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Abstract

Background: Subthalamic nucleus deep brain stimulation
(STN-DBS) improves motor function in selected patients
with Parkinson'’s disease (PD) but can be associated with vari-
able changes in cognitive functions. Methods: We studied
21 patients selected for STN-DBS and compared 6-month
clinical and neuropsychological outcomes between those
who underwent surgery (n = 9) and those who voluntarily
refused it (n = 12). Results: Motor and quality of life out-
comes were markedly superior in the STN-DBS group versus
controls. A wide neuropsychological battery was adminis-
tered, and the whole sample showed a statistically signifi-
cant worsening in phonemic verbal fluency, time to perform
the Trail Making Test part B, Digit Symbol score of WAIS-III
and color-naming score of the Stroop Test. In comparison to
controls, a trend to a slightly worse deterioration in phone-
mic verbal fluency was observed in the STN-DBS patients
and was significantly correlated with reductions in the L-do-
pa-equivalent daily dose (r = 0.850, p = 0.007). Conclusion:

Our study confirms the safety of STN-DBS from a cognitive
standpoint; a reduction in verbal fluency at 6 months after
surgery can also be related to PD progression and medica-
tion reduction. Copyright © 2012 S. Karger AG, Basel

Introduction

Deep brain stimulation of the subthalamic nucleus
(STN-DBS) is an effective surgical procedure to improve
motor symptoms and quality of life in selected patients
with Parkinson’s disease (PD) [1-3]. Numerous studies
have assessed the short- and long-term neuropsychologi-
cal changes after STN-DBS; in the absence of complica-
tions, it appears to be a safe procedure from a cognitive
standpoint, although changes have been reported in ex-
ecutive functions, especially in verbal fluency tasks [4].
However, the progression of PD is also accompanied by
neuropsychological deterioration, and controlled trials
are required to establish the contribution of STN-DBS
and to clarify the role of other factors, including the in-
tracranial surgery itself, electrical stimulation and medi-
cation changes.
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Table 1. Neuropsychological assessment

Cognitive domains Tests

Orientation Personal, time, place (WMS-III-R)
Attention Backwards digit span (WAIS-III)
Trail Making Test parts A and B
Stroop Test
The ‘A’ Test

Verbal memory Digits (WAIS-III)

Auditory-Verbal Learning Test

Motor coordination ~ Rhythmic sequences
Motor inhibition

Luria’s fist-edge-palm test

Language Boston Naming Test
Semantic Verbal Fluency Test (animals)
Phonemic Verbal Fluency Test (P/M/R)
Praxias Block Design (WAIS-III)

Bimanual praxias
Two-dimensional construction
Three-dimensional construction

Executive functions
Concept formation
and reasoning

Wisconsin Card Sorting Test
Similarities (WAIS-IIT)

Digit Symbol (WAIS-III)
Arithmetic Reasoning

Perseveration Copy and maintain alternating patterns

WAIS-III = Wechsler Adult Intelligence Scale-3rd edition;
WMS-iii-R = Wechsler Memory Scale-3rd edition-revised.

With this background, our objective was to study cog-
nitive changes at 6 months after bilateral STN-DBS in
comparison to controls with similar clinical characteris-
tics and to identify possible associated factors.

Methods

Study Design

A prospective non-randomized controlled study was conduct-
ed in patients with advanced PD referred to our Movement Dis-
orders Unit and considered candidates for STN-DBS, comparing
6-month outcomes between those who underwent surgery and
those who voluntarily refused it. An analysis of the changes in
body weight and other nutritional parameters was previously
published [5]. In the present study, we analyzed neuropsycholog-
ical outcomes in 21 patients who completed the 6-month follow-
up and were extensively evaluated by the same investigator
(C.S-Z.); 9 of these patients underwent bilateral STN-DBS and the
remaining 12 refused surgery.
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Patients

All of the 21 patients met the study selection criteria. Inclu-
sion criteria were: diagnosis of idiopathic PD according to the
CAPSIT-PD protocol [6]; >5-year history of PD; presence of mo-
tor complications causing functional disability and not control-
lable by pharmacologic treatment, and L-dopa test with improve-
ment of =33% in part III of the Unified Parkinson’s Disease Rat-
ing Scale (UPDRS-III). Exclusion criteria were: presence of
another disease that has a poor medium-term survival/function-
al prognosis or increases the surgical risk; a marked functional
disability or postural instability in ‘on’ state; cognitive impair-
ment; severe active psychiatric disorder, and magnetic resonance
imaging showing severe brain atrophy or anomalies that increase
the surgical risk. The study was approved by the Ethics Review
Committee of our institution, and written informed consent was
obtained from all participants.

Surgical Procedure

The surgical technique has been described in detail elsewhere
[7]. The localization of the electrodes was checked on the day of
surgery by magnetic resonance imaging. Contact and stimulation
parameters (frequency, pulse width and voltage) were selected to
obtain the optimal clinical benefit in both ‘off’ and ‘on’ medication
states, with subsequent adjustments as required. The 9 operated
patients in this study underwent surgery without complications
and completed 6 months of effective electrical stimulation. The
medication dose was optimized in the weeks or months after sur-
gery, with variable reductions according to the clinical symptoms.

Clinical Assessments

All 21 patients underwent an extensive neuropsychological as-
sessment by the same researcher (C.S-Z.) at baseline, i.e. after
their inclusion in the study (1-2 weeks before the surgery in oper-
ated patients), and again at 6 months. The battery of tests assessed
various cognitive domains, including orientation, attention,
memory, motor coordination, language, praxias and executive
functions (table 1 lists the tests administered). Before the cogni-
tive evaluation, we conducted a clinical interview to screen for
behavioral or psychiatric disorders, using the Montgomery-As-
berg Depression Rating Scale to assess emotional aspects. All neu-
ropsychological assessments were conducted in the optimal ‘on’
medication state and always in ‘on’ stimulation in the surgical pa-
tients at their 6-month assessment. The stimulation parameters
and medication dose were adjusted during the first 3 months post-
surgery and were stable for at least 3 months before the neuropsy-
chological assessment.

Motor (UPDRS-III, Hoehn & Yahr staging) and quality of life
(PDQ-39 questionnaire) scale scores were also determined in all
patients at baseline and at 6 months. These neurological assess-
ments were conducted in ‘off” and ‘on’ medication states, and al-
ways in ‘on’ stimulation in the surgical patients at their 6-month
assessment. The L-dopa-equivalent daily dose (LEDD) was calcu-
lated according to commonly accepted equivalences of antipar-
kinsonian medications [3].

Statistical Analysis

Baseline characteristics were compared between groups by us-
ing the Mann-Whitney U test (quantitative variables) or the Fish-
er’s exact test (categorical variables). Baseline and 6-month fol-
low-up values of neuropsychological variables were compared by
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means of Wilcoxon’s signed-rank test, and the magnitude of
change was compared between the surgical and control group
with the Mann-Whitney U test. Associations of neuropsycholog-
ical changes with clinical changes and with predictive factors for
neuropsychological outcome were analyzed by using paired
Spearman correlation coefficients. All tests were non-parametric
and two-tailed, and p < 0.05 was considered significant.

Results

Baseline characteristics of the STN-DBS and control
groups are exhibited in table 2. No statistically significant
differences were found between them in demographic
characteristics, educational level or main PD-related
variables. However, although significance was not
reached, the STN-DBS group had a lower mean age (54
vs. 62 years in controls), a higher proportion of males (89
vs. 58% in controls) and a higher educational level (67%
completed primary schooling vs. 42% in controls). Only
small non-significant differences in clinical variables
were observed between the groups (see table 2).

Clinical outcomes at 6 months were significantly bet-
ter in the STN-DBS group than in the control group:
in the operated patients, the median improvement in
UPDRS score in ‘off” was 41 versus 7% in controls, the
median improvement in PDQ-39 questionnaire was 47%
versus median worsening of 20% in controls, and the me-
dian reduction in LEDD was 19% versus no reduction in
controls. There were no differences between groups in
mood outcomes.

The whole sample showed a statistically significant
worsening in four variables out of all those considered in
the neuropsychological tests administered: Phonemic
Verbal Fluency Test (sum of words beginning with the
letters ‘P’, ‘M’ and ‘R’ recalled by the patient during 1 min
for each letter), time to perform part B of the Trail Mak-
ing Test, the Digit Symbol score of the Wechsler Adult
Intelligence Scale-3rd edition (WAIS-III), and the color-
naming score of the Stroop Test (table 3). There were no
statistically significant intergroup differences in the
magnitude of the worsening, although a trend was ob-
served to a slightly worse deterioration in phonemic ver-
bal fluency and color-naming score of the Stroop Test in
the STN-DBS group, and in part B of the Trail Making
Test in the controls (table 3; fig. 1).

The sole association found between neuropsychologi-
cal and clinical changes was a correlation in the STN-
DBS group between a higher reduction in LEDD and a
greater deterioration in the Phonemic Verbal Fluency
Test (r = 0.850, p = 0.007). The sole association between

Cognitive Effects of Subthalamic
Stimulation

Table 2. Baseline characteristics of the STN-DBS and control
groups

STN-DBS Control  p*
group group
(n=9) (n=12)
Age, years 54 (14) 62 (10) NS
Sex, n
Male 8 7 NS
Female 1 5
Schooling, n
<Primary 3 7 NS
Primary 3 3
Secondary 3 2
Duration of disease, years 12 (2) 15 (6) NS
H&Y stage in ‘off’, n
3 2 5 NS
>3 7 7
UPDRS-III in ‘off 43 (15) 49 (11) NS
LEDD, mg 1,529 (640) 1,359 (340) NS

H&Y = Hoehn & Yahr staging (1-5 from lesser to greater se-
verity); UPDRS-III = part III of the Unified Parkinson’s Disease
Rating Scale (0-108, with higher levels indicating greater severi-
ty); LEDD = L-dopa-equivalent daily dose (see text). Values are
means (SD in parentheses) for quantitative variables, and absolute
frequencies for categorical variables.

* p value: comparison between STN-DBS and control groups
(Mann-Whitney U test for quantitative variables and Fisher’s ex-
act test for categorical variables); NS = not significant (=0.05).

baseline demographic or clinical characteristics (in ta-
ble 2) and neuropsychological outcomes was a correlation
between higher age and a worse deterioration in the time
taken to complete part B of the Trail Making Test (r =
0.775, p = 0.003).

Discussion

Our study of outcomes at 6 months post-surgery con-
firms that STN-DBS is a safe procedure from a cognitive
standpoint. Small changes in some tests of executive
functions did not significantly differ from those observed
in control patients and can therefore be largely attributed
to the progression of PD. At any rate, these changes did
not compromise the important gain in quality of life by
the patients who received the surgery.

Although not statistically significant, a slightly greater
deterioration in phonemic verbal fluency was observed in
the STN-DBS patients than in the controls at 6 months,
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ment (worsening in time to complete the a b
Trail Making Test part B).
Table 3. Neuropsychological tests with statistically significant change at 6-month follow-up in the whole sample
Baseline 6 months Change p* p'
(@=21) =2 STN-DBS group  control group  total
(n=9) (n=12) (n=21)
Phonemic Verbal Fluency Test
(number of words) 35.95 (15.35) 31.89 (14.73)  -4.75 (5.82) -336(4.59)  -3.95(5.04)  0.007 NS
Trail Making Test part B (s) 107 (36) 151 (49) +17.17 (20.45) +45.17 (58.50) +31.17 (44.27) 0.010 NS
Digit Symbol 19.73 (9.66) 16.22 (10.60) -2.80 (1.79) -2.78 (3.70) -2.79 (3.07) 0.013 NS
Stroop Test: color naming 38.53(9.91) 34.63 (8.09) -9.33 (5.60) -5.14 (8.36) -5.69 (6.69) 0.016 NS

Values are means (SD). Performance of Trail Making Test part B is related to the educational level and could only be achieved by
12 patients (6 in each group). Scores for Digit Symbol and Stroop Test were adjusted by age. ‘Change’ refers to the mean (SD) of the
individual changes in paired comparisons between the baseline and 6-month evaluations; plus sign denotes increment (worsening in
Trail Making Test part B) and minus sign reduction (worsening in Phonemic Verbal Fluency, Digit Symbol and Stroop Test).

* p value: paired comparisons between baseline and 6-month evaluations in the whole sample (Wilcoxon’s signed rank test).

T p value: comparison of changes between STN-DBS and control groups (Mann-Whitney U test); NS = not significant (>0.05).

suggesting that this may be the most consistent neuropsy-
chological effect related to the procedure, as previously
reported [2, 8]. A similar trend was observed in the color-
naming score of the Stroop Test, which is also related to
executive functioning. In contrast, the STN-DBS patients
showed a lesser deterioration versus controls in the time
taken to complete the part B of the Trail Making Test, but
this non-significant difference may be explained by the
lower mean age of the group, given that age was found to
be the main predictive factor for worsening in this vari-
able.

Limitations of our study were the small sample size,
which may account for failures to detect statistically sig-
nificant differences, the medium-term follow-up and the
absence of randomization. However, patients were pro-
spectively selected and operated patients did not signifi-
cantly differ from those who refused surgery (controls).
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Refusal of surgery is a complex decision by the patient
and his/her relatives which was not specifically investi-
gated, although we cannot rule out a role for the non-
significantly higher age or lower educational level of this
group. Undoubtedly, this issue warrants further research.
The best-quality evidence on neuropsychological
changes after bilateral STN-DBS derives from two ran-
domized controlled studies [2, 8]. In both studies, surgi-
cal and control groups exhibited deterioration in verbal
fluency and other variables related to executive functions
at the 6-month follow-up, with the surgical groups show-
ing a significantly greater worsening. Non-randomized
controlled studies with a longer follow-up (1-3 years) also
reported that verbal fluency is the main impaired neuro-
psychological variable after the procedure [9-12].
Phonemic verbal fluency is the most commonly affect-
ed type, although deterioration in semantic verbal flu-
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ency has also been variably reported [8, 9, 12, 13]. The
contributions of intracranial surgery, electrical stimula-
tion or medication reduction to this selective impairment
are under debate. A recent randomized study comparing
3-month outcomes between 101 patients undergoing bi-
lateral STN-DBS and 35 patients receiving the same sur-
gery but without stimulation showed a slight reduction in
verbal fluency in both groups, with no significant differ-
ence between them [14]. Therefore, the electrical stimula-
tion does not appear to play a major role in verbal fluency
reduction, which may be attributable to the natural pro-
gression of PD, the intracranial surgery and/or changes
in medication.

The influence of medication changes warrants fur-
ther attention, because the LEDD is reduced in most pa-
tients who undergo STN-DBS. In the present study, a
significant correlation was observed between higher re-
duction in LEDD and greater deterioration in phonemic
verbal fluency in the surgical group, whereas the medi-
cation dose was not changed in controls, suggesting that
medication reduction may be implicated in the verbal
fluency decline. The influence of this factor in the above-
mentioned randomized study by Okun et al. [14] cannot
be ruled out, because the medication dose was reduced
in both the stimulated group and non-stimulated group,
although the reduction was greater in the former (492 vs.
131 mg/day, respectively). Medication changes may also
have exerted an influence on the neuropsychological
outcomes of randomized controlled trials that com-
pared globus pallidus interna DBS (Gpi-DBS) with STN-
DBS. Comparison of the effects of unilateral stimulation
of Gpi versus STN (right or left depending on predomi-
nant motor symptoms) at 7 months showed that the pho-
nemic verbal fluency deteriorated in the STN-DBS
group alone, suggesting a target-related effect [15]; how-
ever, the medication management differed between the
groups, with an increase of ~100 mg/day after Gpi-DBS.
A larger randomized study comparing outcomes of bi-
lateral Gpi-DBS and STN-DBS at 2 years found a sig-
nificantly greater deterioration in the processing speed
index of the WAIS-III in the STN-DBS group, whereas
reductions in phonemic and semantic verbal fluency
were similar between groups [16]; the LEDD was re-
duced in both groups, although this reduction was great-
er in the STN-DBS patients (408 vs. 243 mg/day in Gpi-
DBS group). Taken together, these results suggest that
further research is warranted to determine the effects of
medication reduction on neuropsychological changes
after STN-DBS.

Cognitive Effects of Subthalamic
Stimulation

The pathophysiological mechanisms underlying
STN-DBS-related impairment in verbal fluency or ex-
ecutive functions are not precisely known. The STN
forms part of a broadly distributed neural network that
encompasses motor, associative and limbic circuits. Pos-
itron emission tomography (PET) studies of glucose me-
tabolism and regional cerebral blood flow after STN-
DBS have shown a reversal of the distinctive PD-related
pattern of increased activity in the basal ganglia and rel-
atively reduced activity in various areas of the cerebral
cortex [17]. However, reports on post-surgical changes in
the associative and limbic cortical areas have been high-
ly varied, with patients showing increased, unchanged or
decreased activity. In relation to neuropsychological out-
comes, a PET study of 9 STN-DBS patients at 6 months
revealed decreased metabolic activity in the left dorso-
lateral prefrontal and Broca cortical areas in the 3 pa-
tients whose verbal fluency was impaired [18]. With re-
gard to the acute effects of electrical stimulation, a PET
study of regional cerebral blood flow in 7 patients showed
greater activation of a left-sided frontotemporal network
and the right orbitofrontal cortex during a verbal flu-
ency task when stimulation was off and lesser activation
when stimulation was on, suggesting that interference
with basal ganglia-thalamocortical circuits may under-
lie the verbal fluency deterioration [19]. However, Camp-
bell et al. [20] studied blood flow changes in resting state
(instead of during a cognitive task) in 29 patients and
found no statistically significant changes between off
and on stimulation conditions, highlighting a marked
interindividual variability. Interestingly, those patients
who showed blood flow increase under stimulation in
the dorsolateral prefrontal or anterior cingulated corti-
ces also exhibited a worsening of working memory or
response inhibition performance, respectively.

In summary, there is adequate evidence to affirm that
implantation of electrodes in the STN and its electrical
stimulation may induce functional changes in neural
networks involved in cognition, although the interindi-
vidual variability is high. In the absence of complica-
tions, neuropsychological outcomes after surgery may
variably depend on individual factors such as PD pheno-
type, localization of the electrode/stimulating contact,
spread of electrical current and medication changes. De-
terioration in verbal fluency accompanies the progres-
sion of PD, and the additional mean decrease observed
after STN-DBS in large studies appears to be mainly re-
lated to intracranial surgery and/or decreased dopami-
nergic stimulation of frontal areas due to medication re-
duction.
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