS.  
A study that demonstrated shorter reaction time with stimulation switched on 
compared to stimulation switched off 29 supports the theory of Frank, because 
Frank predicts that after STN DBS the system will work faster. More importantly, 
response inhibition was impaired when tasks in that study became more 
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demanding, consistent with Frank’s hypothesis.29  Witt et al 30 also concluded that 
STN DBS impaired response inhibition, i.e. slightly more errors on the Stroop 
color word card. However, suppression of habitual responses on a random number 
generation test improved after STN DBS. The latter finding is not expected on 
from the theory of Frank. Conflicting with the Frank model also was a study that 
used the Hayling task, which requires patients to complete sentences first with a 
habitual response, and subsequently with a semantically unrelated response. In the 
first part of this task, only one response is correct (e.g. “One eats soup with a ….”), 
in the second part there are many correct responses as long as it is not the habitual 
response (any word is correct as long as it is not related to eating soup).31 This 
study found that STN DBS improved reaction times on this second half of the task 
even though it requires suppression of a habitual response. The shorter reaction 
times after STN DBS that Van den Wildenberg et al 32 found on a stop task are 
consistent with the Frank model but the unchanged accuracy rate is not. The 
authors of this study did not relate the improvement to STN function but to 
improved motor functioning because it was also seen after thalamic stimulation. 
These studies cited above show that results in response inhibition depend on 
different task requirements. Moreover, the dopaminergic medication that patients 
used in all these studies could have confounded the results on response inhibition. 
Taken together, it seems that responding after STN DBS becomes faster on tasks in 
which patients have to inhibit a habitual response and can choose from many 
alternatives of which several are correct. In the studies with tasks in which the 
choice is between many competing alternatives with only one correct response, 
more errors are made because of impaired response inhibition. This interpretation 
can reconcile these seemingly conflicting findings with the theory of Frank. STN 
DBS leads to faster responding because the STN does not give the usual global no-
go response and does not slow the process when there are multiple competing 
responses, but under circumstances where a precise response is required, the 
responses will be less adequate and sometimes even wrong. Thus, after STN DBS, 
the system responds faster but less accurately. 
 

Does imaging show what happens after STN DBS? 

A PET study found increased blood flow after STN DBS in the STN, globus 
pallidus and thalamus, and reduced blood flow in frontal, parietal and temporal 
cortex, which suggests that DBS does not block the STN but increases firing. As a 
result, activity of the frontal systems is inhibited.33 Frontal inhibition could 
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probably explain the decline in verbal fluency, the decrease in memory functioning 
and the decrease in mental speed we found in our study. This explanation is 
endorsed by imaging studies that showed that decrements in cortical activation 
were related to decreased verbal fluency and decreased cognitive control after STN 
DBS.23;29;34  Probably, the mechanism of STN DBS is more complex than this, 
because another PET study found that cerebral blood flow was increased in the 
supplementary motor area during the execution of a motor task.35  Just as in the 
other studies, this study found that STN DBS decreased the activity at rest in 
prefrontal areas and in the temporal lobes. The authors suggested that the DBS 
effect consisted of ultimately normalizing overactivity, because in a control group 
of patients in whom DBS was programmed at ineffective parameters, the same 
regions were overactive compared to healthy controls. 
The results from the imaging studies seem far from conclusive. Interpretation of 
the results is difficult because of different research designs. The patient groups in 
the studies are quite small, The problem is that STN DBS will probably have 
variable effects on blood flow in patients, due to variability in electrode location, 
stimulation parameters, and individual physiological differences.   
 

 

 

Limitations 

 

No randomization 

Our study was not a randomized trial. Randomization between surgery and a 
waiting list control condition is not considered ethical because of the proven 
efficacy of the DBS procedure on motor functioning. Differences between the 
groups in cognitive decline could be due to differences in demographic or disease 
characteristics. The STN group was slightly younger than the control group, used 
more dopaminergic medication and had longer disease duration. When we covaried 
for baseline group differences, results showed the same pattern. Nevertheless, we 
cannot totally rule out the possibility that the cognitive reserve of the STN patients 
had already been more affected because of longer disease duration and higher 
amounts of medication, making them more prone to sudden cognitive decline. On 
the other hand, the control group was older and cognitive reserve also decreases 
with age.36  
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No evaluation of dementia  

We did not evaluate our patients in such a way that we were able to apply 
consensus criteria to diagnose dementia. Therefore, we could not ascertain that the 
cognitive decline after STN DBS was not, in some cases, compatible with a 
dementia syndrome. In the STN group, there were patients with moderate to severe 
decline. Scores on neuropsychological tests transferred from the unimpaired to the 
impaired range, but we could not definitely exclude dementia at baseline. A recent 
study found that 9% of the patients developed dementia within 6 months after 
surgery. The follow-up after 3 years revealed an incidence of dementia similar to 
the incidence reported in medically treated patients.9 However, there was no direct 
control group and the study used a limited neuropsychological battery.  

 

No control group of general surgery 

The control group of our study consisted of PD patients who did not undergo 
surgery.  To find out if cognitive decline is specific to STN DBS, or if it is a more 
general finding after surgery, we should have added a control group of patients: 
preferably Parkinson patients, undergoing a general surgical procedure.   

 

Sample size  

Another limitation was the sample size of our study. Although the present study 
had the largest number of patients compared to other studies on neuropsychological 
aspects of DBS, this number is still quite small for establishing stable predictive 
models. What is needed is a study with a sample of at least 200 patients to establish 
predictors of outcome with more certainty37. This is only feasible with an 
international multicentre trial. It remains essential that a comprehensive set of 
neuropsychological variables are studied, because subtle but clinically relevant 
changes will not be detected with coarse measures. Moreover, cognitive change 
was not restricted to verbal fluency or psychomotor speed, but was also seen on 
several other measures, i.e. tests of memory and attention.    

 

Sensitivity of the questionnaires  

We designed our study protocol to assess neuropsychiatric changes but perhaps our 
protocol was not sensitive enough to catch more subtle behavioral changes. After 
surgery, patients and their relatives complained often about loss of interest or loss 
of spontaneity. Many patients said they cried much more often, and some were 
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more easily annoyed. Restlessness and impulsivity were also mentioned. We 
related these behavior changes to executive dysfunction. Although we found an 
increase of dysexecutive symptoms rated on a questionnaire by relatives of STN 
patients, the association between the score on this questionnaire and the cognitive 
decline was weak. Patients, whose relatives reported an increase in dysexecutive 
symptoms, did not match the patients showing cognitive decline. Perhaps, the 
behavior changes already existed before surgery as these are common in PD. After 
surgery, behavioral changes could have been mis-attributed to the surgical 
procedure. A more likely possibility is that the DEX is not sensitive enough to 
detect these changes because of poor psychometric properties. Therefore, we need 
to improve clinimetrics for PD with questionnaires on neuropsychological 
functioning imbued with proper psychometric qualities, especially designed for PD 
or other basal ganglia diseases characterized by executive dysfunction. The 
phenomenon of response shift should be taken into account as well.  
 

 

 

Clinical implications 
 
What do the cognitive decline and/or behavior changes after STN DBS mean for 
patients in their daily life? When cognitively intact patients develop a dementia 
syndrome after surgery, it is obvious what the change means for their daily life. 
However, what are the practical implications of mild cognitive decline? 
 

Four considerations concerning mild cognitive decline 

1) Reduction of cognitive dissonance obscures complaints of cognitive decline 
Most patients state that the motor improvement after STN DBS outweighs he costs 
of cognitive decline. This seems a good reason to disregard mild cognitive decline 
after STN DBS.  Nevertheless, we should be prepared for the phenomenon of 
cognitive dissonance.38 People do not like a discrepancy between their beliefs or 
opinions and their actual behavior. Usually they attempt to adress this discrepancy 
by rationalizing their choices (i.e. reducing cognitive dissonance). STN DBS is an 
invasive procedure patients see as a last resort. The surgical procedure itself 
presents a heavy burden for patients.  After such an investment, most individuals 
will tend to say “yes” when asked if surgery was worthwhile Negative 
consequences of surgery will be ignored.  



                                                                                   General discussion 

                                                                                                    119 

 
2) Cognitive decline is only precipitated 
Another reason to disregard mild cognitive decline is the suggestion of Aybek et al. 
that STN DBS only has a precipitating effect on executive decline in PD, because 
also in medically treated patients cognitive decline belongs to the natural course of 
the disease.9  Even though this latter part of their statement is true, patients still 
have to be properly informed about the possible negative influence of STN DBS on 
their cognitive functioning.  

 
3) Patients have cognitive complaints  
A reason not to disregard mild cognitive decline after STN DBS is that when asked 
properly STN patients and/or their relatives have complaints about cognitive 
functioning and behavior Most of them probably link those complaints to the 
surgical procedure. STN patients complained about “leaving drawers ajar” or “no 
longer being able to recall answers to a quiz within the beep (time limit)” or “not 
being as witty anymore in a conversation”. Relatives complained more often about 
loss of interest. Neuropsychologists assume a relationship between the complaints 
of patients and the neuropsychological findings. The decline on the Stroop color-
word task after STN DBS implies a worsening of selective attention, which is 
compatible with the complaints of the STN patients about absentmindedness or 
forgetfulness. The decline in verbal fluency and/or verbal memory after STN DBS 
implies that patients need more time to recall relevant information. Recall of 
information when there is a time limit, as happens in a conversation or a quiz, is 
less efficient than before, leading to the aforementioned complaints. These changes 
in executive functions often do not manifest themselves in the outpatient clinic 
because of the structured situation that is well known to the patient. However, they 
appear more frequently in novel situations of everyday life.  
 
4) Social adjustment is not successful 
The last reason to take cognitive decline after STN DBS seriously is that mild 
executive decline and/or behavior changes cause problems in social functioning 
after STN DBS.  The study of Schüpbach et al.39 entitled “A distressed mind in a 
repaired body” reported that, despite an unchanged group score on the social 
adjustment scale, difficulties were commonly seen in relationships with 70% 
marital problems and in a disappointing 56 % of patients who resumed their jobs 
after successful STN DBS. According to the authors, the unsuccessful social 
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adjustment could not be explained by neuropsychiatric changes because mood and 
anxiety improved notably. They stated that the problems with social adjustment 
could also not be attributed to neuropsychological changes. This seems to be a 
premature judgment because no sensitive tests were used. Moreover, as an aside 
they mention that unstructured interviews with patients revealed difficulties with 
planning ahead, ordering complex thoughts and distractibility, impatience, and 
irritable behavior. These difficulties seem indicative of the executive dysfunction 
that we demonstrated in our study. 
Oddly enough, in the same year the same centers published another paper on social 
adaptation. After careful reading, it appeared that they were reporting on a 
subgroup from the Schüpbach study.40  The Schüpbach study pursued the 
individual changes in social adaptation in great depth, whereas the paper from 
Houeto et al. accentuated the positive outcome on group level of STN DBS on 
mood, anxiety and quality of life. On the issue of social adaptation they reported 
just as Schüpbach had, that the group scores unexpectedly did not ameliorate, but 
incidences of marital problems or job return were not mentioned.  
These two papers show that reporting on group scores only does not reveal 
unfavorable individual changes in social adaptation after STN DBS. Despite the 
stable group scores, the individual changes in social adaptation after STN DBS are 
alarming and could be related to cognitive decline.   
In our study 23 percent of the 65 STN DBS patients who had a long lasting 
relationship reported an increase in marital problems within the first year after 
surgery. This increase is much higher than the three percent increase in marital 
problems of the control patients (p=0.02, one-tailed. Unlike Schüpbach et al. we 
did not explicitly ask about marital problems.    

 
How to improve outcome after STN DBS 

Given the results of the present studies, which show that cognitive decline occurs 
fairly often after STN DBS and has implications for daily life; we need to ask how 
STN DBS outcome can be improved. Our best prospect is a better, more stringent, 
selection of patients. Until now, cognitive exclusion criteria have been far from 
uniform. Most centers agree that patients with dementia should be excluded for 
STN DBS. Dementia has often been defined as a score lower than 24 on the Mini 
Mental State Examination.7 The Mattis’ Dementia Rating scale is also a widely 
used cognitive screening instrument for which in DBS screening  a cut-off score of 
120 is used 41 as well as a cut-off of 130.4;39;42  Because age and educational level 



                                                                                   General discussion 

                                                                                                    121 

have an influence on the results of these instruments, normative scores should be 
used corrected for age and education.43 Besides, Parkinson patients can still have 
cognitive disorders, despite a score above the cut-off on a dementia screening 
instrument, because of the relative insensitivity of these instruments for executive 
disorders typical of Parkinson disease. In our study we identified baseline 
predictors of cognitive decline and baseline predictors of improvement in quality of 
life. We found that a low levodopa response, advanced age and attention 
impairments at baseline predicted cognitive decline after STN DBS (Chapter 4). A 
high levodopa response predicted improvement of quality life. We calculated 
postoperative probability on cognitive decline or improvement in quality of life 
based on the predictive factors of our study. Some examples based on the tables 
from chapter 4 will be discussed. 
A Parkinson patient with a good levodopa response of 70% has an almost 50% 
probability of improvement in quality of life. When he is 55 and has no cognitive 
impairment, he has a probability at cognitive decline of 20 %. This probability 
increases to 50% when he scores two standard deviations below his norm group on 
the Stroop card 3 and on the Trailmaking part B. Another example: a 65 year-old 
patient with a low levodopa response of 30% has a probability of improvement in 
quality of life of only 15%. When he scores at an average level on the attention 
tasks, his probability of cognitive decline is about 30%, but when his score falls 
two standard deviations below his norm group the probability of cognitive decline 
rises to 90%.  This latter patient is probably not the best candidate for STN DBS. 
We cannot base an absolute exclusion criterion on these predictors, because even 
the worst candidate has still a probability of improvement in quality of life. In 
addition, as we mentioned before in the limitations section, the predictors are based 
on models that need larger patient groups to become more reliable.  
When group size increases, it could be possible that not only impairment in 
attention but also other cognitive impairments will be identified as valid predictors 
of cognitive decline after STN DBS. Probably, the smaller the cognitive reserve, 
the higher the chances of cognitive decline.  

 

Informed decision making  

Patients and their relatives have to be informed about the chances of improvement 
and the risks of STN DBS. This way, they will be enabled to make an informed 
decision. However, this process is hindered by the impairments that patients with 
Parkinson disease can have in decision making.44 PD patients have more difficulty 
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predicting the consequences of their behavior and judging risks and chances than 
healthy people. Even healthy people do not make choices by rationally calculating 
their risks and chances. From economic psychology we know that when a decision 
has to be made between a certain loss now and a chance on a even larger future 
loss balanced against comparatively weighted winnings, people are inclined to take 
large risks.45  The choice for no surgery can be seen as a certain loss because there 
is no chance for improvement of motor functioning and patients have to keep on 
living with the motor disorder.  Even if the probabilities of cognitive decline or 
absence of motor improvement after surgery are large, patients will overrate the 
chance of a positive outcome because people generally have a bias for optimism 
and they feel that they have nothing to lose. Another problematic aspect of decision 
making when risks are involved, is the experiential awareness of the consequences 
of the decision. When people have knowledge about or experience with the risky 
outcome, they tend to estimate the risk as higher than when they cannot easily 
imagine the outcome. This means that patients and their relatives will probably 
overestimate the chance on cognitive decline and emotional changes when they 
experienced these before and will underestimate the risk when they cannot imagine 
the consequences of cognitive decline and emotional changes. Doctors should 
know about these issues around decision making because they have to decide too 
about surgery and advise their patients. There is no reason to believe doctors will 
not be subjected to the same psychological processes that influence human decision 
making.  
 
 
 

Concluding remarks 
 
STN DBS is one of the marvels of modern neurosurgery. The effects are almost 
immediate and highly visible. In some cases, the change after surgery is 
miraculous. Patients, who shook from their chair before surgery because of 
dyskinesias, sit perfectly still after surgery.  Patients who did not go out anymore, 
because they attracted unwanted attention, are able to socialize normally again after 
surgery.  Patients, who depended on their spouse to get out of bed, live 
independently after surgery. Hardly surprising, many patients feel reborn. Because 
of the successes of DBS, the application possibilities to other neurological and 
even neuropsychiatric conditions will be actively promoted. The spectacular effects 
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in some patients could lead to unrealistic expectations in future patients and doctors 
too. To improve the quality of the treatment, we should look beyond motor 
improvement. Therefore, we looked carefully at the cognitive and behavioral 
effects and more generally at the outcomes in terms of quality of life. 
The present series of experiments proves that cognitive decline occurs often after 
STN DBS, as does improvement in quality of life. A high levodopa response 
predicts improvement in quality of life. Cognitive decline ranges from slight 
decline to dementia. A poor levodopa response, advanced age and impairments in 
attention at baseline predict cognitive decline. Consequently, doctors who select 
Parkinson patients for DBS should not rely on the MMSE or on the Mattis’ 
Dementia rating scale scores as an exclusion criterion, because these are not 
sensitive enough instruments. A thorough neuropsychological examination should 
be standard before stereotactic surgery to assess possible cognitive impairments 
and emotional problems. Patients with a low levodopa response and cognitive 
impairments should not be implanted with STN DBS, because of the low 
probability of improvement and a high risk of cognitive decline. Refraining from 
surgery in these cases is not the same as ‘doing nothing’. Moreover, because the 
decision about surgery is always complex, it should be taken by a multidisciplinary 
team that includes a neurologist, a neurosurgeon, a Parkinson nurse, a psychiatrist 
and a neuropsychologist.  Finally, a neuropsychological examination should also be 
standard after STN DBS to assess side effects on cognition and behavior, because 
in some patients it is possible to influence these side effects positively by 
adaptation of stimulation parameters. Moreover, information about these side 
effects generally improves acceptance and management.   
 
I hope that this thesis will stimulate doctors to take the possible cognitive and 
behavioral costs of STN DBS into account in balance with the anticipated motor 
improvement that is often wonderful.  
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  Summary 
This thesis concerns the neuropsychological effects of bilateral deep brain 
stimulation of the subthalamic nucleus (STN DBS) in Parkinson’s disease (PD).   
 
Chapter 1 provides an introduction in the aspects of Parkinson’s disease that are 
relevant for this thesis: the pathophysiology of PD, the pharmacological treatment, 
the neuropsychological impairments and behavioral changes that occur in PD, and 
the different neurosurgical treatments. An overview of the neuropsychological 
effects of pallidotomy and the early studies on STN DBS is given including the 
shortcomings of those studies.  
 
In chapter 2 we investigated the differential cognitive and behavioral effects of 
unilateral pallidotomy and STN DBS six and twelve months after surgery. This 
study was part of a randomized clinical trial.  We compared 14 pallidotomy 
patients with 20 STN patients on neuropsychological tests of language, memory, 
visuospatial function, mental speed and executive functions. Also a depression 
rating scale, and self and proxy ratings of memory and dysexecutive symptoms 
were administered. Although group sizes were rather small, this study suggests that 
STN DBS has slightly more negative effects on executive functioning than 
unilateral pallidotomy.  
 
In chapter 3 we describe a study in which we compared patients after STN DBS 
with a nonsurgical control group of PD patients. Six months after surgery STN 
DBS leads to a decline on measures of verbal fluency, color naming, selective 
attention, and verbal memory. Moreover, a decrease in positive affect, and an 
increase in emotional responsivity and cognitive complaints is seen. On the other 
hand, the STN group shows an increase in quality of life and a slight decrease in 
depressive symptoms. Nine percent of the subthalamic patients had psychiatric 
complications. We conclude that STN DBS leads to executive decline in a 
subgroup of patients with implications for daily life of these patients and their 
relatives.  
 
With a new statistical method, the Multivariate Normative Comparisons, we show 
in chapter 4 that STN DBS improves quality of life in about one third of the 
patients at the cost of cognitive decline in a similar proportion of patients. 
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Levodopa response, age and performance on attention tests at baseline are 
predictors of cognitive and psychosocial outcome. Postoperative decrease in 
dopaminergic medication was not related to cognitive decline.   
 
In chapter 5 a patient is presented who suffered from severe cognitive decline after 
STN DBS. Cognitive decline resolved after switching off DBS. Adjustment of 
stimulation settings to the dorsal contacts led 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. 
 
Chapter 6 describes a patient with advanced Parkinson’s disease who developed 
pathological gambling within a month after successful STN DBS. Slight cognitive 
decline was evident a year after surgery. Performances on decision-making tests 
became worse with stimulation of the most dorsal contact compared to the more 
ventral contact. Pathological gambling disappeared after discontinuation of 
pergolide and changing the stimulation parameters. In this patient pathological 
gambling does not seem to be related to decision-making but appears to be related 
to a combination of bilateral STN stimulation and treatment with dopamine 
agonists. 
 
Chapter 7 presents a patient who became increasingly irritable, distractible and 
forgetful after subthalamic stimulation. His manners were lost and he used 
aggressive vocabulary. Patient had a history of a left pallidotomy. Switching off the 
stimulators led to a remarkable recovery of behavior. When we adapted the 
stimulator to a lower contact point, the behavioral changes and executive 
dysfunction were less severe than at the higher contact point but motor functioning 
was not satisfactory. After returning to the higher contact point, the mental 
problems reappeared again, although less severe than immediately after surgery.  
 
Chapter 8 is a discussion about the neuropsychological results of our studies on 
STN DBS in Parkinson’s disease. The percentage of 30% cognitive decline seems 
rather high compared to other studies, but our results are based on more sensitive 
tests, a better statistical method that looks at the profile of neuropsychological 
changes. Moreover, we looked at all cognitive decline instead of only considering 
dementia to be relevant. The improvement in quality of life in 30% of the patients 
is comparable to other studies. As an explanation for the low number of patients 



                                                                                            Summary 

                                                                                                    129 

that report improvement in quality of life I propose the phenomenon of response 
shift, which refers to changes over time in internal standards, values, and the 
definition of life quality. Subsequently, I discuss several explanations for cognitive 
decline after STN DBS such as postoperative reduction of medication, the use of 
dopamine agonists, mood changes, surgical side effects and the STN DBS itself. 
Our neuropsychological findings could not be completely explained by a 
neurocomputational theory of the STN which was coined by Frank (2006, 2007).  I 
furthermore discuss the limitations of our studies of which the most important ones 
are that the studies were not randomized, and that we did not include an extra 
patient group to control for general effects of surgery. With respect to the clinical 
implications of this thesis, I give four reasons to take mild cognitive decline 
seriously. I describe that older patients with a low levodopa response and 
impairments in attention have a lower chance at improvement in quality of life and 
a higher risk of cognitive decline than young patients with a high levodopa 
response and no cognitive impairments. These baseline predictors should be used 
for a more stringent selection of candidates for subthalamic stimulation. I end the 
thesis with some concluding remarks on the importance of neuropsychological 
examination for the STN DBS treatment of PD. Although the motor effects of the 
treatment are often spectacular, the neuropsychological costs should be taken into 
account.   
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Samenvatting 
Dit proefschrift gaat over de neuropsychologische effecten van diepe 
hersenstimulatie van de nucleus subthalamicus, een neurochirurgische behandeling 
bij de ziekte van Parkinson.  
 
Hoofdstuk 1 is een inleiding. De ziekte van Parkinson is een chronische, 
neurodegeneratieve ziekte die gekenmerkt wordt door stoornissen in de motoriek 
zoals beven, stijfheid, bewegingsarmoede en verminderde balans. Daarnaast treden 
er vaak neuropsychologische stoornissen op zoals een slechter geheugen, 
verminderde aandacht en afwijkingen in de uitvoerende functies. Deze uitvoerende 
functies regelen andere cognitieve processen en zijn betrokken bij het kiezen van 
relevante zintuiglijke informatie, het opstarten van reacties, de planning daarvan, 
het controleren en het remmen van foutieve reacties, het omschakelen naar andere 
reacties, en bij het abstraheren van informatie. Tevens zijn veranderingen in de 
stemming en het gedrag mogelijk. De veranderingen in het denken en gedrag die 
optreden bij de ziekte van Parkinson hangen samen met het verminderd 
functioneren van de basale kernen, dit zijn diepe structuren in de hersenen die 
verbonden zijn met de hersenschors, de thalamus en de hersenstam. 
De ziekte van Parkinson wordt behandeld met medicijnen. Na verloop van tijd 
leiden deze medicijnen echter vaak tot bijwerkingen zoals overbeweeglijkheid en 
ook tot stoornissen in het gedrag en het denken. Bij anticholinergische medicijnen 
kan dit bijvoorbeeld leiden tot een verslechterde aandacht, hallucinaties en zelfs 
dementie. Dopamine-agonisten zijn de laatste tijd vaak genoemd in verband met 
gedragsstoornissen zoals gokverslaving, hyperseksualiteit en dwangmatig 
medicijngebruik.  
Als na verloop van jaren de medicijnen minder goed de Parkinsonverschijnselen 
onderdrukken of onvoorspelbaar gaan werken, kan gedacht worden aan een 
neurochirurgische behandeling ter verbetering van de problemen in het bewegen. 
Eerst was dit de thalamotomie, waarbij door verhitting een letsel wordt aangebracht 
in de thalamus. Hierdoor wordt vooral het beven onderdrukt. Daarna werd 
overgegaan op de pallidotomie waarbij het letsel wordt aangebracht in de globus 
pallidus, een hersenkern die een schakel vormt in de neurofysiologische 
regelcircuits betrokken bij de normale motoriek, en die ontregeld zijn bij de ziekte 
van Parkinson. Dit wordt meestal in één hersenhelft uitgevoerd met positieve 
effecten op de bewegingsarmoede en op de overbeweeglijkheid van de 
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tegenovergestelde lichaamshelft. De laatste jaren wordt meestal gekozen voor een 
diepe hersenstimulatie van de subthalamische kern, omdat dit tweezijdig 
uitgevoerd kan worden zonder ernstige bijwerkingen, omkeerbaar is en  het op 
verschillende manieren in te stellen is. Eenzijdige pallidotomie lijkt tot weinig 
bijwerkingen op het gebied van het denken te leiden. De meeste studies hebben 
alleen een achteruitgang in het woordopnoemen vastgesteld. Enkele eerste studies 
naar de neuropsychologische effecten van diepe hersenstimulatie van de nucleus 
subthalamicus lieten verschillende resultaten zien. Hoewel één studie ook nadelige 
effecten op het denken vast had gesteld, werd over het algemeen aangenomen dat 
deze dubbelzijdige behandeling net zo veilig was als eenzijdige pallidotomie. 
Bewezen is dit echter nog niet, omdat deze studies een aantal beperkingen hadden: 
1) te kleine patiëntgroepen, 2) slechts korte neuropsychologische testbatterijen, 3) 
de resultaten zijn niet vergeleken met een controlegroep, en 4) individuele 
achteruitgang is nauwelijks onderzocht.  Daarbij kwam dat enkele 
gevalsbeschrijvingen lieten zien dat diepe hersenstimulatie kon leiden tot ernstige 
psychiatrische bijwerkingen zoals depressie, manie en agressie.  
 
De belangrijkste vraag van dit proefschrift is dan ook: “Leidt diepe 
hersenstimulatie van de nucleus subthalamicus tot achteruitgang in het denken en 
gedragsveranderingen?”. Deze vraag hebben we geprobeerd te beantwoorden door 
bij een grote groep Parkinsonpatiënten driemaal een uitgebreid 
neuropsychologische onderzoek af te nemen, voorafgaand aan de operatie en zes en 
twaalf maanden na de operatie. De resultaten hiervan hebben we vergeleken met 
een controlegroep van niet geopereerde Parkinsonpatiënten. Met een 
nieuwestatistische methode hebben we uitgezocht of het testprofiel van elke 
geopereerde patiënt afweek van de controlegroep. Ten slotte hebben we gekeken of 
we voorafgaand aan de operatie konden voorspellen welke patiënt achteruit zou 
gaan in het denken na subthalamische stimulatie. Dit deden we om de selectie voor 
deze behandeling te kunnen verbeteren.  
 
Hoofdstuk 2 beschrijft de studie die de effecten van eenzijdige pallidotomie op het 
denken en het gedrag vergelijkt met de effecten van tweezijdige subthalamische 
stimulatie. Deze studie was deel van een gerandomiseerde klinische trial die 
vastgesteld heeft dat subthalamische stimulatie meer effect heeft op de motorische 
symptomen van de ziekte van Parkinson dan pallidotomie. De patiëntgroepen 
werden vergeleken op cognitieve tests en op scores op vragenlijsten naar depressie, 
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geheugen en problemen in het dagelijks leven. Hoewel de patiëntgroepen te klein 
waren om een definitieve uitspraak te doen, suggereert deze studie dat tweezijdige 
subthalamische stimulatie iets meer negatieve effecten heeft op de uitvoerende 
functies dan de eenzijdige pallidotomie.  
 
Hoofdstuk 3 gaat over de studie waarbij we een grote groep Parkinsonpatiënten na 
subthalamische stimulatie hebben vergeleken met niet-geopereerde 
Parkinsonpatiënten. Zes maanden na operatie bleek subthalamische stimulatie te 
leiden tot een achteruitgang in woordopnoemen, kleur benoemen, gerichte 
aandacht en verbaal geheugen. Tevens was er sprake van een vermindering van 
positieve gevoelens, een toename in emotioneel reageren en een toename in 
cognitieve klachten. Daartegenover stond dat patiënten na subthalamische 
stimulatie een vooruitgang in kwaliteit van leven meldden en een subtiele 
vermindering in depressieve symptomen. Negen procent van de patiënten kregen 
psychiatrische complicaties als reactie op subthalamische stimulatie. We 
concluderen dat subthalamische stimulatie tot een achteruitgang in uitvoerende 
functies leidt met consequenties voor het dagelijkse leven van patiënten en hun 
familieleden.  
 
In hoofdstuk 4 laten we met een nieuwe statistische methode, the Multivariate 
Normative Comparisons, zien dat subthalamische stimulatie bij een derde van de 
patiënten leidt tot verbetering in kwaliteit van leven. Dit gaat echter gepaard met 
achteruitgang in het denken in een vergelijkbaar aantal patiënten. De toename in 
kwaliteit van leven na de ingreep kan voorspeld worden door de mate van 
verbetering in de parkinsonverschijnselen op een testdosis van de anti-
Parkinsonmedicatie voor operatie. Deze medicijntest voor de operatie voorspelt 
naast de leeftijd van de patiënt en de score op aandachtstests voor de operatie ook 
welke patiënten achteruitgaan in het denken na de operatie. Het blijkt dat de 
achteruitgang in het denken niet samen hangt met de afname in dosering van de 
anti-Parkinsonmedicijnen na de operatie.  
 
In hoofdstuk 5 wordt een Parkinsonpatiënt beschreven bij wie het denken ernstig 
achteruit ging na subthalamische stimulatie. Een week nadat de stimulator afgezet 
werd, was het denken weer hersteld. Het aanpassen van de instellingen van de 
stimulator op een hoger, meer dorsaal gelegen, contactpunt leidde slechts tot een 
lichte terugslag in het denken. Uit beeldvorming bleek dat tijdens de operatie de 
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hersenen verplaatst waren als gevolg van lekkage van hersenvocht. Na de operatie 
zijn de hersenen weer uitgevouwen waarbij de elektrodes waarschijnlijk zijn 
meegetrokken en daardoor verplaatst. 
 
Hoofdstuk  6 beschrijft een patiënt met vergevorderde ziekte van Parkinson die 
binnen een maand na geslaagde subthalamische stimulatie verslaafd raakte aan 
gokken. Een jaar na de operatie was er sprake van een lichte achteruitgang in het 
denken. Om vast te stellen of het gokken samenhing met verslechterde 
beslisvaardigheden werden hiervoor tests afgenomen. De prestaties op deze tests 
waren slechter wanneer het dorsale, dus hogere contactpunt van de vier 
contactpunten van de elektrode werd gestimuleerd dan een meer ventraal, dus lager 
contactpunt. Het pathologische gokken verdween nadat de dopamine-agonist 
pergolide werd gestopt en nadat de stimulatie instellingen waren aangepast. De 
gokverslaving bij deze patiënt lijkt dus niet samen te hangen met stoornissen in de 
beslisvaardigheden maar lijkt gerelateerd aan een combinatie van subthalamische 
stimulatie en medicamenteuze behandeling met dopamine-agonisten. 
 
In Hoofdstuk 7 presenteren we een Parkinsonpatiënt die kort na subthalamische 
stimulatie geïrriteerd, afgeleid en vergeetachtig reageerde. Hij gedroeg zich niet 
volgens de sociale normen en zijn taalgebruik was agressief. Een aantal jaren 
eerder was al een linker pallidotomie uitgevoerd. Het uitzetten van de diepe 
hersenstimulatie leidde tot een opmerkelijk herstel in het gedrag. Nadat we de 
stimulator op een lager contact punt hadden gezet, traden opnieuw 
gedragsveranderingen en stoornissen in de uitvoerende functies op. Deze waren 
echter minder ernstig dan op het hogere contactpunt. Het motorisch functioneren 
verbeterde op dit contactpunt echter nauwelijks. Na terugkeer op het hogere 
contactpunt waarbij een beter motorische effect werd verkregen, verergerden de 
mentale problemen opnieuw. 
 
In hoofdstuk 8 bespreek ik de neuropsychologische resultaten van onze studies 
over subthalamische stimulatie bij de ziekte van Parkinson. Onze studies toonden 
aan dat 30% van de patiënten een achteruitgang in het denken hebben een jaar na 
de operatie. Dit percentage lijkt nogal hoog vergeleken met andere studies. Onze 
resultaten zijn echter gebaseerd op gevoeligere tests. Daarbij gebruiken we een 
betere statistische methode die naar het profiel van neuropsychologische 
veranderingen kijkt. Bovendien hebben we geen verder onderscheid gemaakt naar 
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de ernst van de achteruitgang in het denken terwijl andere studies alleen dementie 
relevant lijken te vinden. De verbetering in kwaliteit van leven in 30% van de 
geopereerde patiënten is wel vergelijkbaar met andere studies. Toch lijkt een 
verbetering van één op de drie patiënten weinig als men ervan uitgaat dat de 
bedoeling van de operatie is de kwaliteit van leven te verbeteren. Een verklaring 
voor dit lage percentage kan liggen in een ‘response shift’: het verschijnsel dat als 
patiënten hun gezondheidstoestand uit het verleden beoordelen, dit verschilt van 
het oordeel dat men toentertijd had over diezelfde gezondheidstoestand. Na verloop 
van tijd gaan patiënten en ook hun familieleden de kwaliteit van hun leven 
opnieuw definiëren, waardoor de standaarden en waarden die zij voor de operatie 
hanteerden veranderen. Voor de operatie waren alleen de symptomen van de ziekte 
van Parkinson belangrijk. Na de operatie, als patiënten niet meer zo geïnvalideerd 
zijn, worden andere dingen ook weer bepalend voor de kwaliteit van leven.  
Vervolgens bespreek ik verschillende verklaringen voor de achteruitgang in het 
denken na subthalamische stimulatie zoals vermindering van medicijnen na de 
operatie, een mogelijk toegenomen gevoeligheid voor de dopamine-agonisten, 
veranderingen in de stemming, bijwerkingen van de operatie op zich en de effecten 
van subthalamische stimulatie zelf. Tevens behandel ik een neurocomputationele 
theorie van de nucleus subthalamicus. Onze neuropsychologische resultaten 
konden door deze theorie niet geheel verklaard worden.  
Dan noem ik de beperkingen van onze studies, waarvan de belangrijkste zijn dat ze 
niet gerandomiseerd zijn en dat we geen extra controlegroep hebben gevormd om 
vast te stellen of de resultaten een aspecifiek gevolg kunnen zijn van de 
chirurgische ingreep.  
Wat betreft het belang van dit proefschrift voor de klinische praktijk geef ik aan dat 
de lichte achteruitgang in het denken niet veronachtzaamd moet worden. Mensen 
zijn vaak geneigd negatieve gevolgen van een gebeurtenis die verder positief is 
weg te redeneren als gevolg van cognitieve dissonantie. Bij navraag, blijken veel 
patiënten wel veranderingen in het denken te hebben zoals toegenomen 
afleidbaarheid. Ook noemen partners en familieleden veranderingen in het gedrag 
van de geopereerde patiënt zoals verlies van spontaniteit. Deze klachten passen bij 
de neuropsychologische testresultaten.  
Een hogere leeftijd, aandachtsstoornissen en weinig verbetering op anti-Parkinson 
medicatie leiden tot een lagere kans op vooruitgang in kwaliteit van leven na de 
diepe hersenstimulatie en een hoger risico op achteruitgang in het denken. Deze 
preoperatieve voorspellers kunnen gebruikt worden voor een betere selectie van 
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Parkinsonpatiënten voor de behandeling met subthalamische stimulatie. Het 
proefschrift eindigt met de aanbeveling om voorafgaand aan en een half jaar na 
diepe hersenstimulatie altijd een neuropsychologisch onderzoek af te nemen, zodat 
vooraf duidelijk wordt wie een verhoogd risico heeft voor deze behandeling, en na 
de operatie mogelijke bijwerkingen vastgesteld kunnen worden. Soms kunnen 
bijwerkingen afnemen door de stimulator anders in te stellen. In elk geval kan 
informatie over de bijwerkingen en de mogelijke gevolgen daarvan op het dagelijks 
leven, helpen bij het omgaan met deze bijwerkingen.  
 
De uiteindelijke conclusie is dat hoewel de resultaten van diepe hersenstimulatie op 
de motorische symptomen spectaculair kunnen zijn, er ook rekening gehouden 
moet worden met de mogelijke risico's zoals achteruitgang in het denken en 
veranderingen in het gedrag. Neuropsychologisch onderzoek draagt bij aan een 
betere inschatting van die risico’s.  
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