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Abstract

It is still unclear whether deep brain stimulation targeted to the bilateral subthalamic nucleus (STN-DBS) 
affects cognitive function in Parkinson’s disease (PD). This prospective study was aimed to systemically 
evaluate the impact of bilateral STN-DBS on motor and cognitive functions in patients with PD. This 
study included totally 11 Japanese patients with medically intolerant PD. Neurological and cognitive 
status was precisely evaluated before and 1 year after bilateral STN-DBS, using unified Parkinson’s dis-
ease rating scale (UPDRS), levodopa equivalent doses, mini-mental state examination (MMSE), Japanese 
adult reading test (JART), repeatable battery for the assessment of neuropsychological status (RBANS), 
and Wechsler adult intelligence scale-revised (WAIS-R). Preoperative RBANS and WAIS-R identified 
cognitive dysfunction that could not be detected by MMSE and JART. Before surgery, PD patients had 
significantly impaired immediate memory and attention. Motor function significantly improved 1 year 
after bilateral STN-DBS. Bilateral STN-DBS did not affect any score on cognitive examinations. However, 
postoperative improvements of total score on RBANS and performance intelligence quotient (PIQ) scores 
on WAIS-R were closely related to those of UPDRS part III off (R2 = 0.61, P < 0.01; R2 = 0.39, P < 0.05, 
respectively). These findings strongly suggest that bilateral STN-DBS may significantly improve cognitive 
function in a certain subgroup of patients whose therapeutic effects on motor function are prominent.

key words: deep brain stimulation, Parkinson’s disease, subthalamic nucleus, cognitive function

Introduction

Parkinson’s disease (PD) is characterized by movement 
impairments, including tremor, rigidity, bradykin-
esia, and difficulty with walking. PD is known to 
result from the damage in the dopamine-generating 
neurons in the substantia nigra, a region of midbrain. 
its underlying mechanisms are still unknown. PD 
is also associated with cognitive dysfunction,1,2) 
and worsens their quality of life.3) Levodopa and 
other dopamine agonists have widely been used 
to treat the PD patients for over these 30 years.4,5) 
Nowadays, deep brain stimulation (DBs) of the 
subthalamic nucleus (sTN) is well known to improve 
motor symptoms in patients with advanced PD.6–8) 
on the other hand, the effect of bilateral sTN-DBs 
on cognitive function still remains to be debated.9) 
cognitive impairment may limit patient selection 
for DBs, as patients need to have sufficient mental 

capabilities in order to understand the procedure, as 
well as its benefits and limitations, and cooperate 
with the medical team throughout the process of 
selection, surgery, and postsurgical follow-up.10) 
recent meta-analysis of 28 reports on cognitive 
outcome revealed small declines in executive func-
tions and memory, and moderate declines in verbal 
fluency.11) in a majority of these studies, however, 
these changes are described as a result of group 
comparison. As recently pointed out, a statistically 
significant difference between groups on cognitive 
tests is of limited interest to understanding changes 
in the individual patient.12)

in addition, there are no studies that denote the 
effect of bilateral sTN-DBs on cognitive function in 
Japanese PD patients. Previous studies have shown 
that neural-system implementation largely differs 
between Asian and western languages. The cognitive 
operation involved in chinese language is closely 
related to visual spatial working memory, because 
it requires processing of logographs, which would received December 2, 2013; Accepted February 19, 2014
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be more demanding of this function. however, the 
same pattern difference was observed for auditory 
tasks, which would argue for a pervasive strategy 
difference in linguistic processing between the two 
groups.13) Therefore, the effect of bilateral sTN-DBs 
on cognitive function may differ between Japanese 
and western PD patients.

Based on these observations, therefore, this study 
was aimed to systematically evaluate both group 
wise and individual cognitive changes after bilateral 
sTN-DBs in Japanese PD patients.

Patients and Methods

I. Participants
This prospective study included totally 11 Japanese 

patients with PD. All patients were right-handed. 
There were 6 males and 5 females. Their mean age 
was 60.5 years, ranging from 43 years to 72 years. 
mean length of education was 10.6 years. The mean 
disease duration was 10.1 years, ranging from 5 
years to 14 years. All of them underwent bilateral 
sTN-DBs in our hospital, because medical treatment 
was no longer sufficient.

II. Surgical procedure
All patients were implanted electrical leads 

(model 3389; medtronic, minneapolis, minnesota, 
usA) into the bilateral sTN. Preoperative magnetic 
resonance imaging (mri) data were transferred to the 
planning computer (surgiPlan; medtronic, usA) to 
determine the targets. The Leksell stereotactic system 
(Elekta, stockholm, sweden) was used for surgical 
procedure. The multiple electrical recordings were 
performed to confirm the implant location and depth 
of the electrodes. Then, the implantable program-
mable generators (soretra®; medtronic, usA) were 
implanted underneath pectoral major muscle fascia 
on both sides. After surgery, computed tomography 
(cT) and/or mri were performed to confirm that 
the electrodes were correctly implanted in the sTN.

III. Neurological and neuropsychological exami-
nations

in this study, all 11 patients underwent neuro-
logical and neuropsychological examinations before 
and 1 year after bilateral sTN-DBs as one of routine 
clinical examinations under informed consent. 
Neuropsychological testing was performed by the 
specialists (Naomi Nakamichi and Akiko Takaiwa) 
who were trained to administer and score neuropsy-
chological measures.

unified Parkinson’s disease rating scale (uPDrs) 
part iii (on/off period) and levodopa equivalent 
doses (LEDs) were employed to evaluate postop-

erative changes in motor function and medicine, 
respectively.14) mini-mental state examination (mmsE), 
Japanese adult reading test (JArT),15) repeatable 
battery for the assessment of neuropsychological 
status (rBANs),16,17) and wechsler adult intelligence 
scale-revised (wAis-r) were employed to test cogni-
tive function in each patient. JArT was used as a 
measure of premorbid intelligence quotient (iQ) of 
the Japanese-speaking patients.15) of these, rBANs 
can separately score five indexes, including imme-
diate memory, visuospatial/constructional, language, 
attention, and delayed memory. in this study, 95% 
confidence interval magnitudes for age-based index 
standard scores was adopted to evaluate the signifi-
cant change compared to pre- and post-scores in 
rBANs total and index scores, respectively.18) Verbal 
intelligence quotient (ViQ), performance intelligence 
quotient (PiQ), and total scores on wAis-r were 
also evaluated. The ViQ included the subsets of 
information, comprehension, arithmetic, digit span, 
similarities, and vocabulary, while the PiQ included 
those of picture arrangement, picture completion, 
block design, object assembly, and digit symbol. 

IV. Statistical analysis
All data were expressed as mean ± standard devia-

tion (sD). wilcoxon signed-rank test was used to 
compare between pre- and postoperative data. Differ-
ences were considered as statistically significant at 
P < 0.05. using simple linear regression analysis, 
postoperative score changes on rBANs and wAis-r 
were compared with those of uPDrs part iii off.

Results

All 11 patients successfully underwent bilateral 
sTN-DBs. There was no mortality and morbidity. 
The stimulus parameters were 130 to 135 hz in 
frequency, 60 μsec in duration, and 1.0 V to 3.6 V 
in amplitude.

Table 1 shows neurological and neuropsychological 
scores before and 1 year after bilateral sTN-DBs. 
Bilateral sTN-DBs significantly improved motor 
impairments. Thus, uPDrs part iii off signifi-
cantly decreased from 34.9 ± 13.3 to 21.1 ± 9.7 
(P < 0.01). LED also significantly decreased from 
487.6 ± 150.5 mg to 296.7 ± 176.3 mg (P < 0.01).

on the other hand, preoperative mmsE and JArT 
revealed no or minimal cognitive impairments. Thus, 
mean values of mmsE and JArT were 26.1 ± 4.2 
and 93.8 ± 9.3, respectively. however, preopera-
tive total score of wAis-r was lower than average 
level (90 to 109) in 9 (81.8%) of 11 patients. As 
a result, mean value of total score on wAis-r 
was 83.1 ± 11.0 in PD patients (Table 1). rBANs 
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more distinctly identified a significant decline of  
cognitive function in all 11 PD patients. Thus, mean 
total score of rBANs was 76.2 ± 8.9. of these 11 
patients, 2 (18.2%) were judged as having cognitive 
dysfunction (total score, < 70), and 10 (90.9%) did 
not reach average level (total score < 90). Especially, 
immediate memory (72.8 ± 10.6) and attention 
(78.5 ± 8.9) were notably affected in Japanese PD 
patients (Table 2).

Postoperative neuropsychological tests revealed 
that bilateral sTN-DBs did not affect cognitive 
function at 1 year after surgery (Table 1). Thus, 
there were no significant differences in total scores 
on mmsE, JArT, wAis-r, and rBANs between 

pre- and postoperative examinations. Then, post-
operative changes in each five index on rBANs 
and ViQ/PiQ score on wAis-r were evaluated. 
As a result, each score also showed no significant 
changes after surgery. of these, immediate memory 
slightly improved from 72.8 ± 10.6 to 79.3 ± 15.4, 
although statistical significance was at borderline 
(P = 0.0742, Table 2). 

As the next step, postoperative cognitive changes 
were analyzed in each patient. As shown in Figs. 
1 and 2, one (9.1%) of 11 patients showed signifi-
cant improvement on total score of wAis-r after 
bilateral sTN-DBs. in this case, PiQ, but not ViQ 
significantly improved after surgery. Neither ViQ nor 

Table 1 Neurological and neuropsychological scores in 11 patients with 
Parkinson’s disease before and after bilateral STN-DBS 

Variables Preop. Postop. P value

motor function

 uPDrs part iii on   18.5 ± 9.10 13.5 ± 5.0      0.1563

 uPDrs part iii off   34.9 ± 13.3 21.1 ± 9.7 < 0.01*

LED (mg)   487.6 ± 150.5   296.7 ± 176.3 < 0.01*

Neuropsychological tests

 mmsE 26.1 ± 4.2 25.5 ± 2.4      0.2324

 JArT 93.8 ± 9.3 94.5 ± 8.6      0.6680

 wAis-r total score   83.1 ± 11.0 83.4 ± 9.1      0.7266

 rBANs total score 76.2 ± 8.9   76.6 ± 12.4      0.7266

*statistically significant. JArT: Japanese adult reading test, LED: levodopa equivalent 
doses, mmsE: mini-mental scale examination, rBANs: repeatable battery for the  
assessment of neuropsychological status, sTN-DBs: subthalamic nucleus deep brain 
stimulation, uPDrs: unified Parkinson’s disease rating scale, wAis-r: wechsler adult 
intelligence scale-revised. 

Table 2 Each RBANS and WAIS-R score in 11 patients with Parkinson’s 
disease before and after bilateral STN-DBS

rBANs index Preop. Postop. P value

immediate memory   72.8 ± 10.6   79.3 ± 15.4 0.0742

Visuospatial/constructional   88.2 ± 13.2   88.4 ± 20.0 0.7803

Language 83.1 ± 8.0 79.9 ± 9.8 0.7803

Attention 78.5 ± 8.9 75.1 ± 9.7 0.2852

Delayed memory   84.2 ± 18.3   88.0 ± 19.6 0.2227

 wAis-r subscore

ViQ 83.9 ± 8.9 83.5 ± 9.4 0.8292

PiQ   84.2 ± 14.3   86.2 ± 11.8 0.5172

PiQ: performance intelligence quotient, rBANs: repeatable battery for the assess-
ment of neuropsychological status, sTN-DBs: subthalamic nucleus deep brain 
stimulation, ViQ: verbal intelligence quotient, wAis-r: wechsler adult intelligence 
scale-revised.
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Delayed memory function improved in four, but 
declined in one. There was no constant tendency 
of postoperative changes in each index on rBANs 
(Fig. 1).

Finally, the relationships of postoperative changes 
between motor and cognitive functions were precisely 
analyzed. Figure 3 shows the relationship between 
postoperative changes in uPDrs part iii off and those 
in each index on rBANs. No significant correlation 
was observed between postoperative improvement of 
motor function between immediate memory (r2 = 0.05, 

PiQ significantly changed in other 10 patients after 
surgery. cognitive function significantly improved 
in two (18.2%) of them on total score of rBANs. 
when analyzing the subscores on rBANs, however, 
postoperative changes of cognitive function were a 
little bit complicated. Thus, early memory function 
significantly improved in 4 of 11 patients. Visu-
ospatial/constructional function improved in two 
patients, but declined in three. Language function 
improved in one, but declined in two. Attention 
function improved in two, but declined in three. 

Fig. 1 Postoperative changes in VIQ (A), PIQ (B), and total score (C) on WAIS-R. Bilateral STN-DBS did not 
affect VIP, PIQ, and total scores on WAIS-R (90–109; average, ≤69; extremely low). PIQ: performance intelligence 
quotient, STN-DBS: subthalamic nucleus deep brain stimulation, VIQ: verbal intelligence quotient, WAIS-R: 
Wechsler adult intelligence scale-revised.

Fig. 2 Postoperative changes in each 5 index (A–E) and total (F) scores on RBANS. Bilateral STN-DBS did not 
affect each 5 index and total scores on RBANS (90–109; average, ≤69; extremely low). RBANS: repeatable battery 
for the assessment of neuropsychological status, STN-DBS: subthalamic nucleus deep brain stimulation.
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Fig. 3 Scatter graphs showing the relationships between postoperative changes of UPDRS part III (off period) and 
those of each index score on RBANS. X-, and Y-axis indicates postoperative changes of UPDRS part III off score 
and those of each index on RBANS, respectively. No significant correlation was found between them, including 
immediate memory (R2 = 0.05, P = 0.53), visuospatial/constructional (R2 = 0.32, P = 0.07), language (R2 = 0.21, 
P = 0.16), attention (R2 = 0.20, P = 0.16), and delayed memory (R2 = 0.27, P = 0.10). Postoperative changes in 
UPDRS part III off were closely related to these in total score on RBANS (R2 = 0.61, P < 0.01). RBANS: repeat-
able battery for the assessment of neuropsychological status, UPDRS: unified Parkinson’s disease rating scale.

P = 0.53), visuospatial/constructional (r2 = 0.32, P = 
0.07), language (r2 = 0.21, P = 0.16), attention (r2 =  
0.20, P = 0.16), and delayed memory (r2 = 0.27,  
P = 0.10). As shown in Fig. 4, however, postop-
erative change in uPDrs part iii off was closely 
related to these in total score on rBANs (r2 = 0.61, 
P < 0.01). Furthermore, postoperative improvement 
of PiQ score significantly correlated with those of 
uPDrs part iii off (r2 = 0.39, P = 0.039; Fig. 4). 
No other factors such as age, gender, and preopera-
tive LED predicted postoperative improvement of 
cognitive function.

Discussion

The principal findings are, first, that bilateral 
sTN-DBs can significantly improve motor function 
for long time in the patients with advanced PD. Thus, 
uPDrs Part iii off significantly decreased from 34.9 
± 13.3 to 21.1 ± 9.7 (P < 0.01). LED also significantly 
decreased from 487.6 ± 150.5 mg to 296.7 ± 176.3 mg. 
The results correlate very well with many previous 
studies.6) Thus, krack et al. investigated uPDrs 
motor scores and LED of 49 advanced PD patients 

5 year after bilateral sTN-DBs, and reported that 
motor function during off medication improved by 
54% (P < 0.001), and LED significantly decreased 
from 1,409 ± 605 mg to 518 ± 333 mg (P < 0.001).6)

second, this study clearly shows that both 
wAis-r and rBANs are quite sensitive to iden-
tify mild cognitive dysfunction in Japanese PD 
patients. Especially, rBANs is the most sensitive 
battery to extract latent cognitive function in PD. 
of five indexes on rBANs, immediate memory 
and attention are notably disturbed before bilateral 
sTN-DBs (Table 2). however, other widely used 
examinations such as mmsE and JArT detect no 
significant cognitive impairment. Previous studies 
in the united states and Europe support the present 
finding. Thus, Beatty et al. employed rBANs to 
evaluate cognitive function in 50 PD patients, and 
concluded that even patients with normal mmsE 
score had impaired cognitive function on rBANs, 
especially in immediate memory.19) Friedman 
and Barcikowska also reported that 19 (22%) of 
88 PD patients were diagnosed as demented on 
wAis. Demented patients were older and their 
motor symptoms were more pronounced than  
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Fig. 4 Scatter graphs showing the relationships between postoperative changes of UPDRS part III off and total 
scores on WAIS-R. X-, and Y-axis indicates postoperative changes of UPDRS part III off score and those of verbal 
intelligence quotient (VIQ), performance intelligence quotient (PIQ), and total scores on WAIS-R, respectively. 
Postoperative changes in UPDRS part III off were significantly related to those in PIQ (R2 = 0.39, P = 0.039), but 
not in VIQ (R2 = 0.024, P = 0.65) and total score (R2 = 0.18, P = 0.19). UPDRS: unified Parkinson’s disease rating 
scale, WAIS-R: Wechsler adult intelligence scale-revised. 

non-demented patients.20) rBANs is a brief neuro-
cognitive battery with four alternate forms that can 
minimize learning effect. The entire battery takes 
less than 30 minutes to administer, and yields 
scaled score for five cognitive domains, including 
immediate and delayed memory, attention, language, 
and visuospatial skills. Previous studies have shown 
that the rBANs is effective at both detecting and 
characterizing dementia of different etiology.18) The 
battery is also quite useful to evaluate cognitive 
function in PD.21,22) The authors have also reported 
the validity of rBANs to evaluate cognitive func-
tion in patients with carotid artery stenosis.23,24)

more importantly, this study first demonstrates 
that bilateral sTN-DBs does not decline cognitive 
dysfunction at 1 year after surgery in Japanese 
PD patients (Tables 1 and 2). As aforementioned, 
previous studies in the western countries have 
suggested that bilateral sTN-DBs significantly 
improve motor function and quality of life in PD 
patients, but moderately decline their cognitive 
function, especially verbal fluency.11) in fact, each 
index on rBANs significantly deteriorated in a 
small number of patients 1 year after bilateral 
sTN-DBs in this study. however, the findings were 
not remarkable in whole patients (Table 1, Figs. 
1 and 2). The mechanisms of cognitive decline 
after DBs are still obscure. Previous studies have 
suggested that higher age, higher baseline LED, and/

or higher axial subscore of the uPDrs at baseline 
may predict postoperative worsening of cognitive 
function.25) impaired attention, advanced age, and 
a low L-dopa response at baseline may also predict 
it.12) using rBANs, rinehardt and coworkers evalu-
ated the changes in cognitive function 3 months to  
4 months after sTN-DBs.21,22) They compared cognitive 
function between medically and surgically treated 
patients. in surgical group (n = 20), visuospatial/
constructional index score did not differ between 
pre- and postoperative examinations, while the 
score moderately declined in medical group. As 
a result, they concluded that sTN-DBs would be 
feasible for PD patients. As described above, this 
is the first study that evaluates post-DBs cogni-
tive function in Japanese PD patients. Japanese 
people are required to memorize a large number 
of distinct visual forms, chinese characters. As a 
result, Japanese people obtain significantly higher 
scores on visual recall subsets on wechsler memory 
scale-revised (wms-r), compared with American 
people.26) Therefore, the results on cognitive exami-
nations after DBs may differ between the Japanese 
and western PD patients.

more importantly, this study precisely analyzed 
the relationships between surgical effects on motor 
function (uPDrs part iii) and those on cognitive 
function (Figs. 3 and 4). As a result, there was 
a significant correlation between postoperative 
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improvement of total score on rBANs and that of 
motor function. in addition, the improvement of 
motor function (uPDrs part iii in off period) was 
closely related to that of PiQ score on wAis-r. The 
ViQ and PiQ scores are considered to represent 
the crystallized and fluid intelligence, respectively. 
Bašić et al. compared the cognitive function between 
PD patients and control group.27) They found that 
patients with PD had greater cognitive damage in 
fluid intelligence than in crystallized intelligence. 
Therefore, better motor improvement might improve 
the impaired fluid intelligence. There are no studies 
that assess the correlation between postoperative 
changes in motor function and those in cognitive 
function. Therefore, this is the first study demon-
strating that bilateral sTN-DBs may improve both 
motor and cognitive outcome in a certain subgroup 
of PD patients. in addition, EArLYsTim study 
recruited relatively young patients with early stage of 
motor complications. Their mean age was 52 years, 
and mean duration of disease was 7.5 years. As a 
result, the subscore of cognitive function on PDQ-39 
significantly improved after surgery, compared to 
control group (P < 0.009).28) in contrast, smeding 
et al. (2011) reported that cognitive decline after 
surgery was significantly associated with attention 
at baseline, age, and L-dopa response.12) Therefore, 
bilateral sTN-DBs may yield better surgical outcome 
in younger and early stage patients, as previously 
pointed out.29,30) Further studies would determine 
the independent factors to predict postoperative 
improvement of motor and cognitive function after 
bilateral sTN-DBs in Japanese PD patients, although 
the present study cannot do because of small sample 
size (n = 11).

Conclusion

This study precisely investigates post-DBs changes 
in neurological and neuropsychological functions 
in Japanese PD patients. uPDrs part iii off and 
LED significantly improved after surgery. Bilateral 
sTN-DBs did not worsen cognitive function even 
on the most sensitive examination batteries such 
as rBANs. surgical effects on motor functions 
may predict postoperative improvement of total 
score on rBANs and PiQ on wAis. This is the 
first study that strongly suggests the positive link 
of postoperative improvement between motor and 
cognitive function. sTN-DBs would be effective and 
safe for PD patients from the viewpoints of both 
neurological and cognitive functions. however, the 
sample size is rather small in this study. Further 
investigation would be warranted to confirm the 
results.
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