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Abstract
While deep brain stimulation (DBS) surgery is a well-accepted treatment for Parkinson disease
(PD) that improves overall quality of life (QoL), its effects across different domains of QoL are
unclear. The study reported here directly compared the effects of unilateral DBS in subthalamic
nucleus (STN) or globus pallidus (GPi) on QoL in 42 non-demented patients with medication-
refractory PD. Patients were enrolled in the COMPARE trial, a randomized clinical trial of
cognitive and mood effects of STN versus GPi DBS conducted at the University of Florida
Movement Disorders Center. Patients underwent motor, mood, verbal fluency and QoL (Parkinson
disease questionnaire: PDQ-39) measures before and 6 months following surgery. Groups
experienced motor and mood improvements that did not differ by target. Patients with STN DBS
evidenced a slight decrement on letter fluency. On average, all patients endorsed better overall
QoL after surgery. However, despite similar motor and mood improvements, GPi patients
improved more than STN patients (38 vs. 14%, respectively; P = 0.03). Patients reported better
QoL on subscales of mobility, activities of daily living (ADLs), emotional well-being, stigma,
cognition and discomfort, but not on those of social support and communication. Improvements on
the mobility, ADLs, stigma and social support subscales were greater amongst GPi patients. In
regression analyses, only depression changes independently predicted changes in overall QoL as
well as emotional well-being and social support changes. Within the STN group only, declining
category fluency scores correlated with poorer QoL on the communication subscale. Unilateral
DBS in both STN and GPi improved QoL overall and in disparate domains 6 months after surgery.
Patients receiving GPi DBS reported greater improvements that cannot be explained by
differential mood or motor effects; however, verbal fluency changes may have partially
contributed to lesser QoL improvements amongst STN patients.
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Introduction
Deep brain stimulation (DBS) surgery is a well-accepted treatment for medication-refractory
Parkinson’s disease (PD) [18,26]. In addition to improving cardinal motor symptoms of PD,
DBS surgery reduces burdensome complications accompanying dopaminergic therapies
(e.g. motor fluctuations, dyskinesias) [18]. However, non-motor features of PD also impact
quality of life (QoL), even moreso than motor dysfunction for many patients [7]. The effects
of DBS on non-motor symptoms (i.e. cognition, psychological functioning) are variable
[12,19,28].

Currently, the impact of DBS on QoL is most frequently assessed using the summary index
from the PD QoL questionnaire (PDQ-39). This has resulted in some debate regarding both
the magnitude of improvement as well as the generalizability across different QoL domains
[8,15]. Most studies have focused on the effects of bilateral DBS targeting the subthalamic
nucleus (STN) and have reported overall improvement ranging from 14 to 62% [4–6,29].
Although there have been fewer studies, bilateral DBS targeting the globus pallidus internus
(GPi) appears to improve overall QoL to a comparable extent [22].

Zahodne et al. Page 2

J Neurol. Author manuscript; available in PMC 2011 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



While DBS improves overall QoL, it is unclear which domains of functioning are most
influenced [i.e. mobility, activities of daily living (ADLs), emotional and social well-being,
cognition, communication, disability, stigma, bodily discomfort]. Improvements, no
differences, and even decrements in particular areas have been reported by different
investigators [4,13,15,22]. For example, DBS may exert a positive effect on physical
markers of QoL but not on psychosocial or cognitive aspects [6,23].

The present article sought to directly compare, for the first time, the effects of unilateral
DBS in the STN or GPi on various domains of QoL. Patients were randomized to receive
either STN or GPi DBS, and QoL data were collected before and 6 months after surgery
with the PDQ-39.

Methods
Participants

The COMPARE trial (Cognition and Mood in Parkinson Disease in STN versus GPi DBS;
see http://clinicaltrials.gov.,registration no. NCT00360009) is a National Institutes of
Health-funded, randomized trial of unilateral STN versus GPi DBS conducted at the
Movement Disorders Center (MDC) at the University of Florida. All patients were
diagnosed with idiopathic PD, as established using extensive neurological screening by
fellowship-trained movement disorder specialists using UK Brain Bank criteria [9]. Patients
evidencing dementia [i.e. a score on the Dementia Rating Scale-2 (DRS-2; [14]) <130] were
excluded. A detailed description of the study protocol is available elsewhere [16].
COMPARE was specifically designed to examine mood and cognition; however, PDQ-39
outcomes were also collected. The study complied with guidelines outlined by the
Declaration of Helsinki and was approved by the local institutional review board prior to its
initiation. All patients signed informed consent before participating.

Of the 42 patients described in this report, 22 underwent DBS in the GPi, and 20 underwent
DBS in the STN. The only inclusion criterion used to compose this subset of the larger
COMPARE trial was having completed the PDQ-39 both at baseline and 6 months after
surgery. Of the three patients who completed the COMPARE protocol but for whom
baseline and/or follow-up PDQ-39 data were unavailable, one had received GPi DBS and
two had received STN DBS. Demographic and disease characteristics of the present patient
sample are presented in Table 1.

Procedures
Patients completed cognitive and psychosocial measures at two time points: (1) prior to
receiving surgery (baseline visit) and (2) during a research visit 6 months after implantation
(post-surgical visit). During the baseline visit, patients completed all measures in the on-
medication state. During the post-surgical research visit, patients completed psychosocial
measures in the on-medication, on-stimulation state. Alternate forms of cognitive measures
were administered to patients off medications in four separate stimulation states: optimal,
ventral, dorsal, and off stimulation. Only results from cognitive assessments during optimal
DBS stimulation (i.e. off medication, on stimulation) were examined in this study. A
significance level of P = 0.05 was used to determine statistically significant results.

Quality of life assessment
Quality of life was assessed using the PDQ-39, which is a 39-item, patient-report survey of
common problems experienced by patients with PD [21]. Respondents report how often in
the past month they have encountered each problem using a 5-point Likert-type scale
ranging from Never to Always or Cannot Do. Factor analysis has identified eight discrete
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domains: mobility, ADLs, emotional well-being, stigma, social support, cognition,
communication and bodily discomfort. Scores from each domain are computed into a scale
ranging from 0 to 100, with lower scores indicating fewer problems and better QoL. The
PDQ-39 has been extensively studied and shown to be appropriately reliable, valid and
sensitive to change. Higher order factor analysis of the dimension scores supported a
PDQ-39 summary index score (PDQ-SI) as an index of overall QoL and is computed by
summing the eight domain scores and standardizing the score on a 0–100 scale [10].

Mood and cognitive measures
Depression severity was assessed using the Beck Depression Inventory, 2nd edition (BDI-II;
[3]). Verbal fluency was assessed using alternate forms of both letter and semantic fluency
[16]. In each task, patients were given 1 min to generate words beginning with a particular
letter (e.g. “F”) or belonging to a particular semantic category (e.g. “animals”).

Results
Group characteristics

Demographics, disease and cognitive characteristics for the STN and GPi groups are
displayed in Table 1. A series of independent samples t tests revealed no significant
differences between groups on these measures.

Surgical outcome
To localize implanted leads, high-resolution computed tomography (CT) scans were
acquired 1 month after implantation and then fused to pre-operative, high-resolution
magnetic resonance imaging (MRI) scans. Locations were ascertained using the mid-
commissural point (MCP)-based (x, y, z) coordinates of the center of the ventral aspect of
the deepest contact, as fully described elsewhere [16]. Optimal contacts were chosen based
on motor responses obtained in the clinic. Coordinates of the center of the active contact
(cathode) are displayed in Table 2.

As shown in Table 3, a two-way analysis of variance (ANOVA) revealed that both groups
benefited from surgery, as defined by improvement from pre-surgical Unified Parkinson
Disease Rating Scale (UPDRS-III) scores off medication to post-surgical UPDRS-III scores
off medication, on stimulation (P < 0.001). On average, the STN and GPi groups exhibited
26 and 28% improvement, respectively. The amount of improvement did not differ by target
(P = 0.98). Post-surgical UPDRS-III scores obtained on medication, on stimulation were
similar to the pre-surgical scores obtained on medication (P = 0.57). Mean levodopa
equivalent dose (LED) did not change significantly following surgery (P = 0.61), and mean
changes did not vary by target (P = 0.52). Scores on the BDI-II improved after surgery (P <
0.001), and there was no target-by-time interaction (P = 0.27). There was no main effect of
time on either verbal fluency measure; however, there was a target-by-time interaction for
letter fluency (P = 0.034). Follow-up comparisons revealed that, on average, STN patients
produced 5.7 fewer words at post-surgical testing than before surgery (P = 0.01). It should
be noted that this level of significance did not reach pre-defined criteria [16].

Quality of life changes
Table 4 presents the mean PDQ-39 scores before and after surgery for each group. To assess
overall QoL change, we performed a two-way analysis of covariance (ANCOVA; target ×
time) in which the dependent variable was PDQ-SI. The results of this ANCOVA are shown
in Table 5. Because the groups differed on the PDQ-39 stigma subscale at baseline, this was
included as a covariate after confirming that the assumption of homogeneity of regression
slopes had not been broken. A main effect of time indicated that regardless of surgical
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target, patients experienced improved overall QoL (P = 0.016). There was also a significant
target-by-time interaction (P = 0.032), as depicted in Fig. 1, which indicated that while the
STN and GPi groups did not differ in PDQ-SI scores at baseline, GPi patients had
significantly lower PDQ-SI scores than STN patients 6 months after surgery. Furthermore,
while STN patients exhibited a 14.6% reduction in PDQ-SI that was not significant (P =
0.062), GPi patients exhibited a significant 38.1% average reduction (P < 0.001). A main
effect of target (P = 0.003) was produced by inclusion of the covariate.

To examine the influence of DBS on individual QoL domains, we conducted a two-way
multivariate analysis of variance (MANOVA; target × time) comprising the eight PDQ-39
subscales. Multivariate analysis identified a main effect of time [F (33, 8) = 7.76; P < 0.001;

 = 0.65] such that QoL improved following surgery. A target-by-time interaction did not

reach significance [F (33, 8) = 2.14; P = 0.06;  = 0.34]. Univariate analyses, shown in
Table 6, were examined to clarify effects. Significant main effects of time were identified
for six of the eight domains (mobility, ADLs, emotional well-being, stigma, cognition and
discomfort), but not for social support and communication. Regardless of surgical target,
patients endorsed fewer QoL problems on these six subscales following surgery (see Table
4).

Significant target-by-time interactions were identified for mobility, ADLs, stigma and social
support, but not for emotional well-being, cognition, communication, or discomfort. The
decomposition of these interactions revealed the following: (1) at baseline, STN and GPi
groups did not differ on any subscales except stigma; (2) following surgery, the STN and
GPI groups did not differ on any of these subscales except for ADLs, on which the GPi
group endorsed fewer problems than the STN group (P = 0.050); (3) in terms of pre- to post-
surgery DBS changes, the average scores obtained by GPi patients improved significantly on
all four subscales: mobility (P < 0.001), ADLs (P = 0.001), stigma (P < 0.001) and social
support (P = 0.007). In contrast, only scores on the stigma subscale improved following
DBS in the STN group (P = 0.050).

Variables related to QoL changes
A final set of analyses was conducted to identify the relative contributions of certain
variables to QoL changes. A total of nine multiple regression models, one for PDQ-SI and
one for each PDQ-39 domain, were performed. Standardized residual change scores on the
measure of interest served as the dependent variables, while target (GPI vs. STN), motor
change (post- surgery UPDRS-III off medication, on stimulation—pre-surgery UPDRS-III
off medication), depression change (post-surgery BDI-II—pre-surgery BDI-II) and
combined change in raw scores on both animal and letter fluency [post-surgery (animals +
letters off medication, on stimulation)–pre-surgery (animals + letters on medication)] were
entered as independent variables. Standardized residual change scores were chosen for
dependent variables because they are statistically independent of initial levels and control
for test–retest effects and individual variability.

While this model significantly predicted overall QoL change (R2 = 0.246; P = 0.034), it only
reached significance for individual domains of emotional well-being (R2 = 0.282; P = 0.016)
and social support (R2 = 0.293; P = 0.012). In each of these models, only BDI-II change
emerged as a significant independent predictor of overall QoL (β = 0.315; P = 0.040),
emotional well-being (β = 0.341; P = 0.024) and social support (β = 0.386; P = 0.011), with
improved depression associated with improved QoL.

Given the slight differences in cognitive changes following surgery between STN and GPi
patients, a series of exploratory Pearson bivariate correlations were conducted to evaluate
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whether these changes were associated with changes in QoL. In the STN group, animal
fluency decline was moderately and significantly correlated with reduced patient-reported
QoL on the communication subscale of the PDQ-39 (r = −0.60; P = 0.005).

Discussion
Overall improvements in quality of life

Our finding of a 14.6% improvement in the overall QoL in the STN group is in line with the
only other identified study reporting changes in PDQ-SI after unilateral STN DBS, which
documented an improvement of 15% [24]. The vast majority of studies have examined
bilateral surgery and have reported PDQ-SI reductions of between 14 and 62% [5]. Our
finding of a 38.1% improvement in overall QoL in the GPi group is comparable to the 30%
improvement found in the only other identified study reporting PDQ-SI change after
unilateral GPi, in which patients undergoing unilateral and bilateral procedures showed
similar QoL improvements [22]. It should be noted that only four patients in that study
underwent unilateral DBS.

Differential changes in individual QoL domains
As a group, patients in this study evidenced improvements on the PDQ-39 domains of
mobility, ADLs, emotional well-being, stigma, cognition and discomfort, but not on social
support or communication. These findings are in line with the vast majority of studies of
DBS for PD that have included PDQ-39 subscale data [4,6,11,13,22]. Of these studies, all
have reported improved mobility, ADLs, stigma and discomfort, and some also reported
improved emotional well-being or cognition. None of these reports noted improvements in
social support or communication. Thus, the results of our study support the view that DBS
for PD improves not only physical aspects of patient-reported QoL but also certain
emotional and cognitive aspects. Indeed, patients reported significantly fewer depressive
symptoms following DBS, regardless of target, as measured with the BDI-II. With regard to
cognition, verbal fluency scores were slightly lower following surgery in STN, as compared
to GPi. However, it should be noted that verbal fluency assessments were conducted with
patients on dopaminergic medication at baseline and off medication, on stimulation at the
post-surgical follow-up.

The absence of improvement on the social support subscale likely reflects the static nature
of patients’ social networks over this relatively short period of time (6 months) and/or the
surgical candidate selection process, which considers family or social factors that may
negatively contribute to outcome [17]. However, some authors have described family and/or
marital conflicts following DBS that, when present, may prevent improvement in this
domain [20,23]. Scores on the social support subscale improved amongst patients who
received surgery in GPi, but not STN. The absence of improvement on communication may
relate to verbal fluency declines that are often encountered subsequent to DBS surgery, even
when performed unilaterally [30]. Indeed, worse scores on the communication subscale of
the PDQ-39 have been reported in DBS patients relative to patients treated with levodopa
medication [15].

Differences between QoL changes following STN versus GPi DBS
A key finding in this study is that GPi patients reported more QoL improvement than STN
patients despite comparable improvements on measures of both motor (off medication) and
depression severity and only slight differences in letter fluency ability. This was observed
for overall QoL, as well as for mobility, ADLs, stigma and social support. It has been
suggested that STN DBS is associated with more peri-operative complications, such as
delirium and confusion [2], as well as more long-lasting behavioral and neuropsychiatric
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consequences [27], perhaps due to the greater risk of tissue around the target area being
affected due to the smaller size of the STN. Indeed, in the COMPARE trial, more patients in
the STN group experienced post-surgical mood and cognitive adverse events (e.g. anxiety,
confusion, irritability, aggressiveness, obsessive compulsive or manic symptoms, decreased
confidence/motivation) than those in the GPi group, and the number of general post-surgical
adverse events was higher in the STN group [16]. In addition, STN patients experienced a
slight decline in the number of words generated during a verbal fluency task following
surgery, while GPi patients did not. Interestingly, performance declines on a category
fluency task were associated with worsened QoL on the communication subscale of the
PDQ-39, suggesting that subtle cognitive changes subsequent to DBS surgery may indeed
have real-world implications.

Another factor relevant to our finding of lesser QoL improvements following STN DBS may
be that all patients underwent unilateral surgery in our study. The majority of previous
studies have reported on patients who underwent bilateral surgery [4,6,13,29]. The relative
effectiveness of bilateral versus unilateral STN DBS with regard to measures such as motor
score and medication reduction is not clear, although it seems that significant medication
reduction only occurs after bilateral STN DBS, as compared to unilateral [1]. In our study,
there was no significant LED reduction following surgery in either site. However, the larger
COMPARE study, in which mean LED values were virtually identical, identified a trend for
medication reduction amongst STN patients [16]. Studies with unilateral STN DBS have
reported more modest QoL effects than are typically observed following bilateral surgery
[24]. Of note, preliminary reports suggest comparable effects for unilateral versus bilateral
GPi DBS [22]. Finally, this study did not take into account the architecture of STN and GPi
or surrounding neuroanatomy and fiber systems, which may also contribute to differences
[25].

Summary and future directions
In conclusion, unilateral DBS in both STN and GPi led to significant improvement in overall
QoL 6 months after surgery. However, patients who received GPi DBS reported
differentially greater improvements overall as well as in the individual domains of mobility,
ADLs, stigma and social support. These findings cannot be explained by differential mood
or motor effects of surgery, as both groups experienced significant improvements in motor
functioning and depression that were similar in magnitude. However, STN patients, but not
GPi patients, evidenced a slight decrement in letter fluency following surgery. While
combined fluency change was not a significant predictor of whole-group QoL changes in
regression models, animal fluency changes correlated with QoL changes in the
communication domain amongst STN patients only. Future studies should examine the
relative effects of STN versus GPi stimulation on non-motor measures, identify underlying
mechanisms and link findings to real-world functioning.

In addition, systematic investigations of the differential impact of unilateral versus bilateral
procedures on non-motor symptoms and QoL should be carried out. Bilateral DBS is more
common than unilateral DBS at the present time; however, unilateral DBS may be more
appropriate for select patients. This study does not provide conclusive evidence that GPi is a
safer or more efficacious target for unilateral DBS, although in cases where medication
reduction is not a primary issue, GPi seems to be a reasonable target for DBS in PD. Future
studies should also examine differences in QoL outcomes following bilateral surgery in STN
versus GPi.

Zahodne et al. Page 7

J Neurol. Author manuscript; available in PMC 2011 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Acknowledgments
This work was supported by the National Institutes of Health (K-23 NS50633 to MSO; R- 01 NS044997 to DB)
and The National Parkinson Foundation Center of Excellence. The work of Michele Suelter in coordinating the
COMPARE trial is gratefully acknowledged. Approval for this study was obtained from the University of Florida
Institutional Review Board prior to beginning the project. Informed consent was obtained from all study
participants prior to enrollment. This study follows guidelines outlined in the Declaration of Helsinki.

References
1. Alberts JL, Hass CJ, Vitek JL, Okun MS. Are two leads always better than one: an emerging case

for unilateral subthalamic deep brain stimulation in Parkinson’s disease. Exp Neurol 2008;214:1–5.
[PubMed: 18718469]

2. Anderson VC, Burchiel KJ, Hogarth P, Favre J, Hammerstad JP. Pallidal versus subthalamic
nucleus deep brain stimulation in Parkinson disease. Arch Neurol 2005;62:554–560. [PubMed:
15824252]

3. Beck, AT.; Steer, R.; Brown, G. The Beck Depression Inventory-II. San Antonio: Psychological
Corporation; 1996.

4. Deuschl G, Schade-Bittinger C, Krack P, Volkmann J, Schäfer H, Bötzel K, et al. A randomized
trial of deep brain stimulation for Parkinson’s disease. N Engl J Med 2006;355:896–908. [PubMed:
16943402]

5. Diamond A, Jankovic J. The effect of deep brain stimulation on quality of life in movement
disorders. J Neurol Neurosurg Psychiatry 2005;76:1188–1193. [PubMed: 16107348]

6. Drapier S, Raoul S, Drapier D, Leray E, Lallement F, Rivier I, et al. Only physical aspects of quality
of life are significantly improved by bilateral subthalamic stimulation in Parkinson’s disease. J
Neurol 2005;252:583–588. [PubMed: 15778909]

7. Global Parkinson’s Disease Survey Steering Committee. Factors impacting on quality of life in
Parkinson’s disease: results from an international survey. Mov Disord 2002;17:60–67. [PubMed:
11835440]

8. Gronchi-Perrin A, Viollier S, Ghika J, Combremont P, Villemure JG, Bogousslavsky J, et al. Does
subthalamic nucleus deep brain stimulation really improve quality of life in Parkinson’s disease?
Mov Disord 2006;21:1465–1468. [PubMed: 16763974]

9. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of idiopathic Parkinson’s
disease: a clinicopathological study of 100 cases. J Neurol Neurosurg Psychiatry 1992;55:181–184.
[PubMed: 1564476]

10. Jenkinson C, Peto V, Fitzpatrick R, Greenhall R, Hyman N. The Parkinson’s disease questionnaire
(PDQ-39): development and validation of a Parkinson’s disease summary index score. Age
Ageing 1997;26:353–357. [PubMed: 9351479]

11. Just H, Ostergaard K. Health-related quality of life in patients with advanced Parkinson’s disease
treated with deep brain stimulation of the subthalamic nuclei. Mov Disord 2002;17:539–545.
[PubMed: 12112204]

12. Kirsch-Darrow L, Mikos A, Bowers D. Does deep brain stimulation induce apathy in Parkinson’s
disease? Front Biosci 2008;13:5316–5322. [PubMed: 18508589]

13. Martínez-Martín P, Valldeoriola F, Tolosa E, Pilleri M, Molinuevo JL, Rumià J, et al. Bilateral
subthalamic nucleus stimulation and quality of life in advanced Parkinson’s disease. Mov Disord
2002;17:372–377. [PubMed: 11921126]

14. Mattis, S. Dementia Rating Scale-2. Odessa: Psychological Assessment Resources; 2001.
15. Montel SB, Bungener C. Coping and quality of life of patients with Parkinson disease who have

undergone deep brain stimulation of the subthalamic nucleus. Surg Neurol. 2008 (in press).
16. Okun MS, Fernandez HH, Wu SS, Kirsch-Darrow L, Bowers D, Bova F, et al. Cognition and

mood in Parkinson disease in STN versus GPi DBS: the COMPARE trial. Ann Neurol. 2009 (in
press).

17. Okun MS, Rodriguez RL, Mikos A, Miller K, Kellison I, Kirsch-Darrow L, et al. Deep brain
stimulation and the role of the neuropsychologist. Clin Neuropsychol 2007;21:162–189. [PubMed:
17366283]

Zahodne et al. Page 8

J Neurol. Author manuscript; available in PMC 2011 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



18. Pahwa R, Factor SA, Lyons KE, Ondo WG, Gronseth G, Bronte-Stewart H, et al. Practice
parameter: treatment of Parkinson disease with motor fluctuations and dyskinesia (an evidence-
based review): report of the Quality Standards Subcommittee of the American Academy of
Neurology. Neurology 2006;66:983–995. [PubMed: 16606909]

19. Parsons TD, Rogers SA, Braaten AJ, Woods SP, Tröster AI. Cognitive sequelae of subthalamic
nucleus deep brain stimulation in Parkinson’s disease: a meta-analysis. Lancet Neurol 2006;5:578–
588. [PubMed: 16781988]

20. Perozzo P, Rizzone M, Bergamasco B, Castelli L, Lanotte M, Tavella A, et al. Deep brain
stimulation of subthalamic nucleus: behavioural modifications and familiar relations. Neurol Sci
2001;22:81–82. [PubMed: 11487212]

21. Peto V, Jenkinson C, Fitzpatrick R. The development and validation of a short measure of
functioning and well being for individuals with Parkinson’s disease. Qual Life Res 1995;4:241–
248. [PubMed: 7613534]

22. Rodrigues JP, Walters SE, Watson P, Stell R, Mastaglia FL. Globus pallidus stimulation improves
both motor and nonmotor aspects of quality of life in advanced Parkinson’s disease. Mov Disord
2007;22:1866–1870. [PubMed: 17659634]

23. Schüpbach M, Gargiulo M, Welter ML, Mallet L, Béhar C, Houeto JL, et al. Neurosurgery in
Parkinson disease: a distressed mind in a repaired body? Neurology 2006;66:1811–1816.
[PubMed: 16801642]

24. Slowinski JL, Putzke JD, Uitti RJ, Lucas JA, Turk MF, Kall BA, et al. Unilateral deep brain
stimulation of the subthalamic nucleus for Parkinson disease. J Neurosurg 2007;106:626–632.
[PubMed: 17432714]

25. Sudhyadhom A, Bova FJ, Foote KD, Rosado CA, Kirsch-Darrow L, Okun MS. Limbic,
associative, and motor territories within the targets for deep brain stimulation: potential clinical
implications. Curr Neurol Neurosci Rep 2007;7:278–289. [PubMed: 17618533]

26. The Deep-Brain Stimulation for Parkinson’s Disease Study Group. Deep-brain stimulation of the
subthalamic nucleus or the pars interna of the globus pallidus in Parkinson’s disease. N Engl J
Med 2001;345:956–963. [PubMed: 11575287]

27. Volkmann J. Deep brain stimulation for the treatment of Parkinson’s disease. J Clin Neurophysiol
2004;21:6–17. [PubMed: 15097290]

28. Voon V, Kubu C, Krack P, Houeto JL, Tröster AI. Deep brain stimulation: neuropsychological and
neuropsychiatric issues. Mov Disord 2006;21:S305–S327. [PubMed: 16810676]

29. Witt K, Daniels C, Reiff J, Krack P, Volkmann J, Pinsker MO, et al. Neuropsychological and
psychiatric changes after deep brain stimulation for Parkinson’s disease: a randomized, multicentre
study. Lancet Neurol 2008;7:605–614. [PubMed: 18538636]

30. Zahodne LB, Okun MS, Foote KD, Fernandez HH, Rodriguez RL, Kirsch-Darrow L, et al.
Cognitive declines one year after unilateral deep brain stimulation surgery in Parkinson’s disease:
a controlled study using reliable change. Clin Neuropsychol 2009;23(3):385–405. [PubMed:
18821180]

Zahodne et al. Page 9

J Neurol. Author manuscript; available in PMC 2011 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Parkinson disease questionnaire (PDQ-39) summary index scores before and 6 months
following deep brain stimulation (DBS) by surgical target. While patients did not differ in
self-reported overall quality (QoL) of life prior to surgery (pre), those who went on to
receive DBS in the globus pallidus (GPi) reported significantly improved QoL 6 months
after surgery (post), while subthalamic nucleus (STN) patients’ scores did not change
significantly. In addition, GPi patients reported significantly better overall QoL than STN
patients at the 6-month follow-up
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Table 1

Group characteristics at baseline

Demographic and disease
characteristics of patient cohort

STN (n = 20) GPi (n = 22) t test P

Age 61.3 (9.0) 61.3 (5.5) 0.01 0.99

Sex (M/F) 14/6 16/6

Disease duration (months) 162.8 (46.6) 148.3 (43.0) 1.05 0.30

Side of surgery (R/L) 7/13 9/13

UPDRS-III “on” 21.5 (7.3) 22.3 (8.3) −0.34 0.74

UPDRS-III “off” 43.8 (10.6) 41.8 (10.0) 0.64 0.53

LED 935.9 (374.0) 1,199.8 (576.9) −1.7 0.09

BDI-II 10.8 (6.5) 11.6 (6.7) −0.41 0.69

STAI state 36.5 (10.9) 35.8 (11.2) 0.20 0.84

STAI trait 34.8 (10.6) 33.5 (11.6) 0.34 0.73

MMSE 28.5 (1.6) 28.6 (1.3) −0.41 0.68

DRS-2 136.9 (7.0) 139.2 (4.5) −1.25 0.22

Letter fluency (raw) 37.9 (9.9) 36.5 (13.5) 0.36 0.72

Animal fluency (raw) 18.5 (4.5) 19.2 (4.9) −0.50 0.62

PDQ-39 summary index 34.2 (13.3) 36.5 (15.7) −0.52 0.60

Mobility 49.3 (24.5) 48.6 (19.0) 0.09 0.93

ADLs 41.9 (20.4) 40.5 (18.2) 0.23 0.82

Emotional well-being 31.9 (21.8) 30.1 (22.4) 0.26 0.80

Stigma 23.5 (20.6) 38.7 (19.1) −2.49 0.02

Social support 13.7 (16.9) 19.7 (19.5) −1.05 0.30

Cognition 31.6 (19.4) 34.4 (25.4) −0.40 0.69

Communication 32.1 (21.3) 36.0 (21.0) −0.60 0.56

Discomfort 49.6 (20.9) 44.3 (23.2) 0.77 0.45

M Male, F female, R right, L left, STN subthalamic nucleus, GPi globus pallidus internus, UPDRS-III Unified Parkinson Disease Rating Scale–
motor portion, LED levodopa equivalent dosage, BDI-II, Beck Depression Inventory, 2nd edition, STAI Stait-Trait Anxiety Inventory, MMSE,
Mini-Mental State Exam, DRS-2, Dementia Rating Scale, ADLs, activities of daily living, PDQ-39 Parkinson’s Disease Questionnaire

Values are given as the mean with the standard deviation (SD) in parenthesis
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Table 2

Mean coordinates of active electrode contacts by target

Target x y z

STN (n = 20) ±11.9 (2.2) −0.8 (2.1) −1.2 (3.2)

GPi (n = 22) ±22.1 (1.5) 3.5 (1.6) 0.3 (1.5)

x Lateral distance from mid-commissural point, y anterior/posterior distance, z axial distance from mid-commissural point

± indicates absolute value
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Table 3

Motor scores, medication levels and depression severity pre-surgery and post-surgery for the STN and GPi
groups

STN (n = 20) GPi (n = 22)

Pre-surgery Post-surgery Pre-surgery Post-surgery

UPDRS-III on 21.4 (7.5) 20.9 (9.5) 22.2 (7.5) 21.0 (8.8)

UPDRS-III off* 43.8 (910.6) 32.2 (15.4) 41.8 (10.0) 30.1 (11.8)

LED 935.9 (374.0) 915.0 (447.9) 1199.8 (576.9) 1300.5 (817.0)

BDI-II* 10.8 (6.5) 8.2 (5.6) 11.6 (6.7) 7.0 (5.7)

Letter fluency 37.9 (9.9) 32.5 (10.3)* 36.5 (13.5) 37.9 (15.9)

Animal fluency 18.5 (4.5) 18.9 (5.9) 19.2 (4.9) 19.6 (6.4)

Values are given as the mean with the standard deviation (SD) in parenthesis

*
Significant changes between time points (P < 0.001)
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