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ABSTRACT

Subthalamic nucleus deep brain stimulation
(STN DBS) is an effective treatment for medically
refractory Parkinson’s disease (PD). However, a
minority of patients develop cognitive problems,
particularly a decline of executive function in the
early period after STN DBS. Although this prob-
lem is usually transient, it may cause social
maladjustment. We investigated factors affect-
ing early decline of executive function after
STN-DBS. Fifty-seven patients whose preopera-
tive global cognitive screening was normal
(MMSE score; 28 or more) were enrolled in this
study. Executive function was evaluated with the
Trail-Making Test (TMT) preoperatively and 1-
month after surgery. We considered a patient to
have decline in executive function if the TMT
(B-A) was prolonged more than 30 seconds after
STN DBS. Among 57 patients, 25 patients were
categorized as having decline of executive
function. Univariate analysis revealed that high
preoperative UPDRS Il motor score in the medi-
cation-off period and a depressive state evalu-
ated with BDI-ll correlated significantly with de-
cline in executive function. Multiple logistic re-
gression analysis revealed that the only signifi-
cant independent variable related to early de-
cline of executive function was the preoperative
BDI-ll score. Postoperative factors such as ac-
tive contact location or dopaminergic medica-
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tion reduction had no relation with the decline of
executive function. Even in cognitively well-se-
lected patients, STN DBS causes early decline in
executive function in a significant number of
patients. Preoperative simple cognitive screen-
ing alone could not predict early decline in ex-
ecutive function. More detailed neuropsycholo-
gical evaluation, including mood status, should
be undertaken before surgery.

Keywords: Parkinson’s Disease; Deep Brain
Stimulation; Subthalamic Nucleus; Executive
Function

1. INTRODUCTION

Subthalamic nucleus deep brain stimulation (STN
DBS) has been widely accepted as an effective treatment
for medically refractory Parkinson’s disease (PD). STN
DBS improves motor function and also quality of life
(QOL) of patients more effectively than medical treat-
ment alone [1,2]. However, it is certain that a minority of
patients develop cognitive problem, particularly a decline
of executive function in the early period after surgery
[3-5]. Among most patients, a dramatic improvement of
motor function overcomes cognitive problem after STN
DBS and ameliorates QOL.

Executive functions are high-level cognitive functions
that are involved in the control and direction of
lower-level functions [6]. Executive functions can be
conceptualized as having four components: volition,
planning, purposive action, and effective performance.
All is necessary for appropriate, socially responsible, and
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effectively self-serving adult conduct [7]. The frontal
lobes of the brain seem to play a major role in executive
function. Recent studies demonstrate that a decline in
executive function after STN DBS is transient [8-10].
However, it may cause problems of social maladjustment
in daily life for the patients and their families [11,12].
Therefore, preoperative prediction of decline in execu-
tive function would be very desirable.

A decline of executive function after surgery seems to
be attributable to surgical intervention, the direct effect
of STN stimulation, and postoperative dopaminergic
medication changes. However, some patients experience
this problem and the other patients do not, even with the
same surgical procedure and same method of postopera-
tive adjustment of stimulation and medication. Therefore,
there must be some other causative factors at work in
postoperative decline of executive function. In this study,
we attempted to discover pre- and postoperative factors
affecting early decline of executive function after STN-
DBS in patients with normal global cognition.

2. MATERIALS AND METHODS
2.1. Patients and Assessments

Fifty-seven patients whose preoperative global cogni-
tive screening was normal (MMSE score; 28 or more)
were enrolled in this study. All patients underwent bilat-
eral STN-DBS in one-stage at Nagoya City University
Hospital for motor complications resulting from
levodopa. Quadripolar DBS electrodes (Activa 3389;
Medtronic, Minneapolis, MN) were implanted into the
STN stereotactically under MRI guidance with physio-
logical refinement by microelectrode recording. The
DBS lead was placed as the most distant contact (contact
0) placed at the bottom of the STN. Electrical stimulation
began a few days after surgery. Stimulation parameters
were adjusted to produce maximal clinical benefit for
cardinal PD symptoms without side effects. A monopolar
electrode setting with one or two active contacts was
used in all patients. In all cases, stimulation parameters
were 90 psec of pulse width, 130 Hz of pulse rate, and 2
- 3 volts of amplitude. Contact 1 or 2 or both were used
as active contact in all cases. After surgery, dopaminergic
medication was initially reduced by approximately 50%
and then further reduced or increased based on stimula-
tion-induced improvements of PD symptoms. Later,
more detailed medication and stimulation adjustment
was carried out in the outpatient clinic.

Each patient underwent a clinical assessment includ-
ing a review of clinical notes, drug history and the Uni-
fied Parkinson’s Disease Rating Scale (UPDRS) part III
motor score and part IV score, preoperatively (in medi-
cation-on and -off conditions) and postoperatively (1-
month after surgery). Response to levodopa was esti-
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mated as percentage of improvement of preoperative
UPDRS III motor score by medication. Axial symptoms
were evaluated with the scores of items 29-30, and dy-
skinesia was evaluated with scores of items 32-35 on
UPDRS. The levodopa-equivalent daily dosage (LEDD)
was calculated according to the report by Tomlinson et al
[13].

Neuropsychological examinations included the MMSE
for a screening of global cognition, the Frontal Assess-
ment Battery (FAB) for a screening of frontal lobe func-
tion, the Trail Making Test (TMT) for a test of executive
function, and the Beck Depression Inventory-second
edition (BDI-II) for a test of mood status, and were per-
formed preoperatively and 1-month after surgery. In the
preoperative period, evaluations were done when patients
were in the medication-on condition. In the postoperative
period, patients were assessed under stable conditions
after initiation of electrical stimulation. In TMT, the time
difference between TMT-B and TMT-A [TMT (B-A)]
was evaluated to eliminate the influence of motor speed.

2.2. Statistical Analysis

We assessed a patient as having decline in executive
function if the post-DBS score of TMT (B-A) was pro-
longed more than 30 seconds compared to the preopera-
tive score. Among 57 patients, 25 patients were catego-
rized as having decline of executive function and 32 pa-
tients were categorized as having no decline of executive
function. Comparing these two groups, we searched for
factors affecting early decline of executive function after
STN-DBS.

Potential predictive factors affecting early decline of
executive function were initially screened using univari-
ate analysis. The Wilcoxon rank sum test was employed
to estimate the differences between the two groups in
terms of age at surgery, duration of the disease up to
surgery, preoperative UPDRS III motor score (medica-
tion-on and medication-off period), response to levodopa,
axial symptoms score (UPDRS items 29-30), dyskinesia
score (UPDRS items 32-35), LEDD (pre- and post-DBS)
and its reduction rate, MMSE, TMT (B-A), FAB, and
BDI-II score. Fisher’s exact probability test was em-
ployed to estimate the difference in sex and the location
of active contact between the two groups.

Then the multiple logistic regression method was em-
ployed to identify independent predictive variables sig-
nificantly associated with early decline of executive
function after STN-DBS. Variables for the multivariable
models were selected using the stepwise regression pro-
cedure. P value for selection criteria was set as 0.2. All
statistical analysis was performed using JMP 8 software
(SAS Institute Inc).

This study was approved by the medical ethics com-
mittee of Nagoya City University Graduate School of
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Medicine. All patients provided an informed written
consent.

3. RESULTS

The results of the differences in all clinical variables
between patients with and without early decline of ex-
ecutive function are summarized in Table 1. Overall
initial outcomes of motor function were satisfactory in
our subjects. STN-DBS significantly improved the
UPDRS III motor score and reduced dopaminergic
medication in both groups.

Univariate analysis revealed that a high preoperative
UPDRS III motor score in the medication-off period (P =
0.048) and a depressive state evaluated with BDI-II (P =
0.023) correlated significantly with decline in executive
function. Other factors were not significantly different

between the two groups.

The results of multiple logistic regression analysis are
summarized in Table 2. Three variables including the
preoperative axial symptoms score in the medication-on
period, FAB, and BDI-II were selected for multivariable
models by the stepwise procedure. Analysis revealed that
the only significant independent variable related to early
decline of executive function was the preoperative
BDI-II score (odds ratio = 1.099 [95% CI: 1.012 - 1.219],
P =0.024). Other factors were not significant (P > 0.05).
Consequently, our results demonstrate that patients with a
preoperative high BDI-II score have an increased risk of
early decline of executive function after STN-DBS.
Postoperative factors such as active contact location or
dopaminergic medication reduction had no relation to the
decline of executive function.

Table 1. The differences in all clinical variables between the patients with and without early decline of executive function.

Pts with early decline

Pts without early decline

of executive function of executive function P value
n=25) n=32)
Age, yr (SD) 61.1(8.0) 58.7 (8.6) 0.292
Sex, (M:F) 15:10 15:17 0.425
Duration of disease, yr (SD) 12.0 (4.0) 10.3 (3.9) 0.098
Pre-DBS MMSE, point (SD) 29.4(0.8) 29.3(0.8) 0.839
Pre-DBS TMT(B-A), sec (SD) 66.2 (40.8) 57.0 (28.7) 0.489
Post-DBS TMT(B-A), sec (SD) 166.5 (84.7) 54.7 (28.0) <0.001
Difference between pre and post-DBS TMT(B-A), sec (SD) 103.3 (70.7) -2.3(17.7) <0.001
Pre-DBS FAB, point (SD) 14.1 (2.6) 15.5(1.8) 0.071
Pre-DBS BDI-II, point (SD) 18.2(9.2) 12.2(7.5) 0.023
UPDRS III motor score
Pre-DBS (on), point (SD) 10.7 (9.0) 9.4 (10.0) 0.342
Pre-DBS (off), point (SD) 35.4(15.2) 28.0 (12.2) 0.048
Post-DBS, point (SD) 6.7 (4.5) 523.9) 0.143
Response to levodopa, % (SD) 65.8 (27.9) 69.8 (22.6) 0.872
Axial symptoms (UPDRS items 29-30)
Pre-DBS (on), point (SD) 1.6 (1.3) 1.2 (1.1) 0.175
Pre-DBS (off), point (SD) 4.4 (1.8) 3.5(L.8) 0.063
Dyskinesia (UPDRS items 32-35), point (SD) 2.7(2.4) 2.9(1.8) 0.420
Pre-DBS LEDD, mg (SD) 915 (310) 823 (304) 0.228
Post-DBS LEDD, mg (SD) 326 (126) 289 (116) 0.210
Reduction rate, % (SD) 61.9(19.2) 63.0 (15.9) 0.917
Location of active contact (AC)
Use of AC 1, cases 9/25 11/32 1.000
Use of AC 2, cases 20/25 22/32 0.381
Wilcoxon rank sum test or Fisher’s exact probability test was used to assess differences.
Copyright © 2013 SciRes. OPEN ACCESS
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Table 2. Results of multiple logistic regression analysis in
relation to early decline of executive function.

Variables Odds ratio 95% CI P value
Pre-DBS FAB 0.733 0.508 - 1.009 0.057
Pre-DBS BDI-II 1.099 1.012-1.219 0.024

Pre-DBS axial

1.561 0.841 -3.126 0.161
symptoms (on)

4. DISCUSSION

The neuropsychological aspect of STN DBS for PD
has recently attracted considerable attention. Numerous
studies concerning neuropsychological outcome after
STN DBS were performed. Most studies concluded that
STN DBS is relatively safe from a cognitive perspective
despite mild cognitive morbidity [3-5]. Furthermore,
cognitive changes are usually not linked to motor out-
come [14]. A meta-analysis of cognitive sequelac by
Parsons et al revealed small but significant declines in
executive function and verbal learning and memory, and
moderate declines in both semantic and phonemic verbal
fluency after STN-DBS [3]. A randomized controlled
study by Witt et al demonstrated that STN DBS did not
reduce overall cognition, but resulted in selective de-
crease in frontal cognitive function [5]. These changes
did not affect improvement of QOL. A decline in verbal
fluency after STN DBS is the most consistent finding in
the aforementioned studies.

Several causes are considered to contribute to cogni-
tive change after STN-DBS; the impact of surgical in-
tervention, the direct effect of STN stimulation, or drastic
postoperative reduction of dopaminergic medication. In
our surgical procedure, the trajectory of the lead pene-
trates the premotor cortex, passes through surrounding
anterior limbs of the internal capsule or the anterior por-
tion of the thalamus, and enters the STN. Nerve fibers
that connect basal ganglia and the frontal cortex may be
damaged in the process. Regarding the direct effect of
stimulation, the STN has widespread connections with
basal ganglia and the prefrontal cortex [15]. An active
role of the STN in processing executive function has also
been suggested [16]. Therefore, the stimulation of the
STN may directly influence executive function. In addi-
tion, levodopa has been shown to ameliorate cognitive
deficits in PD patients by inducing blood flow changes in
the right dorsolateral prefrontal cortex [17]. Drastic
postoperative reduction of dopaminergic medication is
associated with apathy after STN DBS [4,18]. Apathy
may be attributable to cognitive decline in PD [19,20].

Several factors have been proposed as predictors of
cognitive decline after STN DBS. Smeding et al reported
that impaired attention, advanced age, and low levodopa
response before surgery predicted cognitive decline after
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STN DBS. Postoperative reduction of dopaminergic
medication was not related to cognitive decline [21].
Daniels et al demonstrated a significant decline in execu-
tive function after STN DBS in a randomized controlled
study comparing DBS with the best medical treatment.
They found that higher age, higher baseline LEDD, and a
higher axial score in UPDRS were risk factors for dete-
rioration of executive function after STN DBS [22].
These factors seem to reflect progression of PD. Their
study did not consider postoperative factors such as ac-
tive contact location and drastic reduction of dopaminer-
gic medication after surgery.

In this study, we investigated factors affecting early
decline of executive function with our simply designed
retrospective analysis. Most early studies of STN DBS
agree that preoperative cognitive impairment is associ-
ated with poorer cognitive and neurobehavioral out-
comes [4,23]. Therefore, we recruited only patients who
were screened as cognitively normal. The TMT was em-
ployed to evaluate executive function. The frontal lobes
mediate attentional control in the top-down guidance and
direction of other processes. TMT-B, requiring alternat-
ing letter-number connecting, is interpreted as a measure
of attentional switching and reflects the function of the
dorsolateral prefrontal cortex (DLPFC) [6]. From our
experience, TMT is easily performed and the most sensi-
tive and reproducible test in PD patients [10]. Our result
revealed that 44% (25/57) of patients showed significant
decline in TMT in the early period after successful STN
DBS even if preoperative global cognition was normal.

In the univariate analysis, we demonstrated that a high
motor score in the medication-off period and a depres-
sive state correlated significantly with decline in execu-
tive function. A high motor score in the off period seems
to reflect an advanced stage of disease. In the multivari-
ate analysis, preoperative BDI-II score was the only sig-
nificant independent variable related to decline of execu-
tive function. Namely, patients with a preoperative de-
pressive state have an increased risk of early decline of
executive function after STN-DBS. Depression is one of
the most common psychiatric symptoms in PD. Depres-
sion is thought to be closely related to cognitive impair-
ment, especially in frontal lobe tasks in PD [24,25]. Hy-
pometabolism and dysfunction of the frontal lobe in PD
are considered to relate to depression [26,27]. Even when
there are no cognitive problems preoperatively, patients in
a depressive state seem to be cognitively vulnerable to
STN DBS.

Contrary to initial expectations, postoperative factors
such as active contact location or dopaminergic medica-
tion reduction had no relation to the decline of executive
function. As for active contact location, Smeding et al.
reported a case of reversible cognitive decline after STN
DBS [28]. Cognitive decline was resolved by changing
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to dorsal contact in their patient. They suggested that
stimulation of the ventral contact caused cognitive de-
cline. There are other reports regarding the relation be-
tween the location of active contact and neuropsy-
chological effects [29,30]. In our series, the appropriate
adjustment of either active contact location or dopa-
minergic medication to obtain maximal effect for the
improvement of motor function seem not to have af-
fected decline in executive function.

5. CONCLUSION

Even in cognitively well-selected patients, STN DBS
causes early decline in executive function in a significant
number of patients. We demonstrated that preexisting
depressive state was the only significant independent
variable related to early decline of executive function
after STN-DBS. Simple preoperative cognitive screening
alone could not predict early decline in executive func-
tion. More detailed neuropsychological evaluation, in-
cluding mood status, should be undertaken before sur-

gery.
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